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Introduction

Pseudoboehmite, which is actually the nanocrystalline boehmite [1-3] of chemical formula (y-ALOOH), the source of
gamma-alumina, has been the subject of many studies both on its morphology and on the size of its particles [4-7]. This
particular interest in the size and shape of pseudoboehmite gives important information on the realization of transition
aluminas used as catalyst or catalyst support. In addition to application as a source of alumina-y, it is also used in the field of
environmental pollution [8-12]. The Pseudoboehmites are synthesized by several methods, the most common ones the
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precipitation method and the sol-gel method [13]. Nevertheless, most of the boehmites objects of the different articles are
synthesized from aluminum salts like AICl;, Al,(SO,4); etc. But boehmites synthesized from bauxite according to a modified
Bayer process was reported by D. Panias et al. [14], where a seed of boehmite grain was made within the highly concentrated
alkaline solution to effect boehmite precipitates to different temperatures and pH. It has also been reported by P Manivasakan
et al. [15], an alumina-y nano was synthesized from a precipitate of a solution obtained by the alkaline melting of bauxite
followed by a whole mechanism of grinding the alumina after calcination. P Manivasakan et al. do not show in any case that
they obtained a boehmite but rather talk about a precipitate of hydrous alumina amorphous. While this work, reported in this
article, talks about the synthesis of a pseudoboehmite by precipitation whose precursor is a solution of a temperature of 60°C,
deriving from an alkaline bauxite melting. And also from the conversion of pseudoboehmite to transition alumina at a
temperature of 500°C. Thus, these precipitates obtained at pH=7 are not simple aluminum hydroxide as described by P
Manivasakan et al. But it is indeed a nanocrystalline boehmite mesoporous. The details of the synthesis procedure are

explained further in this article.

Materials and Method

Materials

The purchased chemicals are 37% HCI and NaOH of SIGMA-ALDRICH. Bauxite (BX) originating from the south-west
region of Chad.

Synthesis of pseudoboehmite from raw bauxite

The method of synthesis differs slightly from that reported by Manivasakan et al. [16]. The melting was carried out at 500°C.
for 2 hours by dry mixing, in a zirconium crucible, bauxite (BX) originating from the south-west region of Chad and NaOH
with a BX/NaOH ratio of 0.33. By contrast, Manivasakan et al. reported a mixture of 66.67% wt. of raw bauxite and 33.33%
wt. of sodium hydroxide and a melting temperature of 600°C for 3h. However, the solution obtained after melting, commonly
known as Bayer liquor, was split into two solutions, the first solution was kept at a temperature of 25°C and the second
solution was at a temperature of 60°C. To obtain gels at pH=7, a dropwise addition of a solution of HCI (3M) acid was carried
out on each solution which was under simple and continuous stirring. The precipitates experienced overnight aging in their
stock solutions at room temperature without agitation. Contrary to what was reported by P Manivasakan and al where they
speak of an ageing at 80°C. Finally, the gels of products are separated by filtration, the filtrates are washed several times with
the distilled water then dried at 80°C during 6 h to obtain a powder of y-ALOOH. To ease the reading we noted the gels
obtained at 25°C by BN25 and that of 60°C by BN60.

Transformation of pseudoboehmite into alumina-y
The transition of alumina has been obtained by calcination of the boehmite in muffle furnace during 5h at constant

temperature of 500°C with a heating rate of 5°C min™.

The structures of synthesized pseudoboehmite and alumina samples were determined by an X-ray powder diffractometer
(XRD, D2PHASER BRUKER of Bragg-Brentano) using CuK, as a radiation source (A\=1.5406A). The samples were carried
in the 20 range from 10 to 80
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An FTIR Spectrometer IR (Apparatus of Vertex 70 DTGS model covering a range of 400-4000 cm™) was used to carry out
the spectrums of pseudoboehmite and alumina. The specific surface area (SSA) of all the samples were calculated according
to the BET method using the BET surface area analyzer (Micromeritics; Model: 3Flex). The samples of pseudoboehmite and
amorphous boehmite were degassed under vacuum at 110°C for 6 h to remove the physisorbed moisture and the sample of
alumina was degassed at 250°C for 3h. The physisorption analysis was carried out with N, adsorption-desorption
measurements at a liquid nitrogen temperature (—196°C). The desorption pore size distribution, average pore diameter, and
total pore volume were calculated according to the Barret-Joyne-Halenda (BJH) model. The composition of the samples was
analyzed using the Energy-dispersive (EDX) spectrometry (VEGA3 TESCAN EDX).

Results and Discussion

Characterization by XRD of the gel synthesized at 25°C. gives an amorphous spectrum identified as a spectrum of an
amorphous boehmite (FIG. 1a). The absence of 020 reflections of boehmite amorphous is generally observed for boehmites
with very low crystallite size. But the spectrum of the FIG. 1b is a pseudoboehmite whose appearance of its peaks at
different values in 20 (13.57, 27.80, 38.10, 48.93, 64.76 and 71.56) is in conformity with the results obtained by the others
[17]. The appearance of the peak (020) at 0.657 nm towards the large values of d (hkl) is due to the very nanometric sizes of
crystallites [18]. According to Okada et al. the expansion of the 020 d-spacing of boehmite increases with decreasing
crystallite size. This expansion is found to be due to a limited layer stacking number and to excess water in the interlayers of
the boehmite structure [19].

The crystallite size of all the pseudoboehmite and alumina samples were calculated using the Scherer’s equation.

D =xA/AHCc0s0O

Where D is the crystallite size, k the Scherrer constant (k=0.9), A the wavelength of the X-ray, AH the full-width at half-

maximum (FWHM) was calculated using the origin software.

The size of reflection (020) crystallites of boehmite BN60 calculated, using the Scherrer equation, is 1.57 (hm). As for that of
y-alumina (BN60) calcined at 500°C. according to the reflection (440) is 1.53(nm).
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FIG. 1. XDR spectra of synthesized boehmites (a) BN25) and (b) BN60.

FIG. 2 shows the XRD spectrum of pseudoboehmite BN60 calcined at 500°C. This spectrum obtained at 500°C. is identified
as alumina-y spinel network by HS Potdar et al. [20]. Other researchers [21] also obtained this structure of alumina, at 500°C
although the methods of synthesis, the raw materials and the proportions and natures of the impurities are not the same. The
appearance of a peak at 26 at 20 at the spectrum level of FIG. 2 belongs to the silica. The presence of this silica within BN60
is also confirmed by the EDX spectrum of BN60.
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FIG. 2. XRD spectrum of pseudoboehmite calcined at 500°C.

The analysis of FTIR spectra of boehmites in FIG. 3 showed the appearance of bands in different regions of vibration. The
spectrum of pseudoboehmite (BN60) dried at 80°C (FIG. 3a) is in perfect conformity with those studied by Frost et al. [22].
The bands at approximately 735, 619.41 and 490 cm™ are attributable to stretching and bending modes typical of boehmite. A
band at 1074.51 cm™ is the characteristic mode of symmetric bending of hydroxyl groups of the AlO-H bond of boehmite,
which disappears when the temperature of calcination increases [23]. The band located around 1637.05 cm™ and a large band
at 3436.58 cm™ are assigned to stretching and bending modes of adsorbed water. The weak band at 2096.09 cm™ for BN60
and 2083.42 cm™ are assigned to a combination band [24]. As for the FTIR spectrum of calcined alumina at 500 C also
shows the characteristic bands of stretching and bending modes of water at 3460.71 and 1637.42 cm™ (FIG. 3b). The
absorption peaks observed between 600 and 800 cm™ in all the samples are attributed to the stretching and vibrational modes
of the AlO,, AlOg and OH groups [25]. The absorption peaks obtained at 1520 and 1406 cm™ of spectrum FTIR of alumina

calcined at 500°C are due to the presence of the carbon-carbon (C-C) deformation.
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FIG. 3. IR spectra of dried pseudoboehmite at 80°C (a) and calcined alumina-y at 500°C (b).

The adsorption and desorption isotherms of the BN25, BN60 and alumina-y samples (FIG. 4) can only be type IV with an H3
hysteresis loop. But Fouad et al. [26], as well as S Kirchner et al. [27], have classified this type as Type Il isotherm and that
this loop of hysteris is due to the presence of pores of slit form. Other researchers [28] have qualified these kinds of isotherms
are characteristics of flat-like nanostructures that have slit-shaped pores. And actually, the image provided by SEM shows
flat particles at BN60. As a result, the particles of the other samples are also flat. The BJH pore size distribution curves FIG.
4 (BN25), FIG. 4 (BN60) and FIG. 4 (alumina-y) give pore diameters in the range of 2 and 15 nm centered on the 4.73 nm
points for BN60. On the other hand, the size distribution curve of BN25 has an almost bimodal distribution Pore-size
distribution of a double pore-size system whose peaks are respectively centered on 3.8 and 6.88 nm. As for the means of pore
diameters of the -y alumina is about 6.15 nm. The narrow and broad pore size bimodal distribution of BN25 indicates a
heterogeneous organization and at the same time compact crystallites and aggregates. While the Pore-size distributions (PSD)
of BN60 and alumina-y are only broad, this confers them a heterogeneous organization of crystallites and aggregates.
TABLE 1 gives the average pore diameter and total pore volume values according to the BJH method and the Surface BET
area. This relatively high value of the specific surface of alumina-y, in the absence of additives, is a combination of
precipitation conditions, the interconversion of amorphous hydroxide and the conditions of supersaturation [29]. According
to the IUPAC classification, the mesoporous particles are in the range of (2-50 nm). Thus, the boehmite and alumina obtained
are mesoporous.

TABLE 1. Values average pore diameter, total pore volume and Surface area.

Samples | Surface area(m?/g) Average pore diameter (nm) Pore volume (cm®/g)
BN25 117.49 6.8804 0.165676
BN60 317.29 4.7353 0.385085
AI500 272,15 6.1552 0.414011




www.tsijournals.com | November-2018

BNGO

vom

Cuasty A et

Farta Py p

FIG. 4. Isotherms and pore size distribution curves.

The composition of the pseudoboehmite (y-AIOOH) BN60 contains a percentage of 0.6% Si, 0.2% Fe, 59.0% O and 40.3%
Al (TABLE 2 and FIG. 5). However, the morphology of boehmite was determined using SEM. It is true that the crystallites
are difficult to observe, but the SEM image (FIG. 6) shows an aggregate of the flat-shaped particles. So we are in front of a
flat morphology of particles. It has been reported that this kind of morphology is due to processes related to boehmite
synthesis [30,31].
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FIG. 5. The EDX spectrum revealing the degree of purity of the gel of BN60 dried at 80°C.
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TABLE 2. Composition de pseudoboehmite (y-AIOOH) BN60.

Element | Weight % | Atomic %
o] 59 70.8

Al 40.3 28.7

Si 0.6 04

Fe 0.2 0.1

SEMHV:10.0kV. | wD:10.00mm | | VEGA3 TESCAN
View field: 5.4 pm Det: SE

FIG. 6. SEM showing agglomerates of elaborated pseudoboehmite particles.

Conclusion

By using the alkaline bauxite melting followed by precipitation of the solutions brought to temperatures of 25°C and 60°C
with simple stirring, we have synthesized respectively an amorphous gel and a boehmite of nano sizes. The conversion to
transition alumina of BN60 gave a y-alumina at 500°C spinel phase and a specific surface area of 272 m?/g. The analyzes of
nitrogen isotherms and those of pore size distribution curves confirm that the products obtained at 25°C or 60°C and alumina-y
are mesoporous materials whose particles are flat. These boehmites of high specific surface, synthesized from this simple and
inexpensive method, can be used as adsorbents in the field of environmental remediation and good sources of manufacturing

industrial catalysts.

REFERENCES

1. Guzman MLC, Bokhimi X, Toledo AA, et al. Effect of boehmite crystallite size and steaming on alumina properties. J
Phys Chem B. 2001;105:2099-106.

2. Alphonse P, Courty M. Surface and porosity of nanocrystalline boehmite xerogels. J Colloid Interface Sci. 2005;290:208-
19.

3. Bagwell RB, Messing GL. Critical factors in the production of sol-gel derived porous alumina. Key Engineering
Materials.1996;115:45-64.

4. Mathieu Y, Lebeau B, Valtchev V. Control of the morphology and particle size of boehmite nanoparticles synthesized
under hydrothermal conditions. Langmuir. 2007;23:9435-42.



www.tsijournals.com | November-2018

5. Nguefack M, Popa AF, Rossignol S, et al. Preparation of alumina through a sol-gel process. Synthesis, characterization,
thermal evolution and model of intermediate boehmite. Phys Chem. 2003;5:4279-89.

6. Nortier P, Fourre P. Effects of crystallinity and morphology on the surface properties of alumina. Appl Catal. 1990;
61:141-60.

7. Karouia F, Boualleg M, Digne M, et al. Control of the textural properties of nanocrystalline boehmite (y-AIOOH)
regarding its peptization ability. Powder Technology. 2013;237:602-9.

8. Dubey SP, Dwivedi AD, Sillanpa M, et al. Adsorption of As (V) by boehmite and alumina of different morphologies
prepared under hydrothermal conditions. Chemosphere. 2017;169:99-106.

9. Tang WP, Shima O, Ookubo A, et al. A Kinetic study of phosphate adsorption by boehmite. J Pharm Sci. 1997;86:230-5.
10. Cambier P, Sposito G. Adsorption of citric acid by synthetic pseudo-boehmite. Clays Clay Miner. 1991;39:369-74.

11. Guanghui LI, Peipei WA, Qiong LI, et al. Removal of Cd (Il) by Nanometer AIO(OH) Loaded on Fiberglass with
activated carbon fiber felt as a carrier. Chin J Chem Eng. 2008;16:805-11.

12. Salimi F, Emami SS, Karami C. Removal of methylene blue from a water solution by modified nano-boehmite with
Bismuth. Inorganic and Nano-Metal Chemistry. 2018;48:31-40.

13. Yoldas BE. Transparent activated non-particulate alumina and method of preparing same. US Patent. 1976:3941719.

14. Panias D, Paspaliaris I. Boehmite process-a new approach in alumina production. World of Metallurgy-ERZMETALL.
2003;56:75-80.

15. Palanisamy Manivasakan, Venkatachalam Rajendran, Prema Ranjan Rauta, et al. Effect of mineral acids on the
production of alumina nanopowder from raw bauxite. Powder Technology. 2011;211:77-84.

16. Bokhimi X, Antonio JAT, Castillo MLG, et al. Relationship between crystallite size and bond lengths in boehmite. J
Solid State Chem. 2001;159:32-40.

17. Yang F, Wang Q, Yan J, et al. Preparation of high pore volume pseudoboehmite doped with transition metal ions through
direct precipitation method. Ind Eng Chem Res. 2012;51:15386-92.

18. Okada K, Nagashima T, Kameshima Y, et al. Relationship between formation conditions, properties, and crystallite size
of boehmite. J Colloid Interface Sci. 2002;253:308-14.

19. Potdar HS, Jun KW, Bae JW, et al. Synthesis of nano-sized porous y-alumina powder via a precipitation/digestion route.
Applied Catalysis A: General. 2007;321:109-16.

20. Yuan Q, Yin AX, Luo C, et al. Facile synthesis for ordered mesoporous A-aluminas with high thermal stabilit. J Am.
Chem Soc. 2008;130:3465-72.

21. Choi J, Yoo KS, Kim SD, et al. Synthesis of mesoporous spherical y-Al,O3 particles with varying porosity by spray
pyrolysis of commercial boehmite. J Ind Eng Chem. 2017;56:151-6.

22. Ray LF, Kloprogge JT, Shane CR, et al. Dehydroxylation of aluminum (Oxo) hydroxides using infrared emission
spectroscopy. Part 1I: boehmite. Applied Spectroscopy. 1999;53:572-82.

23. Colomban PH. Raman study of the formation of transition alumina single crystal from protonic p/B” aluminas. J Mater
Sci Lett. 1988;7:1324-6.

24. Teoh GL, Liew KY, Mahmood WAK. Synthesis and characterization of sol-gel alumina nanofibers. J Sol Gel Sci
Technol. 2007;44:177-86.



www.tsijournals.com | November-2018

25. Kirchner S, Teychene S, Boualleg M, et al. Effect of precipitation process parameters on boehmite properties: In situ
optical monitoring. Chemical Engineering Journal. 2015;280:658-69.

26. Lozhkomoev AS, Glazkova EA, Bakina OV, et al. Synthesis of core-shell AIOOH hollow nanospheres by reacting Al
nanoparticles with water. Nanotechnology. 2016;27:205-603.

27. Yang W, Li B. A novel liquid template corrosion approach for layered silica with various morphologies and different
nanolayer thicknesses. Nanoscale. 2014;6:2292-98.

28. Huang Y, White A, Walpole A, et al. Control of porosity and surface area in alumina: I. Effect of preparation conditions.
Appl Catal. 1989;56:177-86.

29. Chavez GT, Rodriguez JCP, Medina JZ, et al. Reactions analysis during the synthesis of pseudo-boehmite as a precursor
of gamma-alumina. Catalysis Today. 2016;271:207-12.

30. Lippens BC, Boer JH. Study of phase transformations during calcination of aluminum hydroxides by selected area
electron diffraction. Acta Crystallogr. 1964;17:1312-21.

31. Jin X, Qi Q, Ye W, et al. Effect of anions on the preparation of ultrafine a-Al,O; powder. J Cent South Univ Technol.
2007;14:773-8.



