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STRUCTURE AND PROPERTIES OF EFFECTIVE AL-ZIRCONIUM
ALLOYS FOR ELECTRONICAL PURPOSES

The structure and properties of effective Al-Ziogdl for electrical purposes were studi-
ed in the article. The effect of heating tempegatum the structure of mechanical properties of
three types of Al-Zr alloys wires was evaluatedud ithe study evaluated the influence of he-
ating temperature on the structure and propertieal-@r alloy. The studies proved wire
samples with composition of 0,2-0,3 % Zr alloyshave higher thermal stability (up to
400 °C temperature). As well as, the amount ofoziem does not have significant influence
on the line broadening ratio assessment.
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Actuality of theme. Improvement of electro-technical properties or prope
maintenance of alloys for electrical purpose and ogfextric wiring working under
definite heating and electric loading is a matter of eurigteres1]. In this regard
Al based Zr alloys and working out efficient productiegiemes are of great impor-
tance[2]. Al-Zr based A5E and ABE alloys were used to coh@upesearch. Their
chemistry was shown at Tablg3J.

Typical microstructure of ASE alloy wire produced ungegssure was indi-
cated at Tables 1 and 2. The alloy infrastructure amhtaixture of Fe and Si phases
in aluminium based matrix. In the initial phase graincitrre of alloy is unrecrystal-
lized (fiber structures) and it is in the form of re¢aflization after annealing (equal
grain arrow) (picture 2.b).

Results In the thickening form ABE alloy typical microstructurevare ob-
tains phases consisting of FE and Si mixtures against alumimiatrix.

Their amount is significantly higher than in ASE alldpgcture 3).

Table 1. Chemistry of alloys

Main elements, mass%
Alloy grade :
¥ g Fe Si Al Zr
ASE 0,12-0,14 0,07 base 0,34
ABE 27?7 0,45-0,60 base 0,55

In the primary form grain structure is recrystallized€fi) (picture 4.a), after
annealing it is in the form of recrystallization (pictur®)4In the primary form ASE
and ABE alloy wires mechanical testing for tensioningvpd typical properties rele-
vant to these materials, although decrease in firmnessoticed after one hour an-
nealing at 300° C. Thus, for instance, yield strengtthefe materials decreases more
than 5 times (table 2).

This effect is connected with full disappearance of thiokg as a result of
annealing (process of recrystallization). On the othand, recrystallization of
contraction in the structure of annealing results in theifsignt growth of grains. In
other words, main compounds in the size of nanogi@gyathered on the alumini-
um based matrix and their aggregation occurs. The sinaty fractrograms in the
fracture of initial samples (picture 5) shows the exisenfctenacious fracture cha-
racteristic to low-alloy aluminium wire.
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But fractograms of deformed samples (picture 6) shomeschange in the
character of fracture. Thus, fractured spaces crunasiddhe depths of fracture were
shallower than the ones observed in the primary alumini

Picture 1. Microstucture of primary ASE alloy wiréSEM)
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Picture 2. Microstructure of A5E alloy wire (lengthsg):
Hardened (a) and after one hour annealing at 30q5C

b) .
Picture 3. Microstructure of primary ABE alloy wirdSEM):
'a' and 'b' are similar as in picture 3.2

a)
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Picture 4. Microstructure of ABE alloy wire (lengthise):
primary (a) and after one hour annealing at 300(bg

a b)

Picture 6. Fractograms of the hardening form of AB&loy wire after pulling tests (CEM)

Table 2. Influence of heating on mechanical propes of ASE and ABE alloy wires
Alloy Form Oy, MPa 0p,2, MPa J,%
ASE Primary 177 159 5

300° C, 1 hour 80 36 44
ABE Primary 306 266 8
300° C, 1 hour 110 48 30
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This, certainly, complies with general regularities, skeond category distor-
tions occur in the crystal lattice due to deformation. Graire directed and their si-
zes change in different directions and subsequentlytamigostrengthens as well.

Microstructural analysis of the studied samples did notdindsignificant de-
rivations between them and standard ASE (picturdl@y atructures, thus there were
observed eutectic small pieces of FE phase in the alumibased hard liquid.

Big crystals of FE phase (#de) were observed as part of microstructure after
remelting at 800 °C and low cooling speed in the fuen&ot primary AlZr phase
crystals were not observed (picture 8.a). Besides, ttundeseparations of the cur-
rent phase were not observed after primary heatitigeofvire at 600 °C (picture 8.b).
This enables to suggest that the amount of zirconiunsssitethis alloy. Chemical
analysis is required to define the exact amount of ziuro.

As small sizes of foreign made Al-Zr alloy samples d¢ allow to define
their chemical composition directly, there was prepatiedolved alloy 10 times as
many as in comparison with content of the primary aflmye portion from sample
3 and 9 portions A99 aluminium). Shown at Table 3 #mel results of chemical
analysis got by back-calculating the amount of zirconinrthe alloy show to be at
the rate of 0.26 mass %.

Picture 7. Microstructure of primary foreign madelAZr alloy wire no. 3
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Picture 8. Microstructure of foreign made Al-Zr ally after repeated wire alloying (a) and
slow cooling speed (b)
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Picture 9. Influence of heating temperature (withian hour) on microhardness (MPa)
of three types foreign made Al-Zr alloy wires

Further, influence of thickening temperature on the merdhess of Al-Zr
alloy wire was studied (Picture 9). The tests provedpsesmNo.1 and No.3 to be of
higher thermal stability (up to 400 °C temperature).

Table 3. Chemical composition of foreign made Al-Zlloy (sample no. 3) according to
the findings of spectral analysis
Al Zr Fe Si Cu Mg Zn Mn Ti ||
99,30 0,26 0,18 0,09 0,01% 0,005 0,04 0,007 0,923
Note: main alloying elements and mixtures (as aleyizb elements were analyzed).

Comparative study of line broadening ratio of foreign maites of Al-Zr al-
loy and ASE type of alloy wire was conducted in therval of 350 °C. The study
showed the amount of zirconium not to have signifidaiftence on the line broade-
ning ratio assessment.

Conclusion Thus, the study evaluated the influence of heating textyer
on the structure and properties of Al-Zr alloy. Thedis proved wire samples with
composition of 0.2-0.3 % Zr alloys to have higher tier stability (up to 400 °C
temperature). As well as, the amount of zirconium daedave significant influence
on the line broadening ratio assessment.
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lopazimoe Xaanv Animax ocnu. CTpyKTypa Ta BJACTUBOCTI epeKTHBHOIO

AIIOMiHIEBO-LIMPKOHIE€BOI0 CIVIABY B €JIEKTPOHHUX LIJISIX

JloCHiPKeHO CTPYKTYpY Ta BJIACTHBOCTI aIIOMiHI€BO-IMPKOHI€BHX CIUIaBiB. OLiHEHO
BIUIUB ITiIBUILICHHS TEMIIEPATYPH HA CTPYKTYPY MEXaHIYHUX BJIACTHBOCTEH TPHOX THIIB APO-
TiB 3 aJTIOMiHi€BO-IIUPKOHi€BOro cIuiaBy. OLiHEeHO BIUIUB TeMIIEPaTypu HarpiBaHHSA Ha CTPYK-
TYpy Ta BIAaCTHBOCTI aIFOMiHi€BO-LIMPKOHIEBUX CIUIaBiB. JloBeneHO, 110 3pas3ku JAPOTiB i3
Bmictom 0,2-0,3 %UUpKOHi€BHX CIUIABiB MatOTh GBI BHCOKY TEPMOCTIHKICTh (TeMIiepary-
pa 1o 400 °C).Takox BCTAHOBJICHO, IO KiIBbKICTh IUPKOHIIO HE MA€ iCTOTHOrO BILUIMBY Ha
OLHKY KoedillieHTa pO3LIMPEHHS JTiHil.

Knruogi cnosa: anmomiHi€BO-IIMPKOHIEBI CIUIaBH, CTPYKTYpPa 1 BIACTHBOCTI, MEXaHIuHI
TECTH, TeMIIepaTypa HarpiBaHHsL.
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Hopazumos Xaans Anuwax o2vi. CTpyKTYpa U cBoiicTBa 3(pdeKTHBHOIO
aJIIOMUHHEBO-LIIPKOHUEBOI0 CIJIABA B 3JIeKTPOHHBIX LieJISIX

PaccMOTpeHsl akTyanbHblE NPOOJIEMBl YCOBEPUIICHCTBOBAHHSA 3NMEKTPOTCXHIUIECKUX
CBOICTB M ONITUMAIBHOTO COCTABa CILIABOB JUIS AJIEKTPHYECKUX ceTeif, paboTalomuX Mo or-
pEIeNIeHHOI TeMIepaTypoil U 3MIEKTPUIECKUMU HArpy3kaMu. B cBs3u ¢ 3TUM mccienoBaHa
CTPYKTypa M CBOIiCTBA ATIOMHHHEBO-IIMPKOHHUEBBIX CIUIABOB. lIpoaHanm3mpoBaHO BIMSAHIE
HOBBIIIEHNS] TEMIIEPATYPhl Ha CTPYKTYPY MEXaHHYECKHX CBOMCTB TPEX THIIOB IPOBOJOB M3
AIFOMIHHUEBO-IIUPKOHIEBOTO CIUTaBa. OLEHEHO BIIIHUE TeMIEPaTypsl HarpeBa Ha CTPYKTYpy
U CBOICTBA ATIOMHUHHEBO-IIMPKOHUEBBIX CIUIaBOB. MccnenoBaHue mokasano, 4To 00pasipb
mpoBoIoB ¢ copepxkanueM 0,2-0,3 YapKOHUEBHIX CILIABOB UMEIOT 00JIee BBICOKYIO TEPMOC-
ToiikocTs (Temmeparypa 1o 400 °C). Taxoke yCTAaHOBJICHO, YTO KOIMYECTBO LIUPKOHHS HE
MMeeT CyIIECTBEHHOTO BIIMSHHS Ha OLEHKY KOd()GUIIMEeHTa pacIPE st JTHHHIL.

Kniouesvie cnosa: amoMIHNEBO-IIUPKOHUEBBIE CIUIABbI, CTPYKTypa U CBOICTBA, MeXa-
HHMYECKUE TeCThl, TEMIIepaTypa HarpeBa.
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