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Abstract

Homogeneous hydrolysis of aluminum by decomposition of urea in solution was achieved because the urea coordinatés o twe Al
lution, forming [AI(H20)5(urea)F’+ and to a lesser extent [AI@®)4(urea)g]3+. Upon hydrolysis more hydrolyzed monomeric species,
[AI(H 20)5(0H)]Z*, [Al(H 20)4(OH)] T, [Al(H 20)4(urea)(OH)¥T, and [Al(H20)3(urea)(OHY] T, were formed, followed by trimeric
species and the A Keggin complex [AIQAl12(OH)4(H20)15] /. The2?Al NMR spectra indicated the formation of other complexes in
addition to the A{ 3 at the end of the hydrolysis reaction.
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1. Introduction by twelve octahedrally coordinated 3l ions Fig. 1). De-
spite the large number of publications concerning the hy-

The numerous studies that have been performed over thedrc_;lysis of aluminum, much confusion and controversy still
past 150 years on the hydrolysis and polymerization of alu- €XiSt about th_e formatlo_n, the breakdown, and the nature of
minum in agueous solutions have been reviewed in detail by Nydroxy aluminum species. o , _
Akitt [1]. Understanding the nature the aluminum species  1N€ h)2/9r0|ySIS of aluminum, which is usually investi-
formed during forced hydrolysis, such as the tridecameric 98t€d by~"Al NMR, is executed by addition of basic so-
Al 13 polymer [AIOzAl 12(OH)2a(H20)12] ™+, is of particular lutions or N@C@_to (aC|d|f|ed) alumlnu_m salt solutlo_ns
concern to many research groups in the fields of catalysis,[2~18} by dissolving aluminum metal in a salt solution
mineralogy and soil chemistry, and ceramics. The applica- [5,19-21] or by th? hydronS|§ of aluminum .alcoholates
tion of Al13 complexes as pillaring agents in clay minerals is [22,23] The hydroxide-to-aluminum ”_‘O'ar ratie, h_as to_
especially important (e.g[2—4]). By intercalating the large be kept belovy 25 to form polyoxocations of aluminum in-
Al13 complexes between the clay platelets, the specific sur- stead O.f precipitating AI(QF&) S . ;
face area, the porous structure, and the acidity of the clay Up till now, almost all mvesﬂgatlons repprted in the lit-
material will be enhanced considerably.14lis a highly erature on the forced hydrolysis of aluminum were per-

. "y o . )
symmetric complex exhibiting a Keggin structure, consisting }ccc:rzr:(\jvder\,:g] ddA(f d bcyoir;(jaelcntlir(])% E%th(l)%r\];is:{g ;"(’:&'ﬁg r:“cl)(fjg))t?;lse
of a tetrahedrally coordinated central AJOnit, surrounded These methods have the disadvantage that they establish

large pH inhomogenities in the Af-containing solutions,
* Corresponding author. Fax +61-3864-1804. which makes the study of the hydrolysis of aluminum in-
E-mail address: t.kloprogge@qut.edu.gy.T. Kloprogge). accurate. Furthermore, scaling up this hydrolysis procedure
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urea concentrations in the combined solution were varied be-
tween 0.1 and 0.5 M and 0.3 and 2.0 M, respectively. The
OH~/AI3+ molar ratios & n) calculated with complete hy-
drolysis of the urea ranged from 6 to 8. The solutions in the
vessel were stirred continuously. During the reaction, a num-
ber of 10-ml samples were pipetted from the reaction vessel,
sealed in flasks, and cooled with ice water to prevent further
hydrolysis of the dissolved urea. All samples were measured
with 2’Al NMR within 1 week after preparation.

27TAl NMR spectra were obtained on a Bruker AM500
spectrometer operated at 130.3 MHz (11.7 Tesla) using a
10-mm Bruker D-probe. For all measurements a 10-mm
tube was used, in which a 5-mm tube was placed. This
internal tube was held in a coaxial position by a Teflon
plug and filled with DO, which acted as field frequency
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Fig. 1. Model of the A{3 Keggin complex.

is impossible, because faster addition of Otill result in
the inevitable precipitation of Al-hydroxides instead of in .
the formation of the Alz complex. Another drawback of the lock. The samples were placed between the inner and outer
above-mentioned methods is that the formation of aluminum tubes. All spectra were measured a2D To prevent fur-

polymers during the addition of the base cannot be assesseat.her hydrolysis gu;_ing_ thﬁ mfoaosuizgg?t, no f:jighgr te(rjnpera—
This paper describes a study of forced aluminum hydrol- tures were used. Typically, - ree-induction decays

ysis in solutions by decomposition of urea. By increasing (1F(I)DS) vlvere.recgrclied.T'I;]he pulse \(Wd{jhhwas 3220“kSHWIt_:_1ha
the temperature of the solution above about@Qurea will 27.A]S Le aganlo nh' ff ay. 1he spectrz Wi t Wasl IZ.' €
slowly decompose in agueous solutions. This will result in chemical shifts §) are reported in ppm values relative

homogeneous generation of hydroxyls in the solution ac- to an ethJ[nal standa_rd of a aqueous 0.1 M Aldlution,
cording to the overall reaction [AI(H20)g™]. All chemical shifts reported here represent the

- N peak maxima. Some additior&lAl NMR spectra were ob-
CO(NHp)2 + 3H20 — 20H™ + 2NH," + COp, tained using a Bruker WP 200 spectrometer operating at
the mechanism of which was investigated by Shaw and Bor- 52 MHz. The samples were measured after locking with
deaux{24]. Vermeulen et al[25] and Wood et al[26] used D20 without an internal tube containingD.
this method for the preparation of alumina gels. The advan- ~ The pH of the solutions during the reaction was measured
tage of this method is that the hydrolysis of aluminum can be with a Schott-Gerade CG804 pH meter using electrodes
followed directly with2’Al NMR during the release of hy-  from Ingold. The final turbid solutions were centrifuged and
droxyl ions. More important, the procedure can be scaled up the resulting precipitates were washed three times and dried
without difficulty. This work is aimed at the characterization overnight at 130C. The X-ray powder diffraction (XRD)
of the species involved during hydrolysis of aluminum by the patterns of the precipitate were recorded on an Enraf Nonius
decomposition of urea at 9C. Furthermore, the optimum  FR590 diffractometer.
conditions for the formation of the A4 complex, which will
be present in these solutions, as observed by Wood et al.
[26], are re-established by varying the aluminum concentra- 3. Resultsand discussion
tion and the OH/Al ratio«) in solution.

3.1. pH and XRD measurements

2. Experimental The pH of the solutions was recorded to observe the hy-
drolysis of aluminum. Acidified solutions of pH 2 containing
The hydrolysis of aluminum was performed accord- only urea at 90C exhibit an almost immediate sharp pH
ing to the procedure reported by Vermeulen et [3b]. jump from 2 to 6.5. This is followed by a gradual increase
A 1-L solution was prepared by dissolving reagent grade to a constant value at 7.#i@. 2), in accordance with the
Al(NO3)3-9H,0 or AICI3-6H20 in deionized water. This  results of Vermeulen et aJ25]. The rate of change of pH
solution was placed in a 3-L double-walled Pyrex vessel ac- of one acidified (curve a) and three nonacidified (curves b,
cording to the description of Van Dillen et 427], heated ¢, d) ARt and urea-containing solutions kept at°@are
to 90°C, and vigorously stirred. In some cases the pH has represented iffig. 2 It is clear that the solutions with At
been previously adjusted at 1.0 to prevent self-hydrolysis of do not show the immediate pH rise observed with solutions
the ARt ions by addition of concentrated HNOAnother containing only urea, suggesting a consumption of the OH
1-L solution was prepared by dissolving reagent grade ureaions released during the hydrolysis of urea by th&Abns
in deionized water at 50C. This solution was added to the in the solution.
aluminum-containing solution in the vessel, after which the ~ Curve a (acidified) is divided in to four regions, denoted
temperature was adjusted to9D. The initial aluminumand  as I-IV. Region | exhibits an initially strong rise of the pH
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