2EZB 24 (1990 1

B Breskvar Vkljutki v proigvedni ini beam. kvahtete AI960

Vkljucki v proizvodni liniji bram,
kvalitete Al 99,0

On Inclusions in Al 99.0 Grade Slab Ingot

Production Line

B. Breskvar*', M. Pristovéek*?, M. Jakupovié*?, B. Ceh*?

UDK: 669.71-412:620.192.45
ASM/SLA: Ala, 5—59, 9—69

Absolutna vsebnost vkljuckov v aluminiju je veckrat
manjéa kot v jekiu. vendar pogosto Ze nekaj vkljuékov na
enoto prostornine lahko poslabsa kvaliteto aluminija.
Kolicina. velikost in kvaliteta vklju¢kov pa opredeljujejo
njihovo vplivnost in omogocajo ustrezna ukrepanja za
njihovo zmanjsanje.

1. UVOD

Kvaliteta aluminija in aluminijskih zlitin je poleg kemi-
¢ne sestave in mehanskih lastnosti odvisna tudi od vse-
bnosti vkljuckov, ki so kovinskega in nekovinskega pore-
kia. ter od vsebnosti vodika.

Sistematiéne preiskave' izvora in kolicine vkljuckov v
procesu proizvodnje aluminija, ki so bile izvrsene v TGA
— Kidri¢evo, so Ze pred leti opredelile kvalitativno in
kvantitativno kontaminacijo aluminija v posamezrih
fazah proizvodnih procesov. Novej§i proizvodni postopki
in kvalitetne zahteve, ki S0 se bistveno spremenile, pa so
bile poved za ponovne raziskave vkljuckov v aluminiju.
Poudarek nasega dela je na nekovinskin vkljuckin, ki
smo jih opazovali v okviru obsirnega dela’, predsta-
vijamo pa delo in rezultate spremljanja vklju¢kov v posa-
meznih fazah proizvodnje. od elektrolize do polproiz-
vada

2. 1ZHODISCA IN CILJI

Nekovinski vkljucki (v nadaljevanju teksta vkljucki) so
nujna, vendar nezeljena posledica proizvodnih procesov
in nastajajo (oksidacija) ali pa jih vnasamo (elektrolizni
procesi. dodatki, atmosfera, obloge peci, loncev in Zle-
bov) v talino od elektrolize do ulitega polproizveda. Pri
danih oziroma razpolozljivih tehnoloskih moznostih ter
postopkih sta koli¢ina in velikost vkljuckov odvisni pred-
vsem od dosledne izvedbe vseh tehnoloskih normativov
v procesih proizvodnje. Zaradi tega sSmo namenoma ana-
lizirali kvantiteto in kvaliteto vkljuckov pri ustaljenih teh-
noloskih parametrih in izvedbah, ne da bi pri spremijanju
in odvzemanju vzorcev kakorkoli vplivali na procese.

V svetlu so za dolo¢evanje vkljuckov v aluminiju raz-
vili ve& metod, vse so specifitne in zahtevajo posebno
opremo oziroma razvito metodologije. Njihov cilj je €im
enostavnejsa in hitra dolocitev koli¢ine, sestave in veli-
kosti vkljuckov v znani koli€ini kovine,
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Absolute amount of nonmetallic inclusions in aluminium
is often lower than in steel, however, a few inclusions
per unit of volume can already impair the quality of alu-
minium. The amount, size and sort of inclusions deter-
mine theirs influence as well as the measures to be
taken against them.

1. INTRODUCTION

Besides the chemical composition and mechanical
properties, the amount of inclusions (metallic, nonmetal-
lic and gas — hydrogen) also influences the quality of
aluminium and its alloys.

Systematic investigations (1) of sources and amount
of inclusions in aluminium production line carried out a
couple of years ago in TGA Kidri¢evo resulted in qualita-
tive and quantitative determination of the contamination
of aluminium in particular production stages. Newer pro-
duction processes and quality demands, which have
undergone essential changes made it necessary to
investigate inclusions in aluminium once again. The main
object of our extensive work (2) were nonmetallic inclu-
sions. The present report gives description of the work
and results of investigation of inclusions in aluminium in
particular production stages from electrolysis to semi
products.

2. WORKING HYPOTHESES AND AIMS
OF INVESTIGATION

Nonmetallic inclusions are unavoidable and unde-
sired consequence of production processes. The inclu-
sions are generated or introduced in aluminium (through
oxidation, electrolysis, additions. atmosphere, refractory
lining) from electrolysis to cast semi product, The
amount and size of inclusions for a given technology and
availlable technical facilities depend mainly on strict obe-
dience of all prescribed technological procedures.

Therefore, the qualitative and quantitative analysis of
inclusions was carried out during the time of normal pro-
duction i.e. at standard production conditions without
any special or provisional measures for sampling in
order to prevent from interferring with routine produc-
tion process.

Several methods have been developed for determi-
nation of inclusions in aluminium. All the methods are
specific and require special equipment and a specially
developed technique. The ultimate aim of all these meth-
ods is to determine the amount, composition and size of
inclusions in a known weight of aluminium as quick and
simple as possible.

The separation of inclusions is performed by centri-
fugation (5) or filtering (6) of remelted samples or by
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Izolacija vkljuékov se izvrsi s centrifugiranjem” ali fil-
triranjem® ponovno raztaljenih vzorcev ali pa s kemicnim
raztapljanjem in izolacijo (brom-etanol). V zadnjem &asu
se uveljavlja in ponuja’® posebna preizkusevaina
naprava, ki omogo¢a hitro dolo€itev koli¢ine vkljuCkov.

V TGA — Kidri¢evo so pred nasimi raziskavami zaceli
preizkuéati in uvajati posebne metode. Postopek je TGA
— Kidricevo predlozil dr.J. Langerweger, zato ga poi-
menujemo kar Langerwegerjeva metoda’ ali kratko L-
metoda. Omogoéa® makroskopsko opazovanje in razvré-
&anje vkljuékov, vegjih kot 30 um po anodni oksidaciji. z
diamantnim nozem obdelane veéje povrsine (okrog
150 cm®) na poseben naéin v bakreno kokilo ulitega
vzorca.

Rezultati raziskav® koli¢ine in velikosti vkljuCkov v
kvaliteti aluminija za rondele niso opravicili pricakovane
uporabnosti in zanesljivosti L-metode. Zato smo vzpo-
redno preverili njeno zanesljivost v primerjavi s klasicno
metalografsko metodo, dopolnjeno s kvalitativnimi rezul-
tati analiz vkljuckov na elektronskem mikroanalizatorju,
To metodo, ki je izredno zahtevna (veliko Stevilo vzor-
cev), smo uporabili, ker nimamo drugih aparativnih 0zi-
roma izvedbenih moZnosti. Za poenostavitev dela in
zanesljivejse rezultate smo predvideli dolo¢evanje koli-
¢ine, vrste in velikosti vkljuckov s pomocéjo faznega
diskriminatorja in racunalniske obdelave rezultatov.

Nobena metoda nima absolutne prednosti, saj je v
konéni fazi potrebna tudi kvalitativna analiza vkljuCkov.
Za vse metode velja, da so najpomembnejsi praviino
izbrani in ustrezno pripravljeni vzorci, ki morajo predsta-
vljati pravo povpreéje. To povprecje, preneseno na veli-
kost posamezne Sarze agregata, polizdelka in izdelka,
pa lahko zaradi nakljucnosti dogajanj med procesi ne
daje povprecne slike o dejanski kvaliteti.

Po objavijenih podatkih® * ® in po rezultatih nasih razi-
skav sloni ocena vkljuékov na koli€ini in vrsti, manj pa na
velikosti. Pogosto se navajajo odvisnosti med kolicino
vkljuékov, ki nastopajo v posamezni fazi proizvodnih
procesov ali pa po sestavi oziroma vrsti, katero karakte-
rizira znacilna oblika in pogosto tudi velikost. Tako se
prikazujejo npr. oksidni vkljuéki kot kozice ali delci AL,O,.
karbidi znacilnih drobnih ostrih oblik delcev, ki pogosto
nastopajo v skupkih, boridi in titanati aluminija ter preo-
stali kompleksni vkljucki razliénih sestav in velikosti.

Glede na ucinke vkljuékov pri predelavi in uporabi
aluminijskih zlitin smo dali poudarek velikosti in Stevilu
vkljuékov. Za mejo smo izbrali velikost vkijuCkov 10 um,
ker manjsi vkljucki tudi pri nadaljni predelavi v folije ne
morejo povzro&ati znadilnih napak in s tem vplivati na
kvaliteto. Nadalje smo na osnovi rezultatov kvalitativnih
analiz in znadilnih oblik nastopanja posameznih vrst
vkljuckov ocenili previadujoce vrste in vrstni red nasto-
panja po koli¢ini. Za tovrstno predstavitev smo se opre-
delili $ele po kvalitativnih analizah, saj so rezultati znacil-
nih oblik vkljuckov pogosto pokazali popolnoma druga-
éno sestavo oziroma vrsto vkljuékov, kot bi skiepali na
osnovi opazovanja v mikroskopu (oblike, barve in pogo-
stost nastopanja). Prav tako je bila pogosto pri kom-
pleksnejsin vkljuckin zaradi razli¢nih sestav onemocgo-
¢ena natanéna razvrstitev glede na znacilne vrste
(oksidi, karbidi itd.), kar $e dodatno poveca zanesljivost
rezultatov uporabljene metode.

3. DELO IN REZULTATI
1. Podatki o $arzi, vzoréevanju in pripravi vzorcev

Na proizvodni liniji bram smo spremljali tri $arze, ana-
lizirali pa smo vzorce tretje zaporedne Sarze. Za kemi-
&ne in metalografske analize smo vzorce posameznih

chemical dissolving and separation (with bromine-etha-
nol). Recently a special equipment has been available
(7. 8) for rapid determination of the amount of inclu-
slons.

TGA Kidricevo started to test the method proposed
by dr. J. Langerweger before our work was started. Lan-
gerweger's method (L-method) utilizes macroscopic
observation (3) and classification of inclusions larger
than 30 micrometers after anodic oxidation of sample
surface (about 150cm°). The sample is prepared by
especial casting in copper mould. The surface is cut by
diamond tool and subjected to anodic oxidation.

The previous investigation (3] had not confirmed the
expected reliability and usefulness of L-method for
determination of the amount and size of inclusions.
Therefore its reliability was examined by a comparative
test with classic metallographic method supplemented
with qualitative analysis of inclusions by electron micro
probe. This impractical method which requires high
number of samples was used since no other was avail-
able. To simplify the operation and improve reliability the
phase discrimination facility and computerized analysis
of results was utilized.

Neither method has definite and absolute advantage
since at the end qualitative analysis of inclusions is also
needed. Proper sampling and sample preparation are
most important for all the methods. Even really repres-
entative samples in respect to the weight of heat, semip-
roduct and product may not offer average data on lrue
quality due to the randomness of variations in process
line. According to references (3.5, 6) estimation of
inclusions is based mainly on the amount and type of
inclusions and in a lower degree on the size. The
amount of inclusions and the type viz. composition of
inclusions which is reflected by a characteristic shape
and often size observed in a particular production stage
are common methods. Oxide inclusions are referred to
as films or Al-O, particles, carbides as characteristic fine
grained angular particles occurring often in clusters, the
presence of aluminium borides, titanates and other com-
plex inclusions of various composition and size have
been observed.

As regards inclusion influence on processing and
application of aluminium alloys the number and size of
inclusions are emphasized. We have taken 10um as
significant size limit since smaller inclusions can not
cause characteristic defects and diminish the quality of
Al folia. Based on results of qualitative analysis and char-
acteristical appearance the prevailing type of inclusion
was determined. According to the amount inciusions
were classified in decreasing order. Very often the
results of qualitative analysis did not agree with our
expectations based on microscopic observation of
shape, color and frequency. Complex inclusions due to
different compositions frequently could not be precisely
classified in respect to characteristic types (oxide, car-
bide. etc) which additionally increased reliability of the
used method.

3. EXPERIMENTAL
1. Data on the Heat, Sampling and Sample Preparation

Three subsequent heats were investigated from the
start to the end of slab ingot production line. Samples
cast in cold metal mould for quantometer probe were
taken from different production stages of the third heat.
Since previous investigation showed that the highest
average amount of inclusions were observed on cross-
section at 1/3 sample height the same cross-section of
all samples were subjected to microscopical investiga-
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faz proizvodnega postopka ulili v hladno kovinske kokilo.
ki se uporablja za kvantometrske vzorce (gobice). Na
osnovi rezultatov analiz in preverjanj treh znacilnih pre-
sekov smo vzeli za analize vklju¢kov preéni presek na
priblizno eni tretjini visine vzorca, ker je pokazal najvecjo
povpreéno koli€¢ino vklju¢kov v posameznih vzorcih, Pre-
iskovani presek povrdine 4,9 cm’ je ugoden tudi s sta-
lis¢a meritev, saj smo najpogosteje z 20 vidnimi polji v
opti€énem mikroskopu, ki pri 200-kratni povecavi obse-
gajo premer 1 mm, zajeli podrocja vzorca od sredine do
zunanje povr$ine. Pri drobnih vklju¢kih pa smo pri
500-kratni povecavi ustrezno povedali Stevilo meritev.

V tabeli 1 navajamo g;avne znacilnosti SarZe, posa-
mezne faze in oznake. v tabeli 1 ni posebej nave-
deno, predstavljajo rezultati metalografskih preiskav
posamezne faze povpreéne vrednosti treh vzorcev, s
tem da so bili vzporedno odvzeti vzorci za kemiéne in
metalografske preiskave ter L-vzorci. Naértovano in
dosezeno kemi¢no sestavo preiskovane $arZe prikazu-
jemo v tabeli 2.

Za pripravo metalografskih vzorcev smo uporabili
lastni postopek: brusenje, ultrazvoéno Giséenje, ved-
kratno predpoliranje in poliranje z diamantnimi pastami
brez poliranja z glinico

Tabela 1: Faze tehnoloskih procesov in podatki za linijo proiz-
vadnje bram. kvalitete Al 99,0 (AF 10)

Oznaka
faze in
vzorcev

Obrata: Elektroliza in Livarna
Sarza &t. 4898, masa 6—7 t

Elektroliza:
0 Med crpanjem 6 loncev iz 6 elektroliznih celic
Rezultati faze 0 na sliki 1 so povpreéne vrednosti
6 x 3=18 vzorcev
Prevoz taline v livarno
Livarna:
1 Pred izlitjem taline v rafinacijsko-livno peé so bili iz
loncev odvzeti po trije vzorci
Rezultati faze 1 na sliki 1 so povpreéne vrednosti
9 vzorcev
Po legiranju Fe/Si=1/3.0-35
Po rafinaciji
Po degazaciji
Po odstajanju 2" in na zacetku litja bram
Priblizno na sredini litja
Na koncu litja

WO WN

Tabela 2: Kemi¢ne analize aluminija

Vsebnost elementov v mas. %

Si Fe Mg Mn Zn Ti 8
Predpis max. 013—020 040-060 - 005 0407 -
TGA 014 047 sled 0006 0009 0002
Faza 5-M| 015 047 0001 0003 0021 0002 00010

2. Rezultati, koli¢ine, velikosti in vrste vkljuékov

Koli¢ino, vrsto in velikost vklju¢kov smo poskusz!
dologiti s pomocjo faznega diskriminatorja in rac.nalr -
Ske obdelave rezultatov, Po ve¢ poskusih in dolo&itvi
optimalnih parametrov se je izkazalo, da so rezultati
nezanesljivi zaradi nemogoce zagotovitve enake kvali-
tete povrsine vseh vzorcev (raze in sekundarni vkljuéki
— zrna brusnega papirja in ostanki diamantnih past, pra-
$ni delci in ostanki topil). Predvsem pa smo to metodo
opustili zaradi slabe razlocitvene sposobnosti pri razme-
jitvi med fazami, to je med kovinskimi in nekovinskimi
vkljucki.

tion. The cross-section area of 4.9 cm’ is favorable since
20 observation fields which at 200X magnification
means 1 mm diameter were often enough to cover the
whole distance from sampie centre to the outer surface.
When dealing with fine inclusions the number of obser-
vation fields was adequately increased to correspond to
500 X magnification applied. The main characteristics of
the heat, particular production stages and marks used
are given in Table 1. Resuilts of metaliographic investiga-
tion are average values of three samples taken from
each production stage if not otherwise stated. The paral-
lel sampling for chemical, metallographic and L-method
of investigation was used. Aimed and actual composi-
tion of the heat can be seen in Table 2.

Metallographic samples were prepared without the
use of alumina as polishing means. The method we have
developed includes grinding, ultra sound cleanning. mul-
tiple prepolishing and final polishing with diamond paste.

Table 1: Technologic stages and data on slab ingot production
line — Al 89,0 (AF 10) grade.

Stage and
sample
mark

Works: Electrolysis and Foundry, Heat Nr. 4898,
weight 6—7 tons

Electrolysis
0 Transport of melt from 6 cells by 6 ladles to foundry
Results in fig. 1 are mean of 6x 3= 18 samples
Foundry
Before pouring to refining furnace. Three samples
from each ladle were taken. Results presented in
fig. 1 are mean value of 9 samples.
After alioying Fe/Si= 1/3.0—3.5
After refining
After degassing
After 2 hrs stay before of slab ingot casting
Approx. in the middle of casting
At the end of casting.

-
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Table 2: Chemical composition (wt. %)

St Fe Mg Mn 2Zn Ti 8
Prescribed
maxim. 013— 020040- 060 - 005 007 - -
TGA 014 047  traces 0006 0009 0002 -
Stage 5-M/ 015 047 0001 0008 Q021 0002 Q0010
2. Resuits

After determination of optimum parameters and a num-
ber of tests to determine the amount, type and size of
inclusions by the use of phase discrimination facility and
computer analysis it was found that reliable resuits
could not be obtained because of different quality of
sample surfaces (imperfect polishing, secondary inclu-
sions — grains of emery paper, remnants of diamond
pastes and solvents, powder particles, etc.). However,
the method was abandoned mainly because of poor res-
olution of phases i.e. its inability to differentiate metallic
from non-metallic inclusions. The amount and size of
inclusions for particular production stage and in depen-
dence on time are given in Fig. 1. Deviation of the mea-
sured and calculated average values of samples for a
particular stage was +12%. Because of time depen-
dence the number of inclusions per cm® for particular
stage in Fig 1. is given in a continuous form, i.e. as a
curve, although they are not continuous naturally. The
most frequent composition of the characteristic inclu-
sions which were qualitatively analysed are given in
Table 3 in decreasing order of frequency. The given
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Kolig¢ino in velikost vkljuckov za posamezne faze in
odvisnosti od ¢asovnega poteka predstavijamo na sliki
1. Izmerjene in izracunane povpreéne vrednosti so
odstopale pri vzorcih posamezne faze + 12 %. Na sliki 1
smo Stevilo vkljuékov posameznih faz zvezno povezali
zaradi éasovne odvisnosti, ceprav so podane odvisnosti
nezvezne. V tabeli 3 navajamo po vrstnem redu najpogo-
stejse sestave znaclinih vkljukov, ki smo jih kvalitativno
analizirali. Sestava vkljuckov v tabeli 3 je relativna. Glede
na ugotovljene kompleksnosti sestave in razlicne poraz-
delitve elementov v samih vkljuckih ter pogosto majhno
velikost je bilo v vecini primerov (razen pri enostavnih,
toda redkih vkljuékih, npr. Al,O,, Al,C,, TiB,) nemogoce
dologiti natanéno sestavo. Zato smo oznacili sestave kar
po ocenjeni koli€ini in zaporedju nastopanja elementov v
posamezni vrsti vkljutka. Nekatere sestave vkljuckov bi
lahko priredili poznanim stehiometriénim razmerjem
spojin. Takéni prikazi pa bi lahko zavajali, saj natanéne
mineraloke sestave ni mogoce izracunati, ker ni na raz-
polago ustreznih kalibracijskih standardov. Pri pogostih
kompleksnih vkljuékih smo ugotovili, da v€asih aluminij
in kalcij moéno nihata ter menjata vrstni red ali pa da
eden od obeh manjka. Podobne primere smo nasli tudi
pri drugih vkljuékih, kjer v oklepaju navajamo mejne kon-
centracije elementa, dolocene s tockovno analizo.

Tabela 3: Zaporedje pogostosti nastopanja in sestave vkljué-
kov proizvodne linije bram

VKljuéki, velikosti

do 10 ym od 10 do 55 ym
Elektrolizni aluminij, ALLC, CaAlOC
fazaQin 1 SiAIC CaSiOC
A1,0;
Po dodatku legirnih AlCa(O)C AlCa(O)C
elementov, AICaTiOC(FeSi) CaSioC
faza 2 AlLO, CaSio,
TiB, ALO;
Sredina in konec litja, CaAIC ALO,
fazi6in7 AlCaSi AlSi
AlCaKSCIOC AlCaSiOC
Aho;
AlTV

Opomba: Rezultati predstavijajo kvalitativne analize povriine
presekov vzorcev (4,9 cm’) posamezne faze. Vkljucki AL.O, so
veéinoma amorfni do velikosti 10 um (delci ali skupki). nad 1o
velikostjo pa korundni in so le redko zdruZeni z manj8imi delci
amorfnega Al,O, (oksidne koZice ali glinice).

3. Rezultati L-metode

Od $tevilnih vzorcev, ki so bili pripravijeni v TGA, pri
nas pa analizirani, smo lahko samo v nekaj primerih
doloéili primarne vkljucke. Ocena rezultatov opravicuje
trditev, da L-metoda ni dala pricakovanih rezultatov,
¢eprav smo dodatno osvojili tudi tehniko kvalitativne
analize vkljuékov v anodno oksidirani plasti. V TGA so s
to metodo dobili Zze dobre rezultate* o vsebnosti vkljué-
kov v razliénih fazah proizvodnje. Vzrok za razliko so
lahko tudi kompleksne sestave vkljuckov, ki jih literatura®
ne omenja.

4. Analiza rezultatov

Vsebnosti in velikosti vkljuékov na sliki 1 ne moremo
direktno primerjati z literaturnimi podatki, ker le-ti v
vecini veljajo za vkljucke, vecje od 30 um iz razliénih faz
in dolo&eni po razliénih postopkih. Stevilénost in natan-
&nost nasih rezultatov pa dovoljuje naslednje ugotovi-
tve:
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Slika 1:
Povpreéna vsebnost vkljuckov na enoto povréine vzorcev preis-
kovanih faz proizvodnih postopkov izdelave bram
Fig. 1:
Average amount of inclusions per sq. cm of sample surface

compaositions are relative since in the majority of cases.
except for simple but rare (AL.O;, Al.C; TiB.) inclusions
it was not possible to determine the exact composition
because of fine size, complex composition and different
element distribution. Therefore, the compositions are
marked on the basis of estimated amount and order of
appearance of elements in particular inclusion. Some
compositions established in this way could be asso-
ciated to stoichiometric formula of known compounds.
However, it would be misleading since precise mineral-
ogic composition can not be calculated (e. g. nonstoichi-
ometric compositions) and because of nonavailability of
calibration standards. In complex inclusions strong var-
iations in Al/Ca ratio was frequently observed. In
extreme cases one of the elements was even absent.
Similar phenomena were observed at other inclusions
also. In that case boundary values determined by spot
analysis are given in brackets.

Table 3: Type of inclusions in decreasing order of the fre-
quency of occurrence

Inclusion size

Production stage < 10um > 10< 55 um
Electrolytis Al ALC; CaAlOC
Stage O and 1 SIAIC CaSioC
A10;
After alloying AlCa(0)C AlCaf0)C
Stage 2 AlCaTiOC{FeSi) CaSioc
Al,O; CaSio,
T8, AlLO,
Middle and end CaAIC Al,O,
of casting AlCaSi AISi
Stage 6and 7 AlCaKSCIOC AlCaSioC
AlO,
ATV

Remark: AlLQ; inclusions of < 10um size are mainly amor-
phous (particles or clusters), > 10um are corundum rarely
associated with finer amorphous ALO; (oxide film). Results
were obtained by qualitative analysis of samples taken from
particular production stage. Cross-section area of samples was
4.9s5q.cm.
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— Absolutne vsebnosti vkljuékov v vseh preiskova-
nih fazah so visje. kot jih zasledimo v literaturnih podat-
kih, ki pa ne zajemajo vseh velikosti niti kvalitet. Vecje
vsebnosti lahko pripisujemo tudi specifiénemu vendar
enakemu nacinu odvzemanja vzorcev pretezno od povr-
Sine talin in od stene peci, loncev oziroma zlebov,

— Koli¢ina vkljuékov je po vseh proizvodnih fazah
vi§ja kot v aluminiju iz elektrolize. predvsem pa se povida
vsebnost vec&jih (Skodijivejsin) vklju&kov, ki veéinoma
sledi znanim zakonitostim.

— Relativno visoka vsebnost vkljuékov na zaéetku
ulivanja je najverjetneje posledica premajhnega ¢asa
odstajanja, ki podaljsan rezultira v najmanjsi koliéini v
sredini ulivanja. Ponovno povecanje na koncu ulivanja
(SarZe) pa je najverjetneje posledica vecje koncentracije
vkljuckov v zadniji talini.

~ Najvecji vpliv na zmanjsanje vklju¢kov ima éas
odstajanja, kar potrjuje tudi manjSe zmanjsanje 5tevila
vkljutkov neposredno po rafinaciji in degazaciji (fazi 3 in
4). Upravi¢eno bi bilo podaljSanje odstajanja vsaj na tri
ure

— Prevoz taline iz elektrolize (stresanje) zmanjsa
kolicino vkljuckov, v kasnejsih fazah pa se vsebnost
vkljuckov poveca in se zmanjsajo pod zacetno koli¢ino
le drobni vkljucki {pod 10 um) v sredini in na koncu litja.

— V vseh fazah tehnoloskih proizvodnih postopkov
so v najbolj Skodljivi velikosti in kolicini zastopani razni
kompleksni vkljucki, ki vsebujejo kalcij (tabela 3). Na
drugem mestu so vkljuéki kurunda, ki so pogosto zdru-
Zeni s kalcijevimi kompleksnimi vkljuéki in manj$imi delci
ali gru¢ami amorfnega Al,O; (oksidna kozica ali pena).
Sestavine vkljuckov, ki vsebujejo kalcij (karbidi, kloridi,
oksikarbidi, sulfid) reagirajo z vodo pri mokri pripravi
vzorcev in je to verjetno poleg njihove krhkosti glavni
razlog netocnih identifikacij v preteklosti. Dodatni razlog
pa je lahko. da tovrstnih vkljuckov tudi ne navaja stroko-
vna literatura.

— Vecji vkljucki s kalcijem izhajajo Ze iz elektroliz-
nega aluminija (Tabela 3) ter se z nadaljnimi procesi
povisujejo. Zato sklepamo, da je najverjetnejsi dodatni
izvor teh vkljuékov iz obzidav loncev, peci, Zlebov in liv-
nih nastavkov.

4. ZAKLJUCEK

V tem delu smo preiskali in dologili kolicino. velikost
in sestavo vkljuékov, ki nastopajo v posameznih fazah
proizvodnih postopkov izdelave bram, kvalitete Al 99,0,
iz elektroliznega aluminija klasi¢ne elektrolize v TGA
Kidricevo.

Rezultati preiskav so pokazali, da se je iz doseda|
nepojasnjenih razlogov L-metoda izkazala neuporabna v
vseh fazah dela. Nekoliko nepricakovano smo nasli v
vkljuckih predvsem mnogo kalcija oziroma vkljuckov s
kalcijem, pogosto kompleksnih in razlicnih sestav, ki jih
strokovna literatura ne navaja. Zanimivo je, da smo le
poredko zasledili enostavne vkljucke (oksidi, karbidi,
boridi, titanati itd.), ki se normalno navajajo v literaturi.

Elektrolizni aluminij s tehnoloskimi procesi odistimo
oziroma zmanj$amo samo drobne vklju¢ke (pod 10 um),
oneistimo pa ga predvsem 2z vecjimi SkodljivejSimi
vkljucki,

3. Results of L-method

In samples prepared at TGA primary inclusions were
determined in a very few cases. It was concluded that
results of L-method were far from expectation. However,
it helped us to develop the technique of qualitative anal-
ysis of inclusions in anodic oxidized layer. It should be
mentioned that L-method gave satisfactory results in
previous investigation (4) at TGA. Consequently one
among reasons for poor success of L-method in this
investigation can be the complex composition of
observed inclusions not mentioned in literature {3).

4. Analysis of Results

The amount and size of inclusions seen in Fig. 1 can
not be directly compared with reference data since they
hold for inclusions from different phases, larger than
30 um and investigated by various methods, However,
the number and accuracy of our results make it possible
to draw following conclusions:

— Absoiute amount of inclusions in all production
stages are higher than reported in literature, which do
not include neither all sizes nor all grades. Higher
amounts can be attributed to the specific sampling
method-samples were always taken mainly from meit
surface and in the vicinity of furnace and ladle walls.

— The amount of inclusions in all production stages
is higher than in electrolysis. First of all the amount of
larger (harm) inclusions increases which follows the
Kknown rules.

— Comparatively high amount of inclusions at the
start of casting is probably due to short staying of melt
in ladle before casting. Longer staying results in the low-
est amount of inclusions in the middle of casting. A rise
at the end of casting is most probably caused by a
higher concentration of inclusions in melt at the end of
casting.

— The staying of melt in ladle before the casting
exerts strongest influence on decrease in the amount of
inclusions. Only slight decrease in the number of inclu-
sions Is observed immediately after refining and degass-
ing (stages 3 and 4). An increase in staying to at least
3 hrs should be justified.

— Transport of meit from electrolysis diminishes the
amount of inclusions due to associated shaking. How-
ever, in later stages the amount of inclusions increases
except for fine inclusions (< 10um) the amount of
which decreases in the middle and at the end of casting.

— In all technologic stages various complex inclu-
sions containing CaO (Table 3) are present in the most
harmful size and amount. Second are inclusions of cor-
undum type which are often bonded with calcium com-
plex inclusions and finer particles or clusters of amor-
phous Al,O; (oxide film or foam)., Compounds of calcium
based inclusions (carbides, chiorides, oxycarbides, sul-
phide) react with water during wet sample preparation
which is probably main cause, besides their brittleness,
for inaccurate identification in the past. Another reason
can be that this kind of inciusions has not been reported
of in literature. 3

— Bigger inclusions with calcium come from elec-
trolytis aluminium already (Table 3). Their amount further
increases in the course of technological process. There-
fore, it can be concluded that the most probable addi-
tional source of this inclusions is refractory lining of
ladles, furnaces, nozzles, spouts etc.

4. CONCLUSION

The amount, size and composition of the inclusions
occurring in particular technologic stages of Al 99.0
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grade siab ingot production line from electrolytic Al
(classic electrolysis) at TGA have been investigated and
determined

Results have shown that L-method, for unknown rea-
sons, was not successful in all investigation stages.
Somewhat surprisingly calcium type inclusions, fre-
quently of complex and various composition not men-
tioned in literature were found. Simple inclusions
(oxides, carbides, borides. titanates, etc) described and
considered in literature were rarely observed.

The amount of only fine (< 10um) inclusions is
reduced through technologic processing of electrolytic
aluminium, however, the amount of bigger and more
harmful inclusions is increased.
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