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Introduction

The main aim of this study was to synthesise nempmsite materials that contain industrial waste,
which can find applications in the field of buildirtonstruction. In this way the amount of industria
by-products is reduced. A second target was thdradmation of ecologically harmful waste,
converting them to natural minerals, in order t@aist them into geological formations without
potential ecological hazards.

There are already in the literature several suggesbn how industrial waste could be utilized, ag

a filler or as additives in concrete, incorporatecceramic materials or roads and pavements [1-2].
One possibility to recycle industrial waste thoughthe production of glass-ceramic materials by
thermal treatment [3]. Glass-ceramics are finergrdipolycrystalline materials formed when glasses
of suitable composition are heat treated, thus nguileg controlled crystallisation to the lower emer
crystalline state. However, only specific glass positions are suitable precursors for glass-cermmic
Some glasses are too stable and difficult to cistasuch as ordinary window glass, whereas ether
crystallise too readily in an uncontrollable manresulting in undesirable microstructures. Secondly
heat treatment is a critical factor in attainingegqaable and reproducible products [4].

In this work, for the production of glass-ceramie imvestigate a method which is based on powder
technology. This is a well known methodology, whishalso energetically favourable in comparison
to other methods, and can be applied in Latvia.

Experimental
1. Raw materials

The possibilities to apply peat ash, fly ash, nhetgical slag and other Latvian raw mineral matesria

in order to acquire dense, frost resistant, chdiyidarable building materials, has been studietha
past [5-7].

The production of glass-ceramic materials from laatvindustrial waste has been already investigated:
steel cooling refuse, aluminium scrap metal prangswaste, etching refuse, waste glass and lime-
free clay. Steel cooling refuse is a by-productegated during the cooling of carbon steel slabs in
water, after the hot rolling mill process, anddintains >90 % Fe oxides and some trace elements,
such as Cr, Mn, As and Ni [8].

According to semi-quantitative x-ray fluorescencéRFE) analysis the aluminium scrap metal
processing waste contains alumina (24%), metdilimaium (7%), potassium and sodium chlorides
(in total 4.8%), aluminium chloride (2.9%), alumim nitride (4.8%), quartz (5.6%), iron oxide
(3.4%), small amounts of sulphates and severalsotuble oxides.

Data obtained by XRD mineralogical analyses indidahat this waste contains corundum,(@y),
metallic aluminium (Al), aluminium iron oxide (Fef&bs), quartz (SiQ), iron sulphite (FeSg),
aluminium chloride (AIC)), gibbsite (Al(OH)), aluminium nitride (AIN), while steel cooling refe
contains hematite (£®,), magnetite (F£©,), FeO and oxide of iron chromite (€10 4).0s) [7,9].

The chemical and mineralogical composition of wagéss and clay has been previously discussed.
The composition of waste glass is the followingdSiAl,O;, CaO, NaO, MgO, KO, TiO, whereas



lime-free clay from the Latvian deposit Liepa can$aSiQ, CaO, MgO, S@ N&O, K,O and some
trace elements [9,10].

2. Experimental procedures

In order to produce dense glass-ceramics, it iessy to reach the suitable ratio of glass and
crystalline phases during the sintering procesgingainto account the chemical and mineralogical

composition of the selected waste materials, varioixtures were prepared. According to their

sintering behaviour, two more suitable compositidgaiselled “E1” and “E2” were selected, as shown

in Table 1. Both compositions contain the same maaterials in similar quantities, only the glass and
clay content differs.

Table 1
Waste containing mixtures used for the fabricatibglass-ceramics
Composition, wt % El E2
Steel cooling refuse 30 30
Aluminium scrap metal processing waste| 30 30
Waste glass 20 10
Clay 20 30

The mixtures were milled in a ball mill for 24h water (60 wt% solid) in order to homogenise the
powders, and subsequently dried to about 12 to Hddfidity.

The humid powders were sieved (aperture 0.5 mm)cghiddrical samples (20 mm diameter) were
pressed uniaxially at room temperature at a pressub0 MPa. The powder compacts were sintered
in a commercial electrical furnace (make of NABEREARM) in air using the following sintering
conditions: heating and cooling rates of 3 K/mird an sintering time of 120 min. The sintering
temperature was varied between 980 and 1110°Cbulkedensity and water uptake of the sintered
samples were determined according to standard guoese [11,12]. X-ray diffraction (XRD) analysis
(Philips PW 1710) of the waste mixtures and simtes@mples was conducted. The microstructure of
selected samples was also studied using stereb rigtroscopy (Leica M420). The mechanical
properties of the glass-ceramic composite matewal® determined by compression. The specimens
were shaped to a parallelepiped 8.0 mm long, 6.80.03 mm wide, and 64#0.03 mm thick. The
compression tests were carried out on an Instr@i-4festing machine (Great Britain). The
deformation rate (the rate of traverse motion eftédsting machine) was 0.5 mm/min. The tests were
continued up to failure of the specimens. At leasght parallel samples were tested for each
composition.

Results and discussion
The results of both bulk density and water uptakehe produced glass-ceramics are depicted in

Figure 1 in the temperature range of 1100 to I240hese data were used further to estimate the
functional properties of glass-ceramics.
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Fig. 1.Bulk density and water uptake of the waste comtgimnixtures (E1 and E2) versus sintering
temperature. Abbreviations: 1-1 — bulk density @iposition E1 and 1-2 — bulk density for
composition E2; 2-1 — water uptake for compositdn 2-2 — water uptake for composition E2.

In temperatures lower than 1P@0the water uptake of both compositions is 5-18w#ereas bulk
density slightly increases. In these temperaturessintering of both mixtures is not observed.ah ¢
be thus assumed, that the two mixtures have parege lenough to attract large volumes of water
(Figure 1). However, in the temperature range fid#CC to 1180C sintering was initiated, resulting
to the decrease of porosity. This is suggestechbyldwest water uptake of both materials (0.9 and
5.5%, respectively) as well as from the highesk lolgnsity (2.52 g/citfor composition E2 and 3.24
g/cn for composition E1). In temperatures higher thaB®Q the water uptake increases rapidly for
the sample with composition E1, due to its hightenhof waste glass (20%), compared to the sample
with composition E2 (waste glass content of 109ld@d., Figure 1). During the thermal treatment of
the above mentioned temperatures, waste glass higih alkaline content releases its volatile
component promoting a porous structure with a deere bulk density - up to 1.4 gftrdor the
sample with composition E1 (Figure 1). Values foe properties of the synthesised materials are
given in Table 2.

Table 2
Properties of sintered glass-ceramic materials fmirtures E1 and E2
Properties El E2
Sintering temperaturig, 1160 1160
Thermal shrinkage, % 30 25
Water uptake, % 0.93 5.53
Bulk density, g/cm 2.52 3.24
Colour of the glass-ceramics brown dark grey
, . Durable in acidic, alkaline and neutral
Chemical durability .
medias




These values are comparable to those obtainedhey atithors on sintered glass-ceramics produced
from silicate wastes [4,7]. The results of mechalniests of these materials are given in Table 3.

Table 3
Mechanical characteristics of glass-ceramic contpasaterials
Compression
=]
Material v
|
l\
‘ i/\
c*, MPa E, MPa
El 50.64:17.71 1148.8179.3
E2 89.92t17.46 1303.6231.0

A comparison between the glass-ceramic compositews that a change in the matrix-filler ratio
influences the mechanical characteristics of thégemial. A higher content of clay in composition E2
increases the elastic modulus (E) and the breadtieggth ¢*). Also a higher density of the glass-
ceramics material increases the E ah@Tables 1, 2, and 3).

Fig. 2. Microstructure of glass-ceramic material E1

According to data obtained by XRD analysis theesied glass-ceramic, which contains steel cooling
refuses and waste of aluminium scrap metal praegshias the following crystalline phases: hematite
(F&0s), spinel (FeAIO,), quartz (SiQ) and christobalite (Si§) [8]. These crystalline phases are
thought to be responsible for the reasonably goechamnical strength of the materials [4,7].

The microstructure of sintered materials obtaingdlipht microscopy analyses reveals a regular
distribution of crystalline, glassy and pore phasibkout incorporation of big crystals (Figure 2)is

it could be assumed, that the general crystallinesp is composed of small-sized spinel crystals,
which can generally give an optimum strength ofdbtained materials [5].

Considering the low water uptake and mechanicgbgmttes, the produced composite materials could
be regarded as corresponding to the group Bl oétidedard LVS EN 176:1991 ,Pressed ceramic tiles



with the low water uptake” (E<3 %) and to the crdador building ceramics according to LVS 163-
3:1999. Potential applications are in the produnctb “unglazed ceramic tiles for road pavement and
exterior walls from stone ceramics” (code — 6907M)914-16].

Conclusions

We produced a new composite material, a glass-¢enaade from Latvian industrial waste, such as
steel cooling refuse, waste glass, aluminium songpal processing waste and lime-free clay (bulk
density 2.52 — 3.24 g/ctrwater uptake 0.95 - 5.5 %). According to watetal4p these new materials
meet the Bl group requirements stated in the LVSIER standard ,Pressed ceramic tiles with the
low water uptake” (E<3 %).

The mechanical strength of the produced matertadsvs comparable results to other waste glass-
ceramics and meets the requirements of Latviandatds for building ceramics LVS 163-3:1999
“Ceramic materials — ceramic tiles. Criteria ofedgf.
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Rozenstrauha I., Lodin$ E., Krage L., Filipenkov V., Chatzitheodoridis E. Ripnieciskos atkritumus
saturoSas stiklkeramikas raksturojums.

Darba petitas stiklkeramikas kompmaterizlu iegiSanas iesgias no mazkarbaitu mzliem un gpnieciskajiem
atkritumiem: metaluyfiskas ripniecbas eraudlieSanas nobitm, atgiju stikla no stiklagiedras mpnicas un
aluminija parstrades razotnes atkritumiem. Pamatojoties uz izejmatetermiskoipagbu unjiimiski sasiva
petijumiem, veidotas dadas atkritumu kompadjas, ki iegiSanas metodi izmantojot pulvertehngja.
SdepSanas tempernatu intervald 1140 — 1180°C sintezti blivi stiklkeramikas kompdamaterili ar
tilpummasu 2.52 — 3.24 g/émun adens uzici 0.95 - 5.5 %.Nemot ¥ra materizlu zemosidens uzaci un
noteiktis melaniskis ipasbas (elasbas moduli E = (1150 — 130@) 200 MPa un lieces iztubu o* = (50,6 —
89,9)+ 15,0MPa), iegitie kompozmaterili atbilst LVS EN standadt176:1991 “Presgtas keramikas ites ar
zemuidens uzici” (E<3%) noteiktajai grupai Bl un keramiskoavmaterizlu standarég LVS 163-3:1999
noteiktajiem krigrijiem. Potencilas materélu izmantoSanas ieg@as ir, izgatavojot “neglaztas keramikas
flizes ielu segumiem uinéjai sienu apdarei no akmensmatgiem” (kods - 690790910).

Rozenstrauha I. , Lodins E. , Drille M. , Krage L., Filipenkov V., Chatzitheodoridis E. Characterizaion

of glass-ceramics containing industrial waste.

In the present study the preparation of glass-cécanomposite materials containing lime-free claydan
industrial waste: steel cooling refuse from metajloal plant, waste glass from waste fibre prodaoti
aluminium scrap metal processing waste were ingattd. Taking into account the thermal propertiesl a
chemical composition of raw materials, various wasbntaining glass-ceramics composites were prebase
powder technology. Dense glass-ceramic compositierials (bulk density 2.52 — 3.24 gRmwater uptake
0.95 - 5.5 %) were produced in sintering temperattange from 114 to 1180C. Considering the low water
uptake and values of mechanical properties detezthiithe modulus of elasticity E = (1150 — 13@®00MPa
and the compressive strengtti = (50,6 — 89,9)+ 15,0 MPa), the produced composite materials could be
regarded as corresponding to the group Bl of trendard LVS EN 176:1991 ,Pressed ceramic tiles wiité
low water uptake” (E<3 %) and to the criteria foullding ceramics according to LVS 163-3:1999. Ptitdn
application is the production of “unglazed cerantites for road pavement and exterior walls fromn&o
ceramics” (code — 690790910).

Pozenmirpayxa WM., Jlogunbm ., Jdpunae M., Kpare JI., ®uaunenxko B., Yarurxeomopuguc 2.
XapakTepuCcTHKA CTEKIOKEPAMHKH, CO/iep Kalleiil MPOMbINLIEHHbIE OTXO0IBI.

B oannoti pabome ucciedosanvl 803MONCHOCMU NOLYYEHUS CMEKLO-KOMNOUMHBIX MAMEPUANLO8, UCHONb3YS
Manokapbonamuvie 2nuHbl U HPOMBIULEHHbIE OMXO00bl: OmMX00bl 8 MEMALIYPSUYECKOM NPOU3B00CMEe
CMANbHO20 TUMbsL, OMX00bL CMEKIA 8 NPOU3B00CEe CIEKI0BOIOKHA U AIOMUHUEEbIe OMX00bL NPU NEPENIABKe
aniomunueso2o noma. Iooobpanvl paznuunvie KOMNO3UMHbIE CMeCU U3 NPOMBIULEHHbIX 0mx0008. Tlodbop
cMecell OCHOBAH HA  3A6UCUMOCMU UX MEPMUYECKUX CGOUCME Om XUMUYEeCcKo20 cocmasda. B pabome
UCNONIB308AHA NOPOWKO8As mexHoNo2uss. B memnepamyprom unmepsane 1140 — 118CC nonyuenvt niommuvie
CcMeKIoKepamuieckue Mamepuaisl ¢ LIoOmrHocmoio 2,52 — 3, 2%l u sooonoznowenuem 0,95 — 5,50 %.

o Huzkomy 6000N02N0WEHUIO NOJYUEHHbIX MAMEPUALOs8, d MAKNce Ux mexanuueckoiu npounocmu (MoOyns
anacmuunocmu E = (1150 — 1300)+ 200 MPa u npounocme na useu6 o* = (50,6 — 89,9)+ 15,0 MPa)
Komnosumuvle mamepuanvi coomeemcmeyiom 2pynne Bl (E < 3%) cmanoapma LVS EN 176:1991
«lIpeccosannvle Kepamuueckue NAUMKU C HUSKOM BOOONONOUJCHUEMY» U OMEEYaon KpUmepusim cmanoapma
cmpoumenvubix mamepuanos LVS 163:1999.7lomenyuanvuas cepa npumenenus — <He2rasuposauHvle
Kepamuueckue NAumKyu Ojisl ROKPbImMusi 00po2 U 6HeUlHell OMOeIKU CMeH U3 KAMEHHbIX Mamepuanoe» (Koo —

690790910).



