ZEOLITE - Anticorrosive and stability addition agent for cements

With the reference to a large scale research ditespwhich was carried out in the localizatiorziy
Hrabovec, a restructuring of production progranthiea ZEOCEM, a.s. Bystré company takes place. Il sha
result in a complex treatment and processing ofirahizeolite (klinoptilolite type) in order to usdl of its

unique features. One of these exploitations is tsduilding and construction industry.

The zeolite from the Nizny Hrabovec localizatisnai natural rock, which principal part is composéd
crystalline hydrated aluminosilicate of alkalinetale and metals of alkaline soils (Ca, K, Na, Mgjcslled
klinoptilolite. The structure of the klinoptilolites based on the three dimensional
skeleton consisting of (SifJ” tetrahedrites interconnected via oxygen atoms|endni
part of silicon atoms is replaced with (A)® aluminium atoms. A certain oxygen
atom is common for only two central atoms in th&de: O/(Si + Al) = 2. So the

characteristic space structure is formed with aniB@ant occurrence of cavities,
~ Schema of interlinked to channels, in which metal cations ataced (they are compensating
klinoptilolite structure
deficit of charge caused b the replacement &f Bhs by APF* ions) or molecules of
water. This structural configuration enable a wiaglege of zeolite utilization such as changer ofjadsorbent

and a preparation for a reversible hydrating ard/deating.

The zeolite may be designed in accordance withBN® 197-1 as natural puzzuolana. Similarly as
other puzzuolanas, after being mixed with watedoés not harden, but if smoothly grinded, it reantthe
presence of water in normal temperature with seluityldroxide of calcium, where compounds of silisaté

calcium and aluminates of calcium are formed, wlaighresponsible for an increasing hardness.

Effect of zeolite on an increase of sulphate raas of the Portland cement

A sulfate corrosion is characterized by the foroatf CaSQ@ . 2 HO ( CSH ) gypsum and together
with ( CsASgH3, ) ettringite. The gypsum is formed by a reactidrswifate ions with the Ca(ORlY OH )
hydroxide of calcium or calcium silicate hydratlyje( C-S-H ).

20H+SQ*+Cd&" -~ CSH  or (1)
C-S-H + S@* - CSH when in the NsSO, solution occurs a reaction ( 2)
2Nd +SQ% +C&"+aq. -~ 2N& + CSH + aq. (3)
The gypsum is bound with three calcium aluminat\jGo a high volume reaction product — ettringite.
CAA +3CSH +26 H - GiASzH3» 41
The formation of the ettringite in a smaller rangeupported by a reaction of the gypsum with thaSH;,

mono-sulfate.
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C/ASH;; +2CSH +16 H - GCASzH32 (5)

Typical symptoms of the sulfate corrosion regassllthe more complicated variants with MgShd
(NH,)2SQs, where an exchange of Kfgand NH" ions for C&" ions occur and as well as the combined sulfate
corrosion with corrosion of ion exchanges, areadisws: formation of aluminum because of the fonmatof
voluminous reaction products of the corrosion (GSHGASsH3;), an extreme expansion and finally a
complete destruction of cement composites. Thestleciindicator of the sulfate corrosion intensisythe
amount of S@bound in the cement matrix of the attacked comeposi

The elimination of the sulfate corrosion may bewad by an application of sulfate resistant Podtla
cement with a low @A content (up to 3.5 % hm.) or by an applicationPafrtland puzzuolana cement. The
zeolite binds CaO by a puzzuolana reaction. Sofdh@mation of Ca(OH) is limited and consequently its
reaction with gypsum is limited too. So So a lowanqiity of dangerous gypsum is formed accordinght® t
reaction mechanism described by means of the @msafil), (2) and (3). The ion exchange capacitjhef
zeolite to C4&' ions is 1.82 mmol CA. g, so after the calculation it is 0.073 g°Cag* of zeolite. The partial
substitution of the Portland cement for the zeotliecreases the volume ofACin the cement and in
interoperation with the restriction of CgHbrmation according to the (1), (2) and (3) thenfation of the
voluminous reaction product — ettringite in acco@awith the equation (4) and partially in accoawit the

equation (5) is limited.

It was found out that in application of 15 % hnf.Z8olite in form of a partial substitution for arcent
Portland cement the same sulfate resistance ahtkieire cement is achieved, the same as in caaesaoffate
resistant Portland cement. Such cement may beifetdsas special Portland puzzuolana cement with th
sulfate resistance on the level of currently adbéssulfate resistant Portland cements. Higheedas zeolite
in the mixture Portland — Zeolite cement contribtddts increased sulfate resistance. Therefor® tifpe of
cement is recommended for application in diffi@utfate aggressive environment, such as cemenessigms,

grouts and concretes for special foundations.

Characteristic changes of physical and mechanroglgoties of a cement-stone by effect of sulfateewa

By effect of sulfate water on cement-stone (comgreement mortar) changes of its physical and
mechanical properties occur. These changes mayisagly affect the resistance of concrete andctete
structures and so they functionality may be affétt®.

The figure No. 1-4 shows the characteristic coun$echanges related to selected physical and

mechanical properties of test samples preparedroémt Portland cement - PC4£10,3 %), sulfate resistant
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Portland cement — SPC 4& 2,0 %) and Portland puzzuolana cement - PPC (16f #eolite, GA 9,6 %)
exposed to the effect of 5 % solution of,N@).

Utilization of zeolite in clay-cement mixtures

Clay-cement mixtures used in the area of speciahdations (for example: underground walls, groutetg.)
are not characterized by a sufficient resistan@nag high concentration of aggressive substarwkgh are
present in incursion water (sulfates, aggressivieorac oxide) and at the same time they no justifibility to
bound ions of heavy metals. These facts impedasieeof clay-cement mixtures in extreme conditidos (
example: when sealing toxic dumps) The above meatigproblems are solved by use of special clay-oeme
mixtures with an addition of zeolite (AO 274399,tAars Janotka, d@bek, Sp&ek), which are widely used by

the Zadladani staveb, a.s. Praha company undéeihiex® registered mark.

Utilization of zeolite as stability addition agent

During the preparation of cement suspension fociappurposes such as underground sealing walbsitigg
and sealing of micro-hoods as well as grouting ureg for cable cavitations it was found that evesmall
qguantity addition of zeolite significantly improvetle stability of mixtures. The cement-zeolite srspons
settle slowly and their division to solid phase digaid is also slower. The stability effect of tzeolite in
cement suspensions is certainly related also torptisn and exchange capacities of the zeolitepmodably to

a specific volume of cement and ground zeolite.

Other utilization of zeolite

Thanks to their unique physical and chemical festuhe zeolite products, which are manufactured by
the ZEOCEM, a.s. Bystré company, are increasingBduin various applications in agriculture and egypl
areas.

In the area of agriculture, these products are usethly as additives for feeding mixtures, binding
elements for myco-toxic substances, as insectiaikaccaricide preparations, for the productiograhular
fertilizers, as auxiliary soil elements. In thea agriculture they are used for purification darehtment of
potable and sewage water when eliminating the*'N&hd heavy metals, for the production of industrial
composts and geo-synthetic mats.

ZEOCEM is preparing the extension of its range @bds represented by products of the line called

Natural Zeo Products (such as aquarium filterspddess of humidity and odors) assigned for retaii¢.
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