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Abstract. An analytical review of the state of the problem of aluminum alloys modification was per-
formed. The alosence of a unified approach to solving the problem has been established, which is asso-
ciated with the complexity of the process of modifying multicomponent alloys. The aluminum alloys of
the AL-Zn-Mg-Cu systemwere studied. As a modifier, a composition based on nanodispersed powders
of titanium and boron with fractions of up to 100 nm, obtained with plasma-chemical synthesis, is
Emoosed. The structure, ﬁhase composition, and properties of the test samples were studied before
after modification with methods of optical microscopy, X-ray diffraction analysis, and X-ray spec-
tral analysis. In the modified BO5 and B alloys, grain refinement and structure stabilization were
achieved. Determination of the crystal lattice parameters of the alloys showed an increase in the peri-
od of lattice of the modified samples by 1.02% The microhardness of a-Al, the solid solution, was
increased from 1080 to 1500 MPa. The phase composition of B95 and BI6 alloys is represented with
the intermetallic phases CuAl,, MgZns, MopZns, MSi, FeAls, TiB,, TiAl;, as well as phases of com-
plex composition. The maximum grain refinement and increase in the mechanical properties of the
alloys were achieved upon modification of 0.05% Ti and 0.005% B, which is explained by the for-
mation of dispersed strengthening intermetallic phases of complex composition in the center of the
grains.
Key words: aluminumalloys, structure, phase composition, intermetallic phases, nanomodifier, titani-

um, boron.

Introduction

Currently, there are several aluminum alloys
modification theories, but there is no consensus
on solving this problem [1-3]. This is due, first-
ly, to the complexity of the modification process
and its dependence on the melting and casting
conditions and, secondly, to the influence of
uncontrolled impurities and components, which
can enhance or weaken the modifying effect.
According to the nucleation theory, developed in
[4-6] papers, the additive introduced as a modi-
fier must satisfy the following requirements:

— it should have sufficient stability in the
melt without changing the chemical compasi-
tion;

— the melting temperature of the additive
should be higher than the melting temperature of
aluminumn:

— structural and dimensional correspondence
of the crystal lattices of the addition to the me-

trix melt is necessary;

—the formetion of sufficiently strong adsorp-
tion bonds with atons of the modified melt.

Apparently, the surface tension at the "melt -
solid particle™ boundary, can serve as a criterion
of the strength of interatomic bonds. The greater
the surface tension value, the worse the particle
is wetted by the liquid phase and the less likely
it is to use the particle as a crystallization center.
In [4, 5] papers on a large number of systerrs it
wes shown that the catalytic activity of the sub-
strate during nucleation is determined by the
chemical nature.

The role of modifiers is comes, on the one
hand, to a decrease in surface tension at the
crystal faces, which contributes to an increase in
the rate of nucleation of crystallization centers,
and on the other hand, to the formation on the
surface of adsorption filrs that impede the dif-
fusion of atorms of the crystallizing phase to the
surface of the crystals and inhibit their growth.
Slowing crystal grownth leads to an increase in
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the number of crystallization centers and to a
refinement of the structure. Adsorption theory
does not explain the shift of the eutectic point
and the formation of overmodified structures in
aluminumalloys [6].

Application of the cluster model of the melt
to the analysis of the modification process al-
lowed the authors of [7, 8] papers to substantiate
the solubility factor as one of the determining
ones. Impurities soluble in clusters and changing
their internal structure are classified as microal-
loying elements. Impurities soluble in the area
of activated atoms are classified as second-type
modifiers that change the crystallization process
without changing the internal structure of the
clusters. However, there is no clear distinction
between modifiers and microalloying elements,
since there are no substances soluble only in
liquid state and absolutely insoluble in solid
state.

Work objective: to stabilize the structure and
the strengthening effect of the modification of
multicomponent aluminum alloys with nanodis-

persed compositions.

Influence of nanodispersed compositions
on structure formation of high-strength
aluminumalloys

The material for study was high-strength
aluminum alloys B95, B9% of the Al-Zn-Mg-Cu

system (Table 1).
Table 1 - The chemical composition of high-strength

aluminumalloys
Alloy The content of elements % wt.

Zn Mg Cu|Mn| Cr | Fe | S

BY% |60 |23 |17 |04 |018 |05 |05

B% |[85|26|23| - - | <04 | <03

A modification technology has been devel-
oped consisting in introducing a weighed por-
tion of the modifier 0.1 wt.% in the melt under
the following temperature and time parameters: t
=720 °C, modifier action time is 5...7 minutes.
The modifier wes nanodispersed powders of
titanium and boron fractions up to 100 nm X-
ray microspectral analysis wes performed on a
JSMH66360JA  multipurpose  scanning  micro-
scope, with the JED 2200 energy-dispersive
analysis system The phase composition and
crystal lattice periods of alloys before and after
modification were determined using method of
X-ray diffraction analysis on a DRON-2.0 dif-
fractometer in Cu, radiation. Mechanical tests
were performed on standardized eguipment.

Mechanical tensile testing of the samples wes
performed in accordance with GOST 28840-90
on a TIRAtest testing machine. Impact strength
tests were performed according to DSTU EN
10045-1:2006 under room temperature on a
MK-30 pendulum impact testing machire.

The paper presents a methodology for the
complex modification of aluminum melt, which
can be explained as follows. If another insoluble
additive 1s introduced into the melt with the
main additive isomorphic to aluminum, then
interval of melt metastability will decrease as a
result. As shown in [7-9, 10] papers, titanium is
the most effective refractory modifier element
for aluminum. Boron wes selected as the second
titanium additive in the complex modification of
aluminum alloys.

The follomng explanation can be given re-
garding enhancing the action of the complex
modifier. Considering the triple state diagram of
Al-Ti-B (Fig. 1) [11], we can conclude that tita-
nium diboride TiB2 and titanium aluminide
TiAl; form a continuous series of solid solu-
tions. Triple eutectic is formed in the systent g
+ TiB, + TiAl;. Introduction of boron expands
the area of primary crystallization of TiAl; as a
result of a decrease in the solubility of titanium
in liquid aluminum The main modifier in this
case Is a TiB, particle, which has a structural
correspondence with the metrix of alloys with a
small difference in the parameters of the crystal
lattices.
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Figure 1. Ti-Al-B state diagram

Multicomponent aluminum alloys B95 and
B9 contain 11...14% of alloying elements solu-
ble in aluminum zinc, copper, Mmagnesium,
manganese, chromium (Table 1). Alloying ele-
ments in guenched alloy are in solid solution.
During aging process, solid solutions decom-
pose with the production of dispersed inclusions
of hardening phases (Fig. 2).
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Figure 2. Microstructure of alloy B9S after
quenching and aging: a — before modifica-
tion; b — after modification

The properties of the alloy depend on wheth-
er the alloying element is in a solid solution or
in an intermediate phase. The location of ele-
ments and the degree of supersaturation can be
judged by the size of the crystalline lattice of the
solid solution.

An analysis of the characteristics of solid so-
lutions in aluminum alloys shows [9, 10] that
most alloying elements decrease the lattice peri-
od; the most effective is titanium Magnesium,
inturn, increases the period of the crystal lattice.
Complex alloying can lead to the fact that the
solid solution will be supersaturated and the
lattice period does not changg, i.e. the influence
of different atoms on the lattice period is mutu-
ally compensated. According to X-ray diffrac-
tion analysis, the crystal lattice periog of the
B95 alloy in the initial state was 4.054 A, and in
the ified (0.05% Ti + 0.005% B) it was
4.055 A. Thus, the increase in the lattice period
wes 1.02% At the same time, the microhardness
of the matrix of modified alloys is increased.

The phase composition of the B95 alloy,
which crystallized under equilibrium conditions,
IS represented by o-Al, a solid solution, as well
as numerous intermetallic , both binary,
CuAl, I\/gz% Mg:Si, FeiAlgbh'glsAlg ofl the
Laves type, more complex es. Alan
nurrbe;yg? intermetallic gg) nds is forrrgg
due to the fact that aluminumis trivalent and has

a high electronegative potential. Table 2 shows
the identified intermetallic phases.

Table 2 — Intermetallic phases, hardening alumi-

numalloys
Before modifying After modification
F9A|3 FCA13
QuAl, AlzTi
Mo/, MeZn, MeZing
AlLCWFe AlLCwFe
MeSi MgS
Ngl&(Al Cu)s
Mae(AICU)s %}éﬁiﬁ};

I the modified alloys B95 and B96 (Fig. 3).

Figure 3. Microstructure of 01570 alloy with
intermetallic phases

AlsMgsSiFe and Al;CusVIgs intermetallic phases
of a conplex ition were also found,
which are uncharacteristic for the alloy in the
initial ~ state, Mgp(AlQU)w,  AlCUMg,
AI3I\/g38|Fe (T able 3).

The appearance of new complex intermetallic
compounds, as Well as titanium diborides and
aluminides, indicates the effective influence of
the modifier on the crystallization of alloys.

The microstructure of the B35 alloy in its ini-
tial state (Fig. 2.a) consists of a-Al, a solid solu-
tion In the presence of massive boundaries of
intergrowth between the branches of dendrites.

In the modified alloy samples (Fig. 2.b), thin
intergrowths of dendrites and their branches are
observed, as well as localized inclusions inside
dendrites. A stable alloy structure was achieved,
which is associated with a more uniform distri-
bution of alloying elements included in the alloy
under the action of a nanodispersed modifier.
Modified samples are characterized by a smaller
grain size (70 microns) compared to the original
ones (200 microns).
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The study of the distribution of alloying ele-
ments and impurities in the aluminum base of
the alloy before and after modification (Table 3)
showed a more uniform distribution of alumi-
num, zinc, iron and silicon. A decrease in the
content of magnesium and copper indicated their
presence in the intermetallic phases. The in-
creased content of titanium (from 0.12 to 0.44%)
proves its involverrent in the modification pro-
0EsS.

Table 3—Results of X-ray microspectral analysis of
intermetallic phases of alloy B9
Sample Con-| The content of alloying elements,%
dition W.
A [Zn[Fe[Mg[Cu[ Si| Ti

Unmodified |, 1915 481 6,561 2.12{ 2,84 1.83] 0,02

Modified
001% |84,86|1,73/4,19/2,14|2,23|4,73| 0,12
Ti+0,005%B
Modified
005% |819|20(450/2,16|270|6,30| 044
Ti+0,005%B

Table 4 shows the mechanical properties of
B95 alloy after hardening heat treatment.

From the above data it follows that (0.05%
Ti + 0.005% B) modifying composition is the
most effective, as a result of which grain re-
finement from 200 to 70 microns, an increase in
the strength properties of alloys from 240 to 400
MPa and an increase in microhardness to 1500
MPa were achieved.

Table 4 —Mechanical properties of alloy B95 before

and after modification
Modifier, wt % 35

GB, | Go2, 5%'%'§ KCU, HM’
Ti| B |MRalMa| "|5EM/m MPa

240 | 202 | 80| 200 | 0,36 | 1080

0,01 - 20| 214 71| 18 | 0,30 | 1120
005| 0,005 | 400 | 360 | 56| 70 | 0,5 | 1500

007 | 0,005 | 320 | 280 | 48| 160 | 0,28 | 1455

01 | 0005|350 | 308| 46| 100 | 0,30 | 1460

Conclusion
1. The criteria for the modification of high-
strength multicomponent aluminum alloys are
determined.
2. The choice of a composition of nanodis-
persed powders of titanium and boron of a frac-

tion up to 100 nm obtained by plasma-chemical
synthesis as a complex modifier of aluminum
alloys is justified.

3. Wsing the method of X-ray diffraction
analysis and X-ray spectral analysis in modified
alloys, a large number of intermetallic phases of
complex composition were found that are ab-
sent in the initial alloys, which ensures a hard-
ening effect.

4. The (0.05% Ti + 0.006% B) modifying
composition is most effective, as a result of
which grain refinement from 200 to 70 microns,
an increase in the strength properties of alloys
from 240 to 400 MPa and an increase in micro-
hardness to 1500 MPa were achieved.
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Biums 00po0ky HAHOMCTIGPCHUMYI KOMITO3MILI s
M Ha CTPYKTYPOYTBOPEHHS! BHCOKOMIIIHIX ATTHO-
MiHi€BHX CILIABIB.

Anomayia. Ilposedeno ananimuial 02510 CMany

npobneMu  MOOUGDIKYBAHHSL  ATFOMIHIEBUX — CITIABIG.
Bemanognena  eiocymeicme - eourioeo nzdxody 0o

eupiwerHst  yiel  npotniemu, WO TNo8’sI3AHO  3i
CKIaoHicio  npoyecy  MooughiKyearHs — bazamo-
KOMNOHEHIMHUX CIIABI6. J0CTiong 8t aoMIHIE6E
cmasu cucmemu AL-Zn-Mg-Cu. - Moougixamopom
3ANPONOHOBAHA.  KOMNO3UYisL  HA _ OCHOG  HAHO-
aucnepcrux nopowiie mumaty i bopy gpakyii’ 0o
100 mv, ki Gy OmpuMaHi  WIGRMOXIMIYHUM
curmezom. Busuam cmpykmypy, qhazoeuit ckiao i
QIACIUBOCHT  3DA3KI6, SIKI OOCTIONYBATUCL 00 |
NG MOOUIKYVBAHHS.  Memooamu  ONNUHHOL
MIKPOCKON, PEHM2EHOCIPYKINY PHO20 i
MIKPOPEHM2EHOCIDVKIN) PHORO AHATI3).
Y mooughixosarx cnnasax B95 i B96 docienymo
HoOpiOHeHHs. 3epHa 1 cmablmisayis crmpykmypu.
Busrauerrsi napavenmpié  Kpucmaihol - pewtimyu
aIasie MoKazao 30LTbUIEHHS. NePio0y  PewinKu
Moougpikosarux  3paskie na 1,02 % Iﬁdeumena
Mipomsepoicmb o-Al — meepooeo posaury 3 1080
oo 1500 Mlla. @azoeuii cknao cniasie B95, B96
npeocmasnerul inmepvemanionumu gazavi CuAly,
MyZrg MeZrg, MeSi, Fedls, TiBy, TiAly a maxooic
v caomoeo  cmany.  Makcumare
30DIOHEeHHSL  3epHA [ MIOGUWYEHHS  MEXAHIYHUX
|IACUBOCIIENL  CIIABIE  OOCACH 3 yMo6U
mooupixyearmst: 0,06% Ti ma 0005% B wo
HOSICHIOENTbCSL. YMBOPEHHSIM — OUCNEPCHUX  IMIYHIO-
BWILHUX THMEPMEMAIIOHUX (ha3 CKIAOHO20 CmamHy 8
YEHMPI 36DHA.

Kuiouwoei cnoea: amoviviesi cniasy, cmpykmypa,
ghaszosuil cKao, THMEpMEMIiyHi (asL, HAHOMOOU-
Qixamop, mumar, 60p.
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Bmsinne 00padoTKkn HAHOMCTIEPCHBIMA
KOMIIQ3MIIMSIMM  HA  CIPYKTYpooOpazoBaHHe
BBICOKO-TIPOYHBIX ATIOMIHHEBDIX CILIABOB

Annomayun.  Tlposeoén  anammuseckuil  0030p
COCMOSIHUSL NPOOTIEMbI MOOUGIUUUPOBAHUS. AUTTFOMUHU-
€BbIX CIIAB0B. YCMAHOGTIEHO OMCYICINGUE €OUHO20
nooxo0a pewlenusi npoaieMbl, YUMo CEA3aHO  CO
CIIOJHCHOCTIBIO MPOYECcad MOOUGUUUPOBAHUST MHORO-
KOMHOHEHMHbIX cniasos. Hccnedosamt amomuHie-
evie cnasbl cucmemvl AL-Zn-Mg-Cu B kauecmese
MOOUGUKAMOpa HPeIodN@HA KOMIOBUYUSL HA OCHO-
6e HAHOOUCNEDCHBIX NOPOUIKO8 MUMana U 6opa
dpaapue 0o 100 v, nomyeHHbie niaMOXUMUHe-
ckum curmesom. Mccnedosanu cipykmypy, ¢hazosulii
COCMAg U CBOLICMBA ONbINMHLIX 0OPA3LO8 00 U NOCTIE

MOOUGPUUUPOBAHLEL MEMOOAaMU ONIMUHECKOLL MUKPO-
CKONUL, PEHIMREHOCIPYKINPHO0 U MUKDODEHITee-
HOCNEKIMPATIbHORO aHALBA. B moougdhuuposarmbix
amiasax B95 u B96 oocmuetymo uzvensuenus 3epHa

u cmabwmzayus cnpyknypsl. Onpedenerie napa-
Mempo8 KPUCATTUHECKOU peLentkKU CHIAB08 NOKA-
3410 YeemmMeHue Nepuood MOOUGhuUpo-
eanbix oopasyos Ha 1,02 % llosvuuena

meépoocmb  o-Al — meépooeo pacmeapa ¢ 1080 do
1500 Mlla. @azosvui  cocmas cnaasoe B9S, B96

NpeOCmasien. UHIMEPMEMAUTUOHbIMLL CuAly,
MeZng, MarZrg, MgoSi, FeAls, TiBy, TiAly a maxowe
azavu crooiaHo2o  cocmasa.  MaxkcumamsHoe  u3-
MebUeHe 36PHA U NOGbILUCHUE  MEXAHUMECKUX

CBOLICB CIVIABO8 OOCILUEHYIMO NPU MOOUGUYUPOB-
ma: 0,05 % Ti u 0,005 % B, umo obwvsicraemcs 0b-
PAB0BaAHUEM. OUCNEPCHLIX YHPOHHSIOUWUX UHITIEPME-
MAUTUOHBIX (D3 CLODKHORO COCABA 8 YeHpe 3¢-
pen.

Ktouesvie cnosa: amomuruesble cniagbl, cpykiy-
pa, @azoebvili cocmas, UHMEPMEMALTUYECKUE (asbl,
HAHOMOOUGDUKAIMOp, Mumar, Oop.

Kamnuna Haramst EBrpagoBna, 1.T.H.,
npodeccop Kae bl TEXHOTION M MATEPHATIOB,
095-550-28-00. kalinina.dnu@gmail.com
JIHENpOBCKM HALMOHATBHBI YHUBEPCUTET UMEHU
Ortecst ['onuapa, tip. ['arapuna, 72,

r. JlHenp, YxpauHa.

Kamnnn Anexcannp BacwibeBHY, JOKTOpaHT
KaheTpbl MaTepUasoBEICHUST 1 00POOKH METAITIOB
IlpyHENPOBCKOT  TOCYNAPCTBEHHOM — aKaIeMun
CIPOMTIIHCTBA U APXUTEKTYPBL, Vi1 UepHBIIIEBCKOrO
24a, r. ITrenp, 49600, YipanHa.

vt kalinin@gmail.com

IimynmcoBa lnana BopucoBna, 1.1.H., Tipod., 3aBe-
Jyroiiast Kaelpoit TeXHIOrMK METATIOB U MaTepa-
nioBenerst, 057-707 37-29,

diana. borisovna@gmail.com,

Boponkop  Anexcannp  MsaHoBid,  1TH,
npoeccop  Kaderpel  BUraresield  BHYTPEHHETO
sropanmst, 067-295-90-96, dralex@gmeil.com,
Crenaniox Anjipeii BaHoBIY, accricTeHT Kaderr
pbl TEXHOJIOTMM METAUIOB M MATepUATIOBEICHIE,
097-525-85-13, dioxid26@meta. ua

Boponosa EynaBera MuxailjioBHa, JOLECHT Ka-
(berpbI MHOCTPaHHBIX SI3BIKOB,
voronoval¢s@gmail.com,

XapbKOBCKMII ~ HAIMOHATGHBIA  aBTOMOOKJIHHO-
JIOPOXKHBIA YHUBEpCHTET, yi1. Sfpocrasa Myzporo 25,
M. XapkiB, 61002, YkpauHa.

Ceprreniko ViBanna QuieroBHa, acipaHT Kadepsl
JITEAHOTO TTPOM3BOJICTBA,

lady.Anna.\We@gmeil.com

HarpioHansHast MeTarmTyprieckas akaJieMusi YKpa-
vHbL, J{penp, YxpavHa.
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