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Cerami c{me ta l composites are usuall y prepare d by sinterin g ceramic

w it h metal or metal oxide powders . A n alternati ve techni que is sintering
ceramic powders coated by metal Ùlm. In the present study , the N i coated
A l 2 O 3 p owder w as obtained by chemical reduction reaction. W e used the
phosphate bath for dep ositi on of nic kel{phosphorus on the surf ace of A l2 O 3

p owder. T he thickness and chemistry of N i{ P coating dep end on the time
and the parameters of the reaction pro cess. Particles of N i{P precipitate from
a solution in tw o di˜erent forms : (a) spherical nanoparticl es of N i{P ( 50 nm)

w hich grow on the surf ace of A l 2 O 3 powder and can form tight, one diameter
thick Ùlm; (b) large agglomerates of loosely connected spherical nanoparticl es
w ith a 50 Ë 150 nm diameter. T he metho d prop osed in this study allow s
obtainin g A l 2 O 3 pow der covered w ith N i{P nanoparticl es in the forms of

thin Ùlm or single nanoparticl es, mixed with lo ose N i{P agglomerates.

PAC S numb ers: 73.63.Bd, 81.07.Wx, 81.16. {c, 61.46.+ w

1. I n t rod uct io n

A ppl icati ons of ceram ic m ateri als are l imi ted by thei r bri ttl eness. T o over-
come thi s pro blem Ni ihara and his group im plemented a new concept of struc-
tura l ceram ic nanocom posites, whi ch are characteri zed by signiÙcant impro ve-
m ent of m echanical properti es, due to intera cti on of nanom etri c phase wi th m a-
tri x gra ins [1]. The concept has been devel oped for ceramic{ m etal nanocom posites,
such as Al 2 O 3 / W [2], Al 2 O 3 / Mo [3], Al 2 O3 =Ni [4, 5], and Al 2 O 3 / Cu [6]. It was
found tha t the relati onship between speciÙc m echanica l pro perti es of the com -
posite depends on the am ount of the starti ng m ateri al , tem perature of sinteri ng,
and dispersion of the com ponent phases. In parti cul ar i t has been suggested tha t
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im pro vement of fracture to ughness is a resul t of fracture deÛection, ti p blunti ng,
and bri dg ing ẽ ect.

The m elti ng temperature of the meta l lic phase is usual ly lower tha n the
sinteri ng tem perature of the ceramic matri x. Thus, whi lesinteri ng, the m etal com es
to a l iqui d phase. The di ˜usi on processes in l iqui d phase are m uch m ore intense
tha n in sol id phase, and result in a large growth of m etal l ic nanoinclusions and
thei r unf avo rabl esegregati on. Thi s phenomenon is m ore pronounced in the system
wi th poor wetti ng by the l iqui d m etal . T o suppress the gra in growth the appl icati on
of a hi gh pressure techni que, l ike hot isostati c pressure (HIP), is an al terna ti ve.
Under pressure, the sinteri ng tem perature could be lowered and i t addi ti onal ly
reduced the growth of gra ins of the com ponent phases.

In most of the l itera ture reports, the ceram ic m etal nanocomposites were
pro duced by grindi ng ceram ic powders wi th metal oxi des or pure meta ls. The
present work concl udes the prel im inary results of producti on of nanocomposite
Al 2 O 3 / Ni by sinteri ng the alum ina powder covered wi th nanoparti cles of Ni { P
by auto cata lyti c chemical reducti on process. The m ethod proposed here o˜ers a
possibi l i ty to obta in uni form ly di spersed nanoparti cles of Ni { P (a size range of
10{ 100 nm ) on the surf ace of ceram ic powders. Thus, we have reasons to believe
tha t, wi th the appl icati on of proper sinteri ng techni ques, i t wi ll be possible to
pro duce Al 2 O 3 / Ni nanocomposite wi th a very uni f orm distri buti on of Ni incl usions
in the ceramic m atri x. Thi s shall impro ve greatl y the m echani cal properti es of
such m ateri al . It is a lso possible to select such pro cess parameters so tha t the Ni
parti cl es deposited on the surface of Al 2 O 3 gra ins form uni form nanolayers, so thi s
pro cess can be used to produce a composite wi th metal l ic phase percolati on.

2. Ex p er im en t s an d r esul t s

An amorphous Ni { P was deposited on the surface of Al 2 O 3 powder f rom
a soluti on by auto cata lyti c chemical reducti on process. The com positi on of the
soluti ons whi ch we used is given in T able I. Two Al 2 O 3 powders were used:
coarse-gra ined (G) and Ùne-gra ined (F). The starti ng powders were character-
ized as to thei r gra in size distri buti on by laser di ˜ra cti on, electron microscopy
(Fi g. 1a,b) and hel ium density . The coarse-grained powder wa s used to sim pl i fy

T ABLE I
C omp osition of baths used for N i deposition.

Solution comp onents Concentration [mol /dm 3 ]

[ N aH 2 PO 2 Â H 2 O] 0. 28

[N iC l 2 Â 6H2 O ] 0. 09

[C 6 H 5 O7 N a3 Â 2H2 O] 0. 06
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Fig. 1. Morpholog y (SEM) and grain size distributi on of initi al A l 2 O 3 powders:

(a) pow der (F), (b) powder ( G).

Fig. 2. SEM image and X R D pattern: (a, b) powder (F) af ter 1 h nickel plating;

(c, d) powder (G) af ter 1 h nickel plating and after 2 h nickel plating (small picture).
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the observati ons of deposited Ni { P parti cles. The Al 2 O 3 powder surf ace wa s ac-
ti vated by Pd, a smal l am ount of whi ch is needed to start the pro cess of Ni ions
reducti on. Af ter thi s, the chemical reducti on reacti on is auto cata lyti c, cata lyzed
by deposited Ni .

The soluti on for depositi on was heated in a glass conta iner, equipped wi th a
m echani c m ixer, to a tem perature of 80À 9 0 £ C. Af ter reaching thi s tem perature,
Al 2 O 3 powder was added into the soluti on. T o test the inÛuence of ti m e on the
am ount of the deposited Ni { P phase on the ceramic powder grains, the sampl es
were prepared for di ˜erent ti m es of the pro cess: 10, 30, 60, and 120 min. Coated
powders were then ri nsed in di sti l led water and dri ed in ai r. Powder (F), due to a
smal l size, was centri fuged after each rinse.

T ABLE I I
H elium density measured for p owders (G) and (F) before

and af ter nickel plating.

Sample symb ol H elium density N i{P p ercentage (%w t)

G 3.2318 {

G1/6+ (d) 3.9111 27.26

G1/2+ 3.7422 21.391

G1+ (d) 3.8951 26.7303

G1+ 3.8111 23.838

G2+ N (d) 3.9053 27.073

F 3.6395 {

F1+ 4.005 15.4307

F1+ (d) 4.107 19.235

F1+ 4.0256 16.2187

F2+ 4.0286 16.3381

The coated powders were analyzed by electron m icroscopy (Fi g. 2a,c), he-
l ium density m easurement, and quali ta ti ve X RD analysis (Fi g. 2b, d). The hel ium
density analysis m ade it possibl e to estim ate the mass fracti on of Ni { P in the Ùnal
m ateri al . The results are shown in T able II.

3 . D iscu ssio n

The powders, whi ch were whi te at the beginni ng of the pro cess, turned dark
gray. Thi s is a clear pro of of depositi ng of Ni layer on the surface of the powder
parti cl es.

The Al 2 O3 powders selected for further investigati ons di ˜ered distinctl y as
to thei r gra in size, whi ch can be observed in Fi g. 1. W hen com pari ng the pi ctures
of powder (F), given the sam e magniÙcati on, at the beginni ng of the nickel pl ati ng



N anopar t icles of N i on Al 2 O 3 Cerami c Pow der . . . 185

(Fi g. 1a) and af ter 1 h of the process (Fi g. 2a), no di ˜erences are noti ceabl e.
Ho wever, as i t was di scussed earl ier, the f act of obta ini ng a micro scopic pi cture
wi tho ut addi ti onal conducti ve materi al , as well as easily observed Ni and P peaks
in the di ˜ra cti on pattern (Fi g. 2b) are a clear proof of Ni { P plati ng on the surface
of ceram ic powder (F). The Ni { P parti cl es are shown in Fi g. 2c.

D uri ng the analysis of the im ages of the powder (G ) gra in surface obta ined
after di ˜erent ti m es of nickel pl ati ng (Fi g. 2c) i t is easy to detect the Ni { P par-
ti cles due to thei r high contra st wi th a m uch darker base. Al l the observed Ni { P
preci pi tati ons ha ve typi cal ly sizesof 10{ 150 nm and a very homogeneous spheri cal
shape. It is also cl earl y seen tha t thei r distri buti on on the powder surf ace is very
uni form .

The resulti ng Ni { P parti cles are deposited from the bath soluti on in two
di ˜erent ways:

(a) as nanospheri cal parti cles, havi ng a size of 10{ 50 nm , form ing a thi n Ùlm
on the surf ace of powder parti cles, where further layers form on to p of the
al ready form ed deposits (Fi g. 2c);

(b) as loose agglomerates of spheri cal parti cl eshavi ng sizes of 50À 1 5 0 nm , whi ch
occasionally form clusters (Fi g. 2c).

The am ount of Ni { P obta ined thro ugh chemical nickel plati ng was signiÙ-
cantl y higher when the soluti on bath has decom posed, as shown in T able I I. W e
conclude tha t the reacti on rate is the highest ri ght after addi ng Al 2 O3 powder to
the soluti on, wi th the process dyna mics decreasing very fast. W hen com pari ng the
resul ts for powder (G ) after 30 and 60 min and the results for powder (F) af ter
60 and 120 min, no signiÙcant di ˜erences in the am ount of deposited Ni { P are
noti ced. The increase in am ount of Ni { P is m uch slower between the plati ng ti m e
of 60 and 120 min tha n for ti mes of 30 and 60 m in.

W hen the soluti on bath has decom posed, a high increa se in Ni { P content
in the resulti ng materi al was observed. Thi s is probably due to the form ati on of
loose clusters of Ni { P. Parti cles of thi s ki nd are found after the decom positi on of
the soluti on when they form a sedim ent on the wal ls of the conta iner. Mi xi ng of
the soluti on causes the deposited m ateri a l to fal l back into the soluti on and f orm
agglom erates after the process is Ùnished, and in consequence to an increase in
content of Ni { P in the m ateri al . It is importa nt to acknowledg e tha t f orm ing ag-
glom erates by decom positi on of the soluti on does not inÛuence the plati ng of Ni { P
parti cl es in the two, described above, m anners. Theref ore, i t m ight be possible to
Ùx the am ount of Ni { P by sti mulatio n of the soluti on bath decompositi on. The
am ount of Ni { P coati ng on the ceram ic powder depends on the compl exit y of the
powder Al 2 O 3 surf ace. The m ore com plex is the surface the bigger the am ount of
the coated m ateri al . Thi s amount depends also on the numb er of acti ve centers
pro duced in the acti vati ng pro cess. However, further inv estigati ons are needed to
preci sely deÙne these relati ons.
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4. Co n cl usion s

W e have shown tha t i t is possible to deposit chemically Ni on the surface
of Al 2 O 3 powder. The pl ated Ni { P parti cles are characteri zed by a smal l size
of 50{ 150 nm and uni form distri buti on on the surface ceram ic. Ni { P parti cles
m ay form thi n layers as well as agglomerates. The am ount of deposited Ni may
be inÛuenced by extensi on of the chemical pro cess as well as, to a m uch higher
degree, by sti mulatio n of the decom positi on of the bath soluti on.
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