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PROCESSING AND SINTERING OF NANOSIZED TIN

Rudiger NalR, Sener Albayrak, Mesut Aslan and Helmut Schmidt
Institut fur Neue Materialien, Im Stadtwald, Geb 43 A, D-66 123 Saarbrucken,
Germany*

The concept of surface modification of nano scale particles with short chamned
organic molecules has been used for the preparation of deagglomerated slurnes of
n-TIN Using guanidine propionic acid as suiface modifier, the strongly agglome-
rated powder could be redispersed to its pritmary particle size of 30 to 40 nm. From
such suspensions green specimens with densities of 50 % could be prepared by
pressure filtration, which could be sintered to high densities (> 96 %) at tempera-
tures below 1400 °C without significant grain growth

1. INTRODUCTION

One unportant prerequirement for the utihzation of nanosized ceramic powders as
starting matenal tor advanced ceranuc mateiials 1s the development of processing and
forming techniques which allow the production of defect-free green paits with high
densities and homogeneous pore size distributions. The use of nanoparticles 1s
interesting for densifying ceramic parts at temperatures where no rapid grain growth
takes place This should be expected from the large excess energy of the disordered
phase near the particle surface', leading to enhanced diffusion coefficients. In order to
achieve these goals, two main problems have to be overcome. agglomeration of par-
ticles and package density in green parts. Agglomeration generally occurs in particulate
systems and results from attractive interparticle forces like van-der-Waals forces In
order to control the state of agglomeration, powder processing Is carried out in disper-
sions creating repulsive interpaiticle forces which keep the particles apart from each
other Repulsive forces are obtained by the interaction of the particle surface with a
certain surfactant, and in most cases lead to an electrostatic or electrosteric stabili-
zation mechanisim The major draw-back of both stabilization mechanisms in connection
with nano-scale particles are nm-ranging repulsive forces, leading to low maximum solid
conlents of the dispersion as well as of the green parts®

In order to overcome these problems, the concept of surface modification of nano-
scale particles with short-chained organic or organometallic molecules providina short-
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range steric repulsive forces, has been developed. As shown in > for an agglomerated
boehmite powder with a primaty particle size of about 15 nm, surface modification with
short-chained carboxylic acids leads to completely deagglomerated slurries, which
could be concentrated to extrusion pastes with high solid contents (< 50 vol.- %) Extru-
sion yielded green parts with gieen densities up to 60 % of theory after diying This
concept has been applied to a nano-scale TiN powder in order to develop a processing
technique which will tead to high density green parts and which can further be used for
the evaluation of the potential of a nano-scale ceramic green microstructure in sintering

process

2. EXPERIMENTAL

The starting powder was characterized with XPS-spectroscopy, X-ray diffraction
and TEM. For slip preparation 45 g of nano-scale TiN-powder (H. C. Starck, FRG) were
dispersed in 55 g of a water/ethano! mixture under stirring. To this suspension 0.1 to 5
wl % tetramethylammoniumhydroxid and guanidine propionic acid with regard to the
solid content were added, ultrasonically agitated, sieved and used for further experi-
ments. The paiticle size of the dispersed TiN has been measured by photon corretation
spectroscopy, dynamic laser scattering and by TEM. Following the above procedure
aquous siips of up to 40 wt % sohd content were prepared From these slips disc-
shaped green bodies (diameter 50 mm, thickness 3 mim) have been produced by
pressure fiitiation. The obtained green bodies were first dried for 24 h in a water
saturated atmosphere using a desiccator. The drying procedure was coinpleted by
drying the green bodies in an oven at 70 °C. Sintering was carried out at temperatures
between 1000 and 1400 °C under flowing nitrogen

3. RESULTS AND DISCUSSION

3.1 Powder Characterization

The statting TiN powder was characterized with respect to particle size and
morphology, crystallimity and surface properties In fig 1 a TEM micrograph of the as
received powder is shown Fig. 1 demonstrates that the powder consists of primary
particles with diameters between 20 and 40 mm and a more or less spherical morpho-
logy As expected, the particles form agglomerates of irregular shape and size Electron
beam diffraction as well as X-ray diffraction (fig 2) reveal a nanocrystaline structure of
the particles  In both cases the observed pattein could be attributed to osbornite the
crystalline modification of TIN.
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FIGURE 2. X-ray diagram of nano-scale TiN.

Due to the small particle size, line broadening occurs in the X-ray diagram from
which the crystaliite size was calculated to 20 nm. This is in good agreement with the
TEM results and indicates that the particles consist of nanometer-sized single crystals

According to the concept of suiface modification of nano-scale particles the
knowledge of the surface chemical properties of the starting powder is an additional
prerequirement since these properties wilt determine the selection of suitable surface
modifiers For this reason the powder surface was investigated by XPS spectroscopy In

fig 3 the XPS spectrum of the as received 11N powder is compared with the XPS
spectium of commercially available TiO,
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FIGURE 3. XPS spectia of nano-scale TiN (a) and TiO; (b).

In the XPS spectrum of the TiN four lines are observed which can be attributed to
two difterent chemical species The lines around 463 eV and 455 eV result from 1IN
whereas the strong hne around 458 and the broad line around 464 eV must be
attributed to TiO, From the XPS measurements, it therefore can be concluded that the
TiN paiticles are covered by a 110, layer which will determme the surface properties

Fuither information about the surface properties were obtained from pH measure
ments. Following the procedure described in DIN 1ISO 787/X, a pti value of 58 was
determined

This result shows that the TIN powder exhibits weak acidic surface properties
similar to pure TIO, These properties are associated with the TiO, layers of TiN par-
ticles and must be attiibuted to acidic T Ol surface groups which undergo dissociation
when the powder is dispersed iy water For the preparation of completely deagglome-
rated suspensions of n-TIN by a surface modification technique as described in “ the pHi
measurements also indicate thal a sufficiently strong acid/base interaction between the
particle surface and a modifier will only take place with strong bases. For this reason,
different strong organic bases like tetraalkylammonium hydroxides and guanidine deri-
vates have been tested as dispersing agents The preparalion of suspensions was
carried out in a waterfethanol mixture (50/50) and the particle size distribution was

determined by photon correlation spectroscopy (fig 4)
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FIGURE 4. Particle size distributions of ethanolic n-TiN slurries using different dis-
persing agents.
a as received powder without dispersing agent,
b n H_Z + C4HNO {Tetramethylammoniumbydroxid, TMAH)
¢ n-TiIN + (C,H,),NOH (Guanidin propionic acid, GPA)

From the parlicle size distribution in fig 4a it can be seen that the n-TIN forms
agglomerates in the range of several hundred nanometers without any dispersing
agent In contiast, the addition of 1MAH leads to a reasonable decrease of particle size
(80 - 400 nm), but the primary particle size of 30 - 40 i is not reached in water If
guanidine propionic acid (GPA) is used as a dispersina aaent a narrow particle size
distribution between 30 and 60 nim is obtained which is in excelient agreement with the
primary patticte size of the powder as determined by TEM In order to explain the
different dispersion forces of TMAH and GPA, respectively, the model shown in fig 5
was developed

Both compounds can undergo an acid/base reaction with the particle surface, but
will result in two different stabilization mechanisms TMAH can only abstract protons
from Ti OH groups, which will lead to a negatively charged particles’ surface and an
electrostatic stabilization mechamism. A slightly different situation is found for GPA

Bestde the ability to abstract protons, GPA can also coordinate other Ti-OH groups on
the particle sinface
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FIGURE 5  Model for the deagglomeration of n TIN by IMAII (a) and GPA (h), respec:
tively, 10 aqueous s

Both reactions will act GPA to the particle surface forming a chemically stable
chelat like ring system. In an additional step dissoziation of the carboxyl group can take

article are obtained. But due to the surface modification

place and negatively charged p
The nano

1s stabilized by an electrostieric stabilisation mechanism

the suspension
sure filtration process into disc shaped

dispersed suspension was shaped by a pies
green bodies. Green bodies with densities between 48 and 52 % of the theory were
obtained These specimens were used In sintering experniments, and in fig 6, the
dilatometer curve of an TiNis compared with the sintering cuive of asub-ym 1IN

As can be seen from fig 6, sintering of n-TiN starts between 800 and 1000 °C and
is finished around 1400 °C with a total linear shrinkaye of 18 %. At this tempetrature a

hieved In contrast, the specimen prepared from a coarsel

final density above 98 % is ac
ctivity, and no densification is

TiN powder (0.5 - 1 ) exhibits a much lower sintering a
observed up to 1600 °C. In fig 7. a comparison of the green as well as sintered micro

structure prepared from n-TiN1s given

AANIND SN SEa BN S Susts AhS Sumas anses Semmn s ——
0
=
,m. st
ofn
m
R -
5 10
=
v
g
— 15 F
20 N . \ .
- 1 N

0 2000 400 600 800 1000 1200 1400 160

Temperature | °C |

FIGURE 6: Dilatometer curve [
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“ green samples show a honiogeneous microstructure with a good arrangement
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significant grain growth takes places after this sintering threalment. From this obser-
vation, it can be concluded that nano-scale particles offer the unique opportunity of
separating densification and grain growth during sintering, which qives rise for tailored
microstructures as well as properties by post-thermal heal treatment

Determination of the hardness of sintered specimens with a density of about 88 %
gave a HVy, value of 21 5 GPa Taking into account that conventional TIN extubits a
hardness of HVo, = 20.6 GPa if the density exceeds 99 % of the theory, the hardness of

the less dense nano -structured ceramic 1s quite high

4 CONCLUSION

It could be proved that suiface modification of n-TiN with short-chained organic
molecules provide a suitable route for the preparation of deagglomerated suspensions
of nano-scale particles and that such suspensions can be processed to green speci-
mens with high densities and a homogeneous microstructure. Sintering experiments
reveal that the specimens densify without significant grain growth, which opens new
oppoitunities for microstructure tailoring by post-heat treatment An interesting result 1s
the fact that during densification almost no significant grain growth takes place,
although effective mechanisms are responsible for the mass flow. The nature of these
mechanisms is not yel known but should result from the structure of the nano particles
and 1s an objective of further investigations The ,separation” of the densification regime

from the grain growth regime opens interesting passibilities for microstructure tailornng
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[. INTRODUCTION

One of the mam b

| s sol gel processig offers for apphceations in
mtegrated opties as ats great Hexibility, in tenms of the wide range of stiuctores
and compositions that can be produced. On the other hand :,:.F. Is @ _.:___:,~
. . ‘ , ;
disadvantage in that the farge degree of shiinkage inherent in the process r:_:%;
stress fevels which make the film thicknesses required for integrated optics Av.:,.
pm) very difficult to achieve. The atomic scale structure _V_NJ‘W a cructal 1ole
both these aspects, and therefore it is important to be able to characterise and
n”:::,:_ this structure. Teis the capillary forces associated with solvent evaporation
from micropores which are primaily responsible for stress and shrinkage

However, these micropores can also provide sites for j
. these micropores can also provide sites for insertion of dopant species to
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