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Abstract: An important characteristic of the nano-microcrystalline ribbons based on Al-Si
alloys, that we have studied, is their propensity for oxidation at high temperatures. The amount of
oxides formed during the preparation or consolidation of rapidly solidified alloys, are protected the
melts from the air. The oxide layer hinders contact between the microcrystalline ribbons during hot
extrusion and deteriorates the mechanical properties of the obtained blanks. The hot extrusion
process is carried out at temperatures above T = 400 °C. The heating of the ribbons during extrusion
creates preconditions for further oxidation of the metal and increase of the oxide layer over time.
Knowledge of the oxidation process allows to minimize the impact of the oxide layer on the structure
and properties of the extruded blanks. The high wear and tear strength of Al-Si alloys makes them an
important material for use in the automotive and aerospace industries for making various details such
as pistons, cylinder blocks, bushings, bearings.

The study of the oxide layer formation and its properties have been made on the basis of the
formal Nikitine kinetics.
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Knro4yoeu dymu: HaHo-mukpokpucmarnHu Al-Si crinasu, 2opewa ekcmpy3usi, ghopmaniHama Kumemuka
Ha HukumuH

Pe3rome: BaxHa xapakmepucmuka Ha u3credeaHume Om Hac HaHO-MUKPOKPUCMASIHU JIeHMU Ha
ocHosama Al-Si crninasu e CKIIOHHOCMMa UM KbM OKUC/IEHUE Mpu 8UCOKU memnepamypu. Konuyecmeomo
OoKculu, obpasysanu ce o epemMe Ha roslydaeaHe usnu KoHconudupaHe Ha 6bp30 3amebpdeniume crinasu
npednasgam Aobpe cmonucrikume om 8b30yxa. OkcudHuUsIM croli peyu 3a ycmaHoesieaHe Ha KOHmakm Mexoy
MUKpOKpUCmasnHume JleHmu rpu eKkcmpy3usma Ha 20peuwjo U efowasa MexaHUu4yHume ceolicmea Ha
rnonyyeHume macusHU 3azomosku. [lpouyecbm Ha 2opewa ekcmpys3usi ce rposexoda npu memnepamypu Had T =
400 °C. HaepsisaHemo Ha nieHmume o 8peMe Ha ekcmpysusima cb30aea rpedrnocmasku 3a OOMb/IHUMESTHO
OKUC/IeHUe Ha Memarsna u HapacmeaHe Ha OKCUOHuUs crioll ebe epememo. [lo3HagaHemMO Ha OKUCIUMEsHUS
npouec rnoseorsisisa 0a ce 83emMam MEPKU 3a MUHUMU3UPaHe Ha 8pedHOMO 6/1UsIHUEe Ha OKCUOHUSIM criol 8bpXy
cmpykmypama u ceolicmeama Ha ekcmpyoupaHume 3a20mosKU.

KunHemukama Ha HapacmeaHe Ha okcudHus crol e u3crnedsaHa ybedumenHo 8 cmamusima. 3a yenma
ce u3nonsea ¢popmasHusi nodxo0 Ha HUKUmMuH.
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1. Introduction

Nano-microcrystalline alloys (ribbons) are substantially different from the massive alloys as
shown in Fig. 1. In the case of the production of ribbons, the application of elevated temperatures is
necessary, for consolidation the ribbons to bulk samples. The study of the mechanism of alloy
interaction with the air in the conditions of hot extrusion is necessary. The studying of interaction of
alloys with air is important for processing the waste alloys as well.

Fig. 1. Nano-micro crystalline ribbon

This paper explores the kinetics of oxide layer formation on nano-microcrystalline ribbons at
temperatures of hot melt extrusion. For the data processing, the formal Nikitin kinetics method was
applied for working experimental weight gain time curves [1, 2]. The influence of the alloying elements
on the oxidation velocity and some properties of the surface oxide coating is shown. The results are
compared with these, received with in [2], where the authors studied bulk samples.

2. Experimental procedure

Nano micro crystalline alloys are obtained in a laboratory plant using the Planer Flow Casting
method (PFC) [3, 4, 5]. The melt solidifies at a rate of 1056 K/s. In Fig. 1, such a ribbon of base alloy 2
has been shown.

Under these conditions a two-zone metal ribbons is obtained. The two zones are on both sides
of the ribbon: WS (facing the wheel site), where the particles are in nanoscale and AS (facing the air
site), where the particles grow to the microscale. Nevertheless the particle size of the whole ribbons
differ strongly from particle size of bulk alloys.

The increase in the specific weight W of the specimens during the experiment is monitored
using SETERAM thermo scales.

A least-squares method of calculations was conducted to find the most expected curves by
PC. A standard xz (chi squared) test was used to test the quality of the fitting.

The chemical composition of the studied alloys is shown in Table 1.

Table 1. Chemical composition of the ribbons in wt. %

Ribbon Si Fe Mg Al
1 11.75 0.32 0.61 87.32
2 11.50 0.25 0.27 87.98
3 12.10 2.00 0.20 85.70

Figure 2 shows experimental curve data in the study of the resistance of studied ribbons to
high temperature oxidation at T = 550 °C. These results are obtained in [4]. Apparently, the oxide
coating on the ribbons increases parabolically over time, Fig. 2. We tested whether we could apply
Nikitin's approach to obtaining information from the growth of the oxide coating [1]:

(1) Wi=a.t

By comparing the oxidation results of the different samples, it is possible to conclude about the
effect of the composition of the nano-microcrystalline ribbons on the oxidation process. The obtained
alloys contain different alloying elements as shown in Table.1.

Demonstration of the oxidation mechanism is one of the tasks of this study, which
necessitates finding a method for calculating the experimental results.
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Fig. 2. Increase of the oxide layer on the examined microcrystalline ribbons (weight gain — time curves):
1,2,3atT =550 °C for 120 min

The following samples are considered:
1 - ribbon with an increased Mg content;
2 - ribbon basic;
3 - ribbon with an increased Fe content.

It can be seen from Fig. 2 that the low iron ribbons (1 and 2) have a higher tendency to
oxidation at elevated temperatures. The increase in the oxide layer of nano-microcrystalline ribbons in
the hot extrusion process at T = 450 — 480 °C is negligible and the kinetics studies are carried out at
550 °C.

To clarify the mechanism of oxidation of nano-microcrystalline alloys, the formal kinetics of
Nikitin were used. By variation of the exponent n in the equation (1), we found the exact value of n at
which two parameters curves fit best the experimental points from Fig. 2, i.e. at which square
functional (2) has a minimum value [4].

3. Mechanism of the growth of the oxide layer.

ribbon 1 ribbon 2 ribbon 3
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Fig. 3. Dependence of x? on determine n

According to Nikitin theory, the increase in the oxide coating Wi relative to time t follows the
equation (2), where a is a parabolic constituent. To determine N, calculate xz of formula (2):

2 < Wi(t) -Wi(exp) 2
@ g —;( 0.1Wi(exp) J

where Wi are the experimental points.
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To

®3)

(4)

calculate the value of xz for specific values N, follow the sequence of actions:

1. We replace Wi(t) with Y/a.t thus, revealing the brackets, we get a square function which
has the form:

(Va)’ —(1002 \/W V) - (Va)(200) ), M) 1000

2. To have the smallest value, its first derivative value is zero, which is performed for:

( ) (10 Zlo \/W )( Zlo '[(I

=\Wi(exp)®

where we find the constant a and replacmg the value in formula (3).

3. We find the corresponding value for Xz for a specific N. We compute the values for several

different Ns and get the minimum of them that corresponds to the desired metric in the
initial equation of Nikitin.

Table 2. Results of oxidation kinetics study

Ribbon Exponent n
1 4.7
2 4.1
3 2.0

With the highest value of the exponent n (4.7) (Table 2), therefore the highest oxidation

tendency has ribbon 1 (Mg content = 0.61 wt. % in it). As can also be seen in Fig. 1, that alloy 3 has
the thickest oxide coating, which emphasizes the effect of Mg on increasing the tendency of aluminium
alloys to oxidize.

The exponent N for ribbon 3 is exact 2.0. The result of the oxidation process is strong oxide

coating, which protects alloys from next oxidation. The protective proprieties of oxide layer are nearly
the same as protective properties of pure aluminium. The detrimental elements Fe become useful
because of PFC method for receive of ribbons.

A

Conclusions

The results of a kinetic study of the oxidation process show that some alloying elements have a
significant influence on the oxidation tendency of Al-Si alloys.

The results of weight gain-time studies at 550 °C fit the parabolic low for nano-microcrystalline Al-Si
alloys with Fe concentration about 2 wt. %. Thus Fe, because of method of very fast solidification,
become useful addition as alloys show decreased oxidation tendency with thin and strong oxide
skin and n is exact equal to 2. This is a prerequisite for the preparation of massive samples of good
density in subsequent treatment of the waste from the production of these alloys.

The alloys doped with Mg show increased oxidation tendency compared to other two studied

alloys. The exponent N >> 2. Secondary processing of these alloys is very volatile, because
oxidative processes will continue and create opportunities for increasing number of defects.

Formal kinetics makes it possible with comparatively available means to predict the properties of
samples obtained by hot extrusion from fast-solidified aluminium alloys.

References:

HukutuH, B. U., Pac4yeT xapocTtonkoctn meTtannos, Metannyprus, M., 1976.

Yaneva, S., L. Stojanova, T. Markov, Cryst. Res, Technol., 22, 1987, pp. 251-258.
MoHgonbdgo, I1. ®., ,CTpykTypa 1 CBONCTBa antoMUHNEBLIX crinaBoB”, Metannyprus, M, 1979.
Lavernia, E. J., J. D. Ayers and T. S. Srivatsan, Int. Mater. Vol. 37, Ne1, (1992), pp. 1-44.
Stefanov, G., S. Yaneva, N. Stoichev, ,Engineering Sciences, XLII, Ne3, pp. 58—67.

450



