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ABSTRACT

A solidification path was determined for the processes of diffusion soldering and hot dip
galvanizing occurred at constant temperature. The solidification path is shown for bi-
nary Ni-Al and Fe-C phase diagrams. The beginning of solidification path is estimated
from measurement of the average solute concentration within coating frozen during
solidification. The end of solidification path is a result of a cross-section of the real
temperature applied in technology and liquidus line of a given phase diagram.
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1. EXPERIMENT

Experiments of diffusion soldering were made using two Ni — substrates and Al- foil
in the vacuum furnace at the constant temperature of 700 °C, [1]. Experiments of hot dip
galvanizing were made using Fe substrate (4rmco) dipped in the liquid Zn at constant
temperature of 450 °C, [2].

Both processes were arrested in order to freeze the morphology created during solidifi-
cation and to reveal the intermetallic phases or compounds, Fig. 1 and Fig. 2.
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Fig. 1. A soldered interconnection obtained
at 700 °C in the vacuum furnace because of
solidification arresting. An appearance of
the inter-layer of frozen (AIM is observed
In the middle [ALNi+(AD)®] eutectic is
visible.  AlsNi—intermetallic =~ compound
presents various kinetics of solidification
(anisotropy) due to the crystallographic
orientations of growing cells inherited from
substrate. The (Al)® phase is the stable
cutectic phase. The thickening of the AL3Ni
compound continues (due to an applied
freezing) along solidification path NF >NF,
which is shown in Fig. 3.

Rys.1. Ztacze dyfuzyjne uzyskane w 700 °C, w piecu prozniowym, w wyniku zatrzymania krysta-
lizacji. Zaobserwowano pojawienie si¢ podwarstwy zamrozonej fazy (ADM. W érodku ztacza
widoczna jest eutektyka [ALNi+(A1)%]. Zwiazek AL;Ni przejawia zréznicowana kinetyke wzrostu
zalezna od orientacji, dziedziczonej przez komérki od podtoza. Faza (Al)® jest stabilna faza eutek-
tyki. W wyniku mrozenia, krystalizacja kontynuuje si¢ wzdtuz sciezki NF >NF, Rys. 3.

I'l dc Sp C ap SC i Fig. 2. A soldered joint obtained at 450 °C
f— f ' —H during hot dip galvanizing because of so-

lidification arresting. An appearance of two
types of the & - phase differentiated mor-
phologically is observed. In the middle the
£ — phase sub-layer is visible. The almost
pure Zn (eutectic) is also expected within
the channels between C — phase cells. The
expected eutectic would be the result of
solidification involved by the freezing and
continued along the solidification path:
NF > Nf . The d, phase sub-layer presents
approximately the same kinetics of growth.
The I'; — phase sub-layer is a result of the
presence of flux applied in the technology.

Rys. 2. Ztacze dyfuzyjne uzyskane izotermicznie w 450 °C, w technologii zanurzeniowej, w
wyniku zatrzymania procesu krystalizacji. Zaobserwowano dwa typy fazy & zréznicowanej mor-
fologicznie. W $rodku ztacza widoczna jest pod-warstwa fazy . Spodziewana jest obecno$é
czystego cynku (lub raczej eutektyki) w kanatach miedzy komoérkami fazy . Oczekiwana eutek-
tyka bytaby wynikiem krystalizacji wywotanej zatrzymaniem procesu cynkowania a przebiegaja-
cej wzdtuz $ciezki NF > NE. Faza 8, przejawia niemal identyczng kinetyke wzrostu. Podwarstwa
fazy I'| jest wynikiem uzycia topnika w zastosowanej technologii.
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2. THEORY

A theoretical interpretation of the considered technologies is possible by means of
the appropriate phase diagrams for stable equilibrium, Fig. 3 and Fig. 4.

Fig. 3. A reduced Ny 2 N; > N, and full

1600 : No 2 N; 2 N, > NF solidification path; a
E reduced k]NO > k1N1 > k2N1 > k2N2 and
o 14000 full k;Ny > kN, 2 kN, > kN, > kN,
= . > ksNF historical, NS, s/l interface path. T
@1200f _+ ko N is the real temperature of the isothermal
g ‘(2 % solidification. Ny = 0.66 mole fr., for the
8 1000} : Ni-Al system (from a measurement of the
£ average solute concentration across multi-
- : layer: AL;Ni,/AL;Ni).
800 Solidification/historical paths are drawn on
TRT £ the phase diagram for stable equilibrium. In
: N : 1 .
TSP - reality, the solidification process occurs
05 06 07 08 09 A under metastable conditions.

Concentration, NV / mole fr.

Rys. 3. Zredukowana Ny > N; > N, i petna $ciezka krystalizacji Ny > N; > N, > NF; zredu-
kowana k;Ny > k;N; 2 k,N; 2 k,N, i petna, historyczna $ciezka frontow krystalizaciji, N%: kN,
> kiN; 2 kN; > kN, > kN, > ksNF. Ty jest rzeczywista temperatura krystalizacji izoter-
micznej. No = 0.66 ul. mol., dla systemu Ni-Al (z pomiaru $redniego st¢zenia na przekroju pod-
warstw: Al;Ni,/AL;Ni). Sciezki krystalizacji i historyczna sa wykre$lone na diagramie fazowym
rownowagi stabilnej. W rzeczywistosci, proces przebiega w warunkach metastabilnych.

Fig. 4. A reduced Ny 2 N, 2 Nj and full
Np > N, > N3 > NF solidification path; a
reduced kzN() > kzNz > k3N2 > k3N3 and
full k2N0 9 k2N2 9 k3N2 9 k3N3 9 k4N3
> kN historical, NS, s/l interface path.
No = 0.93 mole fr., for the multi-layer:
'y / 8/C,that is for the Fe-Zn system
(from experimental measurement of the
average solute concentration across multi-
. . layer). Solidification and historical paths
06 08 1 drawn on an equilibrium phase diagram.
Solidification and historical paths are
shown for solidification without a flux.

Rys. 4. Zredukowana Ny > N, > Nj; i pelna $ciezka krystalizacji Ny > N, > N3 > N¥ ; zre-
dukowana k,Ny 2 koN, = k3N, > k;Nj; i pelna, historyczna $ciezka frontow krystalizacji, N5,
No = 0.93 ut. mol., dla uktadu podwarstw: I';/ 8/, to znaczy dla systemu Fe-Zn ( wyznaczone
z pomiaru $redniego stezenia sktadnika na przekroju podwarstw I'y / 8 / ¢ ). Sciezki krystalizacji i
historyczna dla frontéw krystalizacji sa wykreslone na diagramie fazowym rownowagi stabilnej,
dla procesu krystalizacji bez udziatu topnika.
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3. CONCLUDING REMARKS

A model for the formation of protective coatings on the different substrates has been pro-
posed. The protective coating consists of two or three sub-layers. The number of sub-layers de-
pends on a given technology.

A diffusion soldering was applied in the case of formation of coating: Al;Ni/ Al3Ni, on the Ni
— substrate and hot dip galvanizing in the case of formation of coating: I'; / 8/ on the Fe —
substrate with the use of flux.

The model was referred to phase diagram for the stable equilibrium Ni-Al and Fe-C, respec-
tively. However, both technologies occur under metastable conditions. Thus the theory should be
modified by introducing the appropriate phase diagram for metastable equilibrium.

The model seems to be universal one and could be developed for ternary systems. But, in this
case, both solidification path as well as solid/liquid interface path should be determined for the
liquidus surface, as shown by Himemiya et al., [3] on the example of Fe-C-Cr and Fe-C-Ni sys-
tems.

An analysis of solidification path was employed for identification of intermetallic phases
appearing within sub-layers of coating. Two types of 8 — phase has been revealed in the case of Fe
— substrate coated by Zn with the presence of flux. It is concluded that the presence of flux is
responsible for the appearance of J, intermetallic phase.

Analogously to the solidification path also solid / liquid interface path has been
determined for both considered binary systems: Ni-Al and Fe-Zn, Fig. 3 and Fig. 4,
(bold lines).
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SCIEZKI KRYSTALIZACJI I FRONTOW KRYSTALIZACJI
DLA FORMOWANIA POWLOK OCHRONNYCH

STRESZCZENIE

Sciezka krystalizacji zostala wyznaczona dla procesu spajania dyfuzyjnego oraz cyn-
kowania metoda zanurzeniowa, ktore przebiegaja w warunkach izotermicznych. Sciezka
krystalizacji jest pokazana na przyktadzie podwdjnych diagramow fazowych réwnowa-
gi stabilnej: Ni-Al oraz Fe-C. Poczatek Sciezki krystalizacji jest oszacowany z pomia-
row $redniego st¢zenia skladnika stopowego w powloce zamrozonej w trakcie krystali-
zacji. Koniec Sciezki krystalizacji jest wynikiem przecigcia rzeczywistej temperatury
zastosowanej w danej technologii oraz linii likwidus danego diagramu fazowego row-
nowagi stabilne;j.
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