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Synthesis, microstructural analysis
and mechanical properties of

alumina-matrix cermets

Metropolitana

ceramic matrix improves its fracture toughness.

ductile metal in the microstructure of cermets.
Keywords: AlL,O,-Al, AL,O_-Ti, Al,O-Fe, cermets, metallic network

Introduction

Alumina-based ceramics (Al,O,) possess excellent physical
and chemical properties, as well as good mechanical resistance
and thermal stability [1]. Nevertheless, their applications are
some limited since they present high fragility; it is to say, they
are not deformed easily under the action of a load due to their
high values of Young’s module. Because of this particularity
Al O, ceramics are very sensitive to minimal defects in their
microstructure, which acts as point of beginning of cracks
[2, 3]. In consequence the trend of obtaining new materials
with combinations of properties between ceramic and metals
with good mechanical resistance, together with improved
fracture toughness, has done the develop of new materials
systems ceramic-based, reinforced with metallic particles and
in addition fabricated by emergent methods of processing.
In some recent studies there has been demonstrated that
ceramic materials can improve their fracture toughness by
means of the homogeneous incorporation of fine particles
in their matrix of ductile metals. As example of them, they
have been reported the production by diverse methods and
with different reinforcement metal amounts of Al,O,/Al [4],
AL O,/Cr[5],AL,0,/Cu[6],AL,O,/Ni[7],ALLO,/Mo [8],ALO,/Ti
aluminide [9] and Al,O,/Ni Al [10]. Some of these composites
were synthesized by powders’ techniques, which departs from
a mixture of powders from a high energy mechanical grinding,
and later are submitted to a pressing process, and finally they
are sintered to certain time and temperature giving the desired
composite material, that in comparison with the material base,
this one experiences a decrease in their hardness and elasticity
module, while, his fracture toughness increases, factors that in
a general way favor the fact that the new composite tolerates
better the generation and growth of cracks when this one is
working under the action of loads.
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AlLO, matrix cermets have been produced from mechanically mixed powders containing different
metals (Al, Fe or Ti) as reinforcements. The powder mixture was compacted to cylindrical samples,
which were subjected to pressure-less sintering 1500 °C for 1 h. Microstructure of the sintered
bodies was studied by optical and electron microscopy. It was found that microstructure of
cermets with Al and Fe consisted of equally distributed metallic particles in the AL,O, matrix.
However, cermets with Ti reinforcement were characterized by a metallic network interconnected
with the matrix material. The relative densities of the Al-, Fe- and Ti-containing cermets in order
were 93%, 93.5% and 87.3%, respectively. These densities and the microstructure of particular
cermets most probably make possible to produce composites with small elastic modulus and
improved fracture toughness. It was concluded that incorporation of a ductile metal into a hard

The probable toughening mechanism is crack bridging due to the homogeneous distribution of
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Experimental

The raw materials are powders of A1203 (99.9%, 1 um, Sigma,
USA) and Al Fe and Ti in powder (99.9% purity, 1-2 um,
Aldrich, USA). The amount of powders used is that one that
allows at the end of the processing the obtaining of the next
cermets; AIZO3—10 vol.% Al A1203-10 vol.% Ti and A1203-10
vol.% Fe, which from now on it, will be called C1, C2 and C3
cermets respectively. The powders are submitted to mixing-
grinding process with the help of a horizontal mill that is
working a speed of rotation of 300 rpm during 12 h and using
as elements of grinding balls of ZrO, stabilized with Y,O,, the
ratio balls weight/powder weight is of 25:1. With the obtained
powders’ mixture, they are fabricated cylindrical samples with
dimensions of 20 mm in diameter and 3 mm in thickness;
this is made by uniaxial pressing in cold using 200 MPa. Then
the compacted samples are pressureless sintered at 1500 °C
during 1 h using a nitrogen atmosphere inside the furnace.
The speeds of warming and cooling are kept constant and
equal to 10°C/min. The characterization of the synthesized
products is carried out of the following way; Sample’s density is
evaluated by Arquimedes’ method. The hardness is measured
with the help of Vickers equipment. The fracture toughness is
determined by the indentation fracture method using Evans’s
equation [11]. The elastic module of the materials is valued by
ultrasound technologies. The microstructure of the composites
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is observed with help of a scanning electron microscope (SEM)
and an optical microscope (OM). The SEM is equipped with
a detector of energy dispersive of X-ray (EDX) with which the
constituents present in the microstructure could be identified.

Results and discussion

In Table 1. they are reported the results of the densities
measurements of samples in green, sintered, theoretical and the
relative densification for C1, C2 and C3 cermets. In this table,
the density in green obtained for the three different composites
is very similar, this particularity is attributed to that composites,
were made under the same conditions of load-weight relation.
After sintered materials at 1500 °C during 1 h, the material that
reaches the best densification is the cermet that contains Ti,
who obtained a relative densification of 93.5%, followed by
the one that contains Al with 93% and finally the cermet that
contains Fe with only 87.3% of its relative density. The reason
of obtaining differences in the densification depends on the
thermal properties and densities of the different used metals.
In consequence the mass transfer phenomenon happens in
a different way, depending of the metal that reinforces the
ceramic one. The cermet that contains Al should have been
sintered with the formation of a liquid phase, since the sintered
temperature is higher than 660°C that corresponds to the
melting point of this metal. Whereas, the two other cermets
were consolidated via solid sintering. Density of Al (2.7 g/cm?)
and principally density of Ti (4.5 g/cm?) are similar to density of
alumina (4 g/cm?), in this sense they are a good homogenization
of metallic particles during and after milling so this maintain
good contacts between ceramic and metallic particles helping
in a good diffusion during the sintering process. On the other
hand, Fe has a very high density (7.86 g/cm®) in comparison
with alumina, so this causes that they are not many contacts
between ceramic and metallic particles after milling and
consequently during sintering and for that reason densification
of this cermet is very poor.

Cermet Al,0.-10% Al

ALD0.-10%Ti Al,0,-10% Fe

Green density (g/cm?®) 1.56 1.57 1.56
Experimental density 3.61 3.79 3.83
(g/cm?)

Theoretical density

(&/cm?) 3.87 4.05 4.39
Relative density (%) 93.00 93.50 87.30

Table 1. Densities of different cermets
1. tdbldzat Az elédllitott kiilonboz6 fémkerdmidk stiriiség értékei

Microstructure

The microstructure observed by optical microscope
correspondent to ALO,-10 vol.% Al and AL,O,-10 vol.% Fe
cermets is showed in Figures la and 1b respectively, in both
cases the ceramic matrix is identified by an opaque phase,
whereas, the clear and brightness phase corresponds to
the distribution of the metallic particles in the matrix. The
microstructure for C1 and C3 cermets is similar, though, for
the C3 cermet the size of particle is coarser in comparison with

the particles in C1 cermet that presents a good distribution of
small particles in the matrix of the composite. This can owe to
the high values of density of the Fe compared with that of the
alumina, that provoke its segregation towards certain zones of
the matrix, besides the generation of cracks and pores in the
cermet. The microstructure observed in Figure 1c corresponds
to C2 cermet, in this figure it is appreciated a metallic network
finely distributed in the ceramic matrix. Though the Ti did not
melt, this one receives the sufficient energy to be able to move
inside the compound and form the metallic network and of
there the observed microstructure in the composite.

a) CI cermet

b) C3 cermet

¢) C2 cermet

Fig. 1. Microstructure pictures taken with optical microscope (50X)
1. dbra A mikroszerkezet optikai mikroszképos felvételei (50x)

62. évf. 1. szam = 2010/1 = épitdanyag | 3
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Scanning electron microscopy (SEM). Looking Figure 2a
that shows the microstructure of the C1 cermet it can be seen
that the microstructure is formed by small and uniform grains,
without stopping observing any big grains. With help of the
EDX analysis it was determined that the gray phase corresponds
to the AIZO3 ceramic matrix, though that the metallic particles
here are not observed. A good densification is present in
the composite, considering in addition the homogeneous
distribution of the metallic particles that are visible in optical
microscope, which also is tied to the presence of a minimal
distribution of pores (black zones) apparently small. The
grain’s size of the matrix is in average about 4 pm, though they
managed to observe bigger grains. In Figure 2b it is possible to
observe the microstructure of the C2 cermet, here it observed
a material with a thin and homogeneous microstructure, with
a good distribution of the metallic particles (clear phase) in the
matrix, same that were identified as Ti by the EDX analysis.
The grain’s size of both phases is changed, in average for the
grains of the matrix ranges between 3 pm and 10 um, whereas,
for the metallic particles it is of approximately 4 pm. Finally the
microstructure of the C3 cermet appears in Figure 3c, in this
figure seemingly there is no presence of metallic particles in
the material since the microstructure is constituted principally
by an opaque phase that corresponds to the ceramic matrix
according to the EDX analysis. This owes practically to that
the metallic particles during the sintered were segregated to
certain zones of the material increasing this way their size;
consequently their distribution in the matrix diminishes.
As for the densification it refers, is observed that there is
presence of pores of different size, this brings as consequence
adecrease in the density of the compound. Likewise, is observed
a homogeneous size of grain of the ceramic one.

agn  Det WD
00x BSE ]0,-11 2

- a8

b) C2 cermet
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¢) C3 cermet

Fig. 2. Microstructure pictures taken with scanning electron microscope
2. dbra A mikroszerkezet pdsztdzo elektronmikroszképos felvételei

In Figure 3 it is presented the microstructure of the C2
cermet taken with the help of SEM at low magnifications, here
there is clearer the formation of a thin metallic network (clear
and brightness phase) formed by the Ti used as reinforcement
of the ceramic. This network surrounds well some of the
matrix grains. In a general way there is the presence of a cermet
with a thin and homogeneous microstructure constituted by
a metallic semi-constant network interpenetrated with the
ceramic matrix.

Fig. 3. Metallic network formed by titanium in the ceramic matrix
3. dbra Titdn fémszovedék a kerdmia mdtrixban

Mechanical properties

The Table 2. shows the values of microhardness, Young’s
module and fracture toughness as a function of the metallic
element used as reinforcement of the ceramic matrix. It is
observed that the C2 cermet is that of major hardness followed
by C3 and CI cermets respectively, this makes think that the
ceramic matrix diminishes her hardness in combination of
these metals and that it depends not only on the percentage of
the present metal in the composition, if not, also of the hardness
of each metal, it means, the hardness of Ti is major that of the Fe
and Al respectively, and this way is made notice in the cermets.
The fact that the hardness of the matrix diminishes in presence
of a metal it is an indication of which the elastic module meets
affected. Considering that the elastic module, it a measurement
of the resistance of the material to the elastic deformation. Also
from Table 2 it can be observed that in all cases the fracture
toughness of monolithic AL,O, was improved, principally in
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cermets reinforced with Ti. In general the incorporation of
metals in the ceramic matrix enhances the fracture toughness
due to plastic deformation of the metallic phase, which forms
crack-bridging ligaments when a crack is growing in the
material under a tensile stress action. In other words, energy
absorbed for plastic deformation makes energy unavailable for
crack extension. Additionally, the deformed particles could
bridge the faces of the crack wake. Thereby exerting closure
stresses, reducing the effect on the stress intensity at the crack
tip [12, 13]. For the case of A1,O,/Ti system: because titanium
and alumina densities are very similar, Ti is well dispersed in
alumina matrix, forming a good and homogeneity interface
in the composite microstructure that promotes diffusion and
densification, as a consequence good toughening of the final
material.

Composite  Microhardness Young’s module K
(GPa) (GPa) (MPa:m™*?)
ALO, 20.97 +/-1.7 257.00 3.2+/-0.2
ALO10% Al 18.62 +/- 1.3 73.98 41+/-0.1
AlL0O,-10% Fe ~ 18.51 +/- 1.5 50.17 3.7+/-0.1
Al,0,-10% Ti 18.17 +/-1.5 22.88 4.8+/-0.1

Table 2. Mechanical properties values of different cermets fabricated
2. tdblézat Az elédllitott kiilonbozé fémkeramidk mechanikai tulajdonsigai

Conclusions

Different Al,O,-based composites reinforced with metallic
particles (Al Fe or Ti) were fabricated successfully through the
combination of mechanical milling and sintering.

The degree of final densification in the cermets depends
strongly on the reinforcement metal used in the same
ones, since the thermal properties and density of this one
influence the phenomena of diffusion. The cermet with better
densification after sintering is the one that contains Ti reaching
a densification of 93.5% of its theoretical density, followed by
that one that contains Al with 93% and finally the cermet that
contains Fe with 87.3% of relative density.

The obtained microstructure corresponds to a homogeneous
distribution of metallic particles for the case of the ALO,-
10% Al cermet. The microstructure of the ALO,-10% Fe
cermet is very heterogeneous due to the segregation of the
Fe during the sintering, which owes to the high value of the
density of the Fe in comparison with that of the alumina. The
microstructure of the ALLO,-10% Ti cermet presents a metallic
semi-constant network formed by the titanium, same that
meets interpenetrated with the ceramic matrix.

From the fracture toughness measurements and micro-
structure observations, it can be commented that the
toughening mechanism in Al,O,/metal reinforced cermets is
due to crack bridging.
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Aluminium-oxid matrixi fémkeramiak szintézise, mikro-
szerkezetének elemzése és mechanikai tulajdonsagai
Porkohdszati Uton szintetizaltunk aluminium-oxid matrixd
fémkeramiakat kilonb6z6 szilardsagnoveld fémekkel (Al, Fe
vagy Ti). A fémkeramidk készitéséhez szaraz mechanikus
porkeverékeket hasznaltunk. A porkeverékekbdl henger alaku
probatesteket préseltiink, melyeket nyomas nélkil, 1500 °C
hémérsékleten 1 6ran at szintereltlink. Az igy el6allitott anya-
gok mikroszerkezetét optikai- és elektronmikroszképpal vizs-
galtuk. A megfigyelések alapjan a fémkeramiak egy ALO,
keramiai matrixbél allnak, a fém aluminiumot és vasat tartal-
mazé fémkeramiak esetében a fémrészecskék ebben a mat-
rixoan vannak elszérva. A fém titant tartalmazé fémkeramiak
esetében viszont egy a keramia matrixszal 6sszefon6dé fém-
szovedék figyelhetd meg. Az Al, Fe és Ti tartalmu fémkeramia
probatestek relativ slrlisége megfeleléen 93%, 93,5% és
87,3% volt. Ez a sirlség, a fémkeramiak mikroszerkezeté-
vel egyetemben, lehetdvé teszi kis rugalmassagi modulusa,
megnovelt szakitdszilardsagu kompozit anyagok eléallitasat.
Ebben az értelemben kijelenthetd, hogy egy nyujthatd fém-
nek a szilard keramiai matrixszal val6 elegyitése a matrix
szivossaganak noveléséhez vezet. A szivossag novelésének
mechanizmusa valésziniileg azon alapszik, hogy a jelenlévo,
finoman eloszlatott fém mintegy ,athidalja” a fémkeramia
mikrorepedéseit.

Kulcsszavak: ALO_-Al, ALOTi, Al,O-Fe, fémkeramiak, fém-
szévedék
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Determination of K

1. Bevezetés

A betonban és vasbetonban, az anyag természetébdl ki-
folydlag, terhelés nélkiil is repedések, porusok, ,hibahelyek”
talalhatoéak. Terhelés hatdsara novekszik ezeknek a ,,hibdknak”
a szdma. A torésmechanika tirgya az anyagban taldlhat6
repedés koriili fesziltségallapot leirdsa, jellemzése, valamint
a repedés tovabbterjedéséhez tartozé paraméterek megha-
tarozasa. Griffith [1] megallapitasa szerint barmely anyag
tonkremenetele a benne talalhaté hibahelyeknél kezdddik el.
Ilyen ,hibahely” a betonban talalhaté minden repedés, mik-
rorepedés, megnyilt pérus stb. Az anyag torésmechanikai
tulajdonsagainak jellemzésére specialis alaka és kialakitasu
probatestek vizsgalataval, a diszkrét, el6re elkészitett repedés
(bemetszés) tovabbterjedésének elemzésével van lehetdség.
Habar eddig tobb, kiilonboz6 alaka és méretii probatestre dol-
goztak ki Osszefiiggéseket, betonokra még nincs egyértelmtien
szabvanyositott vizsgalati eljards és meghatdrozasi mddszer.
A korabbi kutatasok, az irodalmi hivatkozasok szerint is, rend-
kiviil valtozatos kialakitassal és mérettartomannyal vizsgaltak
a betonok/vasbetonok (és ide sorolhatjuk a tobbi készert
anyag) torésmechanikai paramétereit.

2. Torésmechanika alapelvek

A fesziiltségkoncentraciok elemzése és elméleti megoldasa
a torésmechanika kutatasanak targya. A szildrdsagi vizsgalatok
értékelése soran az anyagvizsgalok, az éles bemetszés kornyeze-
tében meglepd fesziiltségkoncentraciokat mutattak ki.

Az anyagban megjelend repedések, megvaltoztatjak a fesziilt-
ségek eloszlasat, és a repedéscsucs kornyezetében a fesziiltség-
koncentraci6 hatasara kovetkezik/kovetkezhet be a tonkreme-
netel.

A repedéscsucs fesziiltség-problémajanak elméleti és kisérleti
vizsgélata a mult szdzadban parhuzamosan folyt. Els6dlegesen
a fémek vizsgalata kertlt az érdeklédés kozéppontjaba. A nu-
merikus eszkoztar is elszor linedris elméletek segitségével
kozelitette a megoldast. A kutatasok elSrehaladtaval és az is-
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stress intensity factor on new shape concrete specimens (Part I)
Under load, the number of fissures in concrete or reinforced concrete increases, and such cracks
will be the starting points of failure. In order to understand failure of such structures, the analysis
of the stress state of crack tips is necessary, which is the subject mater of fracture mechanics. Due
to material inhomogeneity and different modular coordination, the fracture analysis of concrete
is more complex than the original tests devised for metals. While methods and specimens have
been developed for tension failure (type 1), the mode of examining shear failure (type Il) has not
yet been unequivocally established. This paper and its sequels focus on the analysis and test
procedures of a new, compact specimen for examining the K| strength intensity factor.
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meretek béviilésével a jelenség leirasara egyre bonyolultabb
matematikai modellek sziilettek. A linedrisan rugalmas tar-
csafeladatok megoldasabol a térésmechanikai alapegyenletek
specidlis, komplex matematikai eszkozokkel torténd leveze-
tésére tett kisérletek a XX. szazad elején jartak el6szor siker-
rel. Koloszov 1907-ben, majd Inglis 1913-ban és Muszhelisvili
1915-ben egymastdl fiiggetleniil is komplex fesziiltség-fiiggvé-
nyes megoldasokat dolgozott ki linedrisan rugalmas tarcsaban
1év6 lyukak kornyezetében 1évé fesziiltségallapot leirdsara.
A kidolgozott megoldasok elébb kor, majd ovalis alaka lyu-
kakra, el6bb egy, majd néhany (nem tul sok) gyengitésre vonat-
koztak ([2, 3, 4]). Egyes specidlis esetekre Westergaard [5] is
megadott, ,kénnyebben” hasznalhaté komplex fesziltség-fiigg-
vényes megoldasokat. A kétdimenzids feladatok dltalanositott
megoldasat el@szor Sih és Rice [6] publikalta. A haromdimen-
zids analitikus megoldas levezetésére tett kisérletet Sneddon
[7], azonban eredményeivel csak egyes specialis feladatok meg-
oldasara nyilt lehetéség.
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1920-ban Griffith a repedéscstics kornyezetének energiaelvii
megkozelitését adta ([1, 8]). A minden hataron tal keskenyitett
ellipszis (1. abra) alaku lyuk végpontja koriili fesziiltségeloszlas
a matematikai modellje szinguldris eredményhez (végtelen
fesziiltségekhez) vezet a repedéscsucsnal. Az energiaelvii
megkozelités ugyanakkor egy teljesen uj iranyt adott a torés-
mechanika fejlédésének.

Repedésmodell A feszlliseég clo\kuidso
a repedescsucs eldit
Yy
bosy by
RN
| )
== — R0
R b

1. dbra  Repedésmodell és fesziiltségkoncentrdcié Griffith szerint [8]
Fig. 1. Crack modell and stress concentration according to Griffith [8]

Griffith [1] elméletével és az ezt alatdmasztd kisérletekkel
bebizonyitotta, hogy az tivegfonal szakitoszilardsaga széles
hatarok kozott, az atméré fiiggvényében 35-85 N/mm?* (d >
10 mm) és 11 500 N/mm? (d = atomialis), valtozhat ([1, 9]).
Hasonld, nagysagrendbeli eltérésre jutott a cementkd vizsgala-
tanal Jaeger és Cook [10] is. Kutatasaik szerint a cementké el-
méleti szilardsaga elérheti az 10 500 N/mm?-es értéket is, tehat
a hibahelyek és egyéb gyakorlati koriilmények az anyag szilard-
sagat az elméletileg lehetséges érték mintegy 1%-ra csokkentik!

Irwin [11], a repedéscstics kornyezetének analitikai fesziilt-
ség-vizsgalatai alapjan javasolta, hogy:
= Tipizaljuk a repedésfajtakat olyan médon, hogy kozot-
tilk - linedrisan rugalmas anyagi viselkedést feltételezve
a szerkezetrdl - érvényes legyen a szuperpozicié.

= A repedéscsics vizsgalatara az addig alkalmazott kép-
letek 4talakitdsaval vezessiink be 4j metrikat, amely
anyagi jellemzéként mércéje lesz a cstics kérnyezetében
tellépé fesziiltségkoncentracionak.

Irwin tipizalasi javaslata alapjan az els6 csoportba (I-es tipus)
tartoznak a hizassal, a masodikba (II-es tipus) a nyirassal, mig
a harmadikba (III-as tipus) a csavarassal terhelt repedések (2.
abra).

Q :

\
1 I il

2. dbra  Repedés-terhelési alapesetek Irwin szerint [8]
Fig. 2. Crack load patterns according to Irwin [8]

Linedrisan rugalmas esetben igy az anyagi jellemzdnek
tekintett fesziiltségintenzitasi paraméterek segitségével egy el-
liptikus alakd lyuk minden hatéron tdl torténd keskenyitésével
(3. abra) el6allo repedéscsucs kornyezetében létrejove fesziilt-
ségkoncentraciok meghatarozhatdk az (1) egyenlet Gsszefiig-
géseivel.

trrrrr et
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3. dbra Repedéscsiics idealizdlt fesziiltségallapota [12]
Fig. 3. Idealized stress state of a crack-tip [12]

1 ..
0,(r,0)= m{&f 1O+ K, (O +K,, f"(O)}i,j > x,.2
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u(r,0)==—|-—{K,g|(O)+K,g"(0)+K,,g"(O)},i > x,y,z
2uN2rx

ahol
K,K,éK,, - a megfelel6 repedéstipushoz

tartozo fesziiltségintenzitasi tényezd

S esgl, 8 g, - a konkrét feladat terhelési és
peremfeltételi viszonyai

R - repedéscsucs sugara

A — Lamé féle anyagallando

A fesziiltségintenzitasi tényez6 ,, K™ bettje Irwin legkozelebbi
munkatarsanak, a laboratériumi méréseket végzé, Kies-nek a
nevét Orzi.

A fesziiltségintenzitasi tényez6k a gyors repedésterjedéssel
szembeni ellendllas mérészdmai. Fesziiltségintenzitasi vizs-
galatokndl a szamitasi eredménybdl kapott fesziiltségintenzi-
tasi tényezGt az anyagra jellemzd kritikus fesziiltségintenzitasi
tényezével kell 6sszehasonlitani.

A fesziltségintenzitasi tényezé dimenzidja eré x (hossz)>?
vagy fesziiltség x (hossz)".

Jelen cikkiinkben a fesziiltségintenzitasi paraméterek koziil
nem leggyakrabban vizsgalt hizasi, hanem - a betonok eseté-
ben - elhanyagoltabb nyirasi paraméterrel foglalkozunk.

3. Betonok és egyéb kdszerii anyagok
torésmechanikai vizsgalata

3.1. Huzasi (K ) fesziiltségintenzitasi tényez6 meghatarozasa

Az eredetileg a fémekre kidolgozott prébatestekrdl (lasd pl.
ASTM E 399-81 [13]) hamarosan kideriilt, hogy készer( anya-
gok esetén vagy az anyag rideg viselkedése, vagy a durvabb
szovetszerkezet miatt nem alkalmazhatdak. A mar kiprobalt
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probatest formak méretbeli novelésével és az anyagi viselke-
déshez torténd adoptalasaval sziilettek meg a jaratos, jobbara
a K fesziiltségintenzitdsi tényez6 meghatdrozdsét szolgalo ki-
sérleti elrendezések (teljesség igénye nélkiil lasd a 4-7. dbran).
Minden kisérleti elrendezésnél sajatos, un. geometria fliggvény
segitségével szamithato a fesziiltségintenzitasi tényezo.

Twz P/ZI a |B%|

4. dbra Hdrom pontosan hajlitott bemetszett prébatest [14]
Fig. 4. Tree-point bended notched speciemen [14]
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5. dbra Hiizott, bemetszett probatest [15]
Fig. 5. Pulled notched specimen [15]
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6. dbra ,Negativ V" bemetszésti prébatest (Short Rod) [16]
Fig. 6. Speciemen (Short Rod) with ,,negative V" notch [16]

7. dbra  ,Sajt” alakii prébatest [12]
Fig. 7. ,Cheese” form specimen [12]

8 | épitdanyag = 2010/1 = 62. &vf. 1. szdm

3.2. Nyirasi (K.

A nyirdsi (II-es tipus) fesziiltségintenzitasi tényezd kriti-
kus értékének (K| .) meghatdrozdsahoz j, ,.kis méreti” pro-
batesteket vezettiink be. Felhasznalva William és Birch [17]
polimerekre kidolgozott huzott, félig-félig bemetszett pro-
batest-kialakitasi otletét (8. dbra), valamint Vutukuri és tdrsai
[18], Barragdn és tarsai [19] betonon (9-10. bra) és Gdlos és
Kovesdi [20] épitSkoveken végzett vizsgalatait (11. abra.), félig-
félig bemetszett, nyomott hasab ill. henger alakt prébatesteket
hasznaltunk. Ilyen kialakitds esetén a két bemetszés kozotti

kozépsd szakasz elnyiroddsdbol hatdrozhaté mega K| . értéke.

) fesziiltségintenzitasi tényez6 meghatarozasa

W=20 12
(a) e =
08

Y a=10
) i
< ?;

d 5
17, 15 25
L=100

8. dbra Hiizott polimer prébatest, K, . meghatdrozdsihoz [17]

Fig .8.  Pulled polymer specimen for testing K, . [17]
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9. dbra  Félig-félig bemetszett prébatest nyirévizsgdlata [19]
Fig. 9. Shear test of a half-half notched speciemen [19]
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10. dbra  Nyirévizsgdlat végeselemes modellezése (a) nyomdfesziiltség; b) hiizéfesziilt-
$ég; ¢) nyiréfesziiltség eloszldsa) [19]

Fig. 10.  FE modelling of shear test (a) compressive stress; b) tension stress; c) shear
stress) [19]

11. dbra Nyirévizsgdlat épitkoveken [20]
Fig. 11. Shear tests on structural stone speciemens [20]
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12. dbra  Adalékanyagok szemeloszldsi gorbéje
Fig. 12.  Grading curves

Mivel hasonl¢ kialakitdsu probatestekkel korabban nem vég-
zetek ilyen jellegli vizsgalatokat, a terhelési és peremfeltételek
altal befolyasolt geometriai fliggvény sem allt rendelkezésre.
Ennek meghatdrozasanak egyik modja a kisérletekkel parhuza-
mosan (vagy esetleg a laboratériumi munka teljes elhagyasaval)
végzett numerikus modellek vizsgalata, ahol a kialakitasbol
eredd véltozok széles spektrumaban lehetséges a vizsgalat.
Kutatdsaink soran ugyanakkor a parhuzamosan elvégzett K.
ill. K. értékeket meghatdrozd vizsgélatok eredményei kozot-
ti Osszefiiggés felhasznalasaval javasoltunk paramétereket a
geometriai fiiggvényre. Gdlos [21] javaslata alapjan a K /K,
hanyadost 1,15 értékiinek valasztottuk.
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13. dbra Bemetszett, 70x70x250 mm élhossziisdgii hasdb elvi kialakitdsa
Fig. 13.  Schemaitic shape of a notched beam, measured 70x70x250 mm
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14. dbra  Bemetszett, 60 mm dtmérdji, félbevdgott henger elvi kialakitdsa
Fig. 14. Schemaitic shape of a notched halved cylinder, diameter 60 mm
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15. dbra Bemetszett, 60 mm dtmérdjii, félbevdgott henger elvi kialakitdsa
Fig. 15.  Schemaitic shape of a notched halved cylinder, diameter 100 mm

A referencia, huzasi (I-es tipust) fesziiltségintenzitasi
tényezd kritikus értékének (K .) vdltozdsit vizsgdltuk be-
metszett, hdrompontosan hajlitott hasab, illetéleg szintén
bemetszett félhenger alakt prdobatesteken. Mig a bemetszett
hasdb a leggyakoribb vizsgélati elrendezés beton (k8) anyagok
vizsgalatdhoz, a hosszdban félbevagott henger kifejezetten
a magfurdval torténd mintavétel soran nyert beton (ké) mintak
vizsgalatahoz idealis. Utobbi probatestek vizsgalatat és elemzé-
sét Gdlos, Bojtdr és Rechtorisz végezte el ([22, 23, 24]).

Kutatasunkban vizsgaltuk tovabba az acélszal-erdsités hatdsat
is. A probatesteket, illetve a probatestek bemetszéseit vagas-
sal alakitottuk ki. Erdélyi és Gdlos [25] kutatdsai soran, tob-

bek kozott, ramutatottak, hogy a vagassal készitett, valamint a
specidlis zsaluzat alkalmazasaval kialakitott, acélszal-er6sitésti
beton probatestek torésmechanikai paraméterei (azonos ki-
alakitas és geometriai méretek mellett) kozel azonosnak voltak.
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17. dbra  Félig bevdgott, 60 mm dtmé-
r6jii henger elvi kialakitdsa
Fig. 17. Schemaitic shape of a half notched
cylinder, diameter 60 mm

16. dbra  Félig bevdgott, 70x70 mm
alapii hasdb elvi kialakitdsa

Fig. 16. Schemaitic shape of a half
notched prism
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18. dbra  Félig bevdgott, 100 mm dtmérdjii henger elvi kialakitdsa
Fig. 18.  Schemaitic shape of a half notched cylinder, diameter 100 mm

4. Kisérleti betondsszetételek és vizsgalati
modszerek

4.1. Betonosszetétel, frissbeton vizsgalatok

A kisérletsorozatban hat receptira dsszeallitasaval vizsgaltuk
a szokvanyos és kiillonleges betontechnoldgiai paraméterek és
Osszetevok megvéltoztatdsanak hatasat. A vizsgalatok soran
véltoztattuk a beton viz-cement tényezdjét (a cementadagolas
megvaltoztatasa mellett azonos szinten tartott vizadagolas-
sal), az acélszdl-adagoldst, valamint egy esetben az alkalma-
zott adalékanyag fajtdjat. Mindenkor alland6 paraméter volt
a cement tipusa (CEM I 42,5 R, Holcim) és a maximadlis szem-
nagysag (d, = 16 mm). A beton konzisztencidjit BASF Gleni-
um 51 folyositdszer adagolasaval szabdlyoztuk. A betondssze-
tételek allandé és véltozd kisérleti paramétereit az 1. tdblazat
tartalmazza.

Az adalékanyagok Osszeallitdsa soran torekedtiink arra,
hogy a két, eltérd anyagbol (kvarckavics és -homok, ill. bazalt)
Osszedllitott frakcioknak kozel azonos finomsagi modulusa és
szemeloszlasi gorbéje legyen. Az dsszetétel tervezése soran az A
és B hatargorbék kozotti tartomany felez6gorbéjét kozelitettiik
(12. abra). A keveréskor elvégeztilk a szokasos frissbeton
vizsgalatokat (frissbeton testsiiriség és hémérséklet-mérése,
konzisztencia meghatdrozasa teriiléssel, légtartalom szami-
tasa). A K4 és K5 recepturakndl, a pépmennyiség véltoztata-
sa nélkiil adagolt acélszalak hatasdra a frissbeton légtartalma
20 ¢/m*-r6l 28, ill. 35 ¢/m?-re novekedett.
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Receptiira jele

K1-K3 K4-K5 K6
Kisérleti alland6 adalékanyag kvarckavics és -homok valtoz6
d,., =16 mm
finomsagi modulus m = 6,01
cementadagolas valtozd 400 kg/m?
vizadagolas ~170 I/m?
viz/cement tényez6 valtozo 0,43
Kisérleti valtozo adalékanyag allando bazalt
(minden frakcid)
d._ =16 mm
m= 6,08
cementadagolas 35-450 kg/m? allando
viz/cement tényez6 0,5-0,43-0,38 allando
acélszal adagolas allando 0,5-1,0 V/V% allando

1. tablazat Betondsszetételek
Table 1. Mix design and variables

22. dbra  Elnyirt probatest

Fig. 22.  Sheared specimen
19. dbra  Bemetszett, 70x70x250 mm élhossziisdgii hasdb hajlité-hiizévizsgdlata

Fig. 19. Bending test of a notched beam, measure 70x70x250 mm

23. dbra  Bemetszett, 60 mm dtmérdjii henger nyirévizsgdlata
Fig. 23.  Shear test of a notched cylinder, diameter 60 mm

4.2. Prébatestek

A bevagasokkal és bemetszésekkel készitett probatestek elvi
kialakitdsat a 13-18. dbran adtuk meg. A vagasok szélessége azo-
nos, a vagokorong szélessége szerinti érték. A bemetszés mélysé-
ge minden esetben az adott préobatest bemetszési sikban, a repe-
désterjedés iranyaban mért legnagyobb vastagsaganak 20%-a
volt. A tényleges terhelési elrendezéseket a 19-23. dbra mutatja.

20. dbra  Bemetszett, 100 mm dtmérdjii, félbevigott henger hajlité-hiizévizsgdlata
Fig. 20. Bending test of a notched, halved cylinder, diamter 100 mm

Utodszo

K, fesziiltségintenzitdsi tényezd szdmitdsdhoz sziikséges
geometriai fliggvény meghatarozasaval, valamint a kisérleti
eredmeények kiértékelésével a cikksorozat kovetkezd részében
foglalkozunk.

21. dbra Bemetszett, 70x70 mm alapii hasdb nyirévizsgdlata

Fig. 21. Shear test of a 70x70 mm prism Részletes hivatkozdsjegyzék a cikksorozat befejezd, 11. része utdn taldlhato.
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Photocatalytic properties of silica gel
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KivosHi KURIBAYASHI = Teikyo University of Science & Technology = kuribaya@ntu.ac.jp
Daisuke OHMIYA = Teikyo University of Science & Technology
Received: 10.06.2009. = Erkezett: 2009.06.10.  http://dx.doi.org/10.14382/epitoanyag-jsbcm.2010.3

Silica gel beads were coated by AgvO,, Ag,V,0, and Ag)VO, to study their photocatalytic
performance. The model reaction was the decomposition of methylene blue and acetaldehyde,
respectively in fluorescent and ultraviolet radiation and in darkness, as well. The photocatalytic
films formed on the surface of silica gel beads had a thickness of about 400 nm. No film
exfoliation was observed during the decomposition experiments. The photocatalytic activity of
silica gel beads coated by given compounds was much higher as compared to powder samples.
An especially remarkable decomposition of methylene blue was detected on Ag_VO, coated silica
gel beads: concentration of methylene blue decreased from 10 mg/dm?to less than 0.01 mg/dm?
for 16 h under fluorescent light irradiation. It was also observed that addition of Pt co-catalyst to
the coating film improved the photocatalytic performance.

Keywords: photocatalyst, Ag,0-V,0, compounds, methylene blue decomposition, acetaldehyde
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decomposition

1. Introduction

From the viewpoint of the utilization of solar energy and
indoor illumination, visible light responsive photocatalyst
has been desired for green technology which mainly includes
oxidative decomposition of the volatile organic compounds and
purification of water. A number of studies have been carried
out for visible light responsive photocatalyst. Wolframite type
oxide compound [1, 2] such as InNbO, and InMTaO, (M=Cu,
Ni, Co, Fe, Mn) and oxinitride [3] such as TaON were reported.
Vanadate compounds have been also studied as visible light
photocatalyst [4, 5]. We reported that powder of indium
vanadate synthesized via coprecipitation and pyrolysis method
decomposed methylene blue under fluorescent light irradiation
and absorbed a light shorter wavelength than 580 nm [6]. The
compounds in the system Ag O-V_O, synthesized via solid state
reaction were previously reported that absorption edge of the
compounds were measured to be approximately 480 nm and
the compounds decomposed methylene blue under fluorescent
light irradiation [7]. Powder type photocatalyst however is not
suitable for the application of photocatalyst to green technology
because of difficulty of collection of powder sample.

rSp

Fig. 1. SEM photographs of AgVO, coated silica gels produced at 400 °C (a) surface
view and (b) cross sectional view

1. dbra 400 °C hémérsékleten szintetizdlt, AGVO, bevonatii szilikagél gyongyok
pdsztdzo elektronmikroszkdpos felvételei. (a) kiilsé feliilet, (b) keresztmetszet

In the present study, precursor solution of Ag O-V,O,
compounds, suchas AgVO,, Ag, V. O_and Ag,VO,, was prepared
and coated to silica gel beads. Photocatalytic properties of

silica gel beads coated by Ag,0-V,0, were evaluated from
measurements of decomposition of methylene blue and
acetaldehyde under irradiation of fluorescent light, black light
and in dark. ICP atomic emission spectroscopy measurement
was carried out to elucidate the photodissolution of components
from the compounds into solution during the methylene blue
decomposition experiment. Effect of Pt co-catalyst loading to
photocatalyst coated silica gel beads was also examined in the
present study.

2. Experimental

2.1. Preparation of silica gel beads coated by Ag,0-V,0,

Appropriate amount of silver nitrate (Kanto Chemical:
99.8%) and ammonium vanadate (Kanto Chemical: 99.0%)
were dissolved together in IN ammonia solution. The precursor
solutions of AgVO,, Ag V,0, and Ag VO, compounds were
prepared via reflux at 80 °C for 30h. Silica gel beads with
2-3 mm in diameter (Fuji Silisia Chem.Co., CARIACT Q-50)
were immersed into the precursor solution followed by
drying on stainless steel mesh at 120 °C and sintering in air
at temperatures from 350 °C to 450 °C for 30h. Thus AgVO,,
Ag,V,0, and Ag,VO, coated silica gel beads were prepared.

2.2. Measurement of photocatalytic property of silica gel
beads coated by Ag O-V,O,

Methylene blue decomposition and acetaldehyde decom-
position experiments were conducted under irradiation of
black light, fluorescent light and in dark at room temperature.
For methylene blue decomposition experiment, approximately
5 cm’ of photocatalyst coated silica gel beads were put
into 50 cm’ methylene blue solution with 10 mg/dm® in
concentration. The solution was exposed to black light (10W)
irradiation, fluorescent light (10W) irradiation and dark
condition for various times between 30 min and 2880 min
(48 h). And concentration of methylene blue of the solution
was measured by the absorptiometry. The methylene blue
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solution subjected to 48 h decomposition experiment was
measured by inductive coupled plasma atomic emission
spectroscopy (SII, SPQ9600) to study photodissolution of
components from the photocatalyst coated silica gel beads. For
the acetaldehyde decomposition experiment, approximately
5 cm® of photocatalyst coated silica gel beads were put in
pyrex glass container with 1000 cm® in volume. The container
was then decompressed. And acetaldehyde was injected into
the container with microsyringe so that concentration of
acetaldehyde became 30 ppm. And air was introduced into
the container so as to be atmospheric pressure. The container
included photocatalyst and acetaldehyde was exposed to black
light (10W), fluorescent light (10W) and dark condition for
various times between 30 min and 2880 min (48 h). After the
experiment, concentration of acetaldehyde in the container was
measured by gas chromatography (SHIMADZU, GC-14B).

E 3
< —o— Ag,VO,
o0
g 1 Y —- Ag4v207
=
= AgVo,
.%
s 0.1
c
@
(2]
<
8
0.01 T T . : )
[0] 8 16 24 32 40 48
a Irridation Time/hour
© 10 It
E "
5 =+=Ag\VO,
o)
é 1 w —m—AgV,0,
= AgVo,
=]
.ﬁ
E= 0.1
c
o
1]
o
: \ \\
0.01 T T T T |
0 8 16 24 32 40 48
b N
Irridation Time/hour
10
? \ Ag3VO4
£
-'ocn ! - AgV2O7
E 1
g AgVO,
c
2
® |
"E 0.1 —
8
c
5}
o
0.01 T T T T |
0 8 16 24 32 40 48
C

Irridation Time/hour

Fig. 2. Decomposition of methylene blue on Ag,0-V,0-coated silica gel beads in (a)
ultraviolet light, (b) fluorescent light and (c) in darkness
2. dbra  Metilénkék lebomldsi jellemz6i Ag,0-V,0, vegyiiletekkel bevont szilikagél
gyongyokon (a) ultraibolya, (b) fluoreszcens fénnyel valo besugdrzds hatdsdra,
illetve (c) sotétben
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Fig. 3. Decomposition of acetaldehyde on Ag,0-V 0, powder mixture in (a)

ultraviolet light, (b) fluorescent light and (c) in darkness
3. dbra  Acetaldehid lebomlsi jellemz6i Ag,0-V 0, porvegyiileteken (a) ultraibolya,
(b) fluoreszcens fénnyel valo besugdrzds hatdsdra, illetve (c) sotétben

2.3. Platinum loaded Ag,0-V,0_compounds coated to
silica gel beads

Platinum cocatalyst loading onto Ag,0-V,0, compounds
coated to silica gel beads was carried out to avoid recombination
of excited electrons and electron holes. Hydrogen hexa-
chloroplatinate (IV) hexahydrate (Kanto Chemical: 98.5%)
was added into the precursor solution mentioned Clause 2-1
so that concentration of Pt for photocatalyst became 1 mass%.
The solution was refluxed at 80 °C for 30h. Silica gel beads
(Fuji Silisia Chem.Co., CARIACT Q-50) were immersed into
the solution followed by drying on stainless steel mesh at
120 °C and prepared in air at 450 °C for 30h. The samples were
subjected to measurements of photocatalytic performance as
mentioned Clause 2-2.
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Fig. 4. Decomposition of acetaldehyde on Ag,0-V 0 -coated silica gel beads in (a)

ultraviolet light, (b) fluorescent light and (c) in darkness

4. dbra  Acetaldehid lebomldsi jellemz6i Ag,0-V 0, vegyiiletekkel bevont szilikagél
gyongyokon (a) ultraibolya, (b) fluoreszcens fénnyel valo besugdrzds hatdsdra,
illetve (c) sotétben

3. Results and discussion

Fig. 1. showed typical SEM photograph of the compounds
coated silica gel beads. Thin films with approximately 400 nm
in thickness were coated on silica gel beads. AgVO,, Ag, V.0,
and Ag VO, coated silica gel beads prepared at temperatures
from 350 °C to 450 °C were subjected to the methylene blue
decomposition experiment. No exfoliation of the thin films
from silica gel beads was observed during methylene blue
decomposition experiment. Methylene blue decomposition
characteristics of the compounds coated silica beads which
showed the best performance for each compounds were
illustrated in Fig. 2. Characteristics of mechylene blue
decomposition via powder AgVO,, Ag,V.O_ and Ag,VO, were
reported in the previous paper [7]. Concentration of methylene
blue decreased remarkably for the solution with AgVO,, Ag,V,0O.
and Ag,VO, coated silica gel beads as shown in Fig. 2a. and b.

The decrease results from adsorption of methylene blue to silica
gel beads and followed by decomposition via photocatalysis.
The decrease in concentration of methylene blue as shown
in Fig. 2c. might be resulted from adsorption to silica gel
beads. Because the powder compounds, such as AgVO,,
Ag,V.0. and Ag,VO, did not show photocatalytic activity in
dark [7]. ICP atomic emission spectroscopy measurements
revealed that approximately 3x10° mol/dm’ of AgVO,, 6x10
¢ mol/dm® of Ag,V,O.and 1x10° mol/dm’ of Ag, VO, were
dissolved into the solution from the compounds coated to
silica gel beads after 48h photodissolution experiment. The
values are the same order as that of powder samples [7].
Fig. 3. showed acetaldehyde decomposition characteristics
via Ag O-V.O, powder compounds under irradiation of
black light, fluorescent light and in dark. Acetaldehyde was
oxidized to acetic acid and followed by decomposed to carbon
dioxide and water by photocatalyst. The same decomposition
characteristics were observed for the experiments under
black light and fluorescent light irradiations. Ag. VO, powder
showed superior decomposition performance than AgVO,
and Ag,V.O.. The decrease in concentration of acetaldehyde
shown in Fig. 3c. might be result from adsorption to powder
samples. Fig. 4. showed acetaldehyde decomposition charac-
teristics via photocatalysts coated silica gel beads. Performance
for decomposition of acetaldehyde was improved remarkably
compared to that of powder samples. Acetaldehyde
adsorption to silica gel beads might play an important role
for the decomposition, because the decomposition reaction
takes quite long time. Consequently, it is necessary for the
decomposition that photocatalyst, acetaldehyde and light
exist simultaneously for a long time. Comparing with Fig. 4c.
to Fig. 3c., photocatalysts coated silica gel beads absorbed
much more acetaldehyde than powder photocatalysts. And
large quantity of acetaldehyde can coexist with photocatalyst
on silica gel beads. Fig. 5. showed that photocatalytic
performances under fluorescent light irradiation for Ag.VO,
and Pt co-catalyst loaded Ag,VO, coated to silica gel beads
prepared at 450 °C. Fig. 5a. and b. showed methylene blue
and acetaldehyde decomposition characteristics, respectively.
Photocatalytic performance of Pt loaded Ag,VO, coated silica
gel beads was remarkably improved. A similar tendency was
observed for the other photocatalysts. It was elucidated that Pt
co-catalyst loading to Ag,0-V,0, compounds coated to silica
gel beads was effective for an enhancement of photocatalytic
performance.

4. Conclusions

Remarkable improvement of photocatalytic activity was
observed for the compounds coated silica gel beads compared
to powder samples. No exfoliation of the thin films from silica
gel beads was observed during methylene blue decomposition
experiment. Approximately 3x10° mol/dm® of AgVO,,
6x10° mol/dm* of Ag,V,0. and 1x10° mol/dm’ of Ag VO,
were dissolved into the solution from the compounds coated to
silica gel after 48h photodissolution experiment. Pt co-catalyst
loading to Ag,O-V,0, compounds coated to silica gel beads was
effective for an enhancement of photocatalytic performance.
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\\ fotokatalitikus tulajdonsagai

10 — Szilikagél gydngyoket AgVO,, Ag,V,0, és Ag VO, Osszetétell
\.\ vegyluletekkel vontunk be, majd mértik fotokatalitikus tulaj-
donsagaikat. A mérések soran fluoreszcens (fénycsovilagitas)
és ultraibolya fénynek kitett, illetve s6tétben tartott gydngyokon
a metilénkék és acetaldehid indikatorok lebomlasat vizsgal-

Ag,0-V,0, vegyiiletekkel bevont szilikagél gyongyok

Concentration of aldehyde/ppm

0 ' ‘ ‘ tuk. A fotokatalitikus rétegek vastagsaga a gyongydkon kb.
Y 8 16 24 32 40 48 400 nm volt. A kisérleti besugarzas soran nem tapasztaltuk
b Irridation Time/hour a fényérzékeny rétegek lehamlasat a szilikagél gyongyokrol.

A pormintakhoz képest a szilikagél gyongydk bevonatai-

Fig. 5. Photocatalytic performance of silica gel beads coated with Ag VO, and nak fotokatalitikus aktivitasa szamottevoen nagyobb volt.

Pt loaded Ag,VO,, respectively in fluorescent light (a) decomposition of
methylene blue and (b) decomposition of acetaldehyde

5.dbra Ag VO, és platina kokatalizdtort tartalmazé Ag VO, vegyiiletekkel bevont
szilikagél gyongyok fotokatalitikus teljesitménye fluoreszcens fénybesugdrzds
hatdsa alatt. (a) metilénkék lebomldsa, (b) acetaldehid lebomldsa
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Kalonosen az Ag,VO, bevonatl szilikagél gyongyoknél volt
jelentés a metilénkék lebomlasa (a 16 o6ran at tarté fluo-
reszcens besugarzas alatt 10 mg/dm? értékrdl kevesebb,
mint 0,01 mg/dm? értékre). Az is nyilvanvaléva valt, hogy Pt
kokatalizator hozzdadasa a szilikagél gyéngyok bevonatahoz
javitotta annak fotokatalitikus teljesitményét.

Kulcsszavak: fotokatalizator, Ag,0-V,0, vegylletek, metilén-
kék bomlasa, acetaldehid bomlasa
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A single glass layer can be considered as safety glass if tempered or reinforced with wire mesh.
When tempered glass fractures it shatters into tiny pieces with blunt edges. Heat- or chemically
strengthened glasses can not be considered as safety glass owing to the fracture pattern (fractures
in shards), unless they are laminated. Bending tests were carried out (test arrangement according
to standard EN 1288-3:2000) and the bending strength of single layer tempered and float glasses
were determined with use of the well-known formulas. The calculated values for surface strength
with use of ultimate strain were compared to the bending strength results in the case of float
and tempered glasses. The question arise: the strains measured in the centre of the pane and
near the edge are equally? Strain measurements of the surface of loaded specimens - at the
middle of the pane and near the edge - were also investigated. The failure of glass originates
from cracks with microscopic sharp tips. In spite of the careful manufacture and handling of glass
panes, impacts by sharp particles or environmental impacts can cause defects on the surface.
The glass manufacture e.g. edge finishing techniques influence the glass strength and can cause
flaws which can propagate during the lifetime of the glass. Defects of edge surfaces caused by
different edge work techniques were shown with scanning electron microscopy. Most of the glass
strengthening methods are used to introduce residual compressive stresses into the outer layers
by physical or chemical tempering. The compressed resulting layer helps to close cracks initiated
on the surface, can stop crack propagation and can also increase the bending strength. Recent
studies [6, 14] have shown that surface strengthening can lead to substantial improvements in
degradation resistance. Therefore, in outdoor conditions, when the glass surface is exposed to
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1. Introduction

Float glass is widely used in the architecture because of the
good optical quality of the surface. The float process produces
glass sheets with a uniform thickness and perfectly smooth
surfaces that need no further polishing. The resulting glass
will then be further treated in various ways. Soda lime silicate
glass is mainly used for architectural purposes. The advanced
treatment technologies are applied to float glass products
depending on the end-products and on the application. When
float glass is used as load bearing element [1, 2] safety glass is
needed. Single glass layer can be considered as safety glass if
tempered or reinforced with wire mesh. When tempered glass
fractures it shatters into tiny pieces with blunt edges. Heat-
or chemically strengthened glasses can not be considered
as safety glasses owing to the fracture patterns (fractures in
shards) unless they are laminated. Bending strength with the
well known formulas was evaluated in case of non heat-treated
float and tempered glasses and was compared to the measured
surface stresses. The question arise: if strains measured in
the centre of the pane and near to the edges are equal. Strain
measurements of glass surface of loaded specimens - at the
mid of pane (Region 1) and near to the edge (Region 2) — were
investigated (Fig. 1.).

The bending strength of a single glass pane is influenced by
the following factors [3, 5]:

humidity etc., tempered or heat strengthened glass should be used.
Keywords: load bearing glass, edgework, strength, glass, tempered glass

Fig. 1. Region I and Region 2 of glass surface strain measurements [3, 4]
1. dbra  Uvegfeliilet alakvdltozdsainak mérése R1 és R2 jelti tartomdnyokon [3, 4]

a) heat treatment, b) surface condition (e.g. non-slip
characteristics), ¢) rate and duration of loading, d) area of
surface stressed in tension, e) relaxation, f) ambient medium,
g) age, ie. time elapsed from the last mechanical surface
treatment, h) ambient temperature, i) edgework.

Most of glass strengthening methods are used to introduce
residual compressive stresses into the outer layers by physical
or chemical tempering (Fig. 2).

Surface stresses are related to the temperature gradient that
results from cooling. The produced compressed layer helps to
close cracks initiated on the surface (Fig. 3) and can stop crack
propagation and can increase also the bending strength.
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Fig. 2. Stress distributions over the thickness of tempered glass pane. Residual
compressive stresses after tempering near the surface are: 120 to 150 MPa,
tensile stress in the middle plane is about half of them [3]

2. dbra  Jellemz§ fesziiltségeloszlds az edzett iiveg vastagsiga mentén mezékozépen és
élek kozelében (R2 és R1 tartomdnyokndl). A feliileti rétegek hékezelés utin
maradé nyoméfesziiltsége dltaldban: 6=120-150 MPa, az tiveg belsejében 1évé
hiizéfesziiltség: ©/2, [3].
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Fig. 3. Vickers diamond pyramid indentation into a tempered glass surface a) section

view, b) plane view. Indentation field drives the crack, residual tempering field
opposes them [6]

Vickers gyémdnt piramisos behatds vizsgdlat edzett iiveg feliiletén

a) fiiggoleges metszet, b) feliilnézet. A behatds dltal létrejové repedéseket,

az edzést koveté marado fesziiltségek dsszezdrjdk [6]

3. dbra

There is a peak of tensile stresses at a small distance from
the edge (typically 12-25 mm from the edge (Fig. 4.). Tensile
stresses are indication of an undesirable edge cooling rate and
a potential bending. Therefore, surface strains in Region 1
(at centre of glass panes) and Region 2 (at edge region) were
measured in present experiments.

HEAT FLOW
Compression
Layer,
Surface F B
— '
Tension layer
@ in mid-plane
Surface E
2777 L
— i
Tenslle Surface Stress
Near Edges

Fig. 4. Surface and mid-layer stress near to edges [7]
4. dbra  Elekhez kizeli tartomdnyok feliilet kzeli és belsé rétegeinek fesziiltségei [7]

Failure originates from cracks with atomically sharp tips. In
spite of the careful manufacture and transportation of glass
panes, impacts with sharp particles or environmental impacts
can cause defects on the surface. Research results have shown
[8, 9, 10, 11, 12] that aging of newly created flaws should
be beneficial, and residual stresses will tend to relax in time
(especially in reactive environments). Mould et al. (1959) [13]
showed that the strength of specimens containing abrasion
microcracks can increase with the aging time (i.e., time between
abrasion and testing to failure). In case of glasses under such
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conditions those lifetime design procedures will be difficult
which try to make predictions or estimations based on actual
glass surface conditions.

Further studies [6, 14] have shown that surface strengthening
can lead to substantial improvements in degradation resistance,
therefore, in outdoor conditions, when glass surface is exposed
to humidity etc. tempered or heat strengthened glass should
be used.

2. Materials and experimental procedure

An experimental programme was carried out to analyse the
load bearing capacity of singleand laminated glass panes. Results
of single glasses are discussed in present publication. Specimens
were tested in four-point bending. In case of tempered glass, the
stress must first exceed the built-in compression stresses before
tension develops. The influence of edge strength also influences
the strength of glass pane. Therefore, the deformations at mid
of pane and at the edge regions were also studied. The results of
tempered glass specimens were compared to those of non heat
treated float glass specimens.

2.1. Test parameters and test programme

Test parameters of single glass specimens were the following:
Constants: test arrangement, width and length of specimens,
Variables: thickness, type of float glass (non heat treated or
tempered), rate of loading, temperature of specimens (not
discussed here).

Specimens tested in four-point bending were manufactured
from soda-lime silicate float glass with polished edges. Any
intended changes to the condition of the test specimens like
edge working, was completed at least 24 hours before testing
[5]. Specimens were stored in laboratory conditions for min.
1 day before being tested. If the glass surface was modified by
abrasion, etching, edge working etc., it was necessary to allow
the fresh damage to heal before the test is done. The continuous
surface modification by moisture affects the damage in a way
that can reduce any weakening effect [8]. Single glass specimens
with nominal thickness of 6 mm and 12 mm as well as 19 mm
were investigated. The accuracy of thickness measurements
were 0.01 mm. The measured values are the following:

= density of glass, average p ,, : 2.50 g/cm’

= length of specimen, average L:

1099 mm, (1100 mm * 5 mm)

= width of specimen, average b:

358 mm, (360 mm * 5 mm)
= thickness of specimen, average h, . -
5.87 mm, (nominal 6 mm)

» thickness of specimen, average h, .. -

11.85 mm, (nominal 12 mm)

= thickness of specimen, average hnom, o

18.99 mm, (nominal 19 mm)

The required pieces of specimens to any combination of
parameters were determined according to the standards (at least
3 specimens should be tested). Standard deviation of the tests
results was at most 10% of the average of measured values.
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2.2. Experimental procedure

2.2.1. Force measurement

All glass specimens with constant span of 1000 mm and
supported at width of 360 mm were tested in four-point
bending. The load and deflection at mid-span of the glass panes
were measured in all tests. The test procedure was a semi-
dynamic short-term test. The tests were carried out at specimen
temperature of +23°C. The temperature of the specimens and
room temperature was continuously measured during the tests.
The specimens were mounted as shown in Fig. 5.

. A

Fig. 5. Test method in four-point bending (EN 1288-3:2000) where, 1.: specimen:

1100x360 mm, 2.: bending roller, 3.: supporting roller, 4.: rubber strips
(3 mm thick, according to ISO 48), 5.: custom-made transducer,
symbols: L : 1000 mm, L,: 200 mm, h: thickness of the specimen (6 mm, 12
mm, 19 mm) [3, 15].

5. dbra Kisérleti elrendezés két vonal menti hajlitds esetén (EN 1288-3:2000), ahol
a szdmok a kovetkezdket jelolik, 1.: probatest: 1100x360 mm,
2.: terhel6henger, 3.: aldtdmaszté henger, 4.: gumiszalag (3 mm vastag, ISO
48:1994 szerint), 5.: sajdt tervezésii erémérd, L : 1000 mm, L,: 200 mm, h:
prébatest vastagsdga (6 mm, 12 mm, 19 mm vagy 2x6, 3x6 mm) [3, 15].

Fig. 6. Fracture of single tempered glass
6. dbra Egyrétegii edzett iiveg tonkremenetele

Fig. 7. Fractured laminated glass consisting of three float glass layers (cracks usually
started from the edges)

7. dbra  Vizsgdlt lamindlt hdrom rétegii float tiveg (a repedések dltaldban az élektél
indulnak)

Rubber strips of 3 mm thickness and hardness of 40 + 10
IRHD (in accordance with ISO 48) was placed between the
specimen and the bending and supporting rollers to avoid hard
contacts [16]. The bending tests were carried out at (23 £ 5)°C

room temperature with relative humidity between 55% and
65%. During the test the temperature was kept constant with
+ 1°C in order to avoid the development of thermal stresses.

Load was measured with a self-made force transducer,
developed by the authors [17] for Instron Type of 1197 testing
instrument and calibrated with Hottinger Baldwin Messtechnik’s
200 kN force transducer (No. 76411). The self-made transducer
was fixed to the upper plate of the Instron type 1197 testing
equipment. The authors developed a steel construction with

inge connections at defined places was constructed to transfer
the loads from the test equipment Instron to the specimens
with four-point bending. Displacements were measured with
a Hottinger Baldwin Messtechnik type W50 displacement
transducer. Signs of the instruments were transformed with
software Catman to the measured values in ym/m. Measured
values during the tests were recorded by computer. The
fracture process and crack pattern of glass specimens were
recorded with digital optical methods (CMOS SONY Camera).
The applied loading rates of glass specimens with thickness of
6 mm were: 50 mm/min, 20 mm/min and 5 mm/min as well
as 1 mm/min (by Instron Type 1197 available). The applied
loading rate of glass specimens with thickness of 12 and
19 mm was: 20 mm/min. The specimens were tested until their
fracture (Figs. 6., 7.).

2.2.2. Strain measurement

Strains at selected points on the surface (in R 1 and R 2
Region) of the glass panes with strain gauges Type HBM LY11-
10/120 were measured (Fig. 1).

For temperature compensation another glass specimen with
strain gauges on its surface was applied and stored at the same
condition with the tested specimens. The change of resistance
in mV/V of the gauges was measured and transferred to the
digital channels of HBM Spider8 instrument. The software
Catman after calibration was able to transform the measured
mV/V data in ym/m. Stresses at glass surface may be calculated
with Hooke’s law for linear elastic materials.

2.2.3. Scanning electron microscopic analysis (SEM)

To study morphologically the edge regions of single glasses
four different types of edges were prepared: a) manually arrised
edge, b) machine ground edge, ¢) machine ground + acid
etched edge, d) machine polished edge. Type of used scanning
electron microscope was: JEOL JSM-5500LV. The edge samples
were covered with Au-Pd vapour for electron microscopy. The
parameters of electron microscopy were the following: high
vacuum mode, using of secondary electron (SE) detector,
acceleration voltage 25 kV. Digitally photos were taken with
magnification of x50, x100, x300, x1000. In the photos the
scaling line is also printed.

3. Results and discussion

3.1. The effectiveness of tempering

In most of the references [18, 19] can be found that the load
bearing capacity in case of tempered single glasses is 3 to 4
times higher than in case of float glasses. The question arise:
is the load bearing capacity of tempered glass always 3 to 4
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times higher in case of different glass thicknesses or in case of
different applied loading rates?

The authors suggest to introduce the definition effectiveness
of tempering (heat treatment). The effectiveness of tempering
shows the proportion of load bearing properties (e.g. maximal
force) of tempered glasses to non heat treated float glasses
with the same thickness. The authors have experimentally
shown that the effectiveness of tempering depends on the
glass thickness and the loading rate. Based on the laboratory
four-point bending tests the authors have shown that the
effectiveness of tempering decreases with the increase of glass
thickness by loading rate of 20 mm/min. The relationship
between effectiveness of tempering and glass thickness is linear
(Fig. 8.).

4.0
a5 «3.67 +23 °C | [20 mm/min

3.0 2.98
25
2.0
1.5
1.0
0.5
0.0 \ \ \ \ \ \ \

4 6 8 10 12 14 16 18 20
thickness, h (mm)

| ratio=0.12h + 4.38

naE
NO

Ratio of ultimate Force, F, of
tempered to float glass (-)

Fig. 8. Effectiveness of tempering vs. glass thickness in case of loading rate of

20 mm/min
8. dbra Edzés hatékonysdga az iivegvastagsdg fiiggvényében 20 mm/min terhelési
sebesség esetén

The authors have experimentally shown in case of nominal
glass thickness of 6 mm that the effectiveness of tempering
decreases with decrease of loading rate from 20 mm/min to
1 mm/min (Fig. 9.) and no significant changes with increase
of loading rate from 20 mm/min to 50 mm/min. Explanation
for that is: the development of cracks starting from surface
scratches needs time which is rather available in case of loading
rates of 5 or 1 mm/min than in case of loading rates of 50 or
20 mm/min.

5
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N 24 h=6mm
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g 8 20 mm/min 2.75
=)
ER: 2 115 mm/min
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o
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Loading rate, (mm/min)

Fig. 9. Effectiveness of tempering vs. rate of loading by 6 mm glass thickness
9. dbra Edzés hatékonysdga és a terhelési sebesség dsszefiiggése 6 mm vastagsdgii
iivegeknél

With the effectiveness of tempering (heat treatment) it
is possible to choose the appropriate and economic glass
thicknesses in the field of glasses which were heat treated
(tempered or heat strengthened).
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3.2. Deformations of glass surface at mid of pane
(Region 1) and edge region (Region 2)

Strains were measured at the bottom (tensioned) surface
of specimens. In case of tempered specimens the stress must
first exceed the built-in compression stresses before tension
develops, therefore, the so called prestressed layers of tempered
specimens help to reduce the strains caused by deflection at
same force level. Results of strain measurements indicated that
the measured strains are higher in Region 2 than in Region 1,
both in case of float non heat treated glasses and tempered
glasses with thicknesses of 6, 12, 19 mm (Fig. 10.).

3500 16
C_—JFloat_mid i 15.52
E=foatedge 20 mm/min_| /'A
=1 Tempered_mit +

3000 EEMTempered-edge | +23 °C | 29236~ 14
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Fig. 10.  Maximal force vs. strain at bottom surface in Region 1 (mid) and Region 2
(edge) of single tempered and float glass specimens thicknesses of 6, 12 or
19 mm, with loading rate of 20 mm/min

10. dbra  Torber és torési alakvdltozdsok az R1 és R2 tartomdnyokndl 6, 12 és 19 mm
vastagsdagii float és edzett tivegek esetében, 20 mm/perc terhelési sebességnél

The ratio of maximal strain and ultimate force is illustrated
as a function of glass thickness in Fig. 11.
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Fig. 11.  Ratio of maximal strain and ultimate force at bottom surface in Region 1
(mid) and Region 2 (edge) of single tempered and float glass specimens vs.
thicknesses of 6, 12 or 19 mm
Torési alakvaltozds és torberd ardnya R1 és R2 tartomdnyokndl 6, 12 és
19 mm vastagsdgii float és edzett iivegek esetében, 20 mm/perc terhelési
sebességnél

11. dbra

Fig. 11. indicates that the ratio of maximal strain and
ultimate force decreases with increase of thickness for both
float and tempered specimens calculated at Region 1 and
Region 2, respectively. This ratio also indicates the effectiveness
of tempering in case of single glass specimens.

To determine bending strength in four-point bending the
following formula can be applied:

L —L
o, =k [Fmax % + O'bG] (1
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where, b-width of specimen; h-thickness of specimen;
L -distance between the centre lines of the supporting rollers;
Lb-distance between the centre lines of the bending rollers;
y-central deflection of the specimen; k=k -dimensionless factor
as function of y/h to determine the stress at the mid of span
k=1; 0,,-bending strength; o, -bending stress imposed by the
self-weight of the specimen.

The bending stresses should be calculated by applying
a factor k to take into account non-uniformity of the stress
filed, (see factor k in Eq. (1)) and the calculated bending stress
is called effective bending stress. Factor k is used when it is
required to determine the bending strength of glass where the
effects of the edge conditions are important. For calculating the
overall bending strength or equivalent bending strength of the
surface area, including the edges the value k=1 shall be used.
For calculating the bending strength or equivalent bending
strength of the free edges of the glass pane k=k, shall be used.
The appropriate value of k, for use in Eq. (1) shall be obtained
from Fig. 12., which gives the value of k=k, as a function of the
value of y/h.

1.18
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Fig. 12. Dimensionless factor k_as a function of y/h of 6, 12, 19 mm thickness of glass,
continuous lines as given in EN 1288-3:2000, dashed lines are measured
values with loading rate of 20 mm/min, rectangles indicate measured values
for 6 mm glass with loading rate of 50 mm/min

Szorzétényezd, k, 6, 12, 19 mm vastagsagii egyrétegii iivegekhez a lehajlds/
vastagsdg (y/h) fiiggvényében 50 és 20 mm/min terhelési sebességeknél.

A folytonos vonalak az EN 1288-3:2000 szabvdnyban megadott gorbéket
jelzik. A szaggatott vonalak a 20 mm/perc terhelési sebességhez javasolt
értékeket jelzik

12. dbra

Based on the laboratory results the authors have shown
that the value of factor k, is influenced by the loading rate.

The authors determined the values to factor k, with applied
loading rate of 20 mm/min in case of single glasses thickness
of 6 mm, 12 mm and 19 mm. Fig. 12. indicated that in case
of reduced testing speed from 50 mm/min to 20 mm/min k,
increases. Defects caused by edgework are initiations location
of cracks and the nucleation of cracks needs. With increase of
loading time more cracks can develop, therefore the stresses in
Region 2 increase. Further investigations on the effect of glass
strength in Region 2 with different type of edge works and
testing speed should be done.

Stresses at selected points on a glass surface can be determined
from strain measurements. Surface stresses have been calculated
based on Hookes law using the theoretical Young’s modulus
of glass E=70 000 N/mm?. The average of calculated surface
strength, o of individual single glass specimens and the bending
strength, o, calculated with Eq. (1) are indicated in Table 1.

Mid pane strength, 0, (in Region 1) and edge strength, o, .,
(in Region 2) have been calculated with Eq. (1) on the bottom
surface of single non heat treated float (F) and tempered (E)
glass specimens. Table 1. gives the surface stresses at maximal
force which are different from the calculated bending strengths
of single glass specimen with thicknesses of 6, 12 and 19 mm,
respectively. The calculated surface stresses at maximal force are
lower in case of single glass specimens with thickness of 6 mm
than the bending strength. The maximal surface stress should
be considered in case of glass panes thinner than 6 mm for both
tempered or float glasses [4]. In case of specimens with large
deformation (no appropriate shear resistance) the calculated
strengths (both surface and bending) are overestimated for
thin (6 mm) specimens with use of Eq. (1), see also [4, 20].
In case of single glass specimens thicker than 12 mm or with
appropriate shear resistance Eq. (1) can be applied.

The surface stresses are more influenced by the surface
condition of glass element than the bending strength. Impacts
on glass surface by hard, sharp particles e.g. scratching are
the initial locations of cracks, which can develop and quickly
propagate. When the surface stresses will reach the surface
strength of the pane, fracture occurs. The probability of glass
failure starting from the edge region is higher than of mid
region. Edges of panes or bore holes contain more defects.

Theoretical

Measured values (avg.)

Calculated bending strength

@ surface strength, o
)
£ " Enasm Mid Ed,
3] i ge o, o,
] - bB bB edg
- ma,m  Ymaxm Mid Edge  (Region 1) (Region2) % (Region1) /M K. (Region 2)
(Region 1) (Region 2)
mm kN mm um/m N/mm? N/mm? N/mm? N/mm? - - N/mm?
6 1.58 61.63 1846.14 2063.92 129.20 144.50 3.80 157.50 10.50 1.12 176.40
12 794 46.15 2563.46 2921.36 179.40 204.50 1.90 191.40 3.81 1.14 218.20
E 19 15.52 24.73 2075.88 227499 145.30 159.20 1.20 145.40 1.29 1.10 159.90
6 0.43 16.20 508.80 590.55 35.62 41.34 3.80 45.60 2.76 1.16 52.90
12 2.66 17.41 1053.20 1157.63 73.70 81.00 1.90 65.40 1.42 1.10 71.90
F 19 7.21 11.87 1125.55 1188.82 78.80 83.20 1.20 68.20 0.62 1.06 72.30

Table 1. Bending strength and surface strength of tested single glass specimens, where symbols are: E - tempered glass, F - non heat treated glass (average values are avarages of four
measurements)
1. tdblazat Egyrétegii iivegek szdmitott hajlito szildrdsaga és alakvdltozdsmérések eredményeibll szamitott feliileti szildrdsdgok (roviditések: E - edzett iiveget, F - float iiveget jelolnek )
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In case of float glass specimens the edge strength is more
influenced by thickness and edge condition than in case of
tempered specimens. Reaching the ultimate strain in edge
region, fracture occurred. Therefore, the effect of the edge
quality is important on load bearing capacity and durability of
glass. Load bearing capacity of a glass pane with same thickness
decreases with decrease of edge strength. Although the tested
specimens were manufactured with machine polished edges,
further glasses with different edgeworks were investigated for
scanning electron-microscopic observation. Fig. 13. indicates
that manually arrised edges contain defects in macroscopic
scale.

Fig. 13.  Macroscopic defects as initiators of cracks at “manually arrised” edge of
a glass pane

13. dbra  Makroszkopikus zdmolt élmegmunkdldsi hibdk, mint a repedések kiinduldsi
helyei

Fig. 13. indicates that the edge region of glass was the most
damaged by manually arrised edgework which can be initiator
of cracks. The roughness of edge surface decreases with use
of finer abrasives or with acid etching. Edgework reduces the
initiation of cracks caused by cutting of glass pane, see as cut
edge in Fig. 14.

Z5kV

Fig. 14. Typical edge in “as cut” samples a) surface defects x50, b) x300 as potential
initiator of cracks (photos taken by B. Koczka, Department of Inorganic and
Analytical Chemistry, BME)

14. dbra  Jellemz6 vagott él a) feliileti hibdk x50, b) x300 repedések potencidlis kiin-
duldsi helyei

The traditional edge work process requires a steady stream
of water and an abrasive compound. Abrasives are available in
many different sizes (called grits), ranging from around mesh
size 60 (= 250 micron, which is a very rough grit used for initial
grinding) to around mesh size 600 (= 30 micron, an extremely
fine grit). Generally, achieving a highly polished finish involves
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using a series of finer and finer abrasives (diamond discs or pad,
SiCsilica carbide slurry, Cerium dioxide etc.). A finished ground
surface will appear whitish and dull (Figs. 15. b, ), but polished
surface will shine with no visible scratches (Fig. 15. d).

a) manually arrised edge, left: x100; right: x1000
very coarse abrasive size around 420 to 250 micron,
(diamond wheel speed in rpm’s 1600-2400)

a) zdmolt él, bal: x100; jobb: x1000

b) machine ground edge, left: x100; right: x1000
to remove large rough areas of glass the process begins with abrasive about 105 micron
and require further processing down to medium size around 53 to 48 micron,
(speed of feed from 0.5 up to 4 m/min)
b) gépi csiszolt él, bal: x100; jobb: x1000

¢) machine ground + acid etched edge, left: x100; right: x1000,
medium abrasive size around 53 to 48 micron, acid type of hydrogen-fluoride
c) gépi csiszolt + savmaratott él, bal: x100; jobb: x1000

d) machine polished edge, left: x100; right: x1000
very fine Cerium dioxide (CeOz) abrasive, size around 37 to 29 micron
d) polirozott él, bal: x100; jobb: x1000

Fig. 15. Typical edge finishing of a) manually arrised, b) machine ground, c) machine
ground+ acid etched d) machine polished samples (photos taken by
B. Koczka, Department of Inorganic and Analytical Chemistry, BME)

15. dbra  Jellegzetes élmegmunkdldsok a) zdmolt él, b) gépi csizsolt él, c) gépi csizsolt
+ savmaratott él, d) polirozott él (a fotékat a BME Szervetlen kémia és
analitikai tanszékén Koczka B. készitette)

Fig. 15. indicates that the manually arrised edge has the
roughest surfaces and will contain the most defects. By cutting
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process initiated sharp crack tips can be eliminated or the size
of initiated cracks can be reduced with use of edge finishing
techniques. Transportation of glass can also cause flaws on the
surface (Fig. 16.), which can propagate during the lifetime of
glass. The results [14] have shown that the nature of flaws is
an important factor in fatigue characterization. A flaw of given
size may respond in different ways, depending on whether
there are residual stresses present or cracks have been formed.
This is also important in the context of lifetime design.

Surface scratch x50, caused by steel razor, F=0,4 kN

Fig. 16. Typical surface of float glass surface scratch with ’shell-like” fracture x50,
(photo taken by B. Koczka, BME Department of Inorganic and Analytical
Chemistry)

16. dbra  Uveg feliileti karcolds jellegzetes ,,kagylés torési” képe 50xszeres nagyitdsban

4. Conclusions

1. The conclusions for the effectiveness of tempering can
be summarized as follows:
It is suggested herein to introduce the definition
effectiveness of tempering (heat treatment). The
effectiveness of tempering shows the proportion of load
bearing properties (e.g. maximal force) of tempered
glasses to non heat treated float glasses with the same
thickness. The higher the thickness the lower is the
effectiveness of tempering. The tempering is more
effective in case of single layer glass specimens with
thicknesses lower than 12 mm. The results indicated that
the effectiveness of tempering decreases with decrease
of loading rate from 20 mm/min to 5 mm/min and
1 mm/min.

2. The conclusions for the maximal strain at various regions
and the influence of edgework on the edge strength can
be summarized as follows:

Strength of a glass pane should be investigated at least
at 2 different regions. Region 1 at mid of pane and
Region 2 at edge region. The effect of edge work should
be also studied. The maximal strain of edge region
(Region 2) is higher than of mid of pane (Region 1).
In case of float glass specimens the edge strength is
more influenced by thickness and edge condition than
in case of tempered specimens. Reaching the ultimate

strain in edge region fracture occurred, therefore, the
effect of the edge quality is important on load bearing
capacity and durability of glass. The edge region of glass
contains more defects caused by edgework. When
glass fractures, it fails practically at the edges first and
the crack propagates in the direction of mid of pane.
In case of reduce the testing speed from 50 mm/min to
20 mm/min k, increases. Defects caused by edgework
are initiations location of cracks and the nucleation of
cracks needs time. With increase of loading time more
cracks can develop, therefore the stresses in Region 2
increase.

3. The conclusions for the relationship of bending

strength and surface strength can be summarized as
follows:
The surface strength (calculated by Hooke’s law) is more
influenced by the surface condition of glass element
than the bending strength (calculated from the maximal
moment). Surface strength results earlier failure than
bending strength, especially in the case of thin float
(h < 10 mm) glass panes. In case of float non heat treated
and relatively thick (h > 10 mm) specimens the strength
is considerably influenced by the size effect.

4. 'The conclusions for different types of edgework can be
summarized as follows:
By cutting process initiated sharp crack tips can
be eliminated or the size of initiated cracks can be
reduced with use of edge finishing techniques. The size
(roughness) of the edge defects decreases with use of finer
abrasives in the edge finishing process. The roughness of
the edge surface decreases with use of acid etching.
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Teherhordo livegek éleinek szilardsaga

Az egyrétegli Uvegeket akkor hivhatjuk biztonsagi Uvegek-
nek, ha edzettek (hokezelési eljarassal) vagy dréthaldval
erositettek. Ha az edzett Uveg eltorik, apré tompa szildankokra
esik szét. A hokezelt vagy kémiailag edzett Uvegek torésképeik
miatt nem tartoznak a biztonsagi livegek kozé, csak akkor,
ha laminalt formaban alkalmazzak 6ket. Hajlitd vizsgalatokat
végeztiink (EN 1288-3:2000 szabvany szerinti elrendezés-
sel), és meghataroztuk az egyrétegli edzett és float Uvegek
hajlitd szilardsagat az ismert Osszeflggésekkel. Tovabba
a szamitott értékeket O0sszehasonlitottuk az Uveg felliletén
mért torési alakvaltozasokbdl szamitott szilardsagi értékekkel
nem hokezelt float valamint edzett egyrétegli Gvegeknél. Fel-
merdlt a kérdés: vajon az alakvaltozasok egyenldk lesznek-e
az Uvegtabla sikjanak kozéppontjaban vagy a tabla élekhez
kozeli helyen mérve? Alakvaltozasi méréseket végeztiink az
Uivegtabla kdzepén és a tabla élhez kozeli tartomanyokban.
Az lGveg tonkremenetele a mikroszkopikusan kicsiny repedés-
cslicsokbdl indul ki. Az Uvegtablak fellletén az eldvigyazatos
gyartasuk és szallitasuk ellenére az éles targyakkal valo érint-
kezésiikkor és a kornyezeti hatasok kovetkeztében karcolasok
keletkezhetnek. Az lvegfeldolgozas (pl. vagas, élmegmunka-
|as) altal szamos tovabbi olyan behatas éri az Gveget, melyek
repedéseket eredményezhetnek. Pasztazd elektronmikrosz-
kopos vizsgalatokkal kimutattuk kilonb6zo élmegmunkalasi
eljarasokkal kialakitott élek fellletének hibait. A legtdbb lGveg
erositési médszer célja, hogy maradd nyoméfesziltségeket
vezessen az livegtabla fellletéhez kozeli rétegeibe fizikai vagy
kémiai Gton. A keletkezett, nyomott réteg segiti a fellileti repe-
dések (karcolasok) 0sszezarasat, ezaltal gatolja a repedések
tovabbterjedését, és noveli a hajlitdszilardsagot. Tanulmanyok
[6, 14] kimutattak, hogy az Uvegfelllet erdsitése jelentdsen
javitia a degradaciéval szembeni ellenallasat, igy kulono-
sen, teherhordd Uvegek kiiltéri alkalmazasanal, edzett vagy
hokezelt Gvegek alkalmazasa javasolt.

Kulcsszavak: teherhordd Uveg, élmegmunkalas, szilardsag,
liveg, edzett Gveg

TELE cSARNOKOK — csUcsoN A BAU

A bel- és kilfoldi vallalatok érdekl6dése a BAU kidllitasi terlletei irant
eddig soha nem latott méreteket 6ltott. A 2011. januar 17. és 22. kdzott
az Uj Mincheni Vasarvaros terlletén megrendezésre kerllo BAU 2011
terllete gyakorlatilag teljes egészében elkelt. ,Az épitészet, anyagok
és rendszerek vilagkiallitdsa“ alkalmabdl, djbol tébb mint 40 orszagot
képviseld mintegy 1900 kiallité mutatkozik majd be. A vasarvezetés 210
ezernél is tobb latogatot var, mintegy 150 orszaghol.

Vezet6 témak

= Fenntarthato épités: a fenntarthato éplleteknek gazdasagilag haté-
konynak, kdrnyezetbaratnak és eréforras-takarékosnak kell lennilk,
hasznaldiknak kényelmet, kellemes kozérzetet és egészséget kell
biztositaniuk, ezenkivll pedig illeszkednilk kell szocio-kulturalis
kornyezetikbe is.

= Akadalymentes épités: épliletek, lakasok és kornyezetiik oly moédon
megvalosulé épitése, kialakitasa és berendezése értendd alatta, hogy
a valamilyen fogyatékossaggal vagy anélkil €16k, nagyok és kicsik,
fiatalok és idosek lehetbleg 6nall6an, biztonsagosan és kényelmesen
élhessenek abban.

= Epliletek feltjitasa, renovaldsa és modernizélasa az épitSipar sok
véllalkozéja szamara idokozben a forgalom nagy részét teszi ki. Csak
Németorszagban mar a teljes lakasépitési beruhazasok 60%-at ez
teszi ki.

B AU 2011

Vasari forumok — BAU plus!

A kiallitok bemutatoi mellett a BAU 2011 ismét exkluziv szakmai kiséro

programot kindl. A vasari események kellds kdzepén elhelyezett forumok

szabadon latogathatok.

= Az épités jovoje“ forumon a vildg minden tajardl érkezd neves terve-
z0k, épitészek és épitomérnokok fogjak projektpéldak segitségével
bemutatni, hogyan fog kinézni a jovoben az épités és kialakitas.

» A, MakroEpitészet“az épitészek jelenlegi és jovObeni szerepét vilagitja
meg. Délelottonként épitészek és vallalati képviselok kdzos projekte-
ket mutatnak majd be. Délutanonként pedig egy ,Trendpanel“ pre-
zentalja az interdiszciplinaris alapkutatas eredményeit. Ennek soran
arrél lesz sz9, hogy az olyan mega-trendek, mint a fenntarthatésag
vagy a digitalizacié milyen hatassal lesznek a jovében az épitészetre,
a termékekre és a folyamatokra.

= |d6kozben szamos bel- és kilfoldi vallalkozas esetében az izlet nagy
részét az épiiletek modernizalasa és karbantartésa teszi ki. Eppen
ezért ebben a témaban is 6nall6 forumot szerveznek.

Tovabbi informacié: www.messe-muenchen.de.
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Changes of physical properties
of asphalt aggregates by heat.
A laboratory study.

GaBRIELLA DEVECSERI = Department of Highway and Railway Engineering, BME =
devecseri@uvt.ome.hu
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Asphalt mixtures can meet with several different temperatures during their life cycle. The
effects of high temperatures on asphalt aggregates have not been examined in detailes yet.
Two temperatures were choosen (240 °C and 480 °C) to be examined. Aggregates meet with
240 °C temperature in case of mastix asphalt, and 480 °C temperature during asphalt binder
analysis. High temperatures cause changes in the physical properties of aggregates that are
commonly used in asphalt mixtures. To asses these changes 11/16 mm fractions of three
different types (andesite, basalt and dolomite) of Hungarian aggregates were tested in the
laboratory by submitting the samples to heating at 240 °C and at 480 °C. The loss of masses,
and particle size distributions coloures and colour differences were recorded and compared. The
physical parameters have shown that aggregates behave differently after burning on different
temperatures and uniform trends could not be discovered between the type of aggregate, the
mechanical properties and thermophysical behaviour of aggregates.

Keywords: high temperature, asphalt aggregates, physical properties, thermophysical behaviour
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1. Introduction

Asphalt is defined as a mixture of inert mineral matter,
such as aggregate, mineral filler and bituminous binder in
predeterminated portions.

Aggregates have been used as pavement materials since
prehistoric time. Aggregates of asphalt mixtures can be different
depending on the location of the constructed road.

Thermal behaviour of aphalt mixtures have been examined
previously [6] [8], but the thermal behaviour of aggregates
themselves, especially the effect of high temperature on asphalt
aggregates has not been examined in details yet.

Two temperatures were choosen (240°C and 480°C) to be
examined. Aggregates meet with 240 °C temperature in case of
mastix asphalt, and 480°C temperature in the quality control
practice, in case of asphalt binder analysis (but fire hazards can
also cause high temperatures). Very few attempts have been
made to understand how these stones behave under different
temperatures, especially under high temperatures.

My aim was to collect more knowledge from the behaviour
of Hungarian asphalt aggregates.

2. Experimental methods

The effect of heat was studied on three Hungarian stone
types. 11/16 mm fractions were examined. 10 x 1000 g portions
were prepaired from each rock type for burning. Test portions
in steel basket were placed in the furnace. The portions were
heated in a special oven (ABA/75 Carbolite Asphalt Binder
Analyser) at 240 °C and at 480 °C while mass loss was recorded
until the mass become constant. The ignition furnace consists of
a combustion chamber with an integral balance located below.
The balance contains software to monitor the rate of mass loss
during the test. Once the sample has reached a predetermined
constant mass point the test is automatically stopped.

After heating the portions were cooled down on 22°C to
become ready for sieving. In each case sieving took for half
an hour (hole sizes of sieves were the followings: 0 mm, 0,063
mm, 0,125 mm, 0,250 mm, 1 mm, 2 mm, 4 mm, 5,6 mm, 8
mm, 11,2 mm). The particle size distribution of the burned
portions was measured after sieving. After the end of the
examination 2x3x10 particle size distribution and mass loss
data were available for the analysis.

Photographs were also made before and after heating.

2.1. Description of stones

Asphalt aggregates are those materials used in asphalt
pavements. Three Hungarian aggregate types correspond to the
most widely used pavement stones in this country were choosen
to be tested under different circumstances. The most important
parameters of studied aggregates are given in Table 1.

Colour Tvoical Bulk Los
Nr. Origin Type at Mglnperals Density Angeles
22°C [kg/m®]  [m%]
Plagioclase,
1. Talya  Andesite Crovish  Amfibole, i, pnn 1907
black Piroxene,
Biotite
. Plagioclase,
2. Uzsa Basalt Greylsh Piroxen, 2750 13,23
black .
Olivine
Iszkaszent- . . .
3. ayoray Dolomite Jonquil  Dolomite 2750 17,70

Table 1. Most important parameters of examined aggregates
1. tdblazat A vizsgdlt kézetek legfontosabb tulajdonsdgai
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Hungary is rich in dolomite, but the effusive rock sources of
the country are limited (especially basalt) so the knowledge of
the mechanical and thermal behaviour of different aggregates
is fundamental for the pavement design and for mining. As
Hungary has dolomite resources in a high ammount some
researchers started to go on to discover whether asphalts
with dolomite aggregates can reach the same quality as
other mixtures, or could they be used somehow as pavement
material.

This laboratory testing can provide valuable information on
thermal behaviour of aggregates.

3. Results

Three types of changes in physical properties have been
observed, and evaluated after testing:
= changes in particle size distribution,

= changes of mass and

= colour changes.

3.1. Changes in particle size distribution

According to the laboratory tests after burning the
speciments on 240 °C and on 480 °C notable changes have been
appeared in the particle size distribution of the stones. Small
pieces broke down from the 11/16 mm fractions as the result of
heating. In Fig. 1-5. particle size distributions of the examined
rocks are represented (the end of the diagrams of particle size
distributions has been cut off as the percentage passing reaches
100% above 11,2 mm in each case). Particle size distributions
were compared after heating at different temperatures in case
of each type of stones, and the particle size distributions of the
different type of stones were also compared with each other.

After heating at 240 °C weathering of Tallya andesite varied
between 0,08-1,15%. This is less than the weathering of this
type of stone after heating at 480 °C where the minimum was
0,35% and the maximum 1,77%. The average of weathering
after heating at 240 °C was 0,60%, while after heating at 480°C
it was 1,27%. Deviation of the measured values was 0,36%
(240°C) and 0,45% (480°C).

In case of Iszkaszentgyorgy dolomite results were different.
After heatingat 240 °C weathering of Iszkaszentgy6rgy dolomite
varied between 0,99-2,70%. Average of the results was 1,58%
and the deviaton was 0,64%. Weathering of Iszkaszentgyorgy
dolomite reached 0,59-1,39% after heating at 480 °C. Average
of the results was 0,95%. Deviation of the values was 0,30%.
What is interesting in these results is the opposite relation.
While the temperature increased weathering decreased.

The same happened in case of Uzsa basalt where the results of
weathering varied between 0,51-2,78% after heating at 240 °C.
Average was 1,34% and deviation 0,75%. After heating at 480°C
0,32-2,23% of weathering was measured. Average of particle
size distributions was 1,63% while deviation was 0,62%.
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Average Particle Size Distributions
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Fig. 1. Average particle size distributions of aggregates after heating 11/16 mm
fractions at 240 °C
1. dbra A vizsgdlt kézetek szemmegoszlds dtlagai 240 °C-on torténd égetést kivetden
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Fig. 2. Average particle size distributions of aggregates after heating 11/16 mm
fractions at 480°C
2. dbra A vizsgdlt kézetek szemmegoszlds dtlagai 480 °C-on torténd égetést kovetden
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Fig. 3. Average particle size distributions of Tallya andesite after heating 11/16 mm
fractions at 240 °C and 480 °C
3. dbra A tdllyai andezit szemmegoszlds dtlagai 240 °C-on, valamint 480 °C-on
torténd égetést kivetden
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Fig. 4. Average particle size distributions of Iszkaszentgyorgy dolomite after heating
11/16 mm fractions at 240 °C and 480 °C
4. dbra Az iszkaszentgyorgyi dolomit szemmegoszlds dtlagai 240 °C-on, valamint
480 °C-on torténd égetést kovetben
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Average Particle Size Distributions
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Fig. 5. Average particle size distributions of Uzsa basalt after heating 11/16 mm
fractions at 240 °C and 480 °C
5. dbra Az uzsai bazalt szemmegoszlds dtlagai 240 °C-on valamint, 480 °C-on torténé
égetést kovetden

3.2. Loss in mass

The laboratory test has shown that the examined stones
change their mass during burning on 480 °C but loss in mass
has not been appeared at 240°C (Fig. 6. and Table 2.). In case
of Tallya andesite the minimum of mass loss was 0,80% and
the maximum 0,92%. In case of Uzsa basalt this rate was
higher. The biggest mass loss was measured in case of this type
of stone. The maximum was 1,10% and the minimum was
0,97% which is higher than the maximum of Téllya andesite.
According to the experiment mass loss in case of dolomite has
not been measured. On the contrary although in a very little
rate (0,01%) but mass of dolomite has decreased after heating.

3.3. Colour changes

An additional result of the laboratory tests was the colour
change of aggregates (Table 3.). After heating at 240°C
colour changes of stones were not observable but some of the
aggregates show very distinct colour changes after heating at
480 °C which was visible to the naked eye. At room temperature
the colour of dolomite is yellowish (jonquil) but after heating
at 480 °C this colour turned to pinkish. Andesite and basalt has
greyish black colour at 22 °C but this colour also transforms to
reddish or to brownish. For the question of colour changes has
mineralogical answers.

Loss of Mass

1,00

0,80

0,60

aMinimum
EMaximum
0.40 1 OAverage

Loss of Mass [%]
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Fig. 6. Mass losses of aggregates after heating at 480 °C
6. dbra A vizsgdlt kézetek 480 °C-on torténd égetés hatdsdra bekovetkezi tomegvesztesége

4, Discussion

240°C and 480°C temperatures although in different
quantities but in both cases cause changes in the original
particle size distributions of the stones because of weathering.

There is no relation between the ammount of weathering and
the type of aggregate.

According to the comparison of particle size distributions with
the Los Angeles values relation could not be discovered beween
the mechanical and the thermophysical behavour of the stones.

It was expected that weathering of dolomite is more than
the weathering of effusive rocks as they known as less lasting
stones, but trend could not be discovered.

In these experiments not only thermal breaks has been
documented but also changes in mass of aggregates. 240°C
temperature has not caused chanes in the original mass of
samples. But after heating at 480 °C mass losses were recorded
for effusive rocks, and constant mass, or mass growing for
dolomite. This suggest that the sedimentary rocks can absorb
air moisture during heating, while in effusive rocks organic
parts, or minerals burn out.

Higher temperature caused higher weathering in case of
andesite rocks, but dolomite and basalt had less weathering
in case of 480°C. The reason of this could be the cohesion of
grains. These experiments have shown that type of aggregates
do not necessarily show a uniform behaviour.

Origin Type samN[::::stpri:::es] [ml\:/loa]lsast L;f; oC Mass Loss [m%] at 480°C
Average Deviation Minimum Maximum
Tallya Andesite 2x10 0 0,86 0,04 0,80 0,92
Uzsa Basalt 2x10 0 1,04 0,04 0,97 1,10
Iszkaszentgyorgy Dolomite 2x10 0 -0,01 0,02 -0,04 0,02
Table 2. Mass losses of aggregates
2. tdbldzat Kévizak égetés hatdsdra bekivetkezd tomegvesztesége
Origin Type Colour at
22°C 240°C 480°C
Tallya andesite greyish black greyish black reddish grey
Uzsa basalt greyish black greyish black brownish
Iszkaszentgyorgy dolomite jonquil jonquil pinkish

Table 3. Colour changes of aggregates after heating at 240 °C and 480 °C

3. tabldzat A vizsgdlt kézetek 240 °C és 480 °C hatdsdra bekiovetkezs makroszkopos szinviltozdsa
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During these examinations macroscopic colour changes
were also documented. After heating at 240°C macroscopic
colour changes have not been discovered. Changes were
observed both on effusive and sedimentary rocks after heating
at480°C. It depends on the mineralogical contents of the stones
whether their original colours change during heating. The
most common was the transformation of the original colour
to reddish, which is the result of the transformation of ferro-
oxids, but the transformation of mangan and organic parts can
cause colour changes too [3].

When iron is present as ferri-oxy-hydroxid (goethite) it often
transforms to ferro-oxid (hematite), while the water dissapears.
Changes start at 200-300 °C [2] [3]. Transformation of organic
parts to carbon starts at arround 500°C [2] [3].

5. Conclusions

The most important establishments in relation with the
thermophysical behaviour of aggregates are the followings:

1. High temperature (480°C) causes minearlogical and
physical changes in the asphalt aggregates.

2. 240°C temperature does not have significant influence on
the mass losses and the mineralogical changes of asphalt
aggregates.

3. Weathering of aggregates was observed in case of both
temperatures. In case of 240 °C weathering of stones was
less than 1,10%. Heating rocks at 480°C causes less than
3% weathering in case of 11/16 mm fractions of examined
aggregates.

4. Higher temperature caused higher weathering in case of
andesite rocks, but dolomite and basalt had less weathering
after submitting to 480 °C.

5. Effusive rocks have mass losses during heating at 480°C,
because organic or mineral parts burn out, while near the
same circumstances mass of dolomite stayes constant.

6. It can not be stated that effusive rocks have better qua-
lity than the sedimentary rocks, at least according to their
thermophysical behaviour.

7. 'There is no relation between the Los Angeles values and
the thermophysical behaviour of aggregates.

8. Indirectly lasting of pavements depends also on the
thermophysical properties of aggregates, not only on the
mechanical properties.

9. Colour changes were observed as additional results of the
analysis. The aggregates have changed their colours after
burning at 480°C. Heating of stones at 240°C has not
caused macroscopic changes in the original colour of the
samples.
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Az aszfaltkeverékek jellemz6 kévazainak égetés
hatasara bekovetkezo fizikai valtozasai

Az (tépités aszfaltkeverékeit kilonbdzé nagysagl homér-
sékletek érik a gyartas, illetve a mindségellendrzés soran.
Az Ontott aszfalt hdmérséklete eléri a 220-240 °C-ot, mig
a mindségellendrzd vizsgalatok kozul a bitumentartalom
égetéssel torténd meghatarozasat 480-540 °C magas hdmér-
sékleten végzik. Az aszfaltkeverékeket alkoté kdvazak fizikai
tulajdonsagaiban magas homérséklet hatasara bekovetkezd
valtozasok mélyrehat6 vizsgalatara korabban nem kerilt sor.
Jelen kisérlet sorozat harom kiilénb6z6 kézet tipus (andezit,
bazalt, dolomit) meghatarozott frakci6janak (11/16 mm)
két kilonb6zo homérsékleten (240 °C-on és 480 °C-on) vald
viselkedését koveti szemmel. A laborvizsgalat soran az as-
vanyi vazak eredeti tomegében bekovetkezd valtozasok, az
eredeti frakcié szemmegoszlas valtozasa, valamint a kdzetek
makroszkopikus szinvaltozasa kerult dokumentalasra. Az as-
vanyi vazak az égetés soran egészen eltéré viselkedést mut-
attak, igy a kdvazak termofizikai viselkedése és mechanikai
viselkedése kozott hatarozott dsszefliggésekre nem lehetett
kovetkeztetni.

Kulcsszavak: magas homérséklet, aszfalt, kbvaz, fizikai
tulajdonsagok
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broadens the spectrum of potential raw materials, as well.

Introduction

The production of ornamental stone in the decade of 1980
was mainly of marbles, a rock composition of carbonatics. The
exploitation of “granite” was only intensified at the end of the
decade. Production and manufacture of marbles and granites,
which had increased between 1991 and 1994, decline between
the years 1994 and 1995, due to offers imported product
and the exchange rate politic of recovery of the national
currency. The production of raw and manufactured marbles
decreased between 1996 and 1998, but in the following year,
the production has been recovering. The depreciation of the
currency at the beginning of 1999 with the deployment of the
floating exchange rate encouraged for such resumption.

The production of ornamental plates, in industries for
beneficiary eligibility, creates waste during the process of
sawdust, polimentos, among other treatments surface of
the plates, the rocky blocks. In Brazil, the quantity of waste
resulting therefrom the cutting of marble and granite is of
the order of 240 000 ton/year, distributed among the states of
Espirito Santo, Bahia, Ceara and Paraiba. The residue arising
from the beneficiary eligibility of ornamental rock is a pulp in
some viscosity, composed of water, hydrated lime, granalha
steel and powder of rock, resulting in the sawdust of blocks
in rocky plates, generating large quantities of waste, estimated
in about 40% of the mass of the block. These wastes are the
mud abrasive. The industries of beneficiary eligibility of rock,
generating waste of mud abrasive, in the state of Pernambuco
are few and distributed mainly in the municipalities of Calves,
Bom Jardim District and the Industrial de Suape, where there
are approximately generation of 120 m*/més of mud abrasive.

Processing ornamental

In industrial units, the rocky trading blocks, which weigh
around 30 tons and go through two types of beneficiary
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In the Industrial District of Suape in Pernambuco about 120 m?® of abrasion mud is being formed
every month. This viscous pulp composed of steel grains, hydrated lime, water and rock powder
(about 40% of the mass of the block) is produced during cutting of rock blocks and production
of plates. The abrasion mud has remarkable iron content, but it does not peril the mechanical
performance of red ceramics produced from that. The waste material of rock cutting and polishing
contains fine sand particles from the polishing powder. The grading curve of the clay clearly
shows the presence of different size fractions. Thus, the abrasion mud can be added to the clay
used for ceramic production. Samples of rock dust did not show plasticity and flow properties.
The plasticity required in a mass ceramic can be provided by the use of dark clay of high plasticity.
The rational use of particular waste decreases the environmental impact of rock cutting and
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eligibility: the primary for obtaining mainly of plates with
standard thicknesses of 10, 20 or 30 mm, through the use
of looms, and secondary, with treatment of surface in plate
(polishing, etc.), followed by cutting dimensions of the final
product. For coating of floors or walls among other purposes,
as Peyneau et. al. (2004) Fig. 1., and Souza (2005). The sawdust
blocks of rocky trading in plates or plates semi-finished looms
in multi blade is aided by a pulp, or mixture of granalha steel
(abrasive material), hydrated lime and water, which is in a well
tank below the tear, where this mud is pumped continuously
up of blocks through a system of showers in motion and has
been in a closed loop. This process for transforming the bloc
into plates is the main responsible for the generation of large
quantities of waste in the form of mud (water, hydrated lime,
granalha steel and powder of rock ground). It is estimated that
about 30 to 40% of the mass of the block composes the waste,
according Silva et. al. (2005).

Analyser of the flesh
(Mix-Lab)
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Fig. 1. Clyde of movement of the mixture
1. dbra A keverék mozgatdsdnak dbrdzoldsa

The mud has a viscosity control, with the addition of water
and lime, and the amount of granalha is monitored to avoid
compromising the quality of cutting of the plate. Cutting
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the plates is carried out through the friction of the blades
against the Block, together with the abrasive mud containing
the granalha steel. When the mixture is outside of the range,
depending on the excess of stone dust and the wear of granalha,
part of the mixture is released to another tank (tank expurgo)
and new ingredients are added the mud abrasive (water, lime
and granalha), to maintain the standard. The whole mixture
retained the Tank expurgo is treated as the residue, which is
pumped into the tank of decanting, located in the courtyard
of the company until it reaches a more consistent, to then be
transported by truck to an area of landfill.

i

Fig. 2. Cutting the block in plates
2. dbra  K6tombok lapokra fiirészelése

Ceramic industries

The use of solid residue (abrasive mud) is possible due to the
nature of the rock constituent of the marbles and granites. The
marble is a metamorphic rock crystal of composition calcite
(CaCO,), or composition of magnesium, called dolomito
marble (CaMg(CO,),). The lime (CaO), is a chemical element
in rock predominant carbonates with a property permissible
in industrial ceramics and for applications in the building
industry.

The granite is composed of feldspars, micas and quartz, are
minerals of macroscopic dimensions, characteristic of a rock
igneous. The minerals of the rock granite are used as aggregate
in accordance with the allowable size for the manufacture
of ceramic products in the ceramics industry and as fine
aggregate for the manufacture of mortars for use in industrial
construction.

The reject produced presents its chemical elements in the
form of oxides: are silica (SiO,) and alumina (ALO,), followed
by lime (CaO) and the alkali oxides of sodium and potassium
respectively (Na,O, K,0). The levels of oxides of iron can be
significant, coming mainly from the formation of mineral
maficos of granites rocks. The iron can be recovered from
the mud abrasive (granalha) for other purposes, through the
magnetic separator of high or low intensity. The minerals
(powder of stone) can be used for noble purposes: used in the
ceramics industry (white and red), or as fine aggregate for the
construction industry.

Waste marbles and granites are compatible with the chemical
compositions and physical pre-requested the ceramics industry,
for the mixed ceramics. The mud presents are compatible
granulometry potential to be incorporated into mass clayey
used for the manufacture of ceramic products. The application
in the ceramics industry is due to its ownership of behavior,

28 | épitdanyag = 2010/1 = 62. éVf. 1. szam

plastic, characteristic of ceramic material, as an example
manufacture of bricks for structural, paving of streets and
sidewalks. It is, therefore, a material of good resistance and
high durability.

Some chemical elements contained in the residue of mud
abrasive behavior are necessary to ceramics industry, as an
example the iron oxide, when subjected to high temperatures,
but this property is not necessary for the ceramic industry.
Contents of iron are acceptable in the chemical composition
of the traditional red ceramic used for the manufacture of tiles,
bricks massive, structural blocks, blocks of sealing, elements
cast, lightweight aggregates and so on. The red ceramic includes
tools for domestic use as pots, sleepers and carvings include
objects as vases and so on. The ceramics industry is part of the
overall production chains of complex civil construction.

The Associacio Brasileira de Cerdmica (ABC) admit the
annual value of the order of US$ 6 billion in production ceramics
Brazilian, of which US$ 750 million relate to the consumption
of natural raw materials. Brazil occupies the fourth place as
a world producer of ceramic coating after China, Italy and
Spain. The structural ceramics red move around 60 000 000
tons of raw materials annually, with reflections on the routes
of transport and the environment, exploitation of clay. The
ceramic coating is a sector that has shown high performance
technology, with the estimate of 121 industrial units producing
tiles, floors and coating the external walls, in the amount of
400.7 million m?* in 1998, representing 88.1% of the 455 million
of m? of installed capacity, Bustamante et. al. (2000).

Materials and methods

The materials studied in this research are waste of sawing
boards for ornamental rocks and clay material used in ceramic
industry. The residue from sawing of the blocks (Fig. 3. (B))
was collected in the courtyard of an enterprise from rocks. It
is waste that it is often accumulated in the courtyard of the
company, becoming an environmental liability without viable
use. The clay was collected in the ceramic industry installed in
the municipality of Paudalho, PE (Fig. 3. (A)).

Fig. 3. (A) Clay; (B) Fine powder of sawdust
3. dbra (A) Agyag; (B) Finom fiirészelési por

The mixture was evaluated from the so-called Atterberg
Limits, Liquid Limit (LL) and Limit of Plasticity (LP). The
method used for determination of LL was designed by Arthur
Casagrande (Fig. 4.). The ABNT standardized this process
through the NBR 6459, determining the limits of plasticity
based on the standard NBR 7180 of ABNT.
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Fig. 4. Equipment standardized by Arthur Casagrande
4. dbra Az Arthur Casagrande dltal szabvdnyositott berendezés

The size analysis of materials was carried out according to
NBR 7181. The specific weight of grains, which corresponds to
the weight of solid substance per unit volume, was determined
by the method of picnometer adopted by ABNT in your MB -
28 (Fig. 5.).

Fig. 5. Picnometer one and two
5. dbra Egyes és kettes piknométer

Results and discussion

The granulometric analyses of various materials are shown
in Fig. 1., the coeflicient of uniformity so that the curve of the
powder particles is 17 167, indicating that this material is less
uniform on the coeflicients of lower values. The powder of
sawdust in your size presents percentage of particles bystanders
fine sand grain size (Fig. 2.). About 30% of the material shows
larger than No. 200 sieve, concentrating its size that on the fine
sand fraction. The grains are remnants of the granular fraction
of this size, because they resist the process of sawing. This is
demonstrated through observation of tactile-visual portions
retained in sieves of mesh above the opening paragraph 200
(sieves 100, 50, 40, 30, 160) (Fig. 6. (A) and (B)).

Fig. 6. (A) Powder of sawdust in sieve No. 200; (B) Iron and crystals of quartz
6. dbra (A) A flirészelési por szitamaradéka a No. 200-as szitdn; (B) Vas- és kvarcszemcsék

Particle size analysis
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Fig. 7. Curve size of fine powder of sawdust and clay
7. dbra A finom fiirészelési por és az agyag szemcseméret eloszldsa

Chemical analysis of the fine powder of sawdust shows
high levels of Fe ,O,, CaO and K,O. The Fe,O, is admissible
in red ceramic binders and CaO has power, and welcome to
the ceramic industry. The high content of K,O is no damage
because the composition ceramic K,O is the mineral-shaped
crystal.

Semi Quantitative Analysis Chemical

Chemical elements Clay Fine powder of
sawdust
Sio, 69.00 64.10
ALLO, 15.60 14.00
K,0 2.21 5.20
Fe,0,T 5.56 9.16
Na,0 3.89 2.43
MgOo 0.85 1.17
Ca0 1.45 3.23
TiO, 1.02 0.31
P,0, 0.04 0.05
MnO 1.13 0.11
Rb,0 0.01 0.04
SrO 0.04 0.04
BaO 0.11 0.10
p.f. 0.09 0.14
Total 101.01 100.07

Table 1. Chemical elements of the clay and dust fine cutting of ornamental
1. tdblazat Az agyag és a diszit6ki-flirészelési finom por kémiai Osszetétele

Chemical analysis of the fine powder of sawdust shows
high levels of Fe,O,, CaO and K,O. The Fe,O, is admissible
in red ceramic binders and CaO has power, and welcome to
the ceramic industry. The high content of K O is no damage
because the composition ceramic K,O is the mineral-shaped
crystal.

The sample of rock dust in the process of sawing has no
limits of plasticity and liquidity. Therefore, the plasticity of the
required mass of pottery clay can be purchased used. The clays
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show the plasticity index (PI) equal to 24.39. According to the
classification of Jenkins, the clay is highly plasticity. Plasticity
ensures less damage during the extruded ceramics, capable of
deformation, and is responsible for the greater strength of the
ceramic piece.

Physical Characteristics of Materials

Properties Clay Fine powder of
sawdust
Limit of plasticity (%) 17.620 NP
Limit of liquidity (%) 42.010 NL
Average real density 2.655 2.705
(8/m?)
Average humidity (%) 2.740 0.590

Table 2. Indices and physical indices of consistency, (NP) not plastic, (NL) liquid limit
not determined
2. tabldzat  Konzisztencia indexek és fizikai mutatészdamok, (NP) nem plasztikus, (NL) a
folybssdgi hatdrérték nincs meghatdrozva

Conclusion

The waste industrial processing of ornamental stones is
apotential source of raw material to be applied in the production
of mortar with industrial purposes in the construction and
industry of ceramics red, with low costs for beneficiary
eligibility of iron contained in the waste.

The reuse of the residue (abrasive mud) will decrease the
volume of raw material extracted directly on nature for the
construction. It will contribute to a greater use of waste in
construction, and therefore, meet the concept of sustainable
development with the rational use of industrial waste of
ornamental stones, noting the operational aspects, economic
and environmentally correct, so as to provide lower costs and
greater administrative control of this environmental liability.
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Diszkoipari por felhasznalasa keramiaipari
nyersanyagként

flirészelési iszap keletkezik. A flirgsziszap egy sirin folyo
massza, amely a kotdmbok szétflirgszelésekor és lapokra
vagasakor keletkezik, és acélszemcséket, mészhidratot, vizet
és koport (a diszitoké tomegének mintegy 40%-at) tartalmaz.
A vastartalom nem veszélyezteti a vorés agyag keramiak
mechanikai tulajdonsagait. A kdvagasi és csiszolasi hulladék
nagyobb mennyiségben tartalmaz a csiszol6porbdl szarmazd
finom homokszemcséket. A kdvagasi és csiszolasi hulladék-
ban jelen Iévé méretfrakciokat az agyag osztalyozasi gorbéje
is mutatja. Az ilyen hulladék hozzakeverhet6 a keramiatestek
formazasahoz hasznélt agyaghoz. A kdpor mintak nem mu-
tatnak plasztikus és folyasi tulajdonsagokat. A keramiai
alapanyag szlkséges plaszticitdsa, kedvez6 megmunkal-
hatésaga egy erdsen plasztikus sotét agyag felhasznalasaval
biztosithatd. A hulladék anyagok ésszeri felhasznalasa csok-
kenti a kérnyezet hulladékokkal val6 terhelését.

MEGHIiVO

A Szilikatipari Tudomanyos Egyesilet =
tisztelettel meghivija Ont
2010. méjus 19-én (szerdan)
10 érakor tartand6 =
XXXIII. KULDOTTGYULESERE, .
amely egyben Tisztujitd Kildottgydlésis. =

évi terveirol,

beszamol6 az Egyesilet elmilt ha-
rom éves tevékenységérol és a 2010.

kb6zhasznusagi jelentés,
az Ellendrz6 Bizottsag jelentése,
beszamol6 és elbterjesztés a 2009.

munkajat!

évi koltségvetés teljesitésérdl és L
Helyszin: a 2010. évi koltségvetési eldirany- Adoszamunk:
MTESZ Budai Konferencia Kézpont zatrol, 19815943-2-41
(Budapest Il., F6 u. 68. VII. emelet = tisztujitas, A befizetett ad6 egy szazalékardl sz616
700-as terem) = a Szilikatiparért Emlékérmek ata- rendelkezs nyilatkozat letdlthetd

dasa, Egyesiletiink honlapjarol.
A Kildottgyilés eldzetes programja: = 5rokos tagok avatésa, Tamogatasat koszonjik!
= szakmai eldadasok, = elnoki zarszo. Az Egyesiilet vezetbsége

1%

Kérjuk, hogy addja 1%-anak
felajanlasaval tdamogassa
a Szilikatipari Tudomanyos Egyesilet
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TAJEKOZTATO AZ EPITOANYAG FOLYOIRATBAN KOZLENDO CIKKEK KEZIRATANAK OSSZEALLITASAHOZ

A bekiildendd teljes kézirat a kovetkezd részekhdl all: szoveges torzsrész, irodalom, kivonatok, abrajegyzék (abra alairasokkal), tablazatok (tablazat cimekkel), abrak, fotok, a szerzé
rovid szakmai életrajza.

A lentebb rogzitett paraméterekkel készitett kézirat javasolt terjedelme 5 oldal; indokolt esetben max. 6 oldal lehet, abrakkal egyiitt.

A cikk tartalméért és kozolhetGségéért a szerz0 a felelds.

A CIKK CIME, SZERZOJE, HIVATKOZAS

A cikk cime legyen rovid, targyilagos és figyelemfelkeltd. Egysorosnal hosszabb cimet lehetdleg ne hasznaljunk.

A cim alatt a szerz6 neve (tudomanyos fokozat nélkiil), munkahelye neve, a szerzé e-mail cime kovetkezik.

Ha a kozlemény eredetileg eladasi vagy poszteranyag volt valamelyik konferencian, rendezvényen, akkor ezt jelezni kell a szerz6k adatai utan.

SZOVEGRESZ, FEJEZETEK

A word dokumentum margd beallitasai: fent 3 cm, lent 3 cm, bal 2,5 cm, jobb 2,5 cm. Papirméret: A4.

A szévegrész betlimérete 10 pt, normdl, sorkizarassal igazitva. Szimpla sorkdz. Betitipus Times New Roman.

A cikkben mindenhol az Sl-rendszer mértékegységeit kell hasznalni.

IRODALMI HIVATKOZASOK

A cikkek szerzoi igyekezzenek attekinteni a témara vonatkozo és fontos szakirodalmakat, és ezt kozoljék is. A kézirat szovegéhen az irodalmi hivatkozasokat szévegbeni sorszamuk
beirasaval kell megadni, pl. [6], a hivatkozasi sorrend szerint szamozott irodalomjegyzéket kell késziteni.

Meg kell adni a hivatkozott kdzlemény bibliogréfiai adatait a kovetkezd mintak szerint:

- Folyoirat esetén: Toth, Gy. - Maté, B.: Foldtani tényezGk bazaltbanyak mivelésénél. Mélyépitéstudomanyi Szemle. XXIV. évf. 4. szam (2004), pp. 145-148.

- Konyv esetén: Vadasz, E.: Magyarorszag foldtana. Akadémiai Kiado. Budapest, 1960.

Ezektdl eltérd esetekben értelemszeriien kell eljarni.

ABRAK, TABLAZATOK

Abranak mindsiilnek a vonalas rajzok, grafikonok, fotok is. A szovegben legyen benne az abrak, tablazatok hivatkozasa. Ez a szerzd (tmutatasa arra, hogy hova kivanja az abrét, tablazatot he-
lyeztetni. Az abrakat nem kérjik a szovegbe beszerkeszteni, kérjiik killon-kilon képfajloan stb. megadni. A tablazatok a kdzlés sorrendjében, a kivonat utan legyenek elhelyezve, vagy kiilon fajlba téve.
LehetGleg minden abranak, tablazatnak legyen cime magyar és angol nyelven. LehetGség szerint kertiljiik a terjedelmes tablézatokat.

Kérjik figyelembe venni, hogy a megjelenés szine fekete-fehér! Bizonyos szinek sziirke valtozata ugyanolyan arnyalatu, emiatt a grafikon vagy abra nem értelmezhetd.

Abrék elektronikus jellemzi: tiff, jpg vagy eps kiterjesztés, 300 dpi felbontés fotd esetén, 600 dpi felbontas (a megjelentetés méretében) vonalas abra esetén.

KIVONAT, KULCSSZAVAK

A cikkhez - a nemzetkozi referalas érdekében - kiilon kivonatot kell késziteni angol nyelven (ha ez nem oldhat6 meg, magyar nyelven), mely tartalmazza a cikk cimét is. A kivonat ismertesse a
kozlemény legfontosabb eredményeit negyed oldal - max. fél oldal terjedelemben.

A szerzd adjon meg olyan kulcsszavakat magyar és angol nyelven, melyek a cikk legfontosabb elemeit jeldlik.

SZAKMAI ELETRAJZ

Szigordan szakmai €letrajz nagyjabol 500 karakter terjedelemben (mely tartalmazza a tudomanyos fokozatot is).

LEKTORALAS

A cikkeket a Szerkesztd Bizottsag lektoraltatja. Az aprobb, technikai vagy nyelvhelyességi valtoztatasokat a szerkesztd kozvetlenll atvezeti a kéziraton. A lektor dltal javasolt, lényeget illet6 valtoztata-
sokrol a foszerkesztd a szerz6t értesiti. Mivel a cikk tartalmaért nem a lektor, hanem a szerzd felelds, a szerzd nem kotelezhet6 a lektori javaslatok elfogadéasara.

KORREKTURA

A szerzdnek a korrektdrara megkulddtt kefelevonatot postafordultaval vissza kell juttatni.

KAPCSOLATTARTAS

Az elkészitett cikkre és kiegészitéseire sziikség van elsdsorban elektronikus valtozatban. Az értelmezhetdség miatt eldfordulhat, hogy a nyomtatott, fekete-fehér valtozatot is kérjiik.

E-mail: femgomze@uni-miskolc.hu vagy info@szte.org.hu.

Postai cim: Szilikatipari Tudomanyos Egyestilet, 1027 Budapest, Fo u. 68.

Kérjilk a szerzket, hogy adjak meg postai cimiiket, vezetékes és mobil telefonszamukat, e-mail cimiiket a gyors egyeztetés, elérhetoség érdekében.

The authors can download an English Guideline from the Society’s website.

INHALT COAEP)XAHME — B
2 Synthese von Metallkeramik mit 2 CwHTe3 KOPYHAOMATPUKCHBIX LIEPVETOB,
Aluminiumoxyd-Basis, mechanische Eigen- aHaAU3 UX MUKPOCTPYKTYPbI 1 Fizessen €elo az
schaften und Analyse der Mikrostruktur MexaH14eckue CBOICTBA EPITOANYAG c. lapra!
6 Bestimmung von Spannungsintensitéts- 6 OnpepeneHUe SKCNEPUMEHTAALHBLIM NYTEM Az elbfizetés dija
Parametern K. durch Versuche auf Beton- napamMeTpoB MHTEHCMBHOCTU HaNPSKEHMS! 1 évre 4000 Ft

probekdrpern vom neuen Typ (Teil 1) K, 06pasLioB HOBOro THna 6eToHa Eldfizetési szandekat kérjik

az alabbi elérhetdségek

11 Photokatalytische Eigenschaften von mit 11 DoTOKATAAMUECKME CBOIICTEA egyikén jelezze:
Ag,0-V,0Chemikalien iberzogenen n .

= CUAMKAreAbHbIX 3EPeH, NOKPbITbIX o .
Silikagelperlen, Szilikatipari

coeanHeHuamun Ag,0-V,0, Tud B Eg ilet
udomanyos yesule

15 MpoyYHOCTb TOPLOB HECYLUMX CTEKOA Telefon/fax:

06-1/201-9360

15 Festigkeit der Kanten von belastbaren
Glasern

23 Anderung der physikalischen Eigenschaften 23  ®usnueckue U3MEHEHA kaMeHHOM

von charakteristischen Steingeriisten bei OCHOBbI achanbTo6eToHa Npyu noxape . ek
Asphaltmischungen infolge vom Brennen ! nfo@szte.org. hu
27 MWcnonb3oBaHue B BUAE CbIPbA AR El6fizetési megrendeld letdlthetd
27 Verwendung von Stauben aus der Schmuck- KepamM1UeCKoW NPOMbILIAEHHOCTHU az Egyeslilet honlapjarol:
steinherstellung als Rohstoff der Keramik- NOPOLUKOBbLIX OTXOAOB, BO3HUKAOLLUWX NMpPH www.szte.org.hu
industrie WU3roTOBAEHUW AEKOPATUBHOIO KaMHS
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Sandvik
In Action

A Sandvik a vilag vezet0 banyaszati gépgyartdjaként korszerti megoldasokat kinal a furasi,
torés- osztalyozasi, anyagmozgatasi feladatokra. Berendezéseinkkel és magas szinten képzett
szakembereinkkel allunk partnereink rendelkezésére a banydszat és az épitdipar minden
tertiletén.

Az altalunk forgalmazott gépekhez eredeti, mindségi alkatrész és szervizellatast biztositunk.

Villaljuk rész- vagy komplett lizemek tervezését, kivitelezését, miiszaki tanacsadast.

Sandvik Mining and Construction Europe GmbH. H- 1103 Budapest, Gyomréi u. 3 |. mihaly.skublics@sandvik.com www.sandvik.com

SANDVIK
]
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