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IMPROVEMENT OF QUALITY OF SECONDARY ALUMINIUM ALLOYS IN CON DITIONS OF MASS PRODUCTION

POPRAWA WSA'CIWO'CI WTORNYCH STOPOW ALUMINIUM W WARUNKACH PRODUKCJI MASOWEJ

The ways of quality improvement of a secondary cast alumind@lioys are considered. It is shown that the treatment of
liquid metal by the complex modi er gives an opportunity thange the shape of intermetallic phases and rise mechanical
properties of a secondary aluminium alloys.
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Zbadano sposoby poprawy jakozci wtdrnie odlewanych stapaminium. Wykazano, »e zastosowanie z2o»onego mody-
katora przy obrébce metali ciek?ych umosliwia zmian| ka#tu fazy mijdzymetalicznej i popraw} w2atciwoxci mecleanich
stopow aluminiowych.

1. Introduction logical conditions are the technologies providing appli-
cation of the inert anode from aluminium bronze (release
_ _ _ of hotbed gases is eliminated), the moistened cathode of
Due'to IOW densuy, good corrosion resistancgy, qn_carhon composites (distance between electrodes,
and su ciently high speci c strength aluminium _aIons voltage between them and, accordingly, the consump-
take the second place among structural materials afigf, of the electric power are reduced), low-temperature
won-bas_egl alloys (stegls and cast irons). Two Procesg&Bout 350C) reduction of alumina in ionic liquids, etc.
of aluminium production coexist in the world now: 1) i expected, that new technologies will allow to de-
primary aluminium produ_c'qon from alumlna by electrol-Crease power consumption up to 9.5 Kvikg, while
ysis; 2) secondary aluminium production from a breal,q o retical, necessary for aluminium oxide dissociation

age and waste products by remelting. evel, is 6.34 kWh/kg of metal
The main advantage of the rst process is high qua\- ’ ' '

ity of production, the main disadvantage { the high con-

sumption of the electric power. In spite of the fact that £ 00

within 20-th century power inputs in electrolysis have % 50

decreased on average level from 50 up to 14 kXkg of il

aluminium (Fig. 1), their share in the cost price of pro- 30 1

duction remains 25{30%. Moreover, expenses for carbon 20

anodes contribute about 15% of the cost price. Alloca- 10

tion of great amount of carbonic oxides and dioxides of 0-

carbon as a result of combustion of the carbon anodes 8 S8R §RE8R2388
A2333222322RR

may be also referred to serious drawbacks of classical

technology of primary aluminium manufacturing. Fig. 1. Speci ¢ expenses of the electric power for receptidrpri-
Works aimed on elimination of the mentioned disadvary aluminium

vantages are constantly conducted in the world. Accord-

ing to the data of International aluminium institute [1], Because of the fact that new electrolysis technolo-

the most perspective from the point of view of increase igies demand signi cant funds and time for their develop-

energy consumption e ciency and improvement of ecoment and introduction, and also in connection with that
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after their realization power consumption will remainsower, than while manufacturing of primary aluminium
high enough and will come to 17{20% from the cosby electrolysis.

price of manufacture, utilization of secondary aluminium  The most large-scale consumers of aluminium in the
is rather perspective. Power consumption on alloys pravorld and, accordingly, suppliers of its scrap, are: me-
duction from secondary aluminium by melting in electrichanical engineering, transport, civil engineering (con-
furnaces amounts near 0.4 kiwkg [2], that in 35 times struction) and the food-processing industry (Table 1).

TABLE 1
Scrap formation in manufacture and application of aluntimiproducts [3]
Life cycle, Formation of scrap| Coe cient of scrap Ratio of cast
Branch Product - .
years in manufacture, % collection, % and defor-mable alloys

assenger plane  25{30 100{122 85{90 90/10

Transport P gerp { { {
automobile 12{15 25{43 50{85 20/80
Construction window frame 40{50 11{18 85{95 100/0
The foot-processing| tin for drinks 0.2{0.5 30{33 20{91 100/0
industry foil 0.2{1.0 10{20 10{30 100/0
Mechanical household 7(10 40{70 50(85 50/50

engineering appliances

During the period from 1990 to 2004, production ifying, to decrease expenses on remelting in three
of primary aluminium in the developed countries has times in comparison with gas furnaces, to receive
been reduced by 10% at signi cant growth of secondary high quality of alloys.
alloy production that ensure growth of the general con- By the example of the most widespread aluminium
sumption of aluminium by 30%. At the same time everglloys, given below, certain results of research in recy-
third kg of consumed metal has been obtained by reagling technology improvement are presented.
cling [3]. The \Aluminium alloys scrap classi er after primary

It is well known, that the basic problem of recyclingorocessing” has been developed and introduced by Za-
is poorer quality of alloys in comparison with those obporozhye national technical university and Zaporozhye
tained from primary aluminium. It may be explained byon-ferrous alloys works [4], which, in contrast to actual
the fact that metal proceeding for remelting is pollutegstandard DSTU 3211-95, provided more detailed break-
substantially with extraneous materials { plastics, oilgjown of scrap to classes and subclasses. It has ensured to
parts of other structural materials. In this connectiomanufacture of metal suitable by chemical composition
secondary alloys of aluminium contain a great amount ofi 100%, to reduce iron content in it from 0.7{1.2 up
intermetallide phases, nonmetallic inclusions, dissblvéo 0.6{0.9% as well as other undesirable impurities, to
gases, specify by heterogeneity of structure and consiecrease expenses on remelting.
guently considerably yield to primary ones in service Silumins represent alloys with heterophase structure,
and mechanical properties. iron-bearing phases in which due to predominantly cova-

The analysis of the scienti ¢ and technical literaturéent bonds and directed crystallization have the lamellar
and pilot production shows, that the basic technologicahd needle shape. These inclusions are stress concen-
processes providing high quality of secondary aluminirators and result in essential decrease of mechanical
um alloys, are: properties. In this connection, iron content in silumins

Sorting of scrap, that ensures obtaining of requiragsed in defense and aviation industries of the USA is

structure with minimum of undesirable impuritiesnot allowed to exceed 0.2% [5].

(iron, magnesium, etc.) in alloys (as a rule, in form As it is shown in the work of Nemenenok B.M

of bars); [6], one of possible methods of change of iron-bearing

Re ning, alloying and modifying of alloys with the phases and eutectic silicon crystallization nature may be

purpose of gas content and porosity reduction, macennected with introduction of surface-active impurities

agement of sizes and shape of structural componeritsmelted silumin. Atoms of those impurities, being ad-
increase of density, mechanical and service propaerbed on a surface of growing crystals, weaken covalent
ties; bond component between their atoms and as a result ex-

Melting in direct current arc furnaces provides aclude aligned growth of iron-bearing and silicon phases.

opportunity to reject processes of re ning and modin particular, re ning of -phase A§SiFe after alloying



of silumins by manganese, lame and molybdenum, a

also after modifying by sulfur, selenium and tellurium is

determined. As seen from the results of tests presen
in Fig. 2 [6], increase of iron content in silumin AlSi9
from 0.05 to 1.1% results in reduction of relative elon
gation from 7.3 to 4.2% in a cast condition and from 5.
up to 1.4% after heat treatment, that is in 1.4{2.4 time
correspondently. At the same time, alloying of AISi9Cu
by manganese in amount of 0.2{0.3% results in increa
of plasticity approximately to the same degree (Fig. 3
that allows to assert that manganese neutralize nega
in uence of iron.

Fig. 2. In uence of iron on relative elongation of silumin.[@6 Si,
0.25% Mn) in as-cast condition (1) and after heat treatmgmhbde
T6 (2)

Fig. 3. Inuence of manganese and iron on relative elongeati®
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nd TABLE 2

Results of industrial melting of alloy AK9

ed
Mechanical properties

- Variant of as-cast condition after T6
7  processing us MPa | Re, % | u, MPa | Re, %
S Initial alloy 181 2.9 252 15
D 0.05% S 196 3.8 270 25
S€ 0.5% of a ux 194 3.9 267 2.7

0.05% S of
t)i</e+0-5% of a ux 206 5.5 271 35

b
usual technology

d
experimental technology

Fig. 4. Structure of alloys AISi9Cu2: a, b { as-cast conditic, d {
after T5

With the aim of complex in uence on gas content
and structure of secondary aluminium alloys a re ning
ux [7] has been developed, which containes: 3{10%
S, 10{15% KCI of 30{40% NaCl, 1.5{5% NzCOs;,
0.5{0.8% SiC and Al { the rest. Chlorides of K and
Na and uoride of Al have provided formation of protec-
tive Im on melt surface and its re nement from gases
and nonmetallic inclusions. Gaseous sulfur (the ux was
blown into the melt by the help of nitrogen) promoted
re nement of the melt by adsorption method, the carbon-
ate dissociation slowed down the rate of sulfur oxidation,

silumin, containing 9.7% Si, 0.25% Mn and 1.5% Cu, in as-case ned the melt by means of C{bubbles, and also to-

condition (1) and after heat treatment by mode T6 (2)

gether with gaseous sulfur promoted increase in a liquid
metal { slag contact surface. Ultra disperse silicon car-

According to the same data [6], modifying by sulfubide (the sizes of particles were about 10 microns) has

in amount of 0.05% appeared equivalent to processing
liquid ux of standard composition: 40% KCI, 35% Na-
Cl, 15% NaAIlFs and 10% NaF. At joint application of

psovided enough quantity of crystallization centers that
has resulted in reduction of dendrite axes of the rst
order length in 3 times and to increase in their amount

sulfur and a ux their positive in uence on strength andon the sectional area surface in 1.8{2 times. Modifying

plasticity of silumin AISi9 was summarized (Table 2).

of eutectic and decrease of shape parameter piiase
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AlsSiFe particles from 2...16 to 1...5 (Fig. 4) also ocfor production of Al alloys are lower iDPPT in 3.6
curred. In table 3 the results of alloy AKOM2 tests protimes as compared with the alloys, melted in gas fur-
duced in industrial ame furnace EHW5000 under amaces.
integument ux (33% KCI + 67% NacCl) and subjected In general, the literature analysis and analysis of
to re nement by a standard ux (45% NaCl + 15% KClexperimental-industrial data shows, that modern tech-
+ 40% AlFR; (variant 1) and o ered ux (variant 2) are nologies of metallurgical conversion allow to obtain
depicted in Table 3. high-quality aluminium alloys with mechanical and ser-
TABLE 3 vice properties on the level of primary alloys, utilizing up

Mechanical properties of alloy AISi9Cu2 to 100% of waste products and scrap as charge materials.

As-cast condition After T5
us | Re,| KC, us» | Re,| KC,
MPa| % | MJ/n? MPa| % | MJ/m?

1 123)3.2| 009 | 46 | 191]24] 010 | 63 [1] www.oit.doe.gov/aluminium
146|34] 008 | 71 | 259]28| 011 | 72 [2] V.S. Malinovski® ,V.D.Malinovs-

o ) . ki, MA. Meshov ,LV. rnyh , Rynok
As it is clear from the data submitted, the experi-  iorignyh metallov ~ , 5/25, 53-54 (2004).

mental technology of re nement and modifying has en-[3] G.S. Makarov , Rynok vtorignyh metallov
sured higher properties of an alloy in comparison with  5/25 70-73 (2004).
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