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ABSTRACT

Table 1. Reflectivity of some metals, alloys and com-
We consider the method of the deposition of high corropounds.
sion resistant and high reflective coating. It is shown that

the coating, consisting of alternated layers of titanium and | Materialof Materia Refl Spectr,
aluminum, is an optimum layer design. Formation of a con- | reflecting of factor | 1
tinuous intermetallic layer of aluminum-titanium is a neces- | 12Yer protective range
sary component of the design. Data on reflectivity in visible N I_ayer 086 Visblo
spectrum and corrosion resistance of the coating are presented A Cacquer 07 Visble
INTRODUCTION Al manum 1 o7 | visible
Reflective coatings deposition is one of the most wide- Al Teflon 0.75 IR_
spread applications of the vacuum deposition technolo- A — 092 V|s_|ble
gies. Conditions of such coatings usage vary to a great| Ag Eiltl;icdoen 0.87 Visible
extent. The most stringent requirements are made for the —
coatings, which high reflectivity and long-term corrosion |29 ITO 0.6 Visible
resistance are to be combined in. It is known that the [ A9 ITo 0.8 'R_
reflectivity of newly-deposited films of some metals, ex- | CY ' 0.65 | Visible
cept aluminum and silver, are low in the visible spectrum | CU Lacquer 0.6 Visible
and rather high in the IR spectrum [ 1 ]. Various protective | CU ITo 079 | IR
layers are used for corrosion protection and improvement | St. steel - 0.6 Visible
of abrasive wear properties. Usage of vacuum deposited | Ti - 052 | Visible
transparent protective layers is limited both by their high | Ti oxide - 0.35 - | Visible
costs and difficult deposition onto large-area substrates 0.42

and parts of complicated configuration. Apart from that,
some transparent protective layers have a certain spectral

selectivity. We considered a version of the deposition of a coating of

enough corrosion resistance, a high reflectivity and free
of a protective layer. The present work is based on the data
) ) of publications [5,6], where corrosive protection of alu-
C_orrosmn r_e§|stant metals and f:ompounds does not Prinum with thin layers of titanium, chromium and nickel
vide reflectivity above _0'65’ as it may be seen be_low 'Nvas discussed. Relative number of the samples, tested on
Tabl_e 1. At the same time, a protectwe_lf_:lyer on h'gh Mhoisture resistance at temperature 40°C, is shown on Fig. 1
flective metals whether decreases reflectivity or their depore]. Aluminum coated samples with and without a titanium
sition is difficult and expensive. protective layer are presented. The coatings were deposited
onto glass. Reflectivity was measured on the glass side. It is
shown that reflectivity does not change after climatic testing
in case of the deposition of the titanium layer 0.02 - 0.08 um
thick.

EXPERIMENTAL DETAILS
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Figure 1. Number of climatic tested samples.
Figure 2. Reflectivity vs titanium deposition time. (Magne-

Conditions of the deposition of the aluminum-titanium coat{ron sputtering, titanium deposition rate is 0.5 nm/s).

ing of high reflectivity (no less than 80 %) and long-term

resistance to atmospheric and moisture exposure are discus&gflectivity of the aluminized PET film, protected by the

in the present paper. The experiments were carried out on tliganium arc vaporization, versus the titanium deposition

laboratory and industrial equipment. Both rigid and flexibletime is shown in Fig. 3.

polymeric substrates were used in the experiments. The fol-

lowing deposition methods were used:

- thermal aluminum evaporation and magnetron titanium

sputtering atop of the aluminum layer;

- thermal aluminum evaporation and electric arc titanium  ss

vaporization atop of the aluminum layer; \

- alternated deposition of aluminum and titanium layers

by magnetron sputtering;

- simultaneous magnetron sputtering of aluminum and ti-

tanium layers.
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As far as the thickness of the titanium layers was not high, 8¢ \
correlation between the deposition speed of titanium, op- g3 ~
tical density and layer thickness was found (preliminary).
The coating corrosion resistance was determined by mea- 5
surement of the reflectivity in visible spectrum after ex- 81
posure in a climatic chamber and in NaCl solution. The 0 : ! T]m"’e ) 8 1o 12

samples were exposed in the climatic chamber at tempera-

ture 40°C and humidity 100%. During the NaCl testing theFigure 3. Reflectivity vs titanium deposition time. (Arc va-

samples were immersed in 5 % solution periodically (once aporization, titanium deposition time is 0.25 nm/s).

hour for 10 minutes) and extracted on the air. The reflectivity

was determined with a globe photometer. Its dependence die aluminum was deposited by thermal evaporation. Com-

the titanium layer thickness (the latter calculated on the basjgrison of Fig. 2 and 3 shows that the character of the

of the titanium deposition rate and time) is given in Fig. 2reflectivity variability at magnetron and electric arc meth-

Aluminum and titanium were deposited onto rigid polysty-ods is identical and has three zones of various inclination.

rene substrate by magnetron sputtering. Very thin titanium layers decrease reflectivity insignifi-
cantly. Further increase of the titanium thickness leads to
sharper decrease of the reflectivity. Then, still further
growth of the titanium layer leads to gradual decrease of
the reflectivity, finally resulting in the reflectivity value of
pure titanium (0.52).
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Reflectivity of the two-layer aluminum-titanium coating ver- Formed compounds of the type AITi have high corrosion re-
sus the time of the exposure in the climatic chamber and NaGijstance, especially at high temperatures. A transition zone,
solution at various titanium thicknesses is shown in Fig. 4btained with secondary ion mass - spectroscopy, is shown on

and 5. Fig. 6 [5].
108
83 poea—| ——a
82 4 — - 105 Ti AN
‘i\:—- —— | ABTI2 nm) / NG —
81 ~— = 7 N \/‘
\ T 5 104 Al \_
= AHTi (1 nm) ~— =
> 80 z
£ ~N < \.
c?ﬁz 79 N g 103
«,

AN

®
/
—

102 \

./

101

76

0,0 5 1,0 1.5 2.0 0 10 20 30 490 50 60 70
. Measurement time
Time, d

Fig. 4. Reflectivity after exposure in the climatic chamber.Figure 6. Profile of magnetron sputtered layers.

84 The transition zone width influences on the corrosion resis-
tance. It is characteristic that at thermal evaporation the tran-
82 4 sition zone width of titanium is essentially lower (Fig. 7) [5])
%'\ ~—— . | AITi(Z nm) and there is no corrosion protection. Secondly, the molar vol-
< 80 N ] I ume is increased and the subsurface layer is compacted dur-
& N I~~~ | AITi(l nm) ing formation of the intermetallic layer.
2 78 \\ ~
% ~ Two technological processes of the deposition of high reflec-
~ 76 tive and high corrosion resistant coatings have been devel-
AN oped on the basis of obtained results:
74 \ 1. Coatings of high reflectivity on the transparent substrate
» side of the layer design;
72 2. Coatings of high front reflectivity of various materials.
0,0 .5 1,0 1,5 2,0 2,5 30
Time, d

In the first case the aluminum layer is deposited initially by
thermal evaporation or magnetron sputtering and then the
Figure 5. Reflectivity after exposure in NaCl solution. titanium layer 0.02-0.05 pum thick is deposited by the magne-

tron or electric arc method. In the second case the technology
Asiitis clear from Fig. 4 and 5, corrosion resistance of the twopeculiarities are connected with the substrate material.
layer coating is as higher as more titanium thickness, but it

sharply increases even at minimum thickness of the titanium

105 e, =1 =
layer. Ti ! Al \]
) ) . 104 4 ‘\
It can not be accounted by protective properties of the ti- / X !
tanium film, because it is too small to form a continuous £ 0 ! l‘
protective layer. E | \l \\
o0 ’ \
There are several explanations of the mechanism of the corro? o2 7 -
sion resistance increase of the aluminum-titanium coating. | x .‘L
First, probability of intermetallic compounds formation on ot 7 i [
the aluminum-titanium interface is increased sharply both in i i . J
the magnetron and arc discharges because of high energy and 1990
chemical activity of the titanium. ° 20 30 40 S0 s0 70 80

Tim e

Figure 7. Profile of thermal evaporated layers.
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CONCLUSION
In case of polymeric substrates, characterized by high outgas-
sing, it is expedient to start with a titanium underlayer depoFeasibility of the deposition of high reflective and high
sition. It will have two functions: improvement of the alumi- corrosion resistant coatings has been shown, depositing
num adhesion to the substrate and creation of a barrier layenulti-layer titanium and aluminum films onto various sub-
preventing gas penetration to the aluminum layer. The furthestrates, including flexible bases. Mirror coatings can be
layers are alternation of aluminum and titanium or simultaused both on front and back side of the substrate.
neous sputtering of aluminum and titanium with gradual re-
duction of the titanium fraction approaching to the top layerREFERENCES
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The testing has shown that complete oxidation of the front
reflective coatings was not observed even at their long-term
exposure in the salt fog conditions.

Even in case of partial corrosion of aluminum, reflectivity is
decreased insignificantly, because the reflectivity is reduced
down to 78-80 % in the corrosion points (the intermetallic
layer reflectivity) without significant decrease of the
integral reflectivity of all the surface, not altering the coating
appearance.

Some details of coating very thin polymeric film should be
noted. First, internal stresses of the coating should be taken
into account, when depositing titanium. Growth of stresses
leads to cracking of the coating as a whole and sharp decrease
of the corrosion resistance. Secondly, the substrate heat resis-
tance should be taken into account, when magnetron sputter-
ing of the layers simultaneously. Increased thermal flows could
entail the substrate shrinkage and also the coating cracking.

The offered coatings can be used in the most various
industries.
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