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Abstract

In this work, the interaction behavior between rare earth silicate glass and green body silicon carbide was studied. Glass compositions
prepared were 60%Si0O —20%Al O —20%RE, O (mol%),-RELa, Nd and Dy.3-SiC powder was consolidated through cold isostatic
pressing to obtain specimens of approximately 55% of the theoretical density. Glass/SiC pairs were treated in a graphite resistance
furnace at 1500C for 1 h, under argon atmosphere. The cross-section of specimens was observed on scanning electron microscope. The
distribution profile of rare earth element through the glass/SiC interaction zone was analyzed by energy dispersive spectroscopy.
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1. Introduction RE,O, are largely applied as sintering additives for
covalent ceramics, phase diagrams of these systems have
Rare earth glasses are commonly applied in lasers, been poorly studied and information is very limited. It is
sensors, radiation shield glasses and in many other uses known that fetaREhe eutectic temperature is of
due to their unique optical and magnetic behavior [1]. Rare approximately “C2(8], while for any other rare earth
earth aluminosilicate-based glasses have been successfully the eutectic temperature ranges from 130G {8]1400
used as in vivo radiation delivery vehicles. In this type of Some compositions in these rare earth systems can be
application, glasses should be biocompatible, nontoxic and solidified without crystallization [9]. These compositions
chemically insoluble, to prevent radioactivity leakage lie within the glass-forming region of the phase diagram,
within the in vivo treatment site [2]. Additionally, yttrium typically within the SjO -rich region. The glass-forming
glasses, in the form of microspheres or seeds, have region shrinks toward 60%SiO -2Q%Al O -20%RE O
received great attention in the treatment of primary hepato- compositions as the rare earth ionic radius decrease [10].
cellular carcinoma, irradiation of diseased synovial mem- The aim of this work is to investigate silicon carbide
brane for the treatment of rheumatoid arthritis, and treat- interaction with rare earth silicate glassés (RENd
ment of prostate tumors [2]. and Dy).

Rare earth aluminosilicate-based glasses have also been
found useful to promote liquid-phase sintering of silicon
carbide-based ceramics [3-5]. In these glasses,, SiO 2. Experimental procedure
tetrahedrons are bonded through their corners. Alumina, by

re-ordering bonds and creating AI-O—Al bridges, works as The starting raw materials were alumina (Alcoa, A16-
a glass former increasing the glass viscosity. Rare earth SG), silica (Fluka) and rare earth oxides (Y, Q , La O,
oxides, on the other hand, modify the glass structure by , Nd O and Dy O , Sigma Aldrich). The rare earth oxides
supplying oxygen ions and by increasing the O:Si ratio, were chosen with the aim to provide a spectrum of the
leading to lower glass viscosity [6,7]. entire rare earth family (see Table 1).
Although compositions in the system SiO -AI,O — The powders were characterized for particle size dis-
tribution using the sedimentation method, for phase com-
*Corresponding author. position by X-ray diffraction and microstructure by scan-
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Table 1

Properties of rare earth elements/oxides

Element Z (u.m.a) A (u.m.a) Atomic radii (°A) lonic radii RE® °(A) Molecular weight Density RE,O (9/tm) Electronic configuration
Y 39 88.9 1.78 0.88 225.8 5.01 [Krjdd %s

La 57 139.9 1.88 1.040 325.8 6.51 [Xef5d°6s

Nd 60 144.2 1.82 0.995 336.5 7.24 [Xel4f’6s

Dy 66 162.5 1.77 0.908 373.0 7.81 [Xeldf %s

L coordinate centers of such areas used to plot the profiles.
rare earth aluminosilicate glass

The relative concentration of rare earth elements was
T calculated over the total cations amount (Si, Al and RE).
D | » silicon carbide The same glasses were used to sinter silicon carbide
substrate ceramics. Specimens containing 90 vol.% silicon carbide
and 10 vol.% 6S2A2RE powder mixture were mixed, cold
Fig. 1. Schematic representation of glass—SiC system. isostatic pressed and sintered at 1960for 1 h, under

. . continuous argon flow.
Rare earth silicate glasses were prepared within

60%Si0, —20%A} G —20%RE Q compositions in mol%,
hereafter labeled as 6S2A2RE (RFE, La, Nd, Dy). The

powder mixtures were molten in a platinum crucible at
1500°C for 1 h and then quickly poured on stainless plates

to solidify. The density of glasses was measured by the measured density of rare earth glasses was 3.48,

Arcr_u_medes m_ethod. . ) ) 3.84, 3.89 and 4.19 g/cin , respectively for Y, La, Nd and
S_|I|con cqrb|de specimens were obtained by cold iso- Dy. It was observed that glass density increases as the

static pressing oB-SiC powder (H.C. Starck BF-17). Th? ionic radius of rare earth decreases due to increase in rare

green density reached approx. 55% of the theoretical o5 aromic weight. White and Day [2] suggested that this

density. __behavior could be also related to improvement in the
The glasses prepared were placed on the top of SiC .- packing.

compacts to observe the interaction during thermal treat- Fig. 2 presents the X-ray diffraction patterns of as-

ment. Glass—SiC pairs were annealed in graphite resistancg, aived raw materials. All materials appear to be com-

furnace at 1500C for 1 h, under argon atmosphere. The ,eely crystalline, characterized by narrow diffraction
glass—SiC couples are hereafter labeled as Y, L, N and D, ks

according to _the RE elgment used_ in glass cor_npogition. Particle morphology of 6S2A2RE powder mixtures is
The glass—SiC system is schematlcally shown_ N Fig. 1. shown in Fig. 3. The patrticle size distributions are indi-
After heat treatment, cross-sections of the specimens were.ioq in Fig. 4. The particle size data are in good

observed on scar_ming eI_ectron microscope. agreement with microscopy observation, showing particles

The concentration profile of rare earth elements through ¢ \ier than 5um. The 6S2A2Y distribution probably
silicon carbide bodies was analyzed by energy dispersive o aqis powders in the agglomerated form, as seen by the
spectroscopy (EDS) to estimate the depth of glass infiltra- - 4oy particle size distribution.

tion. The analysis was carried out on selected areas, the 14 X-ray diffraction pattern of rare earth glasses is

3. Results and discussion
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Fig. 2. X-ray diffraction pattern of as-recieved powders: (a) silica, alumina and silicon carbide; and (b) rare earth oxides (yttria, lantgma aadd
dysprosia).



172 J. Marchi et al. / Journal of Alloys and Compounds 344 (2002) 170-174

2 m-n )
vidro-60-20La-tur

2 pm ”

vidro 60-20Dy

Fig. 3. Scanning electron micrographs of 60SiO —20Al O —20RE O compositions:,(@ Y O ; ).La O ; () Nd O ; and {d),Dy O .

presented in Fig. 5. All glasses display an amorphous
phase pattern. This indicates that the temperature/time
conditions used herein were sufficient to produce rare earth
silicate glasses. Slight differences in particle size dis-
tribution of various powders did not influence homogeneity
in the mixtures, leading to compositions that, after melt,
were completely amorphous.

After annealing, glass—SiC pairs were cut to examine
the interaction zone. For all systems, glass completely
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Fig. 4. Particle size distribution of 60SiO —20Al,0 —20RE,O com-
positions.

infiltrated the silicon carbide body, the interface having a
convex shape. As SiC sintering temperatiif@) (5950
higher than the annealing temperature (appf@3, 1500
densification of the matrix was in general not present.

However, the interaction zone appears to be stronger than

the silicon carbide body.

Fig. 6 depicts the scanning electron micrographs of
glass—SiC cross-sections showing the interaction zone. The
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Fig. 5. X-ray diffraction pattern of rare earth silicate glasses obtained
after melting at 150C/1 h.
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Fig. 6. Scanning electron micrographs of rare earth glass—SiC interaction zong: (@) Y O ;,(b) La O ,(c) Nd O ; and (d) Dy O .

regions that contain rare earth elements appear in light4. Conclusions
gray. Rare earth concentration distribution appears to be

homogeneous for Y and D couples and very discontinuous The results indicate that even thoygh SiQ —Al O —
for L and N couples. The interaction zone width is 500, ,RE O systems with different substitutionsY(R¥d
1100, 400 and 80Qum for Y, L, N and D couples, and Dy) have similar eutectic temperature, the interactive
respectively, as seen by scanning electron micrographs. behavior between rare earth silicate glass and silicon
Fig. 7 represents the concentration profile of rare earth carbide depends on the type of rare earth cation. SiO —
elements across the interaction zone. The L couple exhibits , Al O,—La O , due to the lowest eutectic temperature, has
the highest degree of rare earth infiltration and a different the highest wettability and infiltration behavior.
behavior profile, showing higher concentration at the The experiments presented herein are efficient in in-
bottom of the interaction zone. This behavior is due to the dicating the best additives for liquid-phase sintering of
low viscosity of LaSiAIO glass, which enables easier flow silicon carbide based ceramics. Y and Dy show high
through SiC compounds. wettability on SiC. For these rare earth oxides, the use of
On the other hand, the infiltration profile of N-SiC an intermediate dwell time (at AGP®n sintering is
couple shows that NdSIAIO glasses have the lowest suggested. This temperature can be successfully employed
slippage behavior. A weak interaction with the silicon to improve the distribution of, SiQ, —Al O ,—RE O addi-
carbide can be noticed. Hence, in this case, the profile is tives in silicon carbide matrix, resulting in high density
affected by the low wettability and high viscosity of ceramics.

NdSIAIO glasses.

On the following studies of sintering silicon carbide
with additives at 1950C/1 h, it was observed that all Acknowledgements
samples had a great weight loss of about 15%. The final
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rare earth additives. SiC containing Y and Dy as additives ~ Vitreos, DEMa, UFSCar. The authors would also like to
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behavior, even at low temperatures. Sepulveda for help with English.
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Fig. 7. Concentration profile along rare earth glass—SiC interaction zone, (& Y O ; {b),La O ; {c);Nd O ; and,(d) Dy O .
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