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VANADIUM ADDITION INFLUENCE ON THE STRUCTURAL AND
PHASE PARAMETERS OF AI-Si—Cu ALLOYS

The effect of vanadium addition on the structural and phase parameters of Al-Si-Cu cast alloys
under different crystallization conditions is considered. A non-serial hyper-eutectic Al-14Si-4Cu
alloy was chosen for experiments. Such composition made it possible to simultaneously evaluate
the effect on such structural parameters as aluminum-based solid solution, primary silicon crystals
and eutectic.After modification and crystallization in graphite mold, more homogeneous and less
contrasting structure is observed, respectively to the constituent parts distribution. The eutectic is
distributed more evenly, and primary silicon crystals are not recognizable. Solid solution alloying grade
rising is significantly noted. Al matrixincludes 1.2wt.% Si, 2.36 wt. % Cu, and 0.85wt. % V compare to
non-modified alloy with 0.77 wt. % Siand 0.2 wt. % Cu. Moreover, itis obvious that vanadium promotes
the clusters formation of iron-rich phases, which have a very favorable, non-needle morphology,
but they are majorly deposited near to Cu-rich conglomerates. During accelerated crystallization
of the modified melt, a similar, but slightly enhanced effect is observed: the structural components
are dispersed even more significantly, and the Al-based solid solution has even higher alloying
rate: 1.59wt. % Si, 2.82wt.% Cu, and 1.17 wt% V. Also, Al + Si eutectic becomes even smaller and
less-contrasted. However, the Cu-rich and Fe-rich phases in the eutectic areas are not distributed
more uniformly. In that case, Iron-rich phases also have a very favorable, non-needle morphology.
They mainly situated separately from Cu-rich conglomerates, instead of previous example.

Keywords: casting aluminum alloys, Al-Si—-Cu system, vanadium addition, phase and structural
condition after modification, microalloying.

Introduction
luminum foundry primarily uses modification and microalloying to improve mechanical
and operational characteristics of cast aluminum alloys, despite the very intensive
application of liquid metal various physical processing methods [1-6].
Most widely used cast Al-based alloys are Al-Si and Al-Si—Cu systems. They find major
application in automotive and engine-building production. The main part of investigations,
devoted to the problem of modification and microalloying of such alloys, mainly consider
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the microadditives influence on specific industrial alloys [4-6]. At the same time, the ques-
tion of the modifying additives complex effect on the main structural-phase parameters
of the Al-Si—Cu system alloys hasn’t been widely studied.

One of the interesting and non-trivial modifiers for Al-Si—Cu alloys is vanadium. Ac-
cordingto [7-10], itinfluences to the shape and size of crystals of both primary silicon and
aluminum phase dendrites. The other role of vanadium is connected with Al-Si-Fe—phase
interaction, which is expressed in shape changing of Fe-rich parts.

Thus, we can conclude that it is advisable to study the complex effect of vanadium
additives on the structural-phase parameters of the of the Al-Si-Cu system.
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Fig. 1. Microstructure of cast samples: a — initial alloy; b — modified alloy (0,25 wt.% V)
with cooling rate ~ 5 °C/sec; ¢ — modified alloy (0,25 wt.% V) with cooling rate ~ 100 °C/sec
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Experimental part

To provide the idea of complex investigation, hyper-eutectic Al-based alloy with
non-standard composition was prepared: Al-14Si—-4Cu-0.6Fe (wt. %). Such composition
was chosen primarily in order to ensure certain amount of a primary silicon. The increased
copper content ensured, along with the high alloying of the aluminum phase, approximately
the same formation temperatures of both primary silicon and a-solid solution. Such deci-
sion made possible to evaluate the role of modification applicable to all alloy components
from the point of phase influence tendency.

Melt preparation was carried out in a laboratory shaft resistance furnace. As the charge
it was used wastes of alloy Al-5Si—2Cu (wt. %), pure silicon and pure copper. The compo-
nents were melted in an alundum crucible located in a steel sleeve. Melting was carried
out at a temperature of 810+10 °C in order to dissolve all the components as much as
possible. Then the melt was cooled and poured at a temperature of 720 °C. The initial alloy
was poured into a graphite cylindrical mold with & 40 mm and a height of 80 mm. Further
modification of the alloy was carried out with AIV5 alloy so that the vanadium content in
the alloy reached 0.25 wt. %. The modified melt was poured into the previously mentioned
graphite mold, as well as into a copper mold to obtain extremely different metal cooling
rates, which for the graphite form were ~ 5 °C/sec and for copper one ~ 100 °C/sec.

Specimens were obtained from as-cast samples. Microstructure investigation results
are shown in Fig. 1. An analysis of the structural phase components is shown in Fig. 2.
The corresponding local chemical phase analysis is given in the table.

The structure of the initial alloy sample had a predicted phase composition, which is
confirmed by the presence of small (10-20 um) non-eutectic-type primary silicon crystals,
which have a predominantly oblong shape. The grains of the aluminum-based solid solution
for this alloy manifest themselves quite clearly due to the large size of 20-50 microns. The

b

Fig. 2. Microstructure of a, b and ¢ samples
with highlighted structural zones and
phases, which chemical composition is
given in a table further
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Chemical composition of samples, structural and phase
compounds: a - initial alloy; b — modified alloy (0.25 wt.% V)
with cooling rate ~ 5 °C/sec; ¢ — modified alloy (0.25 wt.% V) with
cooling rate ~ 100 °C/sec

Point Chemical composition, wt.%
Al si Cu Fe % -
1 98.86 0.77 0.2 - -
a 2 14.35 1.71 82.5 0.66 -
3 26.47 72.28 0.2 0.3 -
1 95.35 1.2 2.36 - 0.85
b P 14.46 1.14 83.72 0.4 -
3 23.56 3.89 14.71 45.84 4.86
1 94.41 1.59 2.82 - 1.17
¢ 2 22.99 4.88 12.52 45.83 5.78
3 68.47 26.99 - - 0.95

eutectic component of the alloy, as can be seen, is copper-rich, contains iron and seems
to be inhomogeneous and unevenly distributed.

After modification and crystallization under the same conditions, more homo-
geneous and less contrasting structure is observed, respectively to the constituent
parts distribution. The grains of an aluminum-based solid solution (10-20 um) are
twice smaller, the eutectic is distributed more evenly and primary silicon crystals are
not recognizable. Solid solution alloying grade rising is significantly noted. Al matrix
includes 1.2 wt.% Si, 2.36 wt.% Cu, and 0.85 wt.% V compare to non-modified alloy
with 0.77 wt.% Si and 0.2 wt.% Cu. Moreover, it is obvious that vanadium promotes the
clusters formation of iron-rich phases, which have a very favorable, non-needle morphol-
ogy, but they are majorly deposited near Cu-rich conglomerates.

During accelerated crystallization of the modified melt, a similar, but slightly enhanced
effect is observed: the structural components are dispersed even more significantly, and
the Al-based solid solution has even higher alloying rate: 1.59 wt.% Si, 2.82 wt.% Cu and
1.17 wt.% V. Also, Al + Si eutectic becomes even smaller and less-contrasted. However,
the Cu-rich and Fe-rich phases in the eutectic areas are not distributed much uniformly. In
that case, Iron-rich phases also have a very favorable, non-needle morphology. They are
mainly situated separately from Cu-rich conglomerates, instead of the previous example.

Conclusions

e Analyzing the obtained results, it can be said that the role of vanadium, as a
microadditive element for modifying the Al-Si—-Cu system cast alloys, is mainly located
next to grain refining. Such effect relates to an aluminum-based solid solution and primary
silicon crystals. Itis obvious, that vanadium addition leads to specific phase formation and
causes redistribution of alloying elements and eutectic. Another effect is connecter with
formation of iron-rich phases with non-needle compact morphology. From all the considered
examples it is seen that the addition of vanadium also refines the structure of the eutectic
Al + Si, expanding the space of its existence around the regions of the solid solution.

¢ In accelerated cooling rate conditions, the phases containing copper and iron and
located in the near- eutectic region are not crushed and distributed more evenly. Thus, it can
be argued that the addition of 0,25 wt.% vanadium leads to a sufficient modifying effect. This
effect is not significantly enhanced with an increase of cooling rate during crystallization.
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BMJinB AOOABAHHSA BAHAAIIO HA CTPYKTYPHI TA ®A30BI NTAPAMETPU
CnJ1IABIB CUCTEMM Al-Si—Cu

Po3arnsHyTO BriiMB 40AaBaHHs BaHaAilo Ha CTPYKTYPHI Ta pa30Bi napameTpu nntux crinasiB Al-Si-Cu
npu pi3HNXx ymoBax kpuctanisauii. s ekcriepyMeHTiB 6ys10 06paHo HecepiiHii 3aeBTeKTUYHNI
crinas Al-14Si-4Cu. Takwii cknazg A03BOJIMB O4HOYACHO OLIHUTW BIJIMB HA Taki CTPYKTYPHI
napameTpu, Ik TBepAn PO34YMNH Ha OCHOBI a/llOMIHIO, NEPBUHHI KPUCTaIN KDEMHIIO Ta eBTEKTHKA.
lMicns moangikyBaHHS Ta KpucTanidauii y rpaitoBivi popmi crioctepiraetbcs 6inbLL 0AHOPIAHA
Ta MEHLU KOHTpacTHa CTPYKTypa BiArnoBiAHO A0 PO3roAisly CK/1aL0oBUX Y4acTuH. EBTekTuka
po3noninsieTbcs 6inbLU PIBHOMIPHO, a NEPBUHHI KPUCTaIN KDEMHIIO HE BUSIBJISIIOTLCS. 3HAYHOIO
MipOIO BiA3HaYa€eTbCS NiABULLIEHHS PIBHSI JIEFOBAHOCTI TBEPAOIr0 POo34uHy. Matpuus Al Bkiao4ae
1,2 %mac. Si, 2,36 %mac. Cuta 0,85 %mac. VnopiBHsiHO 3 HemoangikoBaHum criiasom 3 0,77
%mac. Sita 0,2 %mac. Cu. binbL TOro, 04eBUAHO, LLIO BaHaAiVi CrIPUSIE YTBOPEHHIO KI1acTepiB ¢as,
6aratux 3as1i30M, SIKi MaroTb AyXe CrPUSIT/INBY HE ro4acTy MOPQOJIOriio, ase BOHU B OCHOBHOMY
BigknaaaloTbcs nNoban3y KoHriomeparis, 6aratyux Ha Cu. [lig 4ac npuckopeHoi kpuctanizadii
mMoaungikoBaHOro po3arnyaBy CrnoOCTEPIraeTbCs aHasaA0riyHu, ane AeLo NoCUIeHnn epekT:
CTPYKTYPHIi KOMIIOHEHTU ANCNEPryoThCS LWe 3HaqHIle, a TBEPANI PO34YNH Ha OCHOBI Al Mae e
6inbLuy cTyniHb nerysaHHs: 1,569 %mac. Si, 2, 82 %mac. Cuta 1,17 %mac. V. Takox eBTekTuka Al+Si
CTa€ LU MEHLLIOK Ta MeHLL KOHTpacTHow. OaHak ¢pasu, 6arati Cu i Fe Ha eBTEKTUHYHUX AiNIsTHKaX,
po3roginsTbcs He Habararo piBHomipilie. Y ubomy Bunaaky gasau, bararti 3a1i30M, TaKOX MaloThb
CrpUSITIINBY HEroJ14acTy Mop@osiorito. B OCHOBHOMY BOHU PO3TaLLOBaHI OKPEMO Bif KOHIJIOMeparis,
6aratux Ha Cu, Ha BiMIHY Bifl NonepeaHboro npuKkaaay.

Kmio4yoBi cnoBa: 1ntra anomiHieBux crinasis, cuctema Al-Si-Cu, goaaBaHHs BaHagito, ¢pasa 1a
CTPYKTYPHWI CTaH rnicss MOANQIKYBaHHS, MiKpOIeryBaHHS.
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BJIMAHUE AOBABJIEHUA BAHAAUA HA CTPYKTYPHbIE U ®A30BbIE
NMAPAMETPbI CIJIABOB CUCTEMbI Al-Si—Cu

PaccmoTtpeHo BansiHne fobasieHUsl BaHaaus Ha CTPYKTYPHbIE 1 ¢a30Bble napamMeTpbl JINTbIX
cnaaBoB Al-Si—Cu npu pa3indHbIX yCa0BUsIX KpucTannm3aumn. [as akcrnepumeHToB Obl BbIOpaH
HecepuiiHbIl 3aaBTekTn4eckuii criiaB Al-14Si-4Cu. Takovi cocTaB no3BOJINI OAHOBPEMEHHO
OLIEHUTb BJINSIHWE HA Takne CTPYKTYPHbIE NapamMeTpbl, Kak TBEPAbIVi PaCcTBOP Ha OCHOBE a/llOMUHYS,
rnepBuYHbIE KPUCTaJI/Ibl KDEMHUSI M 3BTEKTMKA. [locne MoanuumnpoBaHuss n KpucTanam3daumm
B rpaguTtoBoli popme HabmogaeTcss 6osee oaqHOPOAHas U MEHEE KOHTPAacCTHasi CTPyKTypa B
COOTBETCTBUM C pacrnpenesieHnemM COCTaBHbIX YacTeu. OBTekTuka pacnpegensercs bosee
pPaBHOMEPHO, a NepBUYHbIE KPUCTaNIbl KDEMHUSI HE BbISIBASIIOTCS. B 3HAYNTEIbHOM CTENeHn
OTMeyaeTcCsl MoBbILLEHNE YPOBHS IErMPOBaHOCTY TBEPAOro pacTteopa. Matpuua Al Bkniovyaet

ISSN 0235-5884. lNMpouecn intTs. 2019. Ne 6 (138) 57




KpucTanizauia Ta CTPYKTYPOYTBOPEHHS CrnJiaeiB

1,2 %mac. Si, 2,36 %mac. Cuwn 0,85 %mac. Vno cpaBHeHWIO ¢ HeMOANDULIMPOBaHHbIM CI1IaBOM C
0,77 %mac. Sin 0,2 %mac. Cu. bonee Toro, 04€BuAHO, HTO BaHaAWVi crrocobCcTBYET 06pa30BaHUIO
knactepoB ¢as, 6oratbix Xene3oM, KOTOPble UMEIT 04eHb 61aronpusiTHyI0 Urob4atyio
MOP@OI0rno, HO OHY B OCHOBHOM OTK/1a4bIBAIOTCS BO/IM3U KOHITIOMeparoBs, 6oratsix Cu.Bo Bpemsi
YCKOPEHHOV KpucTannndaumm MmoanduLmMpoBaHHOro pacriasa HabaioaaeTcss aHaaorndHbli,
HO HECKOJIbKO YCUIIEHHbI 3 OEKT: CTPYKTYPHbIE KOMIMOHEHTbI U3MeE/IbYarTCs elje bosee
3HaunTesIbHO, a TBePAbIV pacTBOpP Ha 0cHoBe Al uMmeeT elue 60J1bLLYI0 CTerneHb AernpoBaHus: 1,59
%mac. Si, 2, 82 %mac. Cuun 1,17 %mac. V. Takxe aBTekTuka Al + Si CTaHOBUTCS eLLe MEHbLLIE 1 OHa
MeHee koHTpacTHasi. OgHako gasbl, 6oratsie Cu v Fe Ha 3BTEeKTUYECKUX yHacTKax, pacrpenensoTcs
He HaMHoro 6osiee paBHOMepHO. B aTom ciyyae ¢asbi, 6oratbie Xene3oM, Takke UMET 04EHb
61aronpusiTHYI0O HEeUrob4acTyo MOpP@OI0ruio. B 0OCHOBHOM OHYV PacrosoXeHbl OTAEbLHO OT
KOHrnomeparos, 6oratbix Cu, B OT/In4Me OT NMpeabiayLLero npuMmepa.

KnroyeBbie cnoBa: n1uTee antoMUHUEBBIX criiaBoB, cuctema Al-Si—-Cu, nobasneHne BaHaaus,
asa v CTPYKTYPHOE COCTOSIHMNE N0C/1€ MOANDPULINPOBAHUS, MUKPOJIErMPOBaHME.
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