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The effect of various impregnation parameters on the structural features and optical
properties of solar absorbing nickel pigmented anodic alumina coatings has been studied.
The impregnation starts from a threshold voltage. A correlation between microstructural
features and the optical properties of these coatings has been established. Stable coating
with low emissivity (0.14 at 70°C) and high solar absorptivity (>0.90) have been prepared
by anodizing in a phosphoric acid solution. © 2000 Kluwer Academic Publishers

1. Introduction operating conditions and to correlate the latter with the
Selective surfaces for the photothermic conversion ofovered surfaces optical properties.

solar energy can be obtained by chemical [1], physical

[2] or electrochemical [3] conversion of stainless steel
surface [4], zinc [5], copper [6] or aluminium [7]. In the

ﬁaz'?n?s 2Il;r2:jn|ttar2i ;';lllooyode:;Cf;Sifﬁ 'ntg\c\?;:élg;ﬁ;tr}ﬁ'rUsed aluminium (99.5%) is shaped as rectangular sheet
9 9 pability P9yt 40 x 60x 0.5 mm. Samples are initially degreased

a surface treatment process which involves a chemis

cal composition modification of the anodic conversion " & bath made up of sodium hydroxide, sodium car-
P . bonate, sodium etasillicate, trisodium phosphate and
layer by post processing was developed.

Conversion layers obtained through anodic oxida-SOd'um gluconate during 1 min. This stage is followed

tion of aluminium in an acidic electrolyte have physico- by a sodium hydroxyde cleaning (25 g/l) during 1 min.
chemical characteristics that de engi/ on the glei/:trol tThe samples are then neutralised in a nitric acid bath
P y §20% v/v) during 2 min. All these stages, carried out at

composition, the voltage applied, the temperature an : ! X
the anodization duration [8]. The oxide coatings ob- mbient temperature, enable us to obtain a satisfactory

tained by phosphoric anodic oxidation are com ose&urface quality before anodic oxidation.
Yy phospnhor : P Anodic oxidation is carried out in a phosphoric acid
of two parts consisting of a compact barrier layer and a

: . .~ solution (0.5 M< X < 3 M), applied voltage of 15 V
layer of porous alumina of which pores are perpendlcu—during 15 mn at atemperature ofZ0 After drying, the
lar to the aluminium surface [9]. By electrochemically '

including these porous films of metal particles, mod_eIectrochemlcaI|mpregnat|on under alternating voltage

ified conversion layers are obtained and their ori inal(50 Hz) is carried out in a nickel sulphate solution at
Y 9N mbient temperature.

optical properties might lead to a development in the The conversion layers Ni contentg/cn?) is given

e Sper. o chromatography D100 it & colm CS5
: y g & SPE Structural characterisation is carried out by transmis-
tion near on the one hand to the distribution of a black

.. .~'sion electronic microscopy (T.E M). The concentra-
body to absor.b and on thg ot_her hand to th'e d'Str'bu.t'OQions of the elements in the impregnated anodization
of a metal polished to emit without having its reflective

X 4 .~ layer are followed by secondary ions mass spectroscopy
fac_ulty. Select_|ve absorber presents (_)ptlcal propertle'(;S_I_M_S)_ Optical propertiess ande7 of conversions
V.Vh'Ch are defined by the_solar radlathn t.oFaI albsorlo'Iayers are measured using an absorptiometer and a
tivity as and the total hemispherical emissivity. An

ideal selective absorber would be a material that Wouléamlssmmeter (EL 510-520 ELAN INFORMATIQUE).

absorb all the solar radiation without emitting. In prac-
tice a selective absorber can be considered good for
as>0.95 ande7g < 0.20. 3. Experimental results
The influencing parameters of anodic oxidation are3.1. Evolution of the optical properties
well-known [8] so we will focus our study on the second Evolution of the optical properties of nickel impreg-
electrochemical stage of the process, i.e. impregnationated (10 min) anodic aluminium is shown on Fig. 1.
by nickel particles. Absortivity starts only to increase above 5 V; below
Our goal is to study the physicochemical characterb V the optical properties are the same as the anodic
istics evolution of these coatings with respect to thealuminium layer ¢s=0.14, ¢70=0.08).

2. Operating conditions
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Figure 1 Absorptivity and emissivity in function of the applied alternating voltage.
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However, above 9 V the Ni content does not have
anymore impact on the evolution of the optical proper-
ties. Nickel insertion is a determining factor towards the
obtention of good optical properties but above a given
nickel content (6Qug/cn?), the optical properties do
not evolve anymore.
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Vol 3.2. Current signal analyse . . . _

v In order to understand the evolution of nickel insertion
with respect to applied voltage the evolution of current
signal during impregnation was followed (Fig. 3).

For 4 V (Fig. 3a) a voltage for which nickel is not

We obtain a good selective absorber when the appliethserted in the alumina layer, we can observe symmetry
alternating voltage reach 9 V. Fig. 2 gives the evolutionbetween the anodic and cathodic parts.
of Ni content in the alumina layer according to the im- When the voltage reaché V (Fig. 3b) dissymmetry
pregnating voltage. We can see that it is only at voltagdetween the anodic and cathodic parts comes up with
in excess of a threshold voltagéV that nickel isin-  appearance inthe cathodic field of a distortion due to the
serted. Thus, from comparison with Fig. 1, the increasanickel reduction reaction. For higher voltages (Fig. 3c)

Figure 2 Ni content in function of the applied alternating voltage.

in optical properties is associated with Ni. the cathodic distortion increases and the cathodic field
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Figure 3 Current signal for various applied voltages (a) 4 V; (b) 6 V; (c) 10 V.
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Figure 4 Current quantities according to the impregnation voltage. g0 [Filling rate %
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becomes much larger than the anodic field. It corre-
sponds to the fact observed on Fig. 2, i.e. the nickel

40
30

content increases with the applied voltage. Indeed the 2

cathodic field is the site of the nickel reduction reac- 10

tion and the more this field become large, the more the T T T s v w1
nickel deposit is high. Voltage V

Fig. 4, shows the evolution of current quantities in ®)
function of the applied voltage. We can see that anodigigure 5 SIMS profiles (a) and filling rate (b) in fonction of applied
current quantity hardly vary when the voltage increasevoltage.
while the cathodic current quantity increase. When su-
perimposing on these curves the evolution of the nickel A , - . : : |
contentwe can notice thatthe latter follows the cathodic g .. #:eKEL
current quantity. .
From these curves we can say that the sole cathodh'; 7000 _
part plays a part in the nickel insertion but if the sames |- }

i

¥

experiment with d.c current is carried out, nickel forms * 5%
a deposit on the surface and we have bad optical props ,50%: /
erties. Thus anodic field plays a role during the nickel . J
insertion. 4600 |
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4. Deposit characterisation
4.1. S.I.LM.S
When following the nickel profile as a function of ap-

plied voltage (Fig. 5a) we notice that for a small voltageimpregnated (10 V, 10 min) we find two peaks located
(6 V) there is a bell-shaped profile; it means that nickelat 855 and 873 eV that respectively represent Ni(2P3/2)
is located at the bottom of the pores of the aluminaand Ni(2P1/2). The nickel located at the bottom of the
layer. When the voltage increases the deposited nickgjores is in metallic form; nickel oxide NiO cannot be

increases and the pores fill up which is correlated by dound in contrast to the report done by Kumar [8].
flat S.1.M.S profile. The alumina layer can be estimated

to 0.40m. The threshold voltage is near to the product
of the dielectric strength of alumina by thickness of the4 3. TE.M

porous layers5 V). Before impregnation (Fig. 7a), the alumina layer of ap-
Ass_uming that the penetration speed of argon in th%roximately 0.40um thick consist’ of pores, perpen-
layer is constant for all the samples we can draw thgjicular to surface, which have an average diameter of
curve of the poresfilling rate in the alumina layer versuspo nm. The barrier layer that separates aluminium from
the voltage (Fig. 5b). For small impregnation voltagesthe porous layer is 26 nm thick. After a 10 min impreg-
quickly inserted in the pores. Looking at the filling rate gnd we can see metallic nickel in the pores (black spots).
at which we have an optimum of selectivity (Fig. 1), T supplement what we have observed by ESCA
it is not necessary to completely fill the pores of the\yas undertaken. Rings of diffraction are obtained, and
alumina layer to obtain good optical properties. working out the spacings of these plans we find that
they are close to the theoretical d spacings of nickel.
The nickelis microdivised inthe pores of the alumina
4.2. E.S.C.A layer; this explains why it was not visible with X-rays.
Carrying out a chemical analysis of elementary surface Nickel being only present at the bottom of the pores
(Fig. 6) on an anodic sample (15 V, 15 min) and nickelmakes it possible to obtain good optical properties

Figure 6 E.S.C.A analys of the deposit.

1349



(@)

(b)

Figure 7 T.E.M photographs of anodically oxidised aluminium prepared in phosphoric acid solution before impregnation (a) and afterimpregnation (b).
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Figure 8 Absorptivity and emissivity in function of the impregnation
duration.
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Figure 9 Ni content in function of the impregnation duration.
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Figure 10 SIMS profiles in fonction of the impregnation duration.

whitout completely fill the pores with nickel. In order

5. Impregnation duration

A short impregnation duration (2 min), for a process
voltage of 10V, is enough to obtain good optical prop-
erties (Fig. 8). On Fig. 9, we can notice that nickel is
rapidly inserted: so after 2 min, a plateau between 70
and 80u.g/cn? is reached.

If a S.I.M.S study is undertaken for different im-
pregnation duration (Fig. 10), we note that when the
impregnation time is increased the nickel profile is
flattened (the pores fill up) and does not evolve any
more which corresponds to the plateau observed on
Fig. 9. The pore filling of the alumina layer by nickel
is made the pore bottom to the pore top.

6. Conclusion

Nickel insertion in the porous alumina layer starts from
a threshold alternating voltage. Inserted nickel is in
metallic form and is microdivised. The anodic com-
posing of the signal plays a major part on the nickel
insertion in the pores. The optical properties depend on
the nickel content but a small content is sufficient to
have good optical properties. Itis not necessary to have
nickel all along the pores, its sole presence at the pores
bottom enable us to obtain a strong absorptivity and a
low emissivity.
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