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Research into some electric and mechanical characteristics (specific resistance, Yung modulus,
internal friction) of electrolytic nickel coatings obtained from nickel plating persulphate solution
on aluminum base before and after thermal treatment is presented in the paper. It revealed that
following thermal treatment operation properties of the coating increases, adhesion improves and
inter-granular distance decreases. Coatings obtained may be used for functional purposes in

different technologies.

Keywords: nickel coatings, aluminum alloys, thermo-stable, specific resistance, Yung modulus,

internal friction.

Introduction

Aluminum alloys are the main
construction materials in aviation, instrument
engineering, electro-technical industry and
production of ground-surface transport. Owing
to their assets (low density, good electro- and
heat conduction), the application range of
aluminum alloys in other branches tends to
expand permanently.

The construction materials do not always
satisfy requirements to components operating
in the extreme conditions. Emerging
difficulties may be solved by producing
functional surface-based coatings that use
operation properties of components.

If the components made from aluminum
alloys (space systems’ junctions, thermal
power engineering, antenna feeding systems’
junctions, steam-injection tubes) dispose of

high electro-conductivity with heightened heat
resistance, the coating of these components by
nickel will be considered acceptable (melting
temperature of aluminum alloys is 635-660°C,
specific resistance is ~ 2.6-2.95-10° Ohm-m,
nickel melting temperature is 1453°C, specific
resistance of nickel is ~ 6.84-10%0hm-m). As
for structural and mechanical transitions,
which may occur in the course of heating of
construction materials, they cannot be
extended to the coatings automatically because
of their structural features.

The paper deals with producing heat-
resistant nickel coatings on aluminum alloys
with conservation of high adhesion and
electro-conductivity during heating and
examining their electric and mechanical
properties.

Experimental results and discussion

Electrolytes of various compositions for
producing nickel coatings from aqueous
electrolytes are widely spread today [1-3]. We
selected persulfate electrolyte of direct
nickelling for aluminum [4, 5] (composition:
nickel sulfate — 150—250 g¢/l, boric acid -
23—30 g/l, sodium fluoride - 1-3 g/l, sodium
chloride - 1-3 g/l, potassium persulfate - 1-3
g/l). No operations on modification of the

coated surface with the help of electroplating
method are available. Note that preliminary
preparations  provide  for  purification
(degreasing and clarification) of products only.
Analyzed aluminum samples (according to the
fluorescent analysis — Al - 95.17%, Cu-2.99%,
Si-0.61%, Mg-0.52%, etc.) of required sizes
were cut out on the electro-spark machine tool
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with special accuracy.

The electric (specific resistance) and
mechanical (Yung modulus and internal
friction) properties of nickel coatings were
examined with the use of electron-beam
technology while the surface structure
analyzed on scanning electron microscope.

The electro-conductivity of substrate
was measured at first. Electro-conductivity,
Yung modulus, internal friction and structure
of the samples were measured after electro-
deposition of nickel on aluminum. The same

samples coated by nickel were placed
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subsequently in vacuum camera and heated
within 30 seconds at a temperature of 600°C
with subsequent slowed cooling. Then again,
the same parameters at different temperatures
were measured.

Standard four-point contact method was
used to measure electric resistance. Note that
mechanical properties (Yung modulus and
internal friction) of the sample in question
were researched by means of acoustic
spectrometer. The dependencies of resistivity
of the samples of substrate made from
aluminum alloy and pure nickel are presented

on Fig.1 and 2.
?_ L
E & .
g 5 :
B 4 .
- . Ni
2_
Y080 200 ¢ 800 | 400
T. &
Fig.2

Resistivity of aluminum alloy (Fig.1) and pure nickel (Fig.2) subject to temperature p=£(T).

The dependencies of resistivity upon the
temperature of the aluminum alloy coated with
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nickel before and after thermal treatment (400
and 600°C) are presented in Fig. 3.
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Fig.3. Resistivity of aluminum alloy coated with nickel (h=30 mcm) subject to temperature
p=f(T). 1 — initial; 2 — after annealing at 400° C; 3 - after annealing at 600° C.
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As is evident from the Fig. 3, the
resistivity of heated (600°C) and then cooled
down to room temperature of sample decreases
(by 0.6 Ohm-:m) as compared with resistivity
of initial sample plated by nickel and
approximate resistivity of aluminum alloy

(PAlenn208"x=2.2:10°  Ohm:m; PAlc.+Ni.
206°k=2.6:10%  Ohm'm;  pni20e’x=6.84-10
80hm-m), which is primarily linked with the
improvement of the structure of the sample.
Temperature dependence of Yung modulus
curves and internal friction are shown in Fig. 4.
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Fig.4. Temperature dependencies of Yung modulus (E) and internal friction (Q*) for aluminum
sample coated by nickel (h=30 mcm) before (1) and after (2) thermal treatment (600°C).

It is obvious from Fig. 4 that the
numerical value of the Yung modulus lies in in
the range of 40-65GPa and approximately
coincides with Yung modulus for aluminum
alloys (65.5-70.4 GPa). The change of the
Yung modulus in the measured temperature

range is ~4%. The level of the internal friction
decreases after thermal treatment in the range
of 100°C temperature. Structures of nickel
before (a) and after thermal treatment 600°
C(b) are presented in Fig. 5.

(a)

Fig. 5. Structures of nickel deposition before (a) and after (b) thermal treatment 600°C

An improvement in the structure of the
coating, a decrease of inter-granular distances,
an increase in the diffusion zone between the

(b)

base and the coating, as well as an improve-
ment in adhesion take place after thermal

treatment. On the basis of the present
research it is possible to conclude that
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electric and mechanical properties of following which their  thermo-stability
aluminum alloys coated with nickel are increases.
practically preserved after thermal treatment,
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HCCIEJOBAHHE TEMITIEPATYPHOH 3ABHCHMOCTH HEKOTOPBIX
®HU3HYECKHX XAPAKTEPHCTHK TEPMOCTOHKHX HHUKEJIEBBIX ITOKPBITHH
HA AJTIOMHUHHEBBIX CIVIABAX

T.Mapcacuweunu, I'. Tamuwieunu, H. Ananuaweunu, M.I'aueuunaose, /Ir«c. Mempeesenu,
E.Ilxaxkasa, M.Mauasapuanu

Unemumym neopeanuueckoi xumuu u saekmpoxumuu um. P.U. Aenaosze
Tounucckoeo I'ocyoapcmeennoeo Yuueepcumema um. Me. [ocasaxumeuiu
yi. Munoenu 11, 0186 Tounucu, Pecnybauxa I py3zus
e-mail: lice@caucasus.net

B pabome npedcmasnensi pesyibmamsl Ucc1e008aHUsL INEKMPULECKUX U MEXAHUYECKUX XAPAKIMEePUCUK
(voenvHoe conpomusnenue, mooyie FOnea, 6Hympenee mpenue) HUKeAe8blX NOKPbIMuULl, NOJYYEHHbIX U3
nepcynbamno2o pacmeopa HUKeIUpOo8aHUs HA alIOMUHUEBOU OCHO8e, 00 U NOCie MepMU4ecKou
obpabomku. Ycmanosneno, umo nocie mepmooopadbomKuy y8eauuu8aomcs IKCHIYAmayuoHHble OaHHble
HUKeNe8020 NOKPBIMUS, VIYYUIAeMCs ad2e3uss ¢ OCHOBHLIM MEMALIOM, YMEHbUAIOMCS MeXNC3ePeHHble
epanuybl. Tlonyuennvie nokpvimus mozym Oblmb UCNONLIOBAHBL OISl PYHKYUOHATLHBIX Yeael 8 PasHblx
MEeXHON02USAX.

Knrouesvle cnoea: nuxenesvle noxkpvlimus, AUIOMUHUEBbIE CHIAGbL, MEPMOCMOUKOCMb, YOeibHOE
conpomugnerue, Mmooy FOnea, snympennee mpenue.

[locrymmna B pegaknmro 05.11.2016.
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