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ABSTRACT

The prescent work investigates the usefulness of solufion
growth techniques of electroless depesition and anodization of
aluminium followcd by metal pigmentation by ac electrolysis to
fabricate selective absorbing surfaces for photothermal
conversion of solar energy.

The teéhnique of electroless deposiﬁion has been used to
prepare nickel and molybdenum black coatings on galvanized steel
and aluminium substrates. Optimized coatings have been obtained
near room temperatures of dep031£ion. By changing the deposi-
tion conditions from that of the conventional electroless depo-
sition of metalsy, it has been possible to deposit both the
metal and the oxide simultaneously, such that a graded composi-
tion profile of metal and oxide is obtéined.

Porous anodic alumina films embedded with -nickel or
cobalt particles have been prepared by anodizing in an oxidizing
electrolyte folloyed by ac electrolysis in an Ni or Co electro-
plating bath, The effect of various anodization paramcters on
the structural features and optical properties of these pigmented
anodic alumina coatings has been studied. R correlation
betwcen the microstructural features and the solar séloctiyity
of these coatings has bcen established. Coatings with low |
therﬁal emittance, & 0.06 (at 1DDOC)9 and solar absorptance
Z-O.9O>haVG been prepared by anodizing in a phosphoric acid
electrolyte. Addition of sulphuric acid incrcased ﬁhe°§ andg
values of the film duc to the formation of a thicker and

alumina rich anodic film.



~

R detailed microstructural characterization of the
electroless deposited Ni and Mo blacks and Ni and Co pigmented
anodized aluminium coatings has been carried out. The electro-
less nickel bleck ooatings have a graded profile of Ni, Zn and
NiQ throughout the film cross section_@ith traces of N1203 and
Ni%Pz also probably present in the upper layers .Of the f‘ilms.
The electroless Mo black coating has a graded composition
profile of flo, Zn and Mol in the film., The metal'pigmer.ﬁtgd
anodized Al Coatings‘coniain Ni or Co particles iméregnatéd in
the porous alumina matrix. These coatings have not shown any
significant degradation in their optical propertics on annealing
upto 250°C in air. |

The optical properties oeri and Co pigmentod anodized
aluminiﬁm coatings have been analyzed in terms bf the effective
medium theories of Maxwell Garnett and Bruggeman. Thosec pig-
mented coatings have been trcated as a tuo-component cermet of
Ni~A1203 and C0~A1203 in which the pigmenting particloé occupy
a significant volume fraction of the film. By taking reasonablec
estimatcs of surface roughness and particle configuration, the
Bruggeman theory yielded a good agreement with the experimental
curve over the solar spectrum. The infrared sbsorption bands,
observed in the e#perimontal curvaes, have bsen found to be due
to‘thé characteristic vibrational modes of the various molecular
spocios presont in the anodic film.

To explain thé optical properties of the threc~componcnt

composites of electroless nickel and molybdenum black coatings,



a two-step approach to thec abovc coffective medium theories has
becn described. These 3~componant systcms have been treated on
the format of a 2-component effective medium, involving two
stops of computaticns. Using such an oxtensibn of the offective
moedium theories, a satisfactury agrecment betuéon the cxperi-
mental and theoretical reflcctances is obtaincd by a mixcd
treatment of the Maxucll Garnett and Bruggeman theoricé in tuo
stepse.

The clectroless nickel black depositicn prccess has
bgen successfully used to produce large area water heating
collector pancle and a bex type sclar cven. Dctailed field
performance tests cf these large aroavsulectiVQ absorbers have

bepen carriced out,
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