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Pr ocesses leadi ng to t he formation of the com posite layers alumini um
oxide {metal have b een investigated . Structure , comp osition , and other prop -
erties of this material ha ve been examined. T he mechanism of metal elec-

tro dep ositi on pro cess is discussed .
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1. I n t rod uct io n

In the last period f ast development of com posite m ateri als is observed and
there is a numb er of new appl icati ons in various branches of science and techno logy.
In many cases the use of new composites is the onl y way to fulÙl demands of new
m ateri als of special qual i ty .

The to pic of thi s paper is the com posite materi al of oxi de m atri x com posite
(OM C)- typ e wi th alum inium oxi de matri x. The already kno wn pro cess of elec-
tro lyti c colouri ng of alum inium [1] is the basis of m etho d of form ati on of thi s typ e
of com posite materi al . Thi s m etho d consists of two electrochemical steps:

1. Form ati on of porous oxi de layer by anodi c oxi dati on of alum inium . Uni f orm ly
di stri buted pores are perpendicul ar to the alum ini um substra te surface. The
pores diam eter depends on oxi datio n condi ti ons and vari es from about 5 to
50 nm . The coati ng thi ckness is usual ly from 1 to 30 ñ m dependi ng on
the oxi dati on ti me. One should note tha t the anodic oxi de layers Al 2 O3 of
uni que uni form porous structure are now becoming used for form ati on of
new materi als by tem plate m etho d [2{ 10];

2. El ectrodepositi on of meta l inside the pores of oxi de matri x. The volume of
the pores is pro gressivel y Ùlled up beginni ng from the pore botto m by meta l.
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The scheme of structure of composite layer is shown in Fi g. 1. The m etal
electrodepositi on is usual ly conducted using al terna ti ng polari sati on of alum ini um
electrode wi th anodic and catho dic cycl es. The ro le of al terna ti ng current has not
been yet cl ariÙed.

Fig. 1. The structure scheme of comp osite layers alumini um oxide{metal.

The scope of conducted inv estigatio ns was to study the reacti ons of m etal
electrodepositi on inside the Al 2 O 3 matri x. The resul ts obta ined would help to es-
ta bl ish the opti mum condi ti ons of form atio n of composite layers of deÙnite prop-
erti es.

2. E x per i m en t a l

2.1. Composit e coatings format i on

Ano dic oxi dati on of 99.5% Al sam ples was conducted in 1.75 M H2 SO4 solu-
ti on at tem perature 20£ C wi th vo lta ge 16 V. The thi ckness of oxi de layer obta ined
wa s 15 ñ m . The electrodeposi ti on of nickel, copper or ti n was perform ed at tem -
perature 25£ C in the f ollowi ng soluti ons:

(a) Ni SO4 0.1 M, H3 BO 3 0.5 M, pH = 5,
(b) CuSO 4 0.1 M, H2 SO4 0.05 M, pH = 1,
(c) SnSO4 0.1 M, H 2 SO4 0.2 M, pH = 0.5.
The m axi mum vol ta geof al terna ti ng current was 16 V (Ni ) or 14 V (Cu, Sn).

Usual ly the frequency 50 Hz was used, but a wi de range from 0.1 to 1000 Hz was
checked.

The com posite layers were di ssolved in aci d soluti ons and the nickel , copper
or ti n concentra ti ons were measured by the ato mic absorpti on spectro photo metry .

El ectrochemical investigati ons have been perform ed using tra nsient curve
m etho d [11], catho dic polari sati on m etho d [12], anodic polarisati on metho d [13],
and impedance spectroscopy [14].
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3. R esul t s an d d iscu ssio n
3.1. Composi tion and st ructure exami nat ions

The uni form composite layers were obta ined in the f requency region of
10{ 100 Hz. W i th frequenci es below 10 Hz the defects in oxi de layer appear. In
the light frequency region under 500 Hz the electrodepositi on does not occur and
hi gh capacity current is observed.

Chem ical analysis of obta ined composite layers as well as structure, m agneti c
pro perti es, gravi metri c and electro chemical investi gatio ns have been perform ed.

The concentra ti ons of m etals in com posite coati ngs are shown in Fi g. 2. In
the beginni ng the depositi on rate of ti n is the hi ghest; the lowest v alue has been
obta ined for nickel . Af ter 10 minutes of electro depositi on the to ta l content of ti n
and copp er wa s about 1 g per m2 of alum ini um surf ace and 0.5 g/ m 2 in the case
of nickel.

Fig. 2. The metal concentration in comp osite layers vs. electro- dep ositi on time.

The X- ray analysis has conÙrmed tha t the m etal depositi on starts at the
botto m of the pores close to the alum ini um surface and the volume occupied by
m etal increases.

The inv estigati ons perform ed by tra nsmission microscopy have shown tha t
al l pores are Ùlled by m etal deposit. The diam eter of m etal parti cles depends on
pore diam eter and has been found to be from 5 to 30 nm .

The m agneti c properti es exam inatio ns conducted wi th Foner magneto me-
ter for Al 2 O 3 À Fe system have shown high m agneti c ani sotro py of the obta ined
composite layer. The results have conÙrm ed tha t f erromagneti c Fe parti cles of a
needle shape are located perpendi cularl y to the surface of alum inium substra te.
The simi lar results were obta ined by Ho ch and others [15].

By gravi m etri c m easurem ents the m ass of the fol lowing coati ngs was deter-
m ined:

¯ wi tho ut metal deposit,
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T AB LE I

Results of gra vimetric measurements.

N o. Dep osited T ime of Sealing Mass change in Mass change in

metal dep ositi on + yes metal deposition sealing pro cess

{no pro cess

[min ] [g/m 2 ] [g/m 2 ]

1. { { { { {

2. { { + { + 5. 97

3. N i 5 { + 1.10 {

4. N i 10 { + 1.66 {

5. N i 5 + + 1.13 + 6. 00

6. N i 10 + + 1.91 + 6. 22

7. Cu 5 { {4. 90 {

8. Cu 10 { {5. 65 {

9. Cu 5 + {6. 22 + 4. 65

10. Cu 10 + {6. 22 + 5. 40

11. Sn 5 { {6. 87 {

12. Sn 10 { {7. 75 {

13. Sn 5 + {6. 40 + 6. 44

14. Sn 10 + {7. 12 + 6. 60

¯ after m etal depositi on,
¯ af ter addi ti onal pores seal ing by hydro therm al trea tm ent in boi l ing water.
The resul ts of gravi metri c measurements are shown in T able I. The fol lowi ng

conclusi ons can be form ulated:

1. The m ass of coati ng increases duri ng nickel depositi on. Duri ng depositi on of
m etals f rom stro ng aci d soluti ons (Cu, Sn) the coati ng mass decreases due
to parti al dissoluti on of oxi de coati ng.

2. D uri ng seal ing operati on the coati ng mass increase is the highest in the case
of Al 2 O 3 { Sn system .

3.2. Elect rochemical researches

The examinatio ns perf orm ed have shown tha t electrodepositi on processf rom
weak acid soluti ons (Ni ) is inhi bi ted by precipi ta ti on of hydroxi de deposits as a
resul t of the ri se of pH value inside the pores. D uri ng electro depositi on of m etals
from strong acid soluti ons (Cu, Sn) the bigger part of pores can be Ùlled up by
m etal . As a result of di ssoluti on pro cesses the pore diam eter increases and the
barri er properti es of oxi de layer decrease. In anodic cycl es the anodi c oxi datio n of
alum inium occurs.
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4. Sum m ar y an d co ncl usion

As a result of investigati ons presented above the ro le of al terna ti ng polari -
sati on in m etal depositi on pro cess can be clari Ùed.

In catho di c cycles simul taneousl y to m etal electro depositi on the hydro gen
ions reducti on occurs. The di ˜usi on of hydro gen ions insi de the oxi de layer leads
to form ati on of hydro gen bonds and hydra ted regions of higher conducti vi ty (acti ve
sites). In these regions the probabi l i ty of electron tra nsport is higher tha n in other
sites, where the current is m ainly of ionic character. In the catho dic cycl es the new
acti ve sites are form ed and Ùlled by m etal deposit.

In the anodic cycles the repassivati on of acti ve sites occurs. Tha t pro cess
ensures the barri er layer not to be dam aged. The metal electro-depositi on can
be then e˜ecti vely conducted wi th form ati on of a uni f orm oxi de{ meta l com posite
coati ng.

The opti mum current frequenci es are in good correl ati on wi th ti m esof charge
carri ers form ati on determ ined for alum inium oxi de layers by Ebl ing [16], Ha ssel
and others [17, 18].

The autho r has obta ined com posite layers consi sting the fol lowing metals:
Ni , Cu, Sn, Fe, Co, Zn, Cd, Au, Pd, Ag. The results of presented inv estigati ons wi l l
be useful in opti mising the pro cess of com posite layers form atio n. The predi cted
future appl icati ons of Al 2 O 3 { meta l composites are summari sed in T able II.

TABLE I I

Examples of possibl e applicati ons of A l2 O 3 À metal comp osites.

N o. T he useful feature Examples of applicati on

1. C orrosion resistance, decorative
prop erties

A lumini um elements for build ing
and architecture

2. Radiatio n absorption Solar collectors, radiation shields

3. Magnetic prop erties Magnetic memories

4. T rib ological prop erties Slidi ng parts

5. C atalytic prop erties C atalysts

In cooperati on wi th W arsaw Uni versi ty of T echnology and wi th Uni versi ty
of W arsaw now the new composite materi al is examined as a catalyst for reducti on
of ni tro gen oxi des and as a support for carb on nanotub es [19].
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