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Abdract :

Quick surface metalization of titania powder was carried out by eectroless chemical depostion of nickel. The

fabricated product was characterized by XRD , SBM, FTIR and crosssection metallography. The analyss results show that
titania particles are conpletely coated by a thin nickel shell about 600 nm thick , composed of naneszed crygalline nickel
particles. Mechanian of nickel chemica depostion on nano powder is proposed.

Key words:

Metal-ceramic composites can inprove gpplication
properties of the materials such as hardness tensle,
compressve drength, wear and abrasion res stance.
How to fabricate the composites has been highly
focused on. Many techniques have come forth , such as
liqguid metallurgy techniques including caging or
irfiltration processes, liquid phase sntering, and etc.
The mog promising fabrication method might be the
electroless plating technique which permits ceramic
digpersed homogeneoudy with metal in an aqueous
lution and improves the properties of compodtes in
wettability and conductivity. These kinds of products
have been widely used as strengthened*?! | eectric
contact materials**. Up to now , alnost all of the core
ceramic particles for the metal electroless plating were
micro-sized powders!® ! | except that nano powder were
practised by Wang , et al. recently!”!.

It is well known that nano titania possesses
egecia physcal and chemical properties and has a
wide range of applications such as catalyss, dope,
lar energy cell , electronic information , UV absorbing
materials, bactericide. Considering that pure black
nickel has good conductivity and high light-absorbing
rate, we expect that the Ni-TiO, composite may be
novel materials with light-weighted and <secial
€l ectro-magnetic efect.

The present sudy has been oconcerned with
ultrasonic-ass sted electroless plating of pure nickel on
nano titania powder , usng palladium as the catalys
and hydrazine as the reducing agent.
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1 Experimental Sections

A given amount of nano titania powder were
digpersed and directly catalyzed by immersng into
palladium chloride slution for ten minutes, followed
by reduction pretreatment usng hydrazine aqueous
lution of low concentration. Then the catalyzed nano
titania particles were introduced into the electroless
plating bath which is consged of NiSO, - 6H,0, 7.5
o/L;NoHs - HO, 2.5 mL/L ; KoCH4Os - 1/ 2H,0, 8
gL and a very little amount of composite gabilizer.
The pH of the plating ol ution wasfirgly adjusted to 11
usng amnonia and then adjusted to 12 ~— 13 usng
sdium hydroxide. The mixture was placed into water
bath keeping temperature at 85 , homogenized
continwoudy usng an ultraonic dirrer.  Twenty
minutes later , the sugppenson was cooled quickly to
room temperature and separated by magnetic force. The
obtained black product was rinsed with water followed
by magnetic centrifugal separation over three times,
and dried at 80  in a vacuum oven.

SBEM analysis of the product was carried out on a
JAV-6300 type scanning electronic  microscope.
Cross section metallography was obtained with MEF3
type optical microscopy. XRD patterns were recorded
usng a D/ max RA X-ray diffractometer. FTIR analyss
was performed on a Nicolet-750 type apparatus.

2 Resultsand Discussions

FHg. 1 showsthe XRD patternsof nano titania pow
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Fig.1 XRD patterns. (&) pure titania powder; (b) the

product
der (a) and the product (b) , respectively. Compared
Fig.1 (a) with (b) , it can be clearly seen that thereis
an obvious peak at the B angle about 44.5° in Fg.
1(b) , which is the characterigtic of Ni(111) crysal
face diffraction. It can be confirmed that the product is
of Ni-TiO, conposite. Based on Scherrer formula C =

0N
W cod

be 10. 8 nm according to the Ni (111) main peak.

Fg.2 shows the SBEM micrographs of titania and
the product. It isobviousin Fig.2(a) that nano titania
were apt to aggregating due to its high surface energy.

, the size of the nickel particlesis calculated to

Fig.2 SBM images. (@) pure titania powder; (b) the product
The nickel coated product, semigpheres with narrow
dimensional distribution approximately arranged from 5
M mto 20U m, shows good digerdty. The cross section
image of the product is shown in Fg.3. As can be
seen, the product has a uniform and bright shell of

metallic nickel about 600 nm thick. Beddes, the
dimension and micrograph of the core layer suggest that
multi-particles are enwrapped by the nickel shell.

Fig.3 Cross section image of the product

The nickel coatings can be corfirmed by the FTIR
analyss. FHg.4 shows TiO; has three diginct absorbance
pesksat 3451 cmt, 1637 cm*, 1384 cm*, repec
tively , and there are hardly any peaks observed in the
product gectrum. This indicates that the product
hasn’ t any naked TiO,, TiO, particles must become the
cores conmpletely covered by nickel films.
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Fig.4 FTIR spectra. (a) titania; (b) the product

The phenomena may be interpreted by the
following mechanism. Reaction (1) was quickly
initiated by palladium catalys absorbed on the surfaces
of nano titania powder at 85 , nickel ions were
reduced to black nickel metal by hydrazine in the
alkaline solution, and then deposited on titania with
the palladium as the nucleator.

2Ni%" + NaHy + 40H —2Ni + Ny 1+ 4H,0 (1)

The original formed ultraine Ni coated TiO,
particles, auto-catalytically active, induced the redox
reaction and fast depodtion of later produced nickel on
them with the earlier-produced nickel asthe nucleator.
However , the ultrafine particles have drong self-
aggregation tendency due to the high surface energy.
Earlier fromed Ni-TiO, congregated smultaneoudy
under the continuous strong collison and assembled
into dabilized semigpheres. And then the freshly
formed nickel was deposited on those congeries and
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formed a metallic shell deadily and continuoudy.
Fnaly, bright nickel shell coated semispheres were
fabricated. Nano titania powder was conpletely covered
by metal. It may be irfered that it is very difficult to
fabricate sngle digersed metal composte only cored
with a sngle nano particle by this method due to its
uncontrollable , fast auto-catalytic deposition.

3 Conclusion

Hectroless chemical depodtion of nickel on nano
TiO, powder had been succesdully performed, usng
palladium as the catalyst and hydrazine as the reducing
agent. Ni-TiO, compostes were fabricated and
characterized by XRD, SEM, FTIR and cross section
metallography. Analyds results show that multi-titania
particles are completely enwrapped by a thin nickel
shell , which is about 600 nm thick and composed of
nano-sized crystalline nickel particles. The metallized
semi pheres possess good digpersbility.  Thereout
mechanism of nickel chemical depostion on nano
powder is proposed.
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