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Using a high-pressure (HP) technique, sampleg-&f,0; were obtained by compaction at 4.5 GPa, in a
toroidal-type apparatus, at room temperature (RT) and at higher temperatures. Compaction at RT produced
crack-free, translucent, and dense samples. An improvement of these properties was observed for samples
compacted at higher temperatures up to 865The nanocrystalline structure pfAl O3 is retained, and the
samples became transparent, showing high hardness{#¥+ 1 GPa) and high density (95% of theoretical
density). To understand the mechanisms of consolidation, a comparative analytical study by Fourier transform
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), and X-ray diffraction (XRD) was conducted
on the compacteg-Al,0; samples and the original powder. An FTIR study was done using the KBr technique
and a high-vacuum cell, where the samples were submitted to thermal treatments ug @ B66samples
compacted at RT, a reduction in the content of adsorbed water was observed, compared to the original powder.
Also, the surface hydroxyl groups became bridged, promoting dehydroxylation reactions, which were confirmed
by TGA technique. In the dehydroxylation region, a weight loss was observed, and the water was released
only at temperatures above 300. For samples compacted simultaneously with temperature, the FTIR and
TGA results did not show water release up to 300 The compaction at temperatures higher than 865

yielded the formation of an aluminum hydroxide (diaspore) and the phase transformatiop+frone-Al ,Os.

All these results support strongly the idea that the compaction at HP has caused the formation of a strong
structure, with closed pores containing trapped water and hydroxylated internal surfaces, which confirms a
proposed model for “cold-sintering”. At temperatures higher than°&g3his kind of structure is responsible

for the formation of diaspore plus-Al;Os.

Introduction of plastic deformatiorf. Costa et aP. studied this process for
. . . ) . SiO, gel powders treated at HP and RT. They proposed a model
They-Al,0sis one of the transition aluminas widely used in ¢, he “cold-sintering” process based on condensation reactions
technology, in the form of powder or thin film, as adsorbents, of silanol groups at the surface of the nanoparticles to form

catalysts or catalysts carriers, coatings, and soft abras'vessiloxane bonds between the particles and water, resulting in a

because of their fine particle size, high surface area, and catalytic__. . -
activity. The possibility of obtaining/-Al,0s nanocrystalline stiff body with closed nanopores contained trapped water. It

. . . . was clear from this model that the adsorbed water plays an
bulk samples from nanosize particles has been investigated ovet

the last few years? in order to produce a new material with important role .in the mechanism of consolidation of this kind
interesting specific properties. It was not possible to prepare of powder, which is covered_by O'_'l groups. ) )
this material in bulk some years ago due to phase transformation A small number of works involving compaction studies of
sequences that occur during the conventional sintering process’-Al20s at HP and high temperature (HT) are found in the
at ambient pressurey(750°C) — (900 °C) — 6(>1000°C) literature. Mishra et al.studied the HP sintering of-Al,O3
— a. The use of the HP technique provides the means to samples over the temperature range-65050°C and pressures
overcome this difficulty. Gallas et 8lreported the fabrication ~ of 1 GPa; however, they did not specify the physical appearance
of transparent and harg-Al,Os samples (about 0.2 mm of  of the compacts and did not study the microscopic mechanism
diameter) using a diamond anvil HP cell (DAC) to compact a involved in the consolidation process.
nanosize powder at pressures up to 3 GPa, followed by Several techniques based on FTIR spectroscopy have been
pressureless heat treatment at 8G0 Recently, using another widely used to characterize-Al,0s films and powders made
HP technique with a nearly hydrostatic pressure transmitting py different methods® and to obtain a microscope understanding
medium at pressures up to 5.6 GPa and RT, it was possible topf the processes involved in these systémd.The FTIR
produce larger (3.0 mm of diameter)Al.0; samples, trans-  gpectrum ofy-Al 05 is well-known, and its principal feature is
lucent and with high density, indicating a process of “cold- a broad band between 950 and 500 émascribed to AFO
sintering”. In this paper, the results of density measurements stretching. The surface of-Al,Os is covered by OH groups
vs applied pressure fit a model based mostly on a mechanismy, o case water adsorption, and the band due to these species
- is between 3800 and 3000 cy centered at 3460 cm. This
l7;Zcoéffnsgﬁnﬂggcgg‘i%f;gogf55‘51 316 6542. Fax:+55-51 319 pand is ascribed to OH stretching of the adsorbed water, to the
TInstituto de Fsica. bridged hydroxyl group with molecular water or with other OH
* Instituto de QUmica. groups, and to isolated OH groupsThe study of all these bands
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enables the acquisition of valuable information about the the sample was heatedrfd h at100, 200, 300, 400, and 450
coverage of the/-Al,05 surface. °C, under dynamic vacuum of 1® Pa. FTIR spectra were

In this work, the effect of thermal treatments at HP (4.5 GPa), obtained at RT under vacuum, after each heat treatment, without
from RT up to 87C°C, in y-Al,Oz; nanosize powders was studied exposing the sample to air. The equipment used in this series
through a comparative analytical study by FTIR, TGA, and of measurements was a Bomen FTIR spectrometer (model MB-
XRD, in the obtained samples and the original powder. The 102) with a resolution of 4 crt and a maximum of 500 scans.
goals of this study are to obtain a new material, with improved ~ Thermogravimetric analysis was done on a Perkin-Elmer
optical and mechanical properties; to identify the sequence of thermogravimetric analyzer. TheAl Oz original powder was
phases produced by this process up to the onset af fitease, analyzed as-prepared. For the compacted samples obtained by
and to understand the microscopic mechanism involved in the the HP treatment at RT and HT, the analyses was made in small
compaction process promoted by HP, especially with regard to pieces of the slices of the same kind used in the FTIR

the role of adsorbed water in the system. measurements. The samples were heated from RT t6Q@D
a rate of 20°C/min. in a dry nitrogen atmosphere.
Experimental Section Surface area values were obtained with a Micromeritcs 2010

. . system using a multipoint BET method and powdered samples.
The y-Al,O3 nanosize powder used was a commercially

available material, Aluminum Oxide C, supplied by Degussa Results and Discussion

AG, Frankfurt, Germany. It has an average primary particle size Compaction at Room Temperature. y-Al,O; samples
of 13 nm and a purity of 99.6%, according to the technical optained in the HP experiments were crack-free, optically
specifications® The y-Al,0; phase has a cubic spinel-ike  translucent, and dense. Their densities were 28604 g/cri,
structure £d3m), which consists of 32 atoms of oxygen, 21 corresponding to 80% of full density (estimated at 3.66
1/3 atoms of Al, and 2 2/3 vacancies per unit cube, with an g/en®),”2which is very high, considering that compaction was
edge of 7.9 A. This corresponds to a volume of 46 2p&r performed at RT. An average Vickers microhardness of4.5
molecule yielding a theoretical density of 3.66 g/énin several (.2 GPa was measured, indicating a very well consolidated body,
works, the adopted value was 3.2 gfcnwhich implies  and the values of bulk density indicate densification. These
considerable errors in the calculations of relative density. characteristics were already described in a previous gafies.
High-pressure experiments were done at RT and at higher BET surface area for the original samples was 98.8.6 n#/
temperatures (HT) up to 87TC. For the HP experiments at g, and for the compacted samples it was 78.0.1 n¥/g, with
RT, they-Al0Os powder was initially precompacted in a piston-  an average pore diameter of 1470.1 nm and 5.5+ 0.1 nm,
cylinder-type die to approximately 0.1 GPa. The volume of the respectively. The BJH adsorption cummulative volume of pores
precompacted sample was about 100%gdiameter~ 5 mm, between 1.7 and 300 nm was 0.1813@nfor the original
height~ 5 mm). Samples were then placed in a Pb container samples and 0.088 & for the compacted samples, indicating
that acts as a nearly hydrostatic pressure-transmitting mediuma reduction in porosity and pore diameter. The observed decrease
and compacted at 4.5 GP&or the experiments at higher in surface area is not very impressive. However, it should be
temperature, the precompacted samples had a volume of aboutaken into account that the samples were comminuted, introduc-
50 mn? (diameter~ 4 mm, height~ 4 mm). These samples ing microcraks in the small particles.
were placed in a boron nitride (hBN) container surrounded by  Typical FTIR absorption spectra for-Al,Os taken at RT
a graphite heater. First, the samples were compacted at 4.5 GPasing the KBr technique are shown in Figure 1. The spectrum
at RT, and then the temperature was raised to the desirable valuefor the original powder is shown in Figure 1a. The large band
up to 870°C, and was maintained for 10 min. The RT and HT petween 1000 and 400 crhis a characteristic absorption band
containers were assembled in a toroidal-type chamber, and aof transition aluminas. According to literatutét is attributed
detailed description of this HP method is given elsewRére. o stretching vibration of the AtO—Al bond and the broadening
Compacted samples were investigated by optical microscopy of this band is due to the distribution of vacancies among the
to detect cracks and to evaluate their optical transparency.octahedral and tetrahedral sites, leading to a spreading out of
Vickers microhardness measurements were performed using ahe Al—O vibrational frequencies. More specific studies were
Shimadzu microindenter with typical loads of 100 g and a dwell made by Yin§ using photoacoustic FTIR in alumina nanoclus-
time of 15 s. The samples were previously polished with silicon ters and nanostructured samples compacted at 1 GPa, as well
carbide sandpaper grade 1000 and diamond paste. Archimede’as they-Al,O3; powder from Degussa. Their spectra showed
method was used to measure density. X-ray diffraction patternsthe broad alumina band for all samples, and it was deconvoluted
were obtained with a Siemens diffractometer D500. in three components: component 1 represents the surface
A comparative study was made with three kind of samples: phonon mode of alumina; component 2 and component 3
original powder, compacted samples at RT, and compactedcorrespond to AtO—AI stretching in the tetrahedron and
samples at HT, using FTIR and TGA. In the transmission FTIR octahedron sites, respectively.
spectroscopy, analyses were done using the KBr technique and In addition to alumina bands, there are bands due to
a high-vacuum cell. For KBr analyses, samples were crushedchemisorbed and adsorbed species at the surface. The very large
in an agate mortar and sieved to 400 mesh, mixing thoroughly band centered at 3460 cresults from a superposition of
with powdered KBr to 1.5 wt % and pressed to form a vibration bands of bonded hydroxyl groups, isolated OH groups,
transparent pellet. The KBr was previously dried4ch at 150 and stretching vibrations of adsorbed water molecules. At RT,
°C to eliminate water. For the vacuum cell, a self-supporting all these bands are superimposed and the resolution is dif-
disk of the original alumina powder with an area of ca. ¥cm ficult.1®*1The band at 1630 cni is due to bending of molecular
and mass of ca. 40 mg, was prepared. For the compactedwater. The two small bands between 1500 and 1400'@re
samples at RT and HT, thin polished slices with a thickness attributed to chemically adsorbed impurities of £00, CQ?-,
between 0.09 and 0.3 mm and a diameter of 3 mm, placed in aor HCGO;™ that are very difficult to remove, even at temperatures
stainless steel support, were used. The vacuum cell, describeaf 800°C.° The band between 2860 and 2960 ¢roorresponds
elsewheré? was connected to a greaseless vacuum line, andto H—C stretching.
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obtained in a vacuum cell after treatment at different temperatures:

Figure 1. Typical FTIR spectra of-Al.Os samples using the KBr oy o134 ambient pressure; {ig) obtained in a vacuum at (b) RT,
technique: (a) original powder at ambient pressure; (b) compacted (c) 100, (d) 200, (e) 300, (f) 400, and (g) 450. The bar value is 1
sample aP = 4.5 GPa and RT; (c) compacted sampl®at 4.5 GPa in absolrbance ljnits ' '

and 500°C.
the pellet used to take the spectrum was as thin as possible, it

Figure 1b shows a spectrum feprAl,O3 compacted at 4.5  showed saturation, due to the high content of adsorbed water.
GPa at RT. There are some differences between parts a and bn parts b, ¢, and d of Figure 2, respectively, at RT, 200
of Figure 1. The bulk alumina bands showed a better definition and 200°C, a reduction of the 38662700 cn1! bandwidth
due to the formation of a more ordered structure, caused by theand intensity was observed, which is expected for this kind of
HP treatment, and two peaks can be observed: one ca. 750 cm powder.1%712 |t is caused by adsorbed water elimination and
and another ca. 600 crh The band at 600 cm is slightly dehydroxylation reaction of bonded groups. In the spectrum of
more intense than the other, and according to Ying’s stidies, Figure 2d, some peaks could be observed at 3790, 3730, 3670
it indicates a higher occupation of the octahedral sites. These(maximum of absorption), and 3460 ct The first three peaks
sites have a higher coordination and their occupation will be are attributed to isolated OH groups, which are characteristics
favored by HP treatment. The same effect was observed byof aluminas heat treated at moderate temperatures, being very
Baraton and Quintar#ljn alumina samples treated at 950 difficult to resolve!l1320The peak at 3460 cm is assigned to
for 5 h. Also, there is a reduction on the width of the alumina OH stretching of bonded groups, and after heat treatment at
bulk band, which enables the observation of a shoulder at ca.300 °C (Figure 2e), it is eliminated. At higher temperatures
1045 cnr?l, assigned to the AtO stretching of the surface  (parts f and g of Figure 2), only the three peaks related to the
component. Concerning the surface and impurity bands, anotherisolated OH groups remain. There is a great controversy in the
difference is observed. There is a considerable area reductionliterature about the attribution of these peaks. In this work, the
for the very large band centered at 3460 érand for the 1630 approach of Krminger et al® was adopted, whose configura-
cm! band, which was used to make a semiquantitative tions are represented in Figure 3. The OH groups of la and Ib
determination of water content of the samples. It can be seentypes (3790 cm?) can rotate and orient themselves to make
in Figure 1b that the area of the 1630 thband decreases interactions with adjacent groups. The lla and Ilb types (3730
33% after HP compaction. Therefore, it can be estimated that cm™2) are unfavorable to form bridges with another fixed groups,
the water content is reduced by the same factor. The bandsand the Il type (3670 cm) is totally hampered to make
between 1500 and 1400 care still observed, indicating that  interactions. The peaks of the Il and Ill types are not influenced
the CQ molecules chemically adsorbed were not eliminated by the dehydroxylation process, maintaining their intensifles.

by the HP treatment. The profile of dehydroxylation shown in Figure 2 agrees with
Figure 1c shows the spectrum of the samples compacted atthe results found in the literature.
4.5 GPa and 500C and will be discussed in the next section. Figure 4 shows the FTIR absorption spectra, in the range

Figure 2 shows the FTIR absorption spectra obtained in the between 4000 and 2000 c#j of thin slices ofy-Al O3 samples
vacuum cell after heat treatment at different temperatures in compacted at RT, obtained in the vacuum cell after heat
the range between 4000 and 2000¢érfor original v-Al 03 treatment at different temperatures. Figure 4a shows the
powders. Figure 2a shows the spectrum obtained without anyspectrum obtained without any previous treatment, where a
previous treatment, where the broad band from 3800 to 2700 broad band from 3800 to 2700 cris observed. This band
cm1is ascribed to OH stretching of various species explained has the same attributions already described in the case of Figure
previously. This band is superimposed on the stretchingHC 2a, although now, it is broader. This broadening is explained
band of adsorbed impurities on the original sample. Although by the saturation of the spectra, caused by the water retained in
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Figure 6. Thermogravimetric curves for-Al,0; samples obtained in
a nitrogen atmosphere up to 920 at a heating rate of 2W/min: (a)
original powder; (b) compacted sampleRt= 4.5 GPa and RT; (c)
compacted sample & = 4.5 GPa and 500C.

same shape and profile of the original sample (parts f and g of
Figures 2) is maintained at 43C. For a detailed comparison,
Figure 5 exhibits a normalized spectra for Figures 2f,g and 4f,g
in the region between 4000 and 2500 ¢mA broadening in

the low-frequency region for the compacted sample was
observed, indicating the formation of hydrogen bonds between
surface groups. However, the isolated OH bands persist with
the same relative intensities, because the formation of H bonds

the sample by HP treatment (Figure 1b), and it occurs even (3730 cntl) is restricted or even impossible (3670 T

when

band at 2100 cm' confirm this fact, because this band appears

very thin slices were used (2én). The existence of the

according to the configurations showed in Figure 3.
Figure 6 shows typical thermograms obtained for the original

only when there is a great quantity of water. After the heat y-Al,Oz; powders (part a), for slices of compacted samples at
treatment at 100C (Figure 4c), the large band between 3800 RT (part b), and for slices of compacted samples at HT (part
and 2700 cm! became narrow, and this profile persists up to c). Uncertainties in TGA measurements were 0.2% for temper-
300 °C (Figure 4e). Only after the heat treatment at 4Q0
(Figure 4f) does this profile change considerably, because theloss of 8.8%, and 60% of this loss occurred from RT to 150
band due to OH bonded groups and water disappeared. The’C, which is ascribed to elimination of adsorbed water. The

ature and 0.5% for weight. Thermogram a presents a total weight
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TABLE 1: Physical Properties of y-Al,03 Samples Processed at 4.5 GPa, during 10 Min and Temperatures between 465 and
870°C

sample temp°C) phases present optical appearance physical appearance microhardness (GPa) derfity (g/cm

1 465 y transparent brittle

2 514 y transparent crack-free 174#0.7 3.43+0.01

2% a 515 y opaque brittle

3 565 y transparent crack-free 16470.6 3.49+ 0.01

4 562 Y transparent crack-free H 1 3.44+0.01

5 577 y +a+DP dark/transparent brittle

6 594 y+a+D black/transparent brittle

7 755 o+ D+ B¢ dark gray brittle

8 870 oa+B dark gray brittle

2 x denotes sample was previously dried at 3Q0for 1 h.° Diaspore ¢ Aluminum borate.

remained 40% of the total weight loss is eliminated between being caused by the HP medium that is not hydrostatic enough
150 and 900°C, due to dehydroxylation of the surface and compared to the configuration used at RT experiments. How-
elimination of absorbed organic impurities. In thermogram b ever, from 513 to 565C, we obtain very good samples with
we observe a total weight loss of 7.8%, and from RT up to 150 the y-Al,O3 phase retained. These samples are transparent,
°C, only 37% of this value is lost. In this range of temperature, crack-free, and dense, with values for density of 3149.01
the weight loss of the compacted sample at RT is lower than g/cn?® (95% of theoretical density) and a Vickers microhardness
that of the original powder, which can be explained by the of 17 + 0.7 GPa (100 g load). These values are much greater
reduction of adsorbed water of the compacted samples and bythan those reported in the literature by Mishra et ah,samples
the retention of the water in the sample. These facts were compacted at 1 GPa and 73CQ during 15 min, where they
observed in the FTIR spectrum of Figure 1b and mainly in the obtained a density of 3.3 g/éhand a Vickers microhardness
spectra of Figure 4, where the corresponding bands of adsorbedf 7.3 £ 0.2 GPa.
water and OH bonded groups remain up to 400 Comparing According to Table 1, the samples that are compacted at
the total weight loss of the original powders and the compacted temperatures higher than 566 are brittle and dark, which is
samples, we notice very similar values (8.8 and 7.8%, respec-a consequence of a phase mixture. Dark aluminas are mentioned
tively). This fact can be explained as follows. In the range from in the literature, and this characteristic is attributed to oxygen
150 to 420°C, the weight loss of the original powder is 1.1% deficient transition phases or to reduced Q@sorbed on the
and that for the compacted sample is 1.9%. In this range of original sample. The phase is maintained simultaneously with
temperature occurs the dehydroxylation reaction, and thesetwo other phasesy and D (diaspore, an aluminum monohy-
reactions are facilitated by HP treatment that promotes the droxide)® Above 600°C, they phase disappeared, thephase
formation of H bridges between OH groups. This fact increases and diaspore remained, and a new phase is formed due to the
the weight loss in this range of temperature causing almost thereaction with the hBN container. This phase is an aluminum
same total weight loss for both samples. This point was fully borate and was called B.At 871 °C, only thea and B phases
discussed in a previous paper about compaction of silica gre present.
powders’ Thermogram c will be discussed in the next section. Figure 7 shows the XRD patterns for the original sample and
The data from Figure 4 and from the TGA (Figure 6) show for samples compacted at 4.5 GPa and temperatures between
a “delay” to release water of compacted samples, indicating that562 and 871°C. In parts a and b of Figure 7, typical patterns
water is retained in closed pores. Total elimination of adsorbed of y alumina are observed, corresponding to ASTM card 10-
water occurs only above 30C, after a rupture of these closed 425 and 4-877, based in a cubic spinel-like structure. These
pores caused by the internal pressure of water vapor, whichpatterns present broad line widths, a characteristic of nanoc-
becomes possible at higher temperatures. This indicates therystalline materials. A small increase in the line width20%)
existence of a strong closed-pore structure formed during theis observed for sintered samples, which could be related to
HP treatment. internal stress due to HP compaction. This same effect was
All FTIR and TGA results can be qualitatively explained by observed previousl§This result corroborates that a significant
a cold-sintering process promoted by HP at RT, occurring grain growth did not occur and the nanocrystallite size is
through dehydroxylation reaction of surfaces OH groups, which maintained. Figure 7c shows the characteristic peaks of three
forms Al-O—Al bonds. The “cold-sintering” mechanism was phases:y phaseq phase, and diaspore (D). At 786 (Figure
proposed recently for Si{obtained from the setgel method 7d), thea phase is dominant, a small quantity of diaspore is
and compacted at HP and RT. This model is based on the reverseetained, and characteristic peaks of hexagonal boron nitride
of what occurs in the slow fracture model for $j@roposed (BN) are also seen. This impurity is a residue which remained
by Freiman and Michalsk#&,being discussed in detail in ref 5. at the sample surface, coming from the hBN container used in
Although there are differences between the structure ot SiO the high-pressure/high-temperature (HP/HT) experiments. Figure
(amorphous) ang-Al,0;3 (crystalline) and the synthesis method, 7e shows mainlye phase, with very small quantities of hBN
both powders have the surface covered by OH groups andand an aluminum borate (B).
adsorbed water, which enable the dehydroxylation reaction and, The presence of diaspore, detected at 8C7 shows the
consequently, the cold-sintering process at high pressure.  transformation of an oxide in a hydroxide. It can occur at HP,
Compaction at Higher Temperature. The HP experiments  and it is caused by water retention in the samples, revealed by
(4,5 GPa) at higher temperatures (up to 820 during 10 min) the FTIR spectra (Figure 1) and TGA (Figure 6). The presence
and the physical properties of the samples are summarized inof trapped water yields the necessary conditions to transform
Table 1. The samples processed up to 3C3maintain they alumina into diasporé*2* Subsequently, diaspore transforms
phase and are transparent, but they are not well consolidatedfo o phase at higher temperatures. The crystalline structure of
showing cracks and separate fragments. We interpreted this ashese two phases is similar (hcp); therefore, the transformation
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Figure 7. X-ray powder diffraction pattern of-Al,Os, (a) original 28

powder, and samples compacted at 4.5 GPa at (b) 562, (c) 577, (d) .

755, and (e) 872C. The peaks are identified asfor a phasey for Figure 8. XRD pattern ofy-Al,0s; samples compacted at 4.5 GPa

the y phase, B for aluminum borate, BN for boron nitride, and D for and at a temperature of approximately 6@ (a) original powder

diaspore. with 20% in weight of water; (b) original powder; (c) original powder
dried at 500°C for 1 h. The peaks are identified asfor o phase,y

from one to another is topotatic, withalumina being the only for the y phase, BN for boron nitride, and D for diaspore.

product of the decomposition of diaspore.

The aluminum borate peak (B) shown in Figure 7e appeared
due to the reaction of the hBN container, in the presence of
water, with AbOs, forming 9ALO3-2B,0s. This borate was

showing the same characteristics previously discussed. However,
an area reduction of 44.5% is observed for the 1630'dmand,
compared to the sample compacted at RT. It indicates a
synthesized for the first time, under HP, by Capponi & 4. reduction.of the adsorb.ed water on the surface or trapped .in
is eliminated at temperatures higher than 12C4 pores. This band re_duct|0n can be cause(_JI either by evaporfitlon
To study the effects of the presence of watetialumina or by an hydroxylat!on on thg surfacg of internal pores during
samples, some of them were dried and others were moistenedthe HP/HT compaction. Additionally, in Figure 1c, the presence
just before the HP/HT compaction. The sample marked in Table Of species generated by the chemical adsorption of i@@ir
1 as 2* was dried at 500C during 1 h before the HP/HT (1400 cnt?) can be detected.
compaction at 518C. Although they-Al,O3 is the only phase Figure 9 shows FTIR absorption spectra obtained in the
present, the sample became brittle and opaque, and it was notacuum cell after heat treatment at different temperatures for
possible to measure its density and hardness, showing that thesamples compacted at 4.5 GPa and 3621n this figure, all
water plays an important role in the process of compaction. the spectra show the same profile. A broad band between 3750
According to previous work328 it is very difficult to achieve and 2800 cm?, attributed to OH groups, and the band of water
high density in compacts from nanosize particles, and it was combination at 2100 cn# are present. For the spectra after heat
proposed that the use of suitable lubricant can improve their reatment between 300 and 460G (Figures 9¢-f), a small
packing properties. This better packing promotes the sintering reqyction on the width of the OH band and on the intensity of
process throygh t_he condens_ation reaction_of OH groups, whichiha 2100 cmt band is observed. However, the general profile
IS the cold-sintering mgchanlsm already discussed. of the spectra is not modified. The adsorbed water remains
Figure 8 shows the diffraction patterns for samples CompaCtEdtrapped in closed pores and is not liberated even after heat

. o .
near 600°C. In Figure 8a, 20% in weight of water was added treatment in a vacuum at 45 for 1 h (Figure 9g). This is

to the sample, and a significant increase of the d|asp_ore peaksalso confirmed by the thermogram showed in Figure 6¢c. There
was observed, compared to the normal samples (Figure 8b).

) . 0 ;
For samples previously dried at 50C for 1 h (Figure 8c), :S atptallwelgtht lclisj_r?f 0n|yg1.7 /o,?ﬂd up to ?D’ tthetr\:velght h
there is still formation of diaspore, indicating that the water o>> 'S @imost null. These observations corroboraté tné mechan-

content and the OH groups that remain in the particle surface ical pr_opertles_obtalned for alumina s_amples, high h.ardngss_

promote this kind of transformation. and high density. The pore structure is very strong since it did
Regarding the water absorption and retention in experiments "0t Preak up to 450C.

at HP/HT, the FTIR spectra and TGA thermograms are very  The formation of diaspore is further strong evidence of the

useful. Figure 1c shows a KBr spectrum of a typical sample retention of water in closed pores, confirming the mechanism

compacted at 4.5 GPa and temperature of 80T his spectrum  for the “cold-sintering” processWithout water in the structure,

is very similar to that in Figure 1b (sample compacted at RT), it is impossible to have the formation of this monohydroxide.
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Figure 9. FTIR absorption spectra of-Al,0; samples compacted at
4.5 GPa and 562C obtained in a vacuum cell after treatment at
different temperatures: (a) RT and ambient pressure;(ff))obtained

in a vacuum at (b) RT, (c) 100, (d) 200, (e) 300, (f) 400, and (g) 450
°C. The bar value is 2 in absorbance units.

Conclusions

The effect of thermal treatments at HP (4.5 GPa), from RT
up to 800°C, in y-Al,03; nanosize powders was studied. The
best samples of-Al,0; were obtained at temperatures between
513 and 565C, during only 10 min of HP processing. These

Costa et al.

time causes the trapping of part of the adsorbed water in closed
pores. This structure is formed by a dehydroxylation reaction
between bridged OH groups during the HP compaction and can
be explained by a “cold-sintering” model, proposed for SiO
For the samples processed at HP/HT, the adsorbed water
remains trapped in closed pores and is not liberated even after
heat treatment in a vacuum at 4%0, which is a result of the
formation of a strong structure. The mechanical and optical
properties of the samples confirm this idea, as well as the
formation of diaspore. Additionally, it was observed that the
water plays an important role in this kind of compaction process,
contributing to improving the properties of these samples.
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