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Nove moznosti z izboljSano opremo
za preskusanje bentonitne peséene mesanice

New Possibilities with Improved
Green Sand Testing Facilities

Izvlecek

Kakovost form iz svezega peska je poglavitna za kakovost ulitka in zmanjSanje
povrsinskih napak. V vecini industrijskih okolij se §e vedno uporabljajo roéno vodeni stroji,
katerih zasnova je iz prejSnjega stoletja. Medtem ko omogocajo te zastarele naprave
ohranjati kakovost v livarni, se z njimi ne dobi novih dodatnih informacij o kakovosti
bentonitne peS¢ene mesanice. Ta prispevek bo dal informacije o razvoju nove opreme za
preskusanje zgoscevanija in stiskanja bentonitnih peS€enih mesanic, preskusanje trdnosti
mokrih peskov, ki daje primerjavo z vrednostmi, ki se dobijo z ro€no vodenimi stroji. V
okviru predstavitve bomo vpeljali pojme iz zrnavostnih sistemov za obnasanje bentonitnih
pescenih mesanic.

Abstract

The quality of green sand moulds is paramount for the casting quality and reduction
of surface defects. In most industrial environments hand driven machines which concepts
were developed in the last century are still used. While these old fashioned apparatuses can
help to maintain quality in a foundry no new additional information on the green sand quality
will be obtained. This presentation will give information on the development of novel green
sand testing facilities for compaction, pressure, as well as wet strength testing and gives
comparison to values obtained by manually operated machines. Within the presentation
concepts for granular systems will be introduced for the behaviour of green sands.

1 Uvod 1 Introduction

SploSno znanje v livarnah o lastnostih
bentonitne peS€ene meSanice in njegovem
vplivu na obnasSanje livarskih napak se je
obéutno zmanjSalo z uporabo zunanjega
preskuSanja peskov in zaradi zunanjih
svetovalcev. Poleg tega je malo ali vsaj
premalo raziskav v okviru univerz, ki bi
financirale pomembne Studije o lastnostih
bentonitnih peS&enih mesanic. Ne poudarja
se dovolj, da je vecina livarskih napak pri
litu v pesek povezana z nezadostnim

The general knowledge within foundries on
green sand properties and its influence on
casting defect behaviour has significantly
decreased as a result of external sand
testing and dependence of external
consultants. Moreover evenwithin University
research little or too few research has been
performed to attract funding for significant
studies on green sand properties. It cannot
be stressed enough that in sand casting the
majority of casting defect can be related to
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upravljanjem s  bentonitno  pes¢eno
mesSanico. Zadnje raziskave in razvoj so
podpirali le dobavitelji livarske industrije
z glavnim poudarkom na anorganskih
sistemih veziv na osnovi vodnega stekla
in zmanjSanju fenolnih vezivnih sredstev v
organskih vezivih zaradi zmanjSanja emisij
in neprijetnih vonjav, ki pa na drugi strani
povelujejo tekoCnost peska ali trdnost
forme.

Ves ta pozitiven razvoj je bil dosezen
z zelo zastarelo, ro¢no upravljano opremo
za presku$anje peskov in zanemarjal se je
razvoj natancnejSe opreme za preskusanje
peskov. Te ro¢no upravljane preskusevalne
naprave 8e vedno predstavljajo dejansko
stanje na tem podrocju. Da bi izboljali
lastnosti  bentonitnin  peS&enih  mesanic
in razumeli njihovo obna$anje, je razvoj
novih preiskovalnih metod bistven. Skoraj
isto€asno in vzporedno je potekal razvoj
navpi¢ne preiskovalne naprave na IFG-
intitutu v Dusseldorfu [1] v sodelovanju
s podjetiem Jung Instruments GmbH in
vodoravne preiskovalne naprave na Danski
tehni¢ni univerzi DTU [2,3,4] v okviru
doktorskega raziskovalnega dela.

Za klasiéno presku$anje bentonitnih
peSCenih mesanic so se uporabili vzorci
bentonitne pesS€ene meSanice, ki so bili
stisnjeni s tremi udarci in imeli geometrijo
@50 mm x 50 mm. Nato se je z ro¢no
upravljano rocCico ali pri modernejsih
napravah z roc€ico, ki jo nastavlja elektri¢ni
servomotor, nastavilo preskuSanje trdnosti
s tlakom, strigom, dvojnim strigom, s
ceplienjem, natezne trdnosti in natezne
trdnosti v mokrem. Za posamezne naloge se
uporabljajo posebni vloZki. Za zelo ob&utljive
preskuse v mokrem ali preskuSanje s
stiskanjem se uporabljajo lo€ene naprave.
Slabosti teh metod presku$anja je ro¢no
upravljanje, ki je odvisno od upravljalca
in v vseh primerih vizualno odcitavanje
rezultatov, ki ne omogoca neposrednega

an insufficient green sand management.
Recentresearch and development has been
only supported by suppliers of the foundry
industry, however, with a major emphasis on
anorganic water glass binder systems and
the reduction of phenolic binder in organic
binders to reduce emission and unpleasant
smells while simultaneously increasing e.g.
fluidity or strength.

All these positive developments where
mainly performed with very old fashioned
manually driven sand testing equipment
and a significant aspect of the development
of more accurate sand testing equipment
was neglected. Nevertheless these
manually driven sand testing apparatuses
still represent state of the art sand testing
equipment. In order to improve green sand
properties and its understanding thereof it is
essential to develop new testing methods.
Nearly simultaneously parallel development
ensued for a vertical testing machine at the
IFG Institute in Disseldorf[1]in collaboration
with the company Jung Instruments GmbH
and of a horizontal testing machine at the
Technical University of Denmark DTU
[2,3,4] within a PhD research work.

Conventional green sand testing is
on samples which are compacted with 3
impacts to a standardised geometry of a @50
x 50mm green sand body. Subsequently
green-compression, - shear, - double-shear,
-splitting-strength, - tensile, - wet-tensile
testingis on a testing apparatus with manual
driven crank or in modern(ised) machines
by a geared electric servomotor. Special
inserts are used to adapt for the testing
tasks. For the extreme sensitive wet tensile
test or the compaction test separate testing
machines are used. The disadvantages of
these testing procedures are that manual
driven testing equipment is user dependent
and that in all cases measurement is by
a visual read out via a friction dial which
does not permit direct feeding of the data
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vhasanja teh v elektronski sistem kakovosti.
Poleg tega ne omogoca risanja krivulj
sila-pomik kot pri klasi¢nem preskuSanju
materialov, niti se dobljeni rezultati ne
morejo uporabili v znanstvene namene,
kot je simulacija mehanskega obnaSanja
forme iz svezega peska z metodo koncnih
elementov.

Te pomanjkljivosti so pripeljale do
razvoja navpi¢nih naprav za preskuSanje
peska z risanjem diagramov sila — premik.
Presku8anje natezne trdnosti peskov je
tezavno, ker so sile pri tem preskusanju
zelo majhne v primerjavi s silami v kovinah.
Zato ostaja, da se razisCe, Ce preje odkrite
prehodne cone na zaCetku krivulj sila —
premik predstavljajo odziv obremenjenega
svezega peska, ali Ce je treba razviti
natan¢nejSe postopke preskusanja.

V nadaljevanju bomo predstavili razvoj
modernih metod preskuSanja sveZega

into an electronic quality system. Moreover,
no force-displacement curves such as in
the classical material testing equipment
are obtained and the obtained data cannot
be used for scientific purposes such as in
finite element simulation of the mechanical
behaviour for green sand moulds.

It is these disadvantages which led to
the first developments of a vertical sand
testing machine which force-displacement
plots. Tensile testing of green sands is
difficult to perform as the forces present are
very small compared to those of metals.
Therefore, it remains to be explored if the
earlier detected transition zones at the
beginning of force displacement curves are
a response of the green sand under load or
if a more accurate testing procedure needs
to be developed.

In the following sections results of
the development of modern sand testing

Slika 1: Univerzalni stroj
za preskuSanje svezih
peskov (Zwick Z005)

Figure 1: Universal green
sand testing machine
(Zwick Z005).
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peska z upostevanjem modernih metod
zgoS€evanja z udarci in jih primerjali s
klasiénim ro¢no vodenim preskusanjem
industrijskih bentonitnih peS€enih mesanic.

2 Preskusne metode

2.1 Univerzalni stroj
za preskusanje peskov

V primerjavi s kovinskimi materiali so za

preskusanje bentonitne peS€ene mesanice

potrebne zelo majhne sile. V primeru

nateznega preskuSanja mokrega peska

so sile lahko le 5-10 N, kar pomeni, da je

treba zelo paziti, da se dobijo ponovljivi

rezultati. Zato so potrebne zelo obdCutljive

in natanéne obremenitvene celice, ki

dovoljujejo visoko frekvenco meritev, da

se izdelajo obdcutljive krivulje sila — premik

vzorcev pesCenih form iz sveZzega peska.

V sploSnem se od moderne opreme za

preskusanje bentonitnih peS€enih meSanic

pri¢akuje naslednje:

» velika frekvenca meritev in dovolj velik
RAM

e sprotno (on-line) zasledovanje krivulj
sila — premik

« uporabniku prilagojeno programiranje

e oObremenitvene celice z  visoko
loCljivostjo, da se olajSajo meritve
natezne trdnosti v mokrem

« prilagodljiva elektronska dokumentacija
rezultatov in predstavitev

* vgradnja v sisteme za zagotavljanje
kakovosti

Zaradi takih zahtev se uporabljajo
posebni univerzalni preskuSevalni stroji,
kot je na$ uporablijeni Zwick Z005, ki
omogocajo veliko stopnjo prostosti pri
majhnih preskusevalnih obremenitvah. Zata
preskusevalni stroj smo prilagodili klasi¢ne
vlozke, podobne tistim kot pri ro€no vodenih
strojih, kar kaZe slika 2. Posebna pozornost

methods taking into account modern impact
compaction methods will be presented in
comparison to classical manual testing
equipment for industrial green sands.

2 Experimental Methods
2.1 Universal Sand testing machine

In comparison to metallic material only very

small forces are required for the testing of

green sand. In the case of the wet tensile

test the forces can be as low as 5-10 N

which emphasis the care which is required

to achieve reproducible results. Therefore

extreme sensitive and precise load cells

permitting a high measurement frequency

are required to measure the sensitive

force-distance curves of the weak and

brittle granular material behaviour of green

sand mould samples. Overall the following

requirements exist for a modern sand

testing facility:

+ High measurement
sufficient RAM

*  Observation of force-distance curves
online

*  Flexible programming for the user

* Load cell with high resolution to facilitate
wet tensile strength measurements

* Flexible electronic documentation of
results and their representation

* Incorporation into quality assurance
systems

frequency and

Based on these requirements only high
end universal testing machines such as the
Zwick Z005 machines used here give this
degree of freedom for small testingloads. For
this universal testing machine conventional
inserts similar to those existing in manual
testing were adapted, see figure 2. Special
care was taken to facilitate measurements
within the symmetry axis of samples and
that as little as possible alignment of the
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je bila posvec€ena, da so bile lahko meritve
izvedene z vzorci obstojeCe simetrije in da
se je vzorec ¢im manj prilagajal uporabljeni
sili. Posebno natezni preskus v mokrem
je zahteval posebno prilagoditev majhnim
pricakovanim silam in dodatni uporabljeni
toploti za posnemanje kondenzacijske
cone v bentonitni peS€eni meSanici. Za
stroj Zwick Z005 je bil razvit poseben
nosilec za  proporcionalno-integralno-
diferencialno (PID) krmiljen vir toplote (slika
1), da se olaj8a natezni preskus vzorcev
svezih peskov v mokrem. Dodatno je bila
namesCena povezava z video kamero, da
se med preskuSanjem lahko opazovalo
obna$anje vzorcev svezega peska.

2.2 MeSanica svezega peska

MeSanice po 20 kg svezega peska so
bile pripravliene z dvoosnim meSalnikom
(Kollergang, Simpson). Njihove sestave so
v razpredelnici 1. Sestavine so bile lo¢eno
stehtane in dodane v me3alnik. V osnovi
so meSanice vsebovale razlitne deleze
bentonita in vode, da so se dosegli razli¢ni
trdnostni nivoji za nadaljnje preskuSanje
s klasi¢nimi roéno vodenimi in modernimi
napravami, kot je univerzalni stroj Zwick
Z005. PeS¢enim meSanicam se je

sample to the applied force was observed.
In particular the wet tensile test required
special adaption to the low expected forces
and the additional heat involved to mimic the
condensation zone in green sand. A special
holder was developed by Zwick Z005 (see
figure 1) with a PID controlled heat source
to facilitate wet tensile testing of green sand
samples. Additionally a link to video camera
was installed to see the overall behaviour of
the tested green sand samples online.

2.2 Green Sand Mixture

Greensand mixtures of each 20 kg were
produced by double shaft edge mixer
(Kollergang, Simpson) which composition is
seenintable 1. Componentswereindividually
weight and added to the mixer. Principally,
the mixtures contain different bentonite and
water content to obtain different strength
levels in subsequent testing on the classical
hand driven and newly developed sand
testing on the universal testing machine by
Zwick (Z005). The sand mixtures were kept
without given rise to excessive trying. For
this purpose bags within plastic containers
with tight lids were used.

Slika 2: Vlozki za preskusanje
svezega peska na tlak, strig,
dvojni strig, razkol, na nateg,
nateg v mokrem in upogib

Figure 2: Green sand testing
inserts for compression, shear,
double shear, splitting, tensile,
wet tensile and bending strength
measurements
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Razpredelnica 1: MeSanice po 20 kg svezega peska in dodatkov

Table 1: Green sand mixtures and additives

za vsakih 20 kg / voda / bentonit / premogov prah / voda / bentonit / premogov prah /
of each 20 kg water [%] bentonite [%] coal dust [%] water [kg] bentonite [kg] coal dust [kg]
mesanica 1/ 3,00 6,50 0,60 1,30 --
mixture 1
mesanica 1/ 5,00 6,50 1,00 1,30 -
mixture 2
mesanica 3 / 4,00 5,00 0,80 1,00
mixture 3
mesanica 3 + C/ 4,00 5,00 3,00 0,80 1,00 0,60
mixture 3 + C
mesanica 4 / 4,00 8,00 0,80 1,60 -
mixture 4
mesanica4 + C/ 4,00 8,00 3,00 0,80 1,60 0,60
mixture 4 + C

prepreCevalo ¢ezmerno suSenje. Za to so 3 Results

se uporabile plastithe posode s tesnimi
pokrovi.

3 Reazultati

Za primerjavo nove preskusevalne metode s
klasi¢nimi roénimi preskusi je bilo narejenih
vsaj 10 preskuSanj z vsako metodo na
vsakem preskusnem stroju z vzorci vsake
mesanice peskov. A natezni preskusi so bili
narejeni le na univerzalnem preskusnem
stroju. Obsezno ovrednotenje povprecnih
vrednosti in standardnih deviacij tlacne,
cepilne, natezne trdnosti svezega peska
in natezne trdnosti v mokrem, preskusov z
dvojnim strigom na obeh strojih, z ro¢nim
vodenjem in na univerzalnem stroju,
prikazuje razpredelnica 2. Najvi§ja vrednost
na univerzalnem stroju je bila izbrana za
primerjanje s klasicno metodo. Najvisje
izmerjene vrednosti na univerzalnem stroju
so bile v okviru standardnih deviacij tako
pri klasi¢ni kot pri novi metodi preskusanja.
Jasno se vidi, da so pri novi metodi manjsSe
standardne deviacije kot pri klasi¢ni
metodi pri vseh preskuSanih peskih in
vseh preskuSevalnih metodah. Najbolj

For a comparison of the new testing method
to the conventional manual tests at least 10
samples of each sand mixture were tested for
each testing machine and method. However
the green sand tensile tests were only
measured on the universal testing machine.
Extensive evaluation of the mean value and
standard deviation can be seen in table
2 for the compression, splitting strength,
green tensile, wet tensile and double shear
tests for both conventional hand driven
and universal testing apparatuses. For the
universal testing apparatus the maximum
value was chosen for comparison to the
classical method. The maximum values
measured on the universal testing method
are within the standard deviations of both
the classical and new testing method. As
a clear trend the new method shows a
smaller standard deviation compared to
the classical method for all sand mixtures
and testing methods investigated. Most
importantly measurements on the universal
testing machines give force-displacement or
strength-displacement curves respectively.
In figure 3 a and 3b are shown the green-
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pomembno je, da se z univerzalnim strojem
dobijo krivulje sila — premik odnosno trdnost
— raztezek. Sliki 3 a in 3 b kazZeta krivulje
sila — premik za tlani preskus s svezim
peskom, preskus z dvojnim strigom, natezni
preskus s svezim peskom in natezni preskus
v mokrem. Dodatno sta srednja vrednost in
standardna deviacija klasiémo izmerjenih
vrednosti prikazani v modrem in oznaceni
z »+GF+« glede na uporabljeni klasi¢ni

tla¢na trdnost svezega peska /
green compression strength [N/cm?]

premik / displacement [mm]

compression, double-shear, green-tensile
and wet tensile strength - displacement
curves. Additionally the mean value and
the standard deviation of the conventionally
measured data are shown in blue,
marked “+GF+”, with respect to the used
conventional testing apparatus. For each
measuring method the curves show a
closely bunched bundle of curves which
exhibit a nearly common maximum point

o7

natezna trdnost v mokrem /
wet tensile strength [N/cm?]

0 DI,2

premik / displacement [mm]

04 06

Slika 3a: Tla¢na trdnost sveZega peska in natezna trdnost v mokrem

Figure 3a: Green compression and wet tensile strength

+5F +

trdnost pri dvojnem strigu /
double shear strength [N/cm?]

premik / displacement [mm]

tlacna trdnost svezega peska /
green compression strength [N/cm?]

premik / displacement [mm]

Slika 3b: Trdnost svezega peska pri dvojnem strigu in natezna trdnost

Figure 3b: Green double shear and tensile tensile strength
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preskudevalni stroj. Pri vsaki merilni metodi
so krivulje kot snop krivulj, ki imajo skoraj
skupno najvisjo vrednost, ki dobro ustreza
standardni deviaciji vrednosti, ki se je dobila
s klasiéno metodo. Treba je poudariti, da
so natezni preskusi v mokrem najbolj
obclutljiva metoda preskusanja. Posebno
pozornost je treba posvetiti umerjanju
klasicnih strojev za natezne preskuse
v mokrem. Ko smo to naredili, se lahko
dosezejo zadovoljivo ponovljivi rezultati,
ki dovolj dobro ustrezajo rezultatom na
univerzalnem presku$evalnem stroju.

Vse rezultate preskuSanja svezih
peskov lahko vidimo na diagramu na
sliki 4, ki zajema tako klasiéne rocno
vodene metode kot metode univerzalnega

2500

which corresponds well within the standard
deviation to the value obtained by the
classical method. It is to point out that the
wet tensile tests represent the most sensible
testing method. Particular attention must be
paid to the calibration of the conventional
wet tensile test machines. Once this has
been performed satisfactory reproducible
results can be achieved which correspond
well to that of the values obtained by the
universal testing machine.

The overall results of the green sand
testing can be visualized by plot of the
values obtained of both conventional hand
driven and universal testing methods seen
in figure 4. Small deviations can only be
seen for the sensitive wet tensile test in

8,00

denje / manually driven

rocno vo
=
[

natezna trdnost v mokrem /
wet tensile strength

0,20 1,00

strizna trdnost / shear strength

cepilna trdnost / splitting strength

tlacna trdnost / compression strength

dvojna strizna trdnost /
double shear strength

# tlacna trdnost / compression strength

B cepilna trdnost / splitting strength

i strizna trdnost / shear strength

4 dvojna strizna trdnost / double shear strength

& natezna trdnost v mokrem / wet tensile strength

5,00 2500

Zwick Z005

Slika 4: Primerjava trdnostnih vrednosti, dobljenih z ro€no vodenim in z univezalnim preskusevalnim

strojem

Figure 4: Comparison of manual driven and on a universal testing machine obtained strength

values
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Razpredelnica 2: Povpre€ne vrednosti trdnosti svezega peska in standardna deviacija za razli¢ne
metode preskuSanja pes€enih mesanic, opisane v razpredelnici 1

Table 2: Green sand strength mean values and standard deviation for different testing methods of

sand mixture described in table 1

. ) natezna trdnost . -
tla¢na trdnost | cepilna trdnost ) “x natezna trdnost dvojna strizna
. X L bentonitne pescene
meritev / / compressive / splitting R v mokrem /wet | trdnost/double
mesanice / green ;
measurement strength strength ) tensile strength shear strength
IN/em?] IN/em?] tensile strength IN/em?] [N/em?]
[N/cm?]
Klasiéno / 6,63 1,19 - 0,32 1,95
A conventional | ¢ 0,25 0,06 - 0,01 0,06
6,47 1,22 1,12 0,35 1,92
Zwick
s 0,18 0,03 0,14 0,01 0,07
klasigno / 5,92 1,04 - 0,35 1,79
- conventional | ¢ 0,09 0,05 - 0,01 0,03
5,85 1,1 0,99 0,41 1,73
Zwick
s 0,07 0,01 0,02 0,02 0,02
Klasicno / 4,76 0,73 - 0,27 1,33
" conventional | ¢ 0,10 0,07 - 0,03 0,05
4,58 0,83 0,75 0,32 1,10
Zwick
s 0,08 0,01 0,01 0,02 0,03
Klasicno / 5,82 0,84 - 0,26 1,58
conventional | g 0,06 0,05 - 0,01 0,04
M 3+C
5,59 0,99 0,89 0,39 1,53
Zwick
s 0,10 0,02 0,03 0,01 0,03
Klasiéno / 7,93 1,37 - 0,41 2,44
4 conventional | ¢ 0,12 0,05 - 0,01 0,06
7,82 1,51 1,42 0,53 2,26
Zwick
s 0,12 0,02 0,04 0,02 0,04
klasiéno / 9,07 1,65 - 0,44 2,85
conventional | g 0,09 0,05 - 0,01 0,04
M 4+C
8,85 1,64 1,40 0,61 2,65
Zwick
s 0,16 0,02 0,15 0,03 0,04
preskusanja. Majhna odstopanja lahko particular for low strength sand mixtures.
zaznamo le pri obc&utlivem nateznem Here particular attention must be given to

preskusu v mokrem posebno pri pe$€enih
meSanicah z majhno trdnostjo. Tukaj je
potrebno posebno pozornost posvetiti
umerjanju klasi¢nih strojev za merjenje
natezne trdnosti v mokrem, kot omenjeno ze
prej. Pri manj zapletenih merilnih metodah,
kot je preskuSanje vpliva tlatne trdnosti

the calibration of the conventional wet tensile
testing machines as mentioned above. For
less complex measurement methods such
as compression crack-strength and shear
testing very good correlation can be found
for conventional hand driven and modern
universal testing methods.
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na nastanek razpok in merjenje strizne
trdnosti, se dobe zelo dobre korelacije med
klasicnimi ro€no vodenimi in modernimi
univerzalnimi metodami preskus$anja.

4 Razprava

Najbolj pomembno je, da zacetna oblika
krivulje trdnost — pomik lahko da dolo¢eno
informacijo, &e se spoStuje pravilen
postopek preskuSanja. Npr. e se groba
povrSina vzorca dotika nosilca vzorca,
predno se uporabi polna sila preskusanja
vzorca, lahko to pripelije do spremenljivih
oblik krivulje, do stopnic ali celo nastanka
minimov [5]. Predvsem pri najmanjSih
upogibnih momentih ali enostranskih tlacnih
ali nateznih silah med zacetno obremenitvijo
vzorca iz »mehkega« bentonitne pescCene
mesanice se lahko to vidi med meritvijo s to
obé&utljivo metodo na zagetni krivulji. Ceprav
se ti u€inki pri obremenjevanju vzorca lahko
pojavijo tudi pri klasi¢ni metodi, se to ne
bo zaznalo pri najvecji merjeni vrednosti.
Primerjavo krivulj nateznih preskusov
bentonitnih pes¢enih mesanic daje slika 5,
na kateri so vidne podoptimirane in zglajene

1.4

/

] optimalni postopek /
| optimal procesure

Scene mesSanice

green tensile strength [N/mm?]

0,00 0.50 1,00

natezna trdnost bentonitne pe

premik / displacement [mm]

4 Discussion

Most importantly the initial shape of the
strength displacement curve can give some
information if the correct test procedure has
been adhered to. In particular a settling of
the rough sample surface to the sample
holder until the full testing force is applied
to the sample can lead to inconsistent curve
shapes with steps and even minima [5]. In
particular the lowest bending moments or
one sided compression or tensile forces
during the initial loading of the “soft”
green sand sample can become visible
in the initial curve during this sensitive
measurement method. However, while
these effects of sample loading will also
occur in conventional testing this will
not be detected in the maximum value
measured. For comparison curves for the
green tensile test are shown in figure 5 in
which suboptimal and smooth optimised
curve shapes can be seen. From figure 5
is clearly apparent that curves which do not
show a smooth increase to a maximum will
have lower maximum value.

With optimised measurement
techniques in figure 6 each 10 force

Slika 5: Krivulje natezna trdnost — premik
za razlicne postopke preskusanja, prikaz
nestacionarnih krivulj in krivulj za optimiran
postopek

Figure 5: Green Tensile Strength-displacement
curves for different test procedure and showing
non steady curves and the curve for the optimised
test procedure
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optimirane krivulje. Slika 5 jasno kaze, da
imajo krivulje brez mehkega prehoda v
maksimum nizjo najvecjo vrednost.

Pri optimirani tehniki meritev na sliki
6 je vsaka od 10 krivulj sila — premik
prikazana kot povpre€na vrednost za dano
peS€eno mesanico in narejena je primerjava
z drugimi peS€enimi meSanicami za
uporabljeno metodo preskuSanja. Sklepne

/ mean green tensile strength [N/mm?]

0z o 05 08 12
premik / displacement [mm]

povprecna natezna trdnost bentonitne peséene
mesanice

30

trdnost /

mean double shear strength [N/mm?]

izna
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mesanice / mean green compression strength [N/mm?]

0,0 05 ] 13 20 25
premik / displacement [mm]

displacement curves are shown as mean
for a given sand mixtures and compared
to the other sand mixtures for a given
measuring methods. The summary curves
of green compression, splitting strength,
double shear, green tensile and wet tensile
curves elucidates the behaviour of green
sand. The maximum values of these
curves represent the following interactions

o
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Slika 5: Povprecne vrednosti krivulj 10 meritev
tlacne, cepilne, natezne, dvojne strizne trdnosti
in trdnosti v mokrem razli¢nih pes€enih mesanic

Figure 5: Mean values of 10 measurementcurves
for different sand mixtures for compression,
splitting, tensile, double shear and wet tensile
testing
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krivuljie za tlacno trdnost bentonitne
pes€ene meSanice, cepilno trdnost,
dvojno strizno trdnost, natezno trdnostjo
bentonitne pes€ene mesanice in natezno
trdnostjo v mokrem osvetlijo obnasSanje
bentonitnih pedCenih meSanic. Najvedje
vrednosti teh krivulj predstavljajo naslednje
interakcije s  bentonitnimi  peS&enimi
mesSanicami: a) majhen delez bentonita (5
%) vodi do majhne trdnosti in brez dodatka
premogovega prahu so te trdnosti Se manjSe
(mesanici 3 in 3+C); b) velik delez bentonita
(8 %) omogoca visje trdnosti, medtem ko
nadaljnje povecanje delezev ima ucinek le
ob poveclanju delezev premogovega prahu
(meSanici 4 in 4+C). Zanimivo je, da sta
mesanici 1 in 2 z vmesnim delezem 6,5 %
bentonita med temi vrednostmi trdnosti.

Zelo pomembno je pripomniti, da se
dodatne informacije lahko dobijo iz oblik
krivulj sila — premik. Krivulje trdnost —
premik kazejo znacilno gladko obliko brez
stopnic in imajo jasno izrazen maksimum.
S povec€anjem premika krivulje kazejo Se
nekaj odpora proti deformaciji po dosegu
maksimuma. To obnaSanje je popolnoma
drugacno kot pri krhkih steklih. Odpornost
po dosezenem maksimumu se lahko pripiSe
plastichemu obna$anju zrnatega materiala,
sestavljenega iz peska, premoga, bentonita,
vode in praznin. Predvsem delez vode ima
pomemben ucinek na plasti¢nost. To kaze,
da dipolne vezi in drsenje med plo&Cicami
bentonita omogoc&ajo dolo¢eno plasti¢no
obnaSanje, ki je opazno pri preskusih s
tlaéno komponento [6].

5 Sklepi

Nova metoda preskuSanja bentonitnih
peS€enih meSanic z univerzalnim strojem
daje krivulje trdnost — premik z zelo
veliko locljivostjo, ¢e se pravilno pristopi k
preskuSanju. Rezultati te nove metode se

within green sands. A low bentonite content
(5%) leads to low strength, without coal
addition the strength values are even
lower (mixtures 3 and 3+C). High bentonite
contents (8%) achieve high strength values
whereas a further increase is noticeable
with further addition of coal (mixture 4 and
4+C). Interestingly mixtures 1 and 2 with
a medium bentonite content of 6.5% are
found in between these strength values.

It is very important to note that
additional information can be found in the
shape of the force-displacement curves.
The strength-displacement curves show
characteristic smooth curves without any
steps being present which exhibit a clear
maximum. With increasing displacement
the curves show still some resistance
against deformation after the maximum.
This behaviour is clearly different to brittle
glasses. The resistance after the maximum
can be described as plastic behaviour of
the granular material consisting of sand,
coal, bentonite, water and free volume.
In particular the water content has an
important effect of the plasticity displayed.
This suggests that the dipole bonding and
sliding between bentonite plates facilitates
some plastic behaviour visible in testing
methods with a compressive component
[6].

5 Summary

The novel green sand testing method
using a universal testing machine can give
strength displacements curves of very high
resolution if correct test procedures are
adhered to. The results of this novel method
correlated well with their maximum value to
the single value measured by conventional
manual driven test apparatuses. However
the electronically obtained data can give
additional information. In particular the initial
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pri najvecjih vrednostih dobro ujemajo s
posameznimi vrednostmi, dobljenimizro¢no
vodenimi klasi¢nimi napravami. Vendar
elektronsko dobljeni podatki lahko dajo
dodatne informacije. Predvsem zaletno
poveCanje oziroma hitrost doseganja
najvecje vrednosti daje podatek o odpornosti
forme proti deformaciji, tj. proti kréenju, ko se
upostevajo vplivi temperature. Maksimum
in prikazano plasticno obnaSanje po
doseganju maksimuma lahko v prihodnosti
dajo informacijo o obna$anju bentonitnih
peS€enih mesanic kot zrnatega materiala.
S takimi meritvami bo v bodofe mozno
raCunanje obnaSanja forme po metodi
konénih elementov, analizo lastnosti, ki so
odvisne od temperature in te metode razSiriti
Se na druge vrste formarskih materialov, kot
so organska in anorganska jedra.
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Simulacija livnosti teko€ih kovin
z razliénim reoloskim obnasanjem

Flowability Simulation of Liquid Metals
with Different Rheological Behaviour

Povzetek

Tlacno litje je proces, s katerim se dobi skoraj kon€&na oblika izdelka in pri katerem talina
pod tlakom turbulentno zapolnjuje livno votlino pred zacetkom strjevanja. Obstajajo Se
druge tehnologije tlatnega litja kot ulivanje v testastem stanju, ki je bilo razvito, da se
poveca kakovost ulitkov. Na simulacijo livnosti in sposobnosti zapolnjevanja forme vplivajo
razliéni parametri kot temperatura taline in kokile, viskoznost v coni gobastega strjevanja,
deleZ trdnih delcev in lastnosti toka. Razvili smo model krmilne prostornine za simulacijo
litja v testastem stanju z uporabo trgovske racunalniske opreme NovaFlow&Solid. Napravili
smo ve¢ poskusnih simulacij, da bi preiskali livnost standardne zlitine AISi7Mg in njeno
testasto obliko.

Kljuéne besede: ulivanje v testastem stanju, obnasanje toka, tokovni preskus,
racunalniSka simulacija

Abstract

High pressure die casting is a near net shape process where turbulent filling and rapid
solidification occurs under high pressure conditions. Alternative die casting technologies
such as rheocasting have been developed in order to increase the quality of castings. The
simulation of flowability and fillability is influenced by several factors such as temperature
of the melt and the die, viscosity behaviour in the mushy zone, solid particle ratio and flow
properties. Here a control volume model is developed to simulate the rheocasting process
based on the commercial software NovaFlow&Solid. Several simulation trials were carried
out to examine the flowability of normal AlSi7Mg alloy and its semisolid version.

Key-words: semi-solid rheocasting, flow behaviour, flow-test,
simulation

computer

1 Ulivanje v testastem stanju

Lahke kovine se v velikem obsegu
uporabljajo v avtomobilski industriji in
industriji transportnih sredstev kot kovne
ali livne zlitine. Pred kratkim je evropska
aluminijska zveza (EEA) porocala, da se

1 Semi-solid metal processing

Lightweight metals are used extensively
by the automotive and transport industries,
both in wrought and cast forms. Recently
the European Aluminium Association (EEA)
reported that the amount of aluminium used
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je koli¢ina aluminija v novih evropskih
avtomobilih povecala s 50 kg leta 1990 na
140 kg leta 2010 [1], zato ni presenetljivo,
da Se narasC€a trend uporabe aluminija in
aluminijevih zlitin v avtomobilski industriji
in industriji transportnih sredstev. Uliti
aluminijski deli so predvsem kot deli Sasij
in deli obesnih mehanizmov, koles, krmilnih
mehanizmov, glav valjev, zavornih bobnov,
ojnic itn. Danes se po podatkih EEA
uporablja okoli 73 % livnih zlitin v Evropi
v sektorju transportnih sredstev [1]. Zaradi
velike produktivnosti, dimenzijske stabilnosti
in izvrstne povrSinske dodelave se velika
koli€ina teh delov izdeluje s tlacnim litjiem.
Pri iskanju izboljSanih lastnosti zlitin
so se v zadnjih Stirih desetletjih razvile in
vpeljale na trzis¢e Stevilne tehnike litja kot
oblikovanje v testastem stanju ali stiskalno
litje. Stiskalno litje je nacin izdelave delov
s skoraj konéno obliko, pri katerem se
tekoCa kovina skuje v konéno obliko
znotraj zaprte kokile. Zdruzuje trdnost in
celovitost izkovka z ekonomiénostjo in
prilagodljivostjo konstrukcije ulitka. Izvor
procesa je Sovjetska zveza, potem se je
sredi 1970tih let zacel trgovsko uporabljati
za izdelavo sestavnih delov iz nezeleznih
kovin. V primerjavi s klasi¢nimi tehnikami
ulivanja imajo tako izdelani ulitki zelo dobro
kombinacijo trdnosti in raztezka, ki izvira
predvsem iz njihove velike gostote ter
drobnejSe in bolj homogene mikrostrukture

[2].

1.1 Zahteve po podhladitvi

Gonilna sila vsake fazne transformacije
vklju€no s strjevanjem je sprememba proste
energije. Molsko ali prostorninsko prosto
energijo lahko izrazimo kot

F=E+Pxv-TxS, 1)

kier je E notranja energija (ij. koli¢ina
potrebnega dela za izloCenje atomov iz

in new European cars had risen from 50 kg
in 1990 to 140 kg in 2010 [1], so it is not
surprising to see there is a growing tendency
to employ aluminium and aluminium alloys
in the automotive and transport industries.
Cast aluminium components are mainly
usedinchassis and suspensionapplications,
wheels, steering parts, cylinder heads,
brake drums, connecting rods, etc. Today,
based on data from the EEA, some 73 %
of cast alloys go into the transport sector in
Europe [1] and due to high production rate
and dimensional stability as well as excellent
surface finish and high volume production,
a large number of these parts are produced
by high pressure die casting method.

In the search for improved alloy
properties, a number of casting techniques
have been developed and introduced on
the market in last four decades, such as
semi-solid forming or squeeze -casting.
Squeeze casting is a casting method of
producing near-net-shape parts in which
the liquid metal charge is forged to shape
inside closed dies. It combines the strength
and integrity of forging with the economy
and design of flexibility of casting. The
process originated in the USSR, then in the
mid-1970s became commercially available
for custom manufacture of nonferrous
components. Compared with conventional
casting techniques, squeeze cast products
have a very good combination of strength
and elongation, which mainly comes from
their high density and finer and more
homogenous microstructures. [2]

1.1 The Undercooling Requirement

The driving force of any phase
transformation, including solidification, is the
change in free energy. The free energy per
mole (molar free energy) or per unit volume
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faze v neskonc¢nost), P tlak, v prostornina, T
temperatura in S entropija. Termodinamika
zagotavlja, da se lahko notranja energija v
sistemu brez zunanjih vplivov le zmanjSuje.
Spremembo proste energije lahko opiSemo
kot vsoto povecCkov, ki so posledica
sprostitev posameznih predpostavk:

AF=-AG,+AG +AG +AG+AF,  (2)

Stirje pozitivni ¢leni na desni strani
enacbe so povecanje proste energije zaradi
ukrivljenosti ploskve, temperature, sestave
in spremembe tlaka. Sedaj pa ovrednotimo
posamezne Clene v tej enacbi.

Gonilna sila za ovrednotenje kroglastih
kristalnih zrn je podhladitev ukrivljenosti.
Ko se prostornina trdnega delca v tekogini
zmanjsuje, se povecCuje razmerje njegove
povrSine in prostornine in prispevek
medfazne energije k celotni entalpiji delca
se povecCuje. Tako se celotna entalpija
trdne faze povecuje, Ce se velikost delcev v
sistemu tekoCe — trdno zmanjsuje.

Ko se velikost delca poveda za dr, kjer
je r polmer delca, mora biti delo, potrebno
za nastanek nove povrSine, d(4mr2y)dr,
enako delu, ki je posledica zmanjSanja
proste prostorninske energije,

d
— (4/3 2 AG 3
el . (3)
Ce po diferenciranju oboje izenagimo,
je povecanje proste energije:

AG =2y/r=yK (4)

kjer je y povrSinska energija med tekocino
in trdnino in K je ukrivljenost. Potem se iz
definicije za podhladitev:

AT=AG /AS, (5)
dobi,

AS, AT=yKor

AT =T -T=(y/(AS))K=K  (6)

kjer je AT  podhladitev ukrivljenosti, Te
ravnotezna temperatura (taljenja) krogle

(volumetric free energy) of a substance can
be expressed as:

F=E+Pxv-TxsS, (1)

where E is internal energy (i.e. the amount
of work required to separate the atoms of
the phase to infinity), P is pressure, v is
volume, T is temperature and S is entropy.
Thermodynamics stipulate that in a system
without outside intervention, the free energy
can only decrease.

The change in free energy can be
described by the sum of the increase
resulting from the relaxation of each
particular assumption:

AF=-AG +AG+AG +AG+AF,  (2)

The four positive right-hand terms are
the increase in free energy because of
curvature, temperature, composition, and
pressure variation, respectively. Let us now
evaluate the terms in this equation.

The driving force in the evaluation
of spheroidal grains is the curvature
undercooling. As the volume of a solid
particle in a liquid decreases, its surface/
volume ratio increases and the contribution
of the interface energy to the total free
enthalpy of the particle increases. Thus,
when the particle size decreases in a liquid-
solid system, the total free enthalpy of the
solid increases.

When the particle increases by dr,
where ris the radius, the work resulting from
the formation of a new surface, d(41r2y)
dr, must be equal to that resulting from the
decrease in the free volumetric energy,

d
— (43T AG, ) (3)

Equating the two, after differentiation,
the increase in free energy is:

AG =2y/r=yK (4)
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s premerom r in [ Gibbs-Thomsonov

koeficient.

1.2 Mehanizem nastanka kroglastega
kristalnega zrna

Nastanek grobe mikrostrukture ali zorenje
je pomemben vidik pri njenem nastajanju v
testastem procesu. Predstavili smo odnose
med velikostjo delcev, izotermnim strigov
in ¢asom trajanja striga, kar kaze, da se
velikost delca pri tvorbi okroglega delca s
¢asom veca, vendar se velikost delcev,
Ce izhajamo iz dendritne rozetaste oblike,
zmanjSuje. Med zorenjem delci postajajo
manjsi in povpre¢na velikost faze a-Al se
veca, ker majhni delci izginjajo. ZmanjSanje
medfazne energije celothega obmocja
je gonilna sila za Ostwaldovo zorenje, ki
se lahko v primeru difuzijskega prenosa
mase opise s ti. enacbo za hitrost zlepljanja
delcev med meSanjem (FSW - friction stir
welding, op. prev.). Ta enacba prilagaja
teorijo Ostwaldovega zorenja sistemom v
testastem stanju:

Dm3 - DO3 = va X KLSW x (t - tO) (7)

kjer je D, povprecni premer delcev po Casu
t, D, zaCetni povprecni premer, ko je t enak
t, F, je funkcija prostorninskega deleza
trdne faze in K , je konstanta rasti.

V primeru konvektivhega nastajanja
grobih delcev je bilo pokazano, da se
s poveanim prenosom mase ne samo
poveluje nastajanje grobih delcev, ampak
se spremeni tudi kinetika nastajanja grobih
delcev. Nova enacba za hitrost nastajanja
delcev je bilaizpeljana za delce, ki se gibljejo
s Stokesovo hitrostjo. Potem se povprecna
velikost delcev veca s asom kot

D2-D,2 =
=AxK

LSwW

x (1-F)2°) /f xwBxt (8)

where vy is the liquid-solid surface energy,
and K is the curvature. Then, from the
definition of undercooling:

AT=AG /AS, (5)
can be obtained,

AS, AT =yKor

AT =T-T=(y/(AS)K=TK  (6)

where AT is the curvature undercooling,
Te is the equilibrium (melting) temperature
for a sphere of radius r, and I is the Gibbs-
Thomson coefficient.

1.2 Mechanism of Spheroidal Grain
Evolution

Coarsening or ripening is an important
aspect of the microstructure evolution in
semi-solid processes. The relationship
between particle size, isothermal shearing
and shearing time has been presented
which states that the particle size increases
with time when spherodisation occurs,
but particle size decreases when going
from dendritic rosette-like shape. During
ripening, the particles become smaller and
the average size of a-Al phase increases,
as small particles tend to disappear. The
reduction in interfacial energy of particles
total area is the driving force for the Ostwald
ripening, which can be described by the so-
called FSW rate equation in the case of
diffusive mass transport. A rate equation
adapts Ostwald’s ripening theory modified
to semi-solid systems:

Dm3 - Do3 = va X Kst x (t— to) (7)

where Dm is the mean diameter of the
particles after time t, DO is the initial average
diameter when t equals t0, Fvf is a function
of solid volume fraction and KLSW is the
growth constant.

In the case of convective coarsening it
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kjer se parameter w nanasa na frekvenco
rotacije in A je konstanta, ki zajema difuzijski
koeficient [3-5]

2 Simulacija procesa
v testastem stanju

NovaFlow&Solid je paket programske
opreme za simulacijo krmilne prostornine,
ki ga je razvilo Svedsko podjetje NovaCast
Technologies AB in ga od leta 1993 stalno
razvija. Zakoni o ohranitvi (mase, impulzov
in energije) sofizikalno-matemati¢na osnova
programskih modelov. Ti zakoni o ohranitvi
upostevajo fazne prehode pri strievanju
ulitka, natancno geometrijo ulitka in kokile,
izmenjavo toplote in mase z okolico.

Lastnosti fluidov imajo glavno viogo
pri razvijanju matemati¢nih modelov
za simulacijo tokov teko€in. Treba
je uporabiti jasne predpostavke, po
katerih se predpostavi, da je lastnost
teko€ine konstantna in kako je odvisna
od temperature, tlaka itn. Ce so lastnosti
odvisne od spreminjanja temperature,
se pojavi nova povezava med razli¢nimi
enacbami o ohranitvi. Lastnosti vstopajo v
enacbe o hranitvi kot koeficienti. Velikost
teh koeficientov lahko spremeni celotno
sliko toka.

Gostota teko€ine je definirana kot
koliénik mase in prostornine tekocine. Ce
se vzame mejna vrednost koli¢nika pri
infinitezimalni prostornini, je s tem definirana
enacba za gostoto p, [kg/m3]. V sploSnem
je gostota tekocine odvisna od temperature
in tlaka. Pri tekocCinah, pri katerih se lahko
privzame, da so nestisljive, je njihova
gostota odvisna le od temperature.

Specificna toplota je definirana kot
koli¢ina toplote, ki je potrebna, da se segreje
enota mase snovi za enoto temperature. Ta
toplota se lahko meri v razmerah konstantne
prostornine ali konstantnega tlaka. Pri

was shown that coarsening is not only
enhanced, as fluid flow leads to a faster
mass transport, but also the coarsening
kinetics are changed. A new rate
equation is derived for solid particles
moving with Stokes speed. Then the
average particle size increases with
time as

D2-D2=
=Ax K, X (1-F)) [ xwBxt (8)

where the parameter w refers to the rotation
frequency and A is the constant containing
the diffusion coefficient. [3-5]

2 Simulation of Semi-Solid Process

NovaFlow&Solid is a Control Volume
simulation  software  package which
is developed by Swedish NovaCast
Technologies  AB under continual
development since 1993. Conservation
laws (of matter balance, pulse and
energy) form the foundation of physical-
mathematical models of the programme.
These conservation laws take into account
the phase transitions taking place in the
solidifying casting, the exact geometry
of the casting and mould, and heat mass
exchange with environment.

Properties of fluids play a primary role
for the development of mathematical models
for fluid flow simulation. One should make
clear assumptions about which property
can be assumed to be constant and which
depends on temperature, pressure, etc.
Where properties depend on temperature
variable, an additional coupling between
various conservation equations arises.
Properties enter as coefficients in the
conversation equations. The magnitude of
these coefficients can change the overall
picture of the flow.

Mass density of the fluid is defined
as the ratio of the mass of the fluid to the
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tekoCinah sta toploti enaki. V sistemu Sl je
enota za specifiéno toploto J/(kg K).

Entalpija trdnin in tekolin se lahko
definira kot

H=H_+ ITRT c,dT 9)
kjer je T, vzeta kot referenCna temperatura.
Entalpija trdnin in tekolin je merilo

vsebovane toplote v enoti mase. Zato
se lahko za vsako temperaturo vzorca
vsebovana toplota izraCuna iz entalpije kot
produkt entalpije in mase. Entalpija je po
definiciji monotona krivulja, enota po Sl je
J/Kkg.

Toplota se lahko prenasa z difuzijo. Ta
mehanizem prenosa toplote se imenuje
prevajanje. Toplotni tok je definiran kot
koli€ina toplote, ki steCe v enoti Casa skozi
enoto prereza. Toplotni tok pri prenosu
toplote s prevajanjem opisuje Fourierjev
zakon z enacbo:

= —kaT/(x) (10)

kjer g, oznacuje toplotni tok, ki je vektor s
tremi komponentami (v treh prostorskih
smereh). Na desni strani enacbe sta
temperaturni gradient in proporcionalnostna
konstanta, ki predstavlja prevod toplote,
katerega enota v Sl je W/(mK).

Viskoznost opisuje zmozZnost tekocin,
da prena$ajo gibalno koli¢ino z difuzijo.
Po analogiji s Fourierjevim zakonom za
prevajanje toplote je tok gibalne koli¢ine
fluida:

T, = -H (9u)/(9x) (11)

kjer je proporcionalnostna konstanta p
dinami¢na viskoznost.

Zmnozek mase (m) in hitrosti (v) daje
gibalno koli€ino in njen tok se lahko dobi na

naslednji nacin:
mv/tA=mal/A=F/A=T. (12)

Sila (F), deljena s ploskvijo (A), na kateri
sila deluje, daje napetost (1) na tej ploskvi.

volume occupied by this fluid. Taking the
limiting value of this ratio for the infinitesimal
volume, we obtain the defining equation
of density p, [kg/m3]. In a general case,
fluid density depends on temperature and
pressure. For liquids, if the incompressibility
assumption is adopted, density depends
only on temperature.

Specific heat is defined as the amount
of heat needed to heat up a unit mass of
substance by one unit of temperature. This
heat can be measured either under the
condition of constant volume or constant
pressure. For liquids they are identical, in
Sl the unit of the specific heat is [J/(kgK)].

Enthalpy for solids and liquids can be
defined as

H=H_+ JTRT c,dT (9)

where T has been chosen as a convenient
reference temperature. The enthalpy of
solids and liquids is a measure of the
heat content per unit mass. Therefore,
at any temperature, the heat content of
the specimen can be calculated from
the enthalpy by taking the product of the
enthalpy times the mass of the specimen.
Enthalpy, according to the definition, is
always a monotonic curve. The Sl unit of
enthalpy is [J/kg].

Heat can be transmitted by means of
diffusive exchange. This mechanism of
heat transfer is conduction. Heat flux is
defined as the amount of heat that flows per
unit time through the unit of area. The flux of
heat exchanged by conduction is described
by the Fourier law, which is given by the
equation

q,=—k aT/(éx) (10)

where q, denotes the heat flux, which is a
vector with three components (in spatial
directions). On the left side we have the
temperature gradient and the proportionality
constant k, which is the heat conductivity.
The Sl unit is [W/(K.m)].
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Viskoznost taline kovinske Zzlitine je
vedno odvisna od temperature. Za vecino
talin kovinskih zlitin se lahko viskoznost
nad temperaturo likvidus privzame kot
konstanta. Med temperaturo likvidus in
temperaturo solidus se viskoznost testaste
meSanice veca, kar upocasnjuje, vCasih
celo ustavi tok fluida. V Sl je enota za
viskoznost pascal (Pa). Poleg dinami¢ne
viskoznosti se pogosto uporablja tudi
kinemati¢na viskoznost (v). Kinemati¢na
in dinami¢na viskoznost sta med seboj

povezani z enacbo
v = u/p [m?/s]. (13)

Prag livnosti (CLFu) je deleZ tekoCe
faze, nad katerim se uporabljajo Navier-
Stokesove enacbe. Kristali, ki nastajajo v

Viscosity describes the ability of fluids
to transfer momentum by virtue of diffusion.
By analogy to the Fourier law of heat
conduction, the flux of momentum of the
fluid is given by the equation

T, = -H (9u)/(ox) (11)

where the proportionality constant p is the
dynamic viscosity.

The product of mass (m) and velocity
(v) gives momentum, and its flux can be
obtained in the following way

mvtA=malA=FIA=T1.  (12)

Force (F) divided by the surface (A) on
which this force acts, gives the stress (1) on
this surface.

Viscosity of the metal-alloy melt is
always temperature dependent. For most

strjevanje / solidification

100 %
>

feeding efficiency

ucinkovitost napajanja /

napajanje ni ve¢ mozno /
feeding no longer possible

napajanje postaja omejeno /
feeding begins to be restricted

ni omejitve za napajanje /
no restriction to feeding

:

tekoca faza / liquid phase

>
100 %

CLFu

Slika 1: Razlaga praga livnosti in praga pronicanja

Figure 1: Explanation of the fluidity and percolation thresholds
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prostornini teko&ine prosto te€ejo skupaj s
talino.

Prag pronicanja (CLFu) je vrednost
deleza tekoCe faze, pod katerim je tok
taline brez plasti¢ne deformacije [6,7]. Prag
livnosti in prag pronicanja pojasnjuje slika
1.

Tlagno litje je izdelovalni postopek, pri
katerem se staljena kovina pod obc&utno
poviSanim tlakom vbrizga v jekleno
kokilo livnega stroja, da se oblikuje ulitek.
Proizvodni cikel tlaénega litja je sestavljen
iz zajemanja taline, potiskanja bata in
hitrega zapolnjevanja kokile. Jeklena kokila,
navadno s temperaturo 200-300 °C, razprsi
latentno toploto in med strjevanjem bat
deluje na ulitek s hidravliénim tlakom, da
se kompenzira strjevalno kréenje. Zaporne
sile do 4000 t so trgovsko izvedljive, da se
vzdrzijo veliki tlaki. Potem se kokila odpre in
ulitek izvrze. Hidravli€no energijo omogoca
racunalnidki sistem, ki dovoljuje krmiljenje
polozaja kovine, hitrosti in pospeska
bata, da se optimirata tok in tlak med
zapolnjevanjem forme in med strjevanjem.

Med simulacijskimi  poskusi smo
preiskali ucinke naslednjih tehnoloskih
parametrov:

* hitrost bata v prvi fazi (m/s),
* hitrost bata v drugi fazi (m/s),
» temperaturo kokile (°C),

» temperaturo taline (°C).

3 Preiskovana geometrija

Za analizo livnosti smo izdelali vzorec s
posebno geometrijo, ki smo jo imenovali
‘meander’inkise lahko vidina sliki2. Celotna
dolZina vzorca je bila 1874 mm in njegov
prerez 50 mm?2. 3D geometrija je opisana kot
mreZa strukturiranega kubi¢nega elementa
z dimenzijo 2 mm. Celotno Stevilo celic je
bilo 949 050. ZaCetne in robne pogoje lahko
vidimo na sliki 3.

metal alloy melts, viscosity above the
liquidus temperature can be assumed
constant. Between the liquidus and the
solidus temperature, viscosity of the semi-
solid mixture grows, slowing down and
eventually blocking the flow. In Sl the unit
of dynamic viscosity is the pascal (Pa).
Besides the dynamic viscosity, the kinematic
viscosity (v) is often used. Kinematic and
dynamic viscosities are related to one other
by the equation

v = p/p [m?/s]. (13)

Fluidity threshold (CLFu) is the value
of the liquid phase fraction above which the
Navier-Stokes equations are applicable.
The crystals nucleated in the liquid volume
freely flow together with the melt.

Percolation threshold (CLFd) is the
value of the liquid phase fraction below
which the melt flow is absent without plastic
deformation [6,7]. An explanation of the
fluidity threshold and percolation threshold
can be seen in Figure 1.

High pressure die casting (HPDC) is
a manufacturing process in which molten
metal injected with a die casting machine
under force using considerable pressure
into a steel mould or die to form products.
A production cycle in HPDC consists of
metal ladling, plunger movement and rapid
die filling. The steel die, typically 200-300
°C, dissipates the latent heat, and during
solidification the casting is pressurised
hydraulically by the plunger to feed the
solidification shrinkage. Locking forces up
to 4,000 tons are commercially available to
withstand the large pressures. Eventually,
the die is opened and the casting is ejected.
The hydraulic energy is provided by a
computerised system that permits control
of metal position, velocity and plunger
acceleration to optimise the flow and the
pressure during filling and solidification.
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zlitina / alloy

ENAC - 42000

kokila / die

jeklo / steel 1.2343

kinemati¢na viskoznost / kinematic viscosity

0.4 - 416 [x10e5m?/s]

hitrost bata, 1. faza / piston velocity, 1st phase 0.1-1.8[m/s]
hitrost bata, 2. faza / piston velocity, 2nd phase 1 -3 [m/s]

temperature kokile / die temperature 180 - 240 [°C]
temperature litja / pouring temperature 586 - 650 [°C]

Slika 2: Ulitek ‘meander’ in zaCetni ter robni pogoji

Figure 2: Meander casting part and initial and boundary conditions

During simulation experiments the effect

of the following technological parameters

are examined:

» Piston velocity in the first phase (m/s);

Razpredelnica 1: Podatki poskusov

Table 1: Experimental matrix

? é © [0
®© - 5 -5 © o

- B8, | E-fg | E-SB | 2 2 | E 3 |f
.- g 5828 | Eifs | BaSg | 2,8 | E2s5E |3
B S _ 8= £-8% | 2438 828 gsgs | g
g% 23 [10e m?/s] [mis] [mis] rcl rcl -
A | Standard EN-AC 42000 | 0.4 0.1 1 180 590 @
B | Standard EN-AC 42000 | 0.4 0.1 (1—)3 (180-)240 | (590—)650 | ©
c |sB (0.4—) 416 0.1 3 240 (650—) 590
D |sB2 (416—) 41.6 0.1 3 240 590
E |sB3 @416-)416 | 0.1 3 240 590
F |sB3 416 01-)05 | (3=)2 (240-)200 | 590
G | Standard EN-AC 42000 | 0.4 05-)01 | (2—)3 (200-)150 | (590—)650
H |sB4 8.3 0.2(4) (15-)200 | (650—)586
| SB-4 8.3 02-)18 | 200 586
Jo | sB-4 8.3 18 200 586
K® | EN-AC42100 8.3 18 200 586

1) iz podatkovne baze; (2) zacetek 2. faze je premaknjen; (3) normalno pregreta zlitina;
4) vsi postopki zapolnjevanja z dano hitrostjo bata; (5)spremenjena geometrija ulitka

1) From software database; (2) Starting point of the 2nd phase is repositioned; (3) Normal overheated alloy;
4) All filling process with a given piston velocity; (5) Modified casting geometry
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4 Rezultati

Rezultati poskusov A in B so na sliki 3.

V poskusu A je bila obravnavana zlitina
po standardu EN-AC 42000 pri temperaturi
litia 590 °C (med T, ., IN T_4,0) Pri hitrostih
bata 0,1 in 1,0 m/s v kokili s temperature
180 °C. IzraCunana dolZina toka je bila 270
mm, kar je 15 % celotne dolZine vzorca.
Na rezultat je verjetno vplivala nepravilna
nastavitev zaCetne toCke 2. faze, ki je
bila prestavljena. V poskusu B je bila ulita
standardizirana pregreta zlitihna EN-AC
42000 (temperatura litja 650 °C, temperatura
kokile 240 °C, hitrost bata v 2. fazi 3 m/s).
DolZina toka je bila 920 mm, kar predstavlja
51 % celotne dolzine vzorca. Ce je talina
pregreta, se poviSa temperatura kokile in
doseze pravilen preklop, dolzina toka se
povecCa za 36 %.

V poskusih C, D in E smo preskusali

zlitne v testastem stanju. Lastnosti
testastega stanja so se dosegle s
programsko datoteko: kinemati¢na

viskoznost se je prilagajala s temperaturo
litia (416—41.6—4.16 *10°m?/s). Rezultate
kaze slika 4.

Na osnovi poskusa E smo spremenili
tehnologijo tako, da smo spremenili hitrosti
bata in zaletne temperature. Rezultate

* Piston velocity in the second phase
(mfs);

*  Temperature of the die (°C);

*  Temperature of the melt (°C).

3 Examined geometry

For the analysis of flowability a special
specimen geometry is developed which is
called a“meander” and can be seenin Figure
2. Total length of the specimen is 1874 mm,
and the cross section of it is 50 mm?2. The
3D geometry is described by a structured
cubic element mesh with a dimension of 2
mm. The total number of cells is 949,050.
Initial and boundary conditions can be seen
in Figure 3.

The experimental matrix can be seen in
Table 1.

4 Results

The results of Experiment A and B can be
seen in Figure 3.

In Experiment A a standard EN-AC
42000 alloy is calculated at 590 °C pouring
temperature (between T and T

liquidus solidus)’

with 0.1 m/s and 1 m/s piston velocities for

A B
hitrost bata, 2. faza / 1 3
piston velocity, 2nd phase [m/s]
temperature kokile /
die temperature [°C] 180 240
temperature taline /
melt temperature [°C] 590 650

preklop / switching point prestavljeno /

repositioned

kinemati¢na viskoznost /
kinematic viscosity [x10e®m?/s]

+ 36%
Slika 3: Rezultati poskusov Ain B

0.4

A=270mm = 15%

B= 920 mm = 51%

Figure 3: Results of Experiments A and B
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C | D | E C=26mm=> 1,5% D=84,55 mm = 4,5 % E=231,82 mm < 12,3 %

hitrost bata, 2. faza /
piston velocity, 3
2nd phase [m/s]

temperature kokile / 240
die temperature [°C]

temperature taline / 590
melt temperature [°C]

kinemati¢na viskoznost
/ kinematic viscosity 416 | 41,6 | 4,16
[*x10e°m?/s]

Slika 4: Primerjava rezultatov poskusov C, D in E

Figure 4: Comparison of the results of experiment C, D and E

zlitina SB-3 / SB-3 alloy E F E=2318mm=>12% F=269,5mm=» 143 %

kinemati¢na viskoznost /

kinematic viscosity [x10e®m?/s] 4,16

hitrost bata, 1. faza /

piston velocity, 1st phase [m/s] 0.1 0.5

hitrost bata, 2. faza / 3 2
piston velocity, 2nd phase [m/s]

temperature kokile /
die temperature [°C] 240 200

temperature taline / 590
melt temperature [°C]

Slika 5: Ucinek tehnolo$ke optimizacije

Figure 5: Effects of technological optimisation

EN AC-42000 G B E=2318mm=>12% F=269,5mm=>143%

kinemati¢na viskoznost /

kinematic viscosity [x10e®m?/s] 0,416

hitrost bata, 1. faza /

piston velocity, 1st phase [m/s] 0.1

hitrost bata, 2. faza / 3
piston velocity, 2nd phase [m/s]

temperature kokile /
die temperature [°C] 150 240

temperature taline /

melt temperature [°C] 650

Slika 6: Vpliv temperature kokile na dolzino to.ka

Figure 6: Effects of die temperature on flow length

prikazuje slika 5. S to spremembo se je a die with the temperature of 180°C. The
dolZina toka povecala za 2,3 %. calculated flow length is 270 mm, which is
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sprememba geometrije / | J
geometry modification 50 mm? | 84 mm?

kinemati¢na viskoznost /

kinematic viscosity [x10e®m?/s] 83

hitrost bata, 1. faza /

piston velocity, 1st phase [m/s] 18

hitrost bata, 2. faza /

piston velocity, 2nd phase [m/s] 18

temperature kokile /

die temperature [°C] 200

temperature taline /

melt temperature [°C] 568

I1=194,86 mm =» 10,4 %

1=274,73mm = 16,66 %

2
ikl F4mm?

Slika 7: Ucinki spremembe geometrije
Figure 7. Effects of geometry modification

Za standardizirano pregreto zlitino
smo preiskali vpliv temperature kokile. S
spreminjanjem vrednosti od 150 °C do 240
°C smo dosegli povecanje za 9,8 % (slika
6).

Na osnovi rezultatov, ki so jih dale
spremembe, smo izboljSali geometrijo
vzorca. Ohranili smo glavne mere, le prerez
kanala smo povecali s 50 mm? na 84 mm?>.
Ucinek se vidi na sliki 7.

5 Sklepi

Povzeti rezultati so prikazani v razpredelnici
2.

Rezultati simulacije so pokazali, da tako
material kot tehnoloSki parametri vplivajo
na lastnosti in dolZino toka pri tlacnem litju
v testastem stanju. Temperaturo gosce
in pravilno temperaturo kokile se lahko
doloc€i s simulacijo, a natan€na kinemati¢na
viskoznost ulivane zlitine se mora izmeriti
med litiem. Sprememba geometrije vzorca
je bila primerna za raziskovanje procesa,
toda pri bodolih poskusih se bodo
uporabljali prerezi 50 mm2, ker je debelina
stene kanalov blizje dejanskim tlacno ulitim
delom.

15% of the total length of the specimen.
The result is probably also affected by
the improper position of the starting point
of the 2nd phase, which is repositioned.
In Experiment B a standard overheated
EN-AC 42000 alloy was cast (pouring
temperature: 650 °C, die temperature: 240
°C, piston velocity in the 2nd phase: 3 m/s).
The flow length is 920 mm, which is 51%
of the total length of the specimen. If the
melt is overheated, the die temperature is
increased, and the correct switching point
position is achieved, the flow length can be
increased by 36%.

In Experiments C, D and E semi-solid
alloys were examined. Semi-solid properties
were developed based on the software
database: the value of kinematic viscosity
was modified by the pouring temperature
(416—41.6—4.16 *10-5 m2/s). Results can
be seen in Figure 4.

Based on the results of experiment E
technological modifications were carried
out by changing the piston velocities and
the initial temperatures. Results can be
seen in Figure 5. With the modification this
flow length can be increased by 2.3%.

The effect of the die temperature on flow
length was also examined for a standard
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Razpredelnica 2: Povzetek rezultatov

Table 2: Summary of results
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V prihodnjih poskusih bomo ulite vzorce
primerjali z rezultati raCunanja in simulacijski
model bomo ovrednotili z dobljenimi rezultati
v litem stanju.

overheated alloy. By changing
the values from 150 °C to 240
°C, a 9.8% increment can be
achieved (see Figure 6).

Based on the results
modification of the specimen
geometry was implemented.
The overall dimensions were
kept but the cross section
of the channel flow was
increased from 50 mm? to 84
mm?. The effect of this can be
seen in Figure 7.

5 Conclusions

A summary of results can be
seen in Table 2.

Based on the simulation
results it was found that both
material and technological
parameters affect the flow-
length properties of semi-solid
high pressure die castings.
Pouring  temperature  of
the slurry and the proper
temperature of the die can
be determined with the
help of simulation, but the
exact kinematic viscosity of
the poured alloy must be
measured during casting.
Both geometry variations of
the specimen are appropriate

for the investigation of the process but in
our future experiments the 50 mm2 cross-
sectioned specimen will be used because
the wall thickness of it is closer to real high
pressure casting parts.

In future experiments casting samples

will be poured and compared with the
calculated results and the simulation model
will be validated by the as-cast results.
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Vpliv dodatka Zr na lastnosti Al zlitin

Influence of Zr addition on Al alloys properties

Povzetek

V moderni industrijski praksi se zgodi, da standardne aluminijeve livarske zlitine, tudi
visoko kakovostne, ne izpolnjujejo strogih zahtev za aplikacije na razli¢nih tehnoloSkih
podrocjih. Eden od najbolj zanimivih sistemov aluminijevih zlitin je Al-Zn-Mg-Cu, ki je
oshovni sistem za razvoj najboljsih zlitin za kovanje tipa AA 7075 z visokimi mehanskimi
lastnostmi. Zlitine z dodatkom cirkonija imajo velik potencial za razvoj aplikacij pri poviSanih
temperaturah. V procesu optimizacije mehanskih lastnosti aluminijevih zlitin se dodaja
cirkonij v koncentracijah 0,1 - 0,25 mas. % in povzro€i nastanek majhnih izlo¢kov Al3Zr. V
prispevku bomo govorili o preiskavah zlitin iz sistemov Al-X-Zr, z uporabo termodinamskih
izracunov ravnoteZij (Thermo-Calc), razlicnih termicnih analiz in opredelitvijo nastale
mikrostrukture in ustreznih lastnosti z opti¢no in vrsti¢no elektronsko mikroskopijo.

Kljuéne besede: Al zlitine, dodatek Zr, termodinamika, termi¢na analiza

Abstract

In modern industrial practice standard casting alloys, including high-quality materials,
do not satisfy the rigorous requirements for applications in different areas of technology.
One of the most attractive systems for new casting alloy developers is the Al-Zn—Mg-Cu,
which is the basic system for development of the strongest wrought alloys of the AA7075
type. Alloys with the zirconium addition have significant potential for the development
of applications at elevated temperatures. In the process of optimizing the mechanical
properties of aluminium alloys, the addition of the 0.1 — 0.25 % (mass fraction in this
article) of Zr was suggested in order to enhance the formation of small precipitates of Al3Zr.
In this article, about the alloys from Al-X-Zr systems, will be discussed using thermodynamic
equilibrium calculations (Thermo-Calc), various thermal analysis, optical and scanning
electron microscopy in order to identify the generated microstructures and corresponding
properties.

Key words: Al alloys, Zr addition, thermodynamics, thermal analysis

1 Uvod 1 introduction

Eden od najbolj zanimivih sistemov za One of the attractive systems for new
aluminijeve Zzlitine je Al-Zn-Mg-Cu, ki je casting alloy developers is the Al-Zn—-Mg—
osnovni sistem za razvoj najboljSih zlitin za  Cu system, which is the basic system for
kovanje tipa AA7075. PovpreCna natezna development of the strongest wrought alloys
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trdnost za to zlitino v T6 stanju je do 570
MPa. Zlitine iz sistema Al-Fe-Ti imajo
velik potencial za razvoj za aplikacije pri
poviSanih temperaturah. Dodatni legirni
elementi, kot so krom, mangan in cirkonij se
dodajajo za nadzor kristalnih zrn in podzrn
in tako vplivajo na izboljSanje lastnosti. V
procesu optimizacije mehanskih lastnosti
aluminijevih  zlitin je mogoge dodajati
cirkonij v koncentracijah 0,1 - 0,25 mas.
% in povzro€i nastanek majhnih izloCkov
Al3Zr [2]. Dodatek Siin Fe zmanjSa topnost
Mn ter pospesi hitrost izloCanje sekundarnih
Mn-faz, kot je Al6(Fe,Mn), kakor tudi poveca
tvorbo Al3ZrizloCkov [1]. V skladu z literaturo
[3], sta v sistemu Al-Fe-Mn-Si v ravnotezju
dve glavni fazi: oAl in BSi ter: Al6(Fe,Mn)
in a-AIMnFeSi. V Al-kotu sistema Al-Mn-Zr
literatura ne poroCa o ternarnih spojinah
[4].

Med homogenizacijo se pojavijo
spremembe Vv razvoju mikrostrukture zaradi
vecje hitrosti difuzije. Znano je, da ima Mn
nizko difuzivnost v Al [5]. Eksperimentalne
spremembe opazene pri Du [5] kazejo,
da ima potek odvisnosti temperatura/Cas,
poleg zaCetne temperature ter lite strukture,
prav tako velik vpliv na naravo izlo¢kov in
sestavo delcev.

Preiskovane sobile zlitine iz sistemov Al-
X-Zr, z uporabo termodinamskih izraCunov
ravnoteZij (Thermo-Calc), razli¢nih termi¢nih
analiz in opredelitvijo nastale mikrostrukture
ter ustreznih lastnosti z opti¢no in vrsti¢no
elektronsko mikroskopijo.

2 Eksperimentalno delo

Termodinamic¢ni izradun je bil narejen s
Thermo-Calc programsko opremo z bazami
podatkov TCAI1 in SSOL5. Z uporabo
termodinami¢nih izraunov so bili na
podlagi kemiCne sestave narejeni izopletni
fazni diagrami zlitin A1 in A2 (Tabela 1).

of the AA7075 type. The average value of
ultimate tensile strength for this alloy in the
T6 state is 570 MPa. Al-Fe-Ti-based alloys
are considered to have a considerable
potential for the development of materials
for high-temperature applications. Other
alloying elements such as chromium,
manganese, and zirconium are added for
the control of grain and subgrain structures,
which also contribute to the strengthening.
In the process of optimizing the mechanical
properties of Al alloys, the addition of
element Zr (0.1 — 0.15 %) was suggested
in order to enhance the formation of small
dispersions Al3Zr [2]. The addition of Si and
Fe decrease the solubility of Mn, accelerate
the precipitation rate of secondary Mn-
bearing phases, such as Al6(Fe,Mn), as
well as increase the formation of AI3Zr
particles [1]. According to literature [3],
two main phases beside (Al) and (Si) are
in equilibrium regarding the Al-rich corner
of the Al-Fe-Mn-Si system: Al6(Fe,Mn) and
a-AlMnFeSi. No ternary compounds have
been reported in Al-rich corner of the Al-Mn-
Zr system [4].

During the homogenization changes in
the evolution of microstructure due to higher
rates of diffusion occur. Mn has been known
to have a low diffusivity in Al [5]. Experimental
changes observed by Du [5] suggest that,
besides the starting temperature and the
as-cast structure, the temperature/time
history of the alloy also has an effect on the
nature of the dispersoids and constituent of
the particles.

Alloys from Al-X-Zr
investigated using thermodynamic
equilibrium calculations (Thermo-Calc),
various thermal analysis, and optical and
scanning electron microscopy, in order to
identify the generated microstructures and
corresponding properties.

system were
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Vzorci so bili staljeni v indukcijski peci v
grafitnem loncu, ¢emur je sledila enostavna
termi¢na analiza. 1z podatkov, pridobljenih z
meritvijo, so bile izrisane ohlajevalne krivulje
in njihovi odvodi ter dolo¢ene znacilne tocke
strjevanja. Metalografske preiskave vzorcev
so bile izvedene z vrstiénim elektronskim
mikroskopom JEOL JSM-5610. Mehanske
lastnosti so bile dolo€ene na napravi Instron
1255.

Tabela 1: Kemijska sestava litih vzorcev

preiskovanih zlitin v mas. %

Table 1: Chemical composition of the as-cast
samples % ( mass fraction )

El Al Mn Zr Fe Si Zn Ti
A1 199,18 | 0,003 | 0,160 | 0,517 | 0,082 | 0,009 | 0,02
A2 |99,62 0,002 0,001 0,238 | 0,096 | 0,002 | 0,02

3 Reazultati in diskusija

Na podlagi podatkov kemijske analize
(Tabela 1) sta bila izrisana ravnotezna
izopletna fazna diagrama vzorcev A1 in
A2 (slika 1). Iz rezultatov kemi¢nih analiz

a) = T —

Temperatn 5]

A haws parcend Py
Eaa

2. Experimental

Thermodynamic calculations were done
with Thermo-Calc software (TCWS5) using
TCAI1 and SSOL5 database. Using the
thermodynamic calculations the isopleth
phase diagrams of alloys A1 and A2 (Fig. 1)
on the basis of chemical composition (Table
1), were made. The samples were melted
in the induction furnace in graphite crucible,
furthermore simple thermal analysis was
performed. From the data obtained in the
programme Origin cooling curves and
their derivatives were sketched, whereas
the characteristic points were determined.
Metallographic examinations of samples
were performed by scanning electron
microscope JEOL JSM-5610. Mechanical
properties were analized using the Instron
1255.

3 Results and Discussion
Based onthe dataofchemical analysis (Table
1) equilibrium isopleth phase diagrams of

the sample A1 and A2 were sketched. From
chemical analysis and Thermo-Calc results,

b) | P =1

Temparatin ['C]

A Miass parcend Fa
Faa

Slika 1: Izopletni fazni diagram za vzorca A1 (a) in A2 (b), Thermo-Calc, TCAI1

Figure 1: Isopleth phase diagram for sample A1 (a) and A2 (b), Thermo-Calc, TCAI1
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Slika 2: Ohlajevalni krivulji vzorcev A1 (a) in A2 (b), (TLmin - minimalna likvidus temperatura, TLmax
- maksimalna likvidus temperatura, TL — likvidus temperatura, T1 strjevanje faze 1, T2 — Strjevanje

faze 2, Ts — solidus temperatura)

Figure 2: Cooling curves of the samples A1 (a) and A2 (b), (TLmin - minimum liquidus temperature,
TLmax - maximum liquidus temperature, TL — liquidus temperature, T1 solidification of the phase 1,
T2 — solidification of the phase 2, Ts — solidus temperature)

in ravnoteznih termodinamicnih izraCunov
lahko opiSemo teoreti¢ni potek strievanja
obeh zlitin (Tabela 2).

Ohlajevalni krivulji vzorcev A1 in A2 sta
prikazani na sliki 2.

Tabela 2: Potek strjevanja

Table 2: Course of the solidification

theoretical course of solidification of both
alloys could be described (Table 2).

Cooling curves for samples A1 and A2
are shown on Fig. 2.

Tabela 3: Karakteristicne temperature strjevanja
dobljene s termi¢no analizo.

Table 3: Characteristic temperatures determined

A1 A2 with thermal analysis
651,1°C | L+aAl+AI3Zr | 651,8°C | L+aAl N 2
642,8°C | L+aAl+AI3Zr | 638,6°C | L+aAl+
+ Al13Fe4 Al13Fe4 Lrin 655.7 i 6523
638,6 °C | L+ aAl+ 626,7 °C | aAl + Al13Fe4 Lmax 658.6
Al13Fe4 ) 641.2 , 635.1
633,3°C | L+ aAl +AI3Zr , 624.3 i 624.4
+ Al13Fe4
TS 614.8 T, 610.6
627,2°C | Al +AI3Zr +
Al13Fe4
T, and T represent liquidus and
T, in Tg predstavljata likvidus in  solidus temperatures, respectively. In the

solidus temperaturo. Pri obeh vzorcih
je opaziti sorazmerno dobro ujemanje
med  eksperimentalno  dobljenimi in
termodinamiéno izraCunanimi podatki.

case of both samples, a relatively good
comparison between the experimental and
the thermodynamically calculated data was
achieved.
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Slika 3: Mikrostrukturi zlitin A1(a) in A2 (b), SEM

Figure 3: SEM snapshot of A1 (a) and A2 (b) sample

Mikroposnetki obeh Zzlitin (SEM) so
prikazani na sliki 3.

V vzorcih A1 in A2 smo z EDS analizo
dolocili vse faze, ki smo jih pricakovali
na osnovi termodinamiénih izraCunov. V
zlitini A1 so prisotne naslednje faze: a,,
Al ,Fe, in AlLZr (tabela 2). Poleg teh je
EDS analiza pokazala Se fazo titanovega

Results of SEM microscopy are presented
on Fig. 3.

The samples A1 and A2 all the
phases that were expected on the basis
of thermodynamic calculations were
found. In the alloy A1 following phases
are present: a,, Al .Fe, and Al Zr (Table
2). In addition, the EDS analysis showed

Diagram
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Slika 4: Mehanske lastnosti zlitin A1 in A2

Figure 4: Mechanical properties of A1 and A2
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borida, kot posledica premodificiranja
zlitine. V zlitini A2 pa je pri sobni temperaturi
priakovana mikrostruktura sestavljena iz
faz: a, in Al Fe4 (tabela 2). Z EDS smo
zaznali tudi fazo, ki vsebuje baker in je z
termodinami&nim izraCunom nismo dologili.

Slika 4 in tabela 4 prikazuje rezultate
nateznih preizkusov.

Tabela 4: Mehanske lastnosti A1 in A2
Table 4: Mechanical properties of A1 and A2

g‘:;ilce/ Rm (MPa) A (%) RPO,2 (MPa)
A1-1 87 20,4 55
A1-2 88 17,1 56
A2-1 81 41,2 33
A2-2 80 43,1 40

Opaziti je, da ima vzorec A1, ki vsebuje
Zr, vecjo mejo plasti€nosti in natezno trdnost
ter ustrezno manjsi raztezek.

Na slikah 5 in 6 sta prikazana izopletna
fazna diagrama za aluminijevi livarski
zlitini AISi9Cu3 in AISi10Mg. Ravnotezni
termodinamiéni izracun faznih diagramov
je bil izveden s programom Thermo Calc in
bazo podatkov TCAI1.

Podobnokotvgnetnihaluminijevihzlitina
se pri dodatku cirkonija tvori faza Al Zr, ki se
strjuje v zadnjem strjevalnem obmodju. Na
osnovi termodinamicnega izraCuna lahko
sklepamo, da bi dodatek corkonija (0,1 —
0,25 mas.%) povelal mehanske lastnosti
in povecal temperaturno stabilnost. Za
potrditev sklepanega je potrebno opraviti
laboratorijsko in industrijsko preizkuSanje.

4 Zaklju€ki

Okarakterizirani in analizirani sta bili dve
zlitine: A1 (s Zr) in A2. S pomogjo kemijske
sestave in termodinamskih izraCunov je bila

the phase on base of titanium boride, as
a result of overmodification of the alloy.
At the alloy A2 at room temperature, the
expected microstructure is composed of: a,,
and Al ,Fe, (Table 2). Using EDS analysis,
the phase containing the copper was also
detected, whereas at the thermodynamic
calculations was not found.

Figure 4 and Table 4 show the result of
mechanical tests.

It could be seen that the sample A1 with
Zr has higher yield and tensile strength and
corresponding smaller elongation.

Figures 5 and 6 show isopleth phase
diagrams for aluminium foundry alloys,
AISi9Cu3 and AISi10Mg. Equilibrium
thermodynamic  calculation of phase
diagrams was carried out with Thermo-Calc
programme and database TCAI1.

Similar as in the forming aluminium
alloys, the addition of zirconium causes the
formation of AlLZr phase, which solidifies
in the final solidification zone. On the
basis of thermodynamic calculations it
can be suggested that the addition of
zirconium (from 0.1 to 0.25 wt. %) increases
mechanical properties and increases
temperature stability. To confirm these
allegations, further laboratory and industrial
testing should be made.

4 Conclusion

Synthesised and characterised were two
aluminium alloys A1 (with Zr) and A2. From
chemical composition and thermodynamic
calculations the path of solidification was
predicted. The main phases, that are
present in the alloy, are: a, and Al Fe,
which is solidified in the form of a eutectic
and phase on the base of Zr (Al,Zr). These
microstructural constituents were also
analysed by metallographic analysis.
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Slika 5: IzraGunani izopletni fazni diagram za zlitino AISi9Cu3 z dodatkom Zr
Figure 5: Calculated isopleth phase diagram for AISi9Cu3 alloy with Zr
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opisan potek strjevanja preiskovanih zlitin.
Prisotne so bile naslednje faze: a-Al, Al .Fe,,
ki se strdi v obliki evtektika, ter faza na osnovi
Zr (AlZr). Te mikrostrukturne sestavine
so bile analizirane tudi z metalografsko
analizo. Preiskave mehanskih lastnosti so
pokazale, da je natezna trdnost zlitine A1
vi§ja kot zlitine A2, vendar pa je raztezek
zlitine A2 visja od zlitine A1.

Rezultatiin podatki iz literature podajajo,
da dodatek cirkonija v koncentracijah od 0,1
do 0,25 mas. % izboljSa mehanske lastnosti
zlitine, kar bi se lahko uspe$no uporabilo
tudi pri izboljSanju kakovosti aluminijevih
livarskih zlitin.
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Investigations of mechanical properties
have shown that the tensile strength of
the alloy A1 is higher than of the alloy A2,
whereas the elongation at the alloy A2 is
higher than that in the alloy A1.

The results and the literature data
show the addition of Zr of 0.1 to 0.25 %
improves the mechanical properties of the
alloy, which may successfully be used in
aluminium foundry alloys.
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Modifikacija zlitine AISi7Mg lite v peS€eno formo

Modification of AISi7Mg alloy cast in to a sand mould

Povzetek

Ocenjevali smo vpliv komercialnih modifikatorjev na osnovi stroncija in natrija (SIMODAL 77)
na ulitke zlitine AISi7Mg, ulite v peScene kokile. Pripravili smo ulitke z razli¢nimi debelinami
stene ulitka z namenom ugotavljanja vpliva ohlajevalne hitrosti. Vpliv modifikacije na
evtektski silicij smo ugotavljali z metodo svetlobne mikroskopije. Evtektski silicij v ulitkih
zlitine AISi7Mg z debelinami sten 10 in 20 mm je modificiran v primeru dodatka 0,3 mas.
% sredstva SIMODAL 77 oziroma dodatka med 0,02 in 0,03 mas. % stroncija. Pri ulitku z
debelino stene 40 mm evtektski silicij ni bil popolnoma modificiran. V primeru modifikacije
s stroncijem je evtektski silicij ostal modificiran tudi po pretaljevanju zlitine. Pri modifikaciji
z natrijem v obliki sredstva SIMODAL 77 pa ostane po pretaljevanju evetekiski silicij
nemodificiran.

Kljuéne besede: aluminijeva zlitina, litje, modifikacija, mikrostruktura

Abstract

In this work the effect of commercial strontium and sodium (SIMODAL 77) modifiers in sand
cast AISi7Mg alloy were evaluated. Castings with different wall thickness were prepared
to evaluate the effect of modifiers at different cooling rates. Light microscopy was used to
assess the effect of eutectic silicon modification. It was found that 0.3 % (mass fraction in
this article) of modifier SIMODAL 77 and between 0.02 and 0.03 % Sr effectively modified
the eutectic silicon in AISi7Mg alloy castings with wall thickness of 10 and 20 mm. Eutectic
silicon was not fully modified when the wall thickness was 40 mm. Eutectic silicon remained
modified after remelting in the case of strontium whilst sodium from SIMODAL 77 failed in
this respect.

Keywords: aluminium alloy, casting, modification, microstructure

1 Uvod 1 Introduction

Zlitine na osnovi Al-Si predstavljajo velikoin  Cast Al-Si alloys represent a large and
pomembno skupino aluminijevih livnih zlitin.  important group of aluminium alloys.
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Aluminij s silicijem tvori enostavni evtektski
sistem z evtekisko tocko pri temperaturi
577 °C in 12,6 mas. % Si. Zaradi prisotnosti
magnezija v zlitini AISi7Mg se lahko takSna
zlitina dodatno utrjuje z naravnim ali
umetnim staranjem [1]. V zlitinah z veC kot 5
mas. % Si dosezemo izboljSanje mehanskih
lastnosti z modifikacijo evtektskega silicija.
Modifikacijo evtektskega silicija iz lamelne
oblike do drobne globulitne oblike, lahko
dosezemo z hitrim ohlajanjem ali/in z
dodajanjem nekaterih elementov, kot so
npr. kalcij, natrij, stroncij in antimon [2].
Modifikacija evtektika povzro€i znizanje
evtektske temperature in premik evtektske
tocke do 14,1 mas. % Si [1]. Modifikacija
evtektika zviSa natezno trdnost in raztezek
modificiranih zlitin glede na nemodificirane
[3]. Poleg izboljsanih mehanskih lastnosti
zlitine kazejo tudi izboljSane livne lastnosti.
Te se odrazajo predvsem v hitrejSem toku
talinein napajanjulivne votline ter vizboljSani
odpornosti proti visoko temperaturnemu
pokaniju [2].

Cilj dela temelji na ovrednotenju
vplivov komercialnih modifikatorjev, kot
sta predzlitina Al-Sr10 (z 10 mas. % Sr) in
sredstvo SIMODAL 77 (natrij), pri izbrani
livni temperaturi, preteku ¢asa od dodatka
modifikatorja do litja in ohlajevalni hitrosti
doseZeni z razliEnimi debelinami sten
ulitka.

2 Eksperimentalno delo

Pescene forme za ulivanje zlitine AISi7Mg
so bile utrjene s sistemom vodnega stekla
in CO2. Dimenzije ulitka z debelinami
sten 10, 20 in 40 mm so prikazane na sliki
1. Taljenje zlitine je potekalo v komorni
peci pri temperaturi 750 °C. Masa taline
posameznem taljenju je znasSala okoli 1,4
kg. Kemijska sestava komercialne zlitine,
ki smo jo uporabljali, je podana v tabeli

Aluminium and silicon form a simple
eutectic system with eutectic point at 12.6
% Si and 577 °C. Due to the presence of
magnesium, the AISi7Mg casting alloy can
be additionally strengthened by natural or
artificial aging [1]. In alloys containing 5 % Si
or more a great benefit can be achieved by
structural modification of eutectic lamellae.
Modification of eutectic silicon from lamellar
to a finer lamellar or fibrous eutectic network
can be achieved by rapid cooling or/and
addition of certain elements like calcium,
sodium, strontium and antimony [2]. This
modification causes the lowering of eutectic
temperature and a shift of the eutectic point
to 14.1 % Si [1]. Modification of eutectic is a
great benefit since the alloys with modified
eutectic silicon possess increased ultimate
tensile strength and elongation compared
to unmodified alloys [3]. Beside improved
mechanical properties, modified alloys also
display better casting performance. This is
characterized by faster flow and feeding
of the casting cavity and also superior
resistance to elevated-temperature cracking
[2].

The aim of this work was to evaluate the
effect of commercial modifiers like Al-Sr10
(with 10 % Sr) and SIMODAL 77 (sodium)
in selected conditions like temperature
of the melt prior to casting, time after
addition of the modifier and the cooling rate
achieved by variations in wall thickness of
the castings.

2 Experimental work

Sand moulds for the casting of the AlSi7Mg
alloy were prepared via the sodium silicate
process. Dimensions of the mould with
different wall thicknesses of 10, 20 and 40
mm are presented in Figure 1. Melting of the
alloy was performed in a chamber furnace
at the temperature of 750 °C and weight
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1. Zlitino smo ulili 15 minut po dodatku
modifikatorja v talino. Kot modifikatorja
smo uporabljali stroncij, v obliki predzlitine
Al-Sr10 (z 10 mas. % Sr) in natrij v obliki
sredstva SIMODAL 77. Pri dodajanju
stroncija smo talino intenzivnho mesali. V
primeru dodajanja sredstva SIMODAL 77
(natrij), pa smo uporabili jekleno posodo z
izvrtinami tako, da smo lahko kos tablete
sredstva potopili v talino. Pretaljevanje
izbranih zlitin je prav tako kot modificiranje
potekalo pri temperaturi 750 °C. Talina
je bila pri pretaljevanju zadrzana na tej
temperaturi priblizno 60 min in nato ulita v
livno vatlino.

Metalografski vzorci so bili odvzeti iz
osrednjega dela stene ulitka debeline 10, 20
in 40 mm. Vzorci so bili nato vlozeni v maso,
bruseni in polirani s 3 um diamantno pasto.
Kon&no poliranje je potekalo s suspenzijo
SiO2. Poliranju je sledilo jedkanje vzorcev z

of each batch was approximately 1.4 kg.
Chemical composition of the commercial
alloy which was used in this experiment is
presented in Table 1. Casting of the alloy
was performed 15 min. after the addition
of modifier into the melt. Modifiers used in
this work were strontium in the form of Al-
Sr10 master alloy which contained 10.0 %
Sr and sodium in the form of commercial
modifying tablets SIMODAL 77. In the case
of the addition of strontium, melt was mixed
after the addition of master alloy. Addition
of SIMODAL 77 (sodium) was carried out
by a steel pot with drilled holes which was
used to plunge the pieces of tablet into the
melt. Remelting of some modified alloys
was also performed at 750 °C and the melt
was held for approximately 60 min. at that
temperature before it was cast again.

Metallographic samples were cut from
the central region of the castings with 10,

Slika 1: Dimenzije ulitka z debelinami sten 10, 20 in 40 mm

Figure 1: Dimensions of casting with 10, 20 and 40 mm wall thickness
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raztopino NaOH. Pri analizi mikrostrukture
smo uporabljali svetlobni mikroskop ZEISS
AXIO Imager A1m, opremljenim z digitalno
kamero AxioCam ICc 3 in programsko
opremo za zajemanje in obdelavo slik Axio
Vision.

Tabela 1: Kemicna sestava livne zlitine AlISi7Mg
v mas. %

Table 1: Composition of cast AISi7Mg alloy in %
(mass fraction)

Al Si Fe | Cu | Mn | Mg | Zn Ti
AlSi,Mg (92,44| 6,94 | 0,12 |< 0,01< 0,01| 0,37 | 0,02 | 0,09

2 Reazultati in diskusija

Mikrostrukture ulitkov z debelinami sten 10,
20 in 40 mm, brez dodatka modifikatorja
in z dodatkom sredstva SIMODAL 77
ter razlicnimi dodatki predzlitine Al-Sr10
so predstavljene na slikah 2-4. Analiza
mikrostruktur je pokazala, da dodatek 0,3
mas. % sredstva SIMODAL 77 ustrezno
modificira evtektik v primeru sten debeline
10 in 20 mm. Pri ulitku z debelino stene
40 mm (slika 4b) ostane evtekiski silicij Se
vedno deloma v obliki lamel. Sklepamo, da
v taks$nih primerih potrebujemo vecje deleze
modifikatorja za ustrezno modifikacijo
evtektika.

Analize mikrostruktur ulitkov z debelino
stene 10in 20 mm so pokazale, da v primeru
dodatka 0,005 mas. % Sr v obliki predzlitine
Al-Sr10 evtektik ni v celoti modificiran,
medtem ko je v primeru 0,01 in 0,02 mas. %
Sr ta modificiran v celoti (slike 2-4). Analize
mikrostruktur pri ulitkih z debelino stene
40 mm so pokazale, da v primeru dodatka
0,03 mas. % Sr v mikrostrukturi e vedno
zasledimo prisotnost lamelnega evtektika
(slika 4f). Prav tako lahko opazimo, da se
mikrostrukturi zlitin z 0,02 in 0,03 mas. % Sr
bistveno ne razlikujeta (slika 4e in 4f). Na

20 and 40 mm thick wall. Samples were
mounted, ground and polished with 3 um
diamond paste. Final polishing was done
with colloidal silica. Samples were also
etched with NaOH right after the polishing.
Light microscopy was performed using
ZEISS AXIO Imager.A1m equipped with
digital camera AxioCam ICc 3 and software
for digital image processing Axio Vision.

2 Results and Discussion

Microstructures of castings with 10, 20
and 40 mm wall thickness without the
addition of modifier and with the addition
of SIMODAL 77 and different additions
of Al-Sr10 are presented in Figures 2-4.
Microstructures reveal that the addition of
0.3 % of SIMODAL 77 (sodium) adequately
modified the eutectic in the case of 10 and
20 mm thick wall while in the case of 40
mm thick wall (Figure 4b) some lamellar
eutectic silicon was still present in the
microstructure. This result suggests that
larger quantity of modifier might be needed
in cases like that.

Microstructures of castings with 10 and
20 mm wall thickness reveal that 0.005 % Sr
in the form of Al-Sr10 master alloy was not
sufficient to fully modify the eutectic while
additions of 0.01 and 0.02 % Sr were, as
presented in Figures 2-4. Microstructures in
the case of the castings with 40 mm wall
thickness revealed that even in the case of
the addition of 0.03 % Sr lamellar eutectic
was still presentin the microstructure (Figure
4f). Itis also obvious that microstructures of
alloys with the addition of 0.02 and 0.03 %
of strontium did not differ much from each
other (Figure 4e and 4f). This might mean
that larger quantities of modifier alone
might not be sufficient to modify the eutectic
silicon. It is known that strontium is effective
even after several hours after it has been
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podlagi tega lahko sklepamo, da z dodatki
vecjega deleza modifikatorja verjetno tudi
ne bomo ustrezno modificirali evtekiskega
silicja. Znano je, da je stroncij kot
modifikator ucinkovit $e ve¢ ur po dodatku v
talino. Njegova ucinkovitost v odvisnosti od
Casa po dodatku v talino naras¢a Se 6 h[3].
Glede na to, da smo zlitino ulivali 15 min po
dodatku modifikatorja, obstaja verjetnost,
da bi dalj§i Casi zadrzevanja taline po
dodatku vecjih delezev stroncija lahko vodili
do bolj u€inkovite modifikacije. Obstajajo
tudi predzlitine s 5 mas.% Srin 3,5 mas. %
Sr. Predzlitine z manj$im delezem stroncija
so lahko bolj u€inkovite v primeru kratkih
C¢asov po dodatku modifikatorja v talino,
ker so verjetno delci s stroncijem bogate
intermetalne faze v teh zlitinah manjsi.
Dokazano je bilo, da je modifikator Al-Sr10
v obliki zice z manjSimi delci intermetalnih
faz Al,Sr uCinkovitejSi pri kraj$ih Casih po
dodatku sredstva v talino kot modifikator
Al-Sr10 v obliki blokov, kjer so intermetalne
faze Al Sr vecje [4]. Delci intermetalne faze
Al,Sr v modifikatorju se morajo raztopiti v
talini zlitine, kar je predpogoj za ucinkovitost
modifikatorja. Vedji delci se za razliko od
manjsih raztapljajo dlje &asa. Stroncij,
raztoplijen v talini, se mora enakomerno
porazdeliti po talini, kar omogoca ucinkovito
modifikacijo evtektskega silicija. Zelo
pomembno je zato tudi meSanje taline, ki
poleg tega tudi prepreci kopicenje stroncija
v blizini raztapljajoCe intermetalne faze
Al,Sr, kar bi lahko povzroCilo poCasnejse
raztapljanje te faze.

Na slki 5 so predstavljene
mikrostrukture ulitkov zlitine AISi7Mg
z debelino stene 10 mm brez dodatka
modifikatorja in z dodatkom 0,02 mas. % Sr
in 0,3 mas. % sredstva SIMODAL 77. Na
tej sliki sta predstavljeni tudi mikrostrukturi
prej omenjenih zlitin (z dodatkom strocija
in sredstva SIMODAL 77) po pretaljevanju.
Analiza  mikrostrukture kaze, da

added to the molten alloy. Effect of strontium
is still increasing six hours after the addition
of modifier [3]. As our alloys were cast only
15 min. after the addition of modifier, longer
times after the addition of larger quantities
of strontium would most likely lead to a
more pronounced modification. It should
also be mentioned that master alloys with
lower content of strontium, like master
alloys with 5 and 3.5 % are also available in
the market. Those might be more effective
even at short times after the addition of
modifier since particles of strontium-rich
intermetallic phases within those modifiers
probably have smaller mean diameter. It
was already demonstrated that AI-Sr10
master alloy is more effective at short times
when added as wire (smaller AI*Sr phases)
than in the form of ingot as AI*Sr phases
are larger [4]. For the effectiveness of these
master alloys intermetallic particles present
in these alloys must dissolve in the molten
Al-based alloy. Lager particles need more
time to dissolve than the smaller ones.
Strontium from dissolved Al ,Sr phase for
instance should also be evenly distributed
in the melt to enable effective modification
of eutectic silicon. Consequently mixing of
the melt is also of a great importance since
it prevents local build-ups of strontium in the
vicinity of the dissolving Al,Sr phase which
in turn slows down its dissolution.

Figure 5 has the microstructures of
casting with wall thickness 10 mm of alloy
AISi7TMg without and with the addition
of 0.02 % Sr and 0.3 % of SIMODAL 77.
Microstructures of remelted samples
containing strontium and sodium (SIMODAL
77) are also presented in this figure.
Microstructure revealed that remelting of
strontium-modified AISi7TMg alloy did not
affect the modification effect. Microstructure
of remelted sample previously modified with
strontium (Figure 5d) is similar to the one
before remelting (Figure 5b). Remelting of
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Slika 2: Mikrostruktura zlitine AISi7Mg z debelino stene 10 mm a) brez in z dodatkom b) 0,3 mas. %
sredstva SIMODAL 77, c) 0.005 mas. % Sr, d) 0.01 mas. % Sr, e) 0.02 mas. % Srin f) 0.03 mas. %
Sr v obliki predzlitine Al-Sr10

Figure 2: Microstructure of AISi7Mg alloy with 10 mm wall a) without and with addition of b) 0.3 %
of SIMODAL 77, c) 0.005 % Sr, d) 0.01 % Sr, e) 0.02 % Sr and f) 0.03 % Sr in the form of Al-Sr10
master alloy
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f)

Slika 3: Mikrostruktura zlitine AISi7Mg z debelino stene 20 mm a) brez in z dodatkom b) 0,3 mas. %
sredstva SIMODAL 77, c) 0.005 mas. % Sr, d) 0.01 mas. % Sr, e) 0.02 mas. % Srin f) 0.03 mas. %
Sr v obliki predzlitine Al-Sr10

Figure 3: Microstructure of AISi7Mg alloy with 20 mm wall a) without and with addition of b) 0.3 %
of SIMODAL 77, c) 0.005 % Sr, d) 0.01 % Sr, e) 0.02 % Sr and f) 0.03 % Sr in the form of Al-Sr10
master alloy
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e) f)

Slika 4: Mikrostruktura zlitine AISi7Mg z debelino stene 40 mm a) brez in z dodatkom b) 0,3 mas. %
sredstva SIMODAL 77, c) 0.005 mas. % Sr, d) 0.01 mas. % Sr, e) 0.02 mas. % Srin f) 0.03 mas. %
Sr v obliki predzlitine Al-Sr10

Figure 4: Microstructure of AlSi7Mg alloy with 40 mm wall a) without and with addition of b) 0.3 %
of SIMODAL 77, c) 0.005 % Sr, d) 0.01 % Sr, e) 0.02 % Sr and f) 0.03 % Sr in the form of Al-Sr10
master alloy
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d) o e)

Slika 5: Mikrostruktura zlitine AISi7Mg z debelino stene 10 mm a) brez dodatka modifikatorja in b) z
dodatkom 0,02 mas. % Sr, c) z dodatkom 0,3 mas. % sredstva SIMODAL 77 ter d) po pretaljevanju
zlitine z dodatkom 0,02 mas. % Sr in e) po pretaljevanju zlitine z dodatkom 0,3 mas. % sredstva
SIMODAL 77

Figure 5: Microstructure of of AISi7Mg alloy with 10 mm wall a) without the addition of modifier and
b) after the addition of 0.02 % Sr, c) after the addition of 0.3 % of SIMODAL 77 and d) after remelting
of sample with the addition of 0.02 % Sr and e) after remelting of sample with the addition of 0.3 %
of SIMODAL 77
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pretaljevanje zlitine AISi7Mg, modificirane
s stroncijem (slika 5d), nima vpliva na
modifikacijo. ~ Mikrostruktura  pretaljene
zlitine z dodatkom stroncija je enaka
mikrostrukturi zlitine pred pretaljevanjem
(slika 5b). Mikrostruktura pretaljene zlitine
modificirane z natrijem (SIMODAL 77) kaze,
da je ucinek modifikacije po pretaljevanju
izginil (slika 5e). NajverjetnejSi razlog za
izgubo ucinka je nizko vreliS¢e natrija, ki
ima pri temperaturi 892 °C parcialni tlak 105
Pa [5]. Mikrostruktura pretaljenega vzorca
modificiranega z natrijem je popolnoma
enaka mikrostrukturi vzorca brez dodatka
modifikatorja (slika 5a). Na podlagi tega
lahko sklepamo, da v primeru recikliranja
zlitin s stroncijem, dodatno modificiranje ni
potrebno. Pripretaljevanjuzlitinmodificiranih
z natrijem, pa potrebujemo enako koli¢ino
modifikatorja, kot pri nemodificirani zlitini, da
doseZemo popolno modifikacijo evtektskega
silicija.

3 Zakljuki

Ugotovljeno je bilo, da 0,3 mas. % sredstva
SIMODAL 77 ucinkovito modificira evtektski
silicij v ulitkih zlitine AISi7Mg s stenami
debelin 10 in 20 mm. V primeru ulitka z
debelino stene 40 mm pa v mikrostrukturi
Se vedno opazimo lamelni evtektik.
Mikrostrukture ulitkov zlitine AISi7TMg z
debelinami sten 10 in 20 mm so pokazale,
da je za uCinkovito modifikacijo evtektskega
silicija zadosten dodatek med 0,01 in 0,02
mas. % Sr. Pri ulitku z debelino stene 40
mm, pa tudi 0,03 mas. % Sr ni dovolj za
popolno modifikacijo evtektskega silicija.
Ucinek modifikacije ulitkov zlitine AISi7Mg
modificirane s sredstvom SIMODAL 77
(natrij) po pretaljevanju popolnoma izgine.
Pri modificiranju ulitkov zlitine AISi7TMg s
stroncijem pa udinek po pretaljevanju ostane
nespremenjen. Natrij je po pretaljevanju

the sample with the addition of SIMODAL
77, which contained sodium as modifier
revealed that the effect of modification was
completely lost after remelting (Figure 5e).
Most probable reason for this is its low
boiling point with partial pressure of 105 Pa
at 892 °C [5]. Microstructure of remelted
sample modified with sodium is comparable
to the one without the addition of modifier
(Figure 5a). This suggests that in the case
of recycling of strontium modified material
no additional modifier is needed. During
the remelting of material originally modified
with sodium the same amount of sodium
containing modifier is needed to induce the
modification of eutectic silicon.

3 Conclusions

It was found that 0.3 % of modifier SIMODAL
77 effectively modifies the eutectic silicon in
AISi7Mg alloy castings with wall thickness
of 10 and 20 mm. In the case of 40 mm wall
thickness lamellar eutectic is still present
in the microstructure. Microstructures of
AISi7Mg alloys with the addition of strontium
revealed that 0.01 and 0.02 wt. % Sr is
sufficient to eliminate the lamellar eutectic
silicon in the case of the 10 and 20 mm
wall thickness. In the case of the casting
with wall thickness 40 mm 0.03 % Sr is not
enough to fully modifiy the microstructure.
Remelting of AISi7Mg alloys with the
addition of strontium and SIMODAL 77
(sodium) revealed that modification effect is
in the case of SIMODAL 77 completely lost
while in the case of the strontium the effect
remained unchanged. Sodium is ineffective
due to its low evaporation temperature and
inability to form intermetallic phases with
aluminium and silicon.
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neucinkovit kot modifikator zaradi nizke
temperature vreliS¢a in nezmoznosti tvorbe
intermetalnih faz z aluminijem in silicijem.
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AKTUALNO / ACTUAL

49. porocilo o svetovni livarski proizvodnji 2014

Pod zgornjim naslovom je revija ameriSkega livarskega drustva, Modern Casting (Vol. 105, Nr. 12,
Dec. 2015, str. 26-28: 49th Census of World Casting Production) objavila ¢lanek, katerega delno
povzemamo v nadaljevanju.

Vletu 2014 se je nadaljeval trend nara$€anja svetovne livarske proizvodnje, kise je iz 103.229.774
ton v letu 2013 povecala na 105.182.881 ton. V statistiko za leto 2014 je bilo vklju€enih 37 drzav iz
4 celin, ki so posredovale podatke za zadnji dve leti. Od tega je 23 drzav porocalo o povec€anju
svoje livarske proizvodnje v primerjavi z letom 2013. Najvedji porast v livarski industriji, 40,7%, je
evidenten v Bosni in Hercegovini, najvecji padec, 35.9%, pa v Srbiji. Kitajska, do sedaj vodeca v
svetovni livarski proizvodniji, je svojo proizvodnjo povecala za 1.7 mio ton ali 3.8%, kar je v primerjavi
s preostalimi drzavami nadpovprec¢na rast. Naslednji dve najvecji drzavi po livarski proizvodnji, ZDA
in Indija, belezZita manjSo rast in sicer, ZDA za 1.6% in Indija za 2.2%. Tri drZzave, ki so po obsegu
livarske proizvodnje priblizno na sredini seznama, so dosegle izredno dobre rezultate po rasti. Gre
za Ukrajino z 14.3% rastjo, Turcijo z 13.4% rastjo in Tajvan z 14% rastjo. Brazilija, ki je po obsegu
livarske proizvodnje na sedmem mestu pa belezi 10.9% padec proizvodnje. Pri ostalih desetih “top”
drzavah po livarski proizvodnji so razvidna naslednja gibanja: pri Rusiji 2.4% rast, Nemciji 1.1% rast,
Koreji 2.6% rast, Italiji 2.7% rast, Japonska je ostala na istem nivoju kot v letu 2013, pri Franciji pa je
evidenten 1% padec.

Skupna svetovna proizvodnja

Nodularna Druge

Siva litina It Temprana litina Jeklo litina Baker Aluminij Magnezij Cink o Skupno
itina nezelezne

47.795.820 25.682.246 1.112.961 11.318.922 1.745.611 16.324.073 160.808 545.661 496.779 105.182.881

Drzava Siva litina Nodularna Temprana Jeklo litina Baker Aluminij Magnezij Cink Druge Skupno
litina litina nezelezne

Avstrija 40.709 108.397 - 16.936 - 131.410 6.619 - 13.883 317.954
Belgija 34.300 6.700 - 35.500 - 7428 - - - 77.242
ﬁ‘;fg:g";vina 15.200 3,600 - 4.100 - 9.410 - - - 32310
Ceska 175.001 55.002 3.505 75.101 6.510 90.005C - 11.050 32 416.206
Danska 30.800 48.100 - - 1.099 2.756 - - 102 82.857
Finska 17.198 33.113 - 12.952 3.953 2.854 - 250 - 70.320
Francija 566.154 745.155 - 82.278 17.864 297.117C - 18.083 2.754 1.729.405
Hrvaska 33.400 10.000 100 100 183 22.075 - 30 20 65.908
Italija 702.900 389.900 - 71.200 65.855 730.338 - 63.961 697 2.024.851
Madzarska 25.671 48.800 6 12.096 1.960 101.423 965 3480 115 194.516
Nemcija 2.355.957 1.520.855 30.486 206.894 72.064 993.874 14.921 51.493 13 5.246.557
Norveska 11.765 25919 - 2384 - 6.562B - - - 46.630
Poljska 489.000 145.000 11.000 55.000 6.000 340.000 - 8.000 4.300 1.058.300
Portugalska 33.516 80.748 - 7.263 10.464 23.168 - 1.296 - 156.455
Romunija 25.065 4.510 1.026 14.218 7.180 50.925 5.000 299 145 108.368
Slovaska 2.700 18.200 - 4.100 - 46.000B - - - 71.000
Slovenija 80.496 34.234 6.107 32.188 754 37.244 441 6.889 - 198.353
Srbija 24.368 10.140 - 8.991 2.092 9.760 1 96 9 55.457
Spanija 334.700 583.500 5.500 82.400 10.176 116.374 - 8.426 665 1.141.741
Svedska 140.700 48.900 - 14.800 7.722 40.613 1.302 7.041 - 261.078
Svica 14.900 28.600 - 1.700 2.090 17.120 1.207 65.617

Ukrajina 400.000 120.000 30.000 580.000 60.000 280.000 15.000 25.000 50.000 1.560.000
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Velika
Britanija

133.100

189.000

1.100

48.000

8.832 110.000 3.400 7.900

*podatki iz leta 2012 **podatki iz leta 2011 B) Vsebuje temprano litino C) Vse neZelezna zlitina

Brazilija
Kanada
Mehika**
ZDA

**podatki iz 2011

Kitajska
Indija
Japonska*
Koreja
Pakistan
Rusija
Tajvan
Tajska*
Turcija

*podatki iz 2013  A) vklju€uje nodulamo litino ~ B) vkljuCuje vse nezelezne zlitine ~ C) vkljuCuje magnezij

Afrika

Juzna Afrika

1.601.852
382.465A

;7
3.874.000

655,048

58.947
3.907.590

274.630

262.800

94.774
78.746

1.547.500

22.200 188.700 4.900 1.700
15.293 232.225B
140.701 600.469 109 1.007
324.380 1.653.270 108.150 244.960

A) vklju€uje nodulamo litino  B) vkljuCuje vse nezelezne zlitine

20.800.000
6.830.000
2.135.794
1.091.800

160.000
2.982.000A
618.209
72.400
650.000

138.000

12.400.000
1.070.000
1.683.250

707.200
14.500

237.038

28.800
600.000

61.500

600.000
60.000
45.001

5.000

29.500
10.000

5.500.000

968.000
181.679
164.300
35.000
756.000
83.122
29.800
140.000

109.000

750.000  5.850.000C
1.093.0008 -
76.611 1.382.015 27.293
26.900 622.500
11.000 12.000B
462.000B
40.128 340.724B -
26.100 105.400 24.400
19.000 300.000 - 31.000
D) vklju€uje cink

8.500 22.000 800

1.000

62.950

300.000

6.394
13.200C,D

40.500

502.332

2.737.200
724,757
1.651.679
11.997.430

46.200.000
10.021.000
5.538.037
2.630.900
232.500
4.200.000
1.319.221
316.400
1.750.000

380.300

Avstrija
Belgija

Bosna in Hercegovina

Brazilija
Kanada
Kitajska
Hrvaska
Ceska
Danska
Finska
Francija
Nemcija
Madzarska
Indija
Italija
Japonska*
Juzna Afrika
Koreja
Mehika*

1"

516
42
15.000

85

12
88
254
26

149
817

47
528
175

194
30
5.000

34

36

14

25
75
46
146
167

630
111
6.000
27
66

16
298
341

88

913
1.193
77
242
339

42

22

16
1.340
183
26.000
59
185
15

35
422
595
128
4500
1.087
2.085
170
916
681

Norveska 6 3
Pakistan 1.460 40
Poljska 180 36
Portugalska 30 7
Romunija 42 37
Rusija - -
Srbija* 12 8
Slovaska** 12 7
Slovenija 1 3
Spanija 46 30
Svedska 26 1
Svica* 18 4
Tajska* 280 40
Turcija 493 68
Ukrajina 270 280
Velika Britanija 221 -
ZDA 634 355
SKUPNO 21.532 6.717

100
230
31
60

18
32
50
52
62
50
260
358
290
205
989
13.154

16
1.600
446
68
139
1.200
38

51
64
128
99
72
580
919
840
426
1.978
47.145
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K temu pregledu revije Modern Casting prilagamo Se podatke iz analize, ki smo jo opravili na
Drustvu livarjev Slovenije, ki pokaze, da je Slovenija Se zmeraj vodeca drzava na svetu po koli€ini
proizvedenih ulitkov na prebivalca. 1z zadnjih dostopnih podatkov o svetovni livarski proizvodniji, ki ga
povzemamo v tem €lanku, je Slovenija z 96kg ulitkov na prebivalca v letu 2014 zavzema zanesljivo
prvo mesto na svetovni lestvici. Analiza na teh izhodisc¢ih je bila zadnji€¢ podana v predavanju prof. dr.
Milana Trbizana, na 44. Mednarodnem livarskem posvetovanju Portoroz 2004, upoStevajo€ slovensko
livarsko proizvodnjo v letu 2003. Takrat je Slovenska letna livarska proizvodnja na prebivalca znaSala

70 kg.
Pakistan 232.500 191.768.252 0,001 Kanada 724.757 36.192.409 0,020
Tajska*™ 316.400 68.095.821 0,005 Turcija 1.750.000 79.362.700 0,022
Romunija 108.368 19.410.324 0,006 Spanija 1.141.741 46.080.090 0,025
Srbija 55.457 8.823.085 0,006 Svedska 261.078 9.832.208 0,027
Belgija 77.242 11.352.200 0,007 Francija 1.729.405 64.594.141 0,027
Juzna Afrika | 380.300 55.122.333 0,007 Poljska 1.058.300 38.598.215 0,027
Indija 10.021.000 | 1.322.529.374 0,008 Rusija 4.200.000 143.444.466 | 0,029
Velika 502.332 65.003.916 0,008 Kitajska 46.200.000 | 1.380.621.511 {0,033
Britanija
Svica 65.617 8.357.558 0,008 Italija 2.024.851 59.800.104 0,034
Bosna in 32.310 3.804.380 0,008 Ukrajina 1.560.000 44.678.455 0,035
Hercegovina
Norveska 46.630 5.255.415 0,009 ZDA 11.997.430 | 323.482.704 | 0,037
Finska 70.320 5.518.358 0,013 Avstrija 317.954 8.562.839 0,037
Mehika* 1.651.679 128.194.023 0,013 Cetka 416.206 10.546.737 0,039
Slovaska 71.000 5.428.561 0,013 Japonska** | 5.538.037 126.391.460 | 0,044
Brazilija 2.737.200 209.101.293 0,013 Koreja 2.630.900 50.446.840 0,052
Danska 82.857 5.684.873 0,015 Tajvan 1.319.221 23.391.650 0,056
Portugalska | 156.455 10.316.740 0,015 Nemcija 5.246.557 80.684.031 0,065
Hrvaska 65.908 4.229.155 0,016 Slovenija 198.353 2.068.864 0,096
MadZarska | 194.516 9.830.460 0,020

*podatki iz 2011

**podatki iz 2013

Vir: Drustvo livarjev Slovenije
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Vir: Milan Trbizan, 44. livarsko posvetovanje, Porloroz, 2004




52 Livarski vestnik, letnik 63, §t. 1/2016

AKTUALNO / ACTUAL
Gospodarska
glbormga 1 : Seminar o okoljevarstveni
ovenlE amy problematiki za livarne

Na letoSnjem februarskem seminarju o okoljevarstveni problematiki za livarne, ki sodi Se
v programsko leto 2015, je Sluzba za varstvo okolja pri Gospodarski zbornici Slovenije,
kot izvajalec seminarja, 15-stim predstavnikom livarn predstavila veljavno zakonodajo v
letu 2015 s poudarki na spremembah in sicer le-te so bile evidentne pri naslednjih aktih:
Uredbi o vrsti dejavnosti in naprav, ki lahko povzroajo onesnazevanje okolja vecjega
obsega (Uradni list RS &t. 57/15), Pravilniku o obratovalnem monitoringu stanja tal (Ur. list
RS, §t. 53/15), spremembah Uredbe o posegih v okolje, za katere je treba izvesti presojo
vplivov na okolje (Ur. list RS, §t. 57/15),Uredbi o mejnih vrednostih emisije snovi v zrak
iz velikih kurilnih naprav (Ur.List RS, §t.103/15),spremembi uredbe o okoljski dajatvi za
onesnazevanje okolja zaradi odvajanja odpadnih voda (Ur.list RS, §t. 98/15), spremembi
uredbe o emisiji snovi in toplote pri odvajanju odpadnih voda v vode in javno kanalizacijo
(Ur.list RS, §t. 98/15), spremembe pravilnika o prvih meritvah in obratovalnem monitoringu
odpadnih voda (Urlist RS, §t. 98/15) in
predpisih o odpadkih.

Pri novostih, s katerimi se bodo livarne
sreCevale v letu 2016 pa je potrebno omeniti
predvsem naslednje: sprejemanje Zakona
o spremembah in dopolnitvah Zakona o
varstvu okolja (ZVO-1), Uredbo o okoljski
dajatvi za onesnazevanje zraka z emisijo
CO2, Uredbo o preprecevanju vecjih nesrec
in zmanjSevanju njihovih posledic, Uredbo
o standardih kakovosti in stanju tal in OP
ravnanju z odpadki.

Na okoljevarstvenem podrocju je za
livarne evidentna vrsta nalog, ki jih bodo
morale le-te izpolniti dokaj hitro. Zato bo
nadaljnje izobraZzevanje in prenos znanj in
izkuSenj na tem podrocgju, Se v letoSnjem letu,
zelo potrebno in pomembno za vse livarne.

Predavateljica Janja Leban
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Udelezenci seminarja

Porocala:
mag. Mirjam Jan-Blazi¢

AKTUALNO / ACTUAL

Seje organov Drustva livarjev Slovenije

Dne 1.03.2016 so v livarni OMCO FENIKS Slovenija d.o.o0. v Zalcu potekale seje vseh
organov Drustva livarjev Slovenije in sicer po zaporedju: najprej seja Nadzornega odbora,
zatem seja lzvrSnega odbora in na koncu Se redni letni Obéni zbor, ki je bil letos Se posebno
dobro obiskan s strani ¢lanic. Vodstvo livarne OMCO Feniks, kot gostitelj se je do dobra
potrudil, da so se delegati Ob¢nega zbora lahko seznanili s to zelo uspesno in moderno
livarno. Omogocen jim je bil tudi ogled proizvodnih obratov, kjer je $e posebno zanimiv
novi del livarne, ki deluje od lanskega decembra. Podjetie OMCO Feniks smo obiskali tik
pred podelitvijo leto$nje nagrade Gospodarske zbornice Slovenije za izjemne gospodarske
in podjetniSske dosezke direktorju podjetja Borutu Triplatu, ki Ze vrsto let uspeSno vodi
to livarsko podjetje.Predvidoma bomo nagrajenca in podjetje podrobneje predstavili v
2.letodnji Stevilki Livarskega vestnika.
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Osredniji to¢ki organov Drustva, ki so jih na lo€enih sejah obravnavali sta vkljuCevali
poroCilo o delu in finanénem poslovanju Drustva za leto 2015, ki ga je predstavila
predsednica Drustva, mag. Mirjam Jan-Blazi¢ in program dela druStva za programsko leto
2016, ki je Casovno opredeljeno za obdobje od 29.02. 2016 do 28.02.2017. Delo Drustva
v letu 2015 je potekalo po programu, ki je bil sprejet na Ob&nem zboru februarja 2015 v
livarni ETA Cerkno. Vse programske aktivnosti za leto 2015 je Dru$tvo realiziralo v skladu s
svojim osnovnim poslanstvom in statusom Drustva, ki deluje v javnem interesu. Izdane so
Stiri Stevilke livarske revije Livarski vestnik, uspedno je izpeljano 55. mednarodno livarsko
posvetovanje v Portorozu in &tiri enodnevna seminarja za Zelezove in nezelezove livarne
ter za vse Clanice Drustva Se seminar s okoljevarstveno tematiko za livarne. Seminarje
za Zelezove in neZelezove livarne smo organizirali s Avstrijskim livarskim indtitutom iz
Leobna, kot izvajalcem, okoljevarstveni seminar za livarne pa s Gospodarsko zbornico
Slovenije. Drustvo je skupaj s Celjskim sejmom pripravilo sejemski nastop ¢lanic na 6.
Sejmu Livarstvo in varjenje v Celju s enodnevnim livarskim sreCanjem s strokovnimi
predavaniji. Skozi izmenjavo velike vecine svetovnih livarskih revij so le-te bile ¢lanicam
stalno na razpolago. Drustvo je pripravilo za svetovno livarsko statistiko statisticne podatke
o doseZeni livarski proizvodnji v Sloveniji po vrstah litin za leto 2014. Kot ¢lanica WFO-
Svetovne livarske organizacije Drustvo sodeluje s svojim delegatom enkrat letho na
generalni skupscini WFO, kjer poroCa o dosezkih slovenskega livarstva v preteklem letu.
Tradicionalna izmenjava med sorodnimi drustvi skozi livarska posvetovanja poteka vsako
leto z Avstrijskim in Nem3kim zdruZenjem livarjev in livarske industrije. V letu 2015 se je
Drustvo udelezilo specializiranih sejmov v Duesseldorfu GIFA, METEC, NEWCAST in v
januarju 2016 Se Eurogussa v Nuernbergu.

Financ¢niizid za leto 2015 je bil v skladu s predvidevanji na pozitivni nuli. S tremi ¢lanicami
Drustva ni bil dosezen sporazum o pripadajoci €lanarini. Le-te so namre¢ v zadnjih letih

N ) ? i\ > .

e | R

UdeleZenci Ob&nega zbora v novem obratu livarne OMCO Feniks
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Utrip iz ogleda livarne

prispevale samo minimalni ¢lanski prispevek, do katerega so upravi¢ene samo Clanice v
prisilni upravi. Sreci je drustvo pridobilo nekaj nepredvidenih prihodkov, ki so zagotouvili,
da je Drustvo poslovalo vsaj s pozitivno nulo. Glavni financni vir za Drustvo je Se zmeraj
livarsko posvetovanje v Portorozu skozi sponzorstvo in pokroviteljstvo. Ostali prihodki so
iz naslova reklam v Livarskem vestniku, dotacij ARRS za izdajo livarskega vestnika, za
¢lanarino za WFO in delovanje drustva v sorodnih zdruzenjih v tujini ter letnega ¢lanskega
prispevka.

Glede na predvidoma priblizno isti obseg prihodkov v letu 2016 bo Drustvo v letu 2016
izvajalo vse vsebine kot v letu 2015. Na podrocju izobrazevanja €lanic oz. organizacije
seminarjev so predvidene naslednje aktivnosti. Ker zahtevnost izbranih tem s strani
strokovne komisije za livarne Zelezovih litin presega moznosti Avstrijskega livarskega
instituta, se pristopi takoj iskanju drugega izvajalca doma ali v tujini. Sodelovanje s
Avstrijskim inStitutom iz Leobna, ki je specialisticno orjentiran na programe nezelezovih
livarn (Se posebno visokotlacnega litja) se bo v letu nadaljevalo na novih kvalitetnejSih
osnovah. Organiziran bo dvodnevno seminar na lokaciji v Leobnu (po moznosti ze do
poletja), kjer bodo nasi slusatelji lahko spoznali prakti¢ne resitve problemov v poskusnih
preiskovalnih obratih in laboratorijih inStituta.

Predlog ¢lanic je bil, da bi bilo nujno potrebno glede na velike kratkoro€ne zahteve po
ureditvi stanja v livarnah na okoljevarstvenem podroc¢ju, kar se da hitro organizirati dodatno
izobrazevanije, kjer bi kot izvajalca le-tega vkljucili Agencijo Republike Slovenije za okolje,
ki izdaja potrebna okoljevarstvena soglasja livarnam,

Naslednji letni Obé&ni zbor v februarju 2017 bo predvidoma v Kovis Livarni v Storah.

Porocala:
mag. Mirjam jan-Blazi¢
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AKTUALNO / ACTUAL

K3 EUROGUSS 2016

Euroguss 2016

V Casu od 12.01-14.01.2016 je v Nuernbergu potekal specializirani sejem EUROGUSS.
Gre za strokovni sejem za tlacno litje, ki je osredotoCen na inovativne reSitve v procesih
te livarske tehnologije, organizira pa se vsako drugo leto. Od slovenskih podjetij so se na
sejmu predstavili: DIFAd.o.0., ISKRAd.o.0., LAMAAVTOMATIZACIJAd.o.0., LTH Castings
d.0.0.,0rodjarstvo GORJAK in TALUM d.d.

Interes za ta sejemski dogodek vztrajno raste, saj so letos zabelezili ze ve¢ kot 12.000
obiskovalcev. Vsaki drugi obiskovalec je bil izven nems$kih meja. Le-ti so se na enem mestu
lahko srecali s tlacnimi livarnami, livarsko opremo, tehniko, s procesi in produkti, skratka
celotno verigo od surovin, tehnologije in procesov do koncnih izdelkov. Obdelane statistike
po kon€anem sejmu so zelo pohvalne, saj je 98 % obiskovalcev bilo zadovoljno s sejemsko
ponudbo.

Ze tretji¢ je znotraj te prireditve organizirana razstava « Research for Knowledge«.
Nekaj vec kot deset raziskovalnih institutov, univerz in tehni¢nih Sol je pripravilo vpogled
v najnovejSe projekte, svoje storitve i osrednje raziskovalne teme, kot tudi moznosti na
podrodju izobrazevanja in usposabljanja.

V paviljonu »Surface Technology« smo kot novost lahko evidentirali predvsem
naslednje sporocilo. Naknadna obdelava in zaS¢itne previeke za funkcionalne in zelo
zahtevne livarske izdelke sodijo v skupino klju¢nih tem za tlaéne livarne. Za visoko kakovost
konéne obdelave so potrebni ustrezni stroji in procesne tehnologije.

V vseh treh sejemskih dneh je na prizoris€u sejma potekalo tudi dobro obiskano 16.
Mednarodno nemsko posvetovanije iz tlaénega litja, na katerem so sodelovali predavatel;i
iz Svice, Italije Spanije, Izraela, Koreje, Poljske in Ceske ter Nemdije.

Porocala:
Mag. Mirjam Jan-Blazic¢
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PLS

56. MEDNARODNO LIVARSKO POSVETOVANJE
56" INTERNATIONAL FOUNDRY CONFERENCE

PORTOROZ 2016

s spremljajoco razstavo / with accompanying exhibition

DRUSTVO LIVARJEV SLOVENIJE
SLOVENIAN FOUNDRYMEN SOCIETY

vas vljudno vabi na / invites you to

AKTUALNO / ACTUAL

Termin

Naziv dogodka

Kraj / drzava dogodka

07./08.04.2016

60. Osterreichische Giesserei-Tagung

Bad Ischl/Avstrija

14./15.04.2016 Deutscher Giessereitag 2016 Magdeburg/Nemcija
20./21.04.2016 18th Global Foundry Sourcing Conference 2016 Shanghai/Kitajska
10./13.05.2016 Intertool 2016 Wien /Avstrija

11./12.05.2016

Aalener Giesserei Kolloquium 2016

Aalen/Nemcija

22./25.05.2016 72th World Foundry Congress 2016 Nagoya/ Japonska

12./14.06.2016 2016 China (Guangzhou) Int'l Metal & Metallurgy | Guangzhou /Kitajska
Exhibition

12.-16.09.2016 Fond-Ex Brno/Ceska

20.-22.09.2016 Metal 2016 Kielce/Poljska

21.-23.09.2016

Int. Zinc Diecasting Conference

Brescia/ltalija

23.-24.09.2016

International Foundry Forum

Dresden/Nemcija

28.09.-01.10.2016

48.10C 2016

Bor/Srbija

29.09.-01.10.2016

ANKIROS — ANNOFER - TURKCAST

Istanbul/Turcija
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