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ABSTRACT

The crystal structure of Al4B2O9, synthesized from Al(NO)3·9H2O and B(OH)3 via a sol-gel process, 
is studied and characterized by Rietveld refinements and grid search analyses combined with 11B and 
27Al MAS NMR spectroscopy. The aluminum borate with a unit-cell composition of Al32B16O72 is closely 
related to the boralsilite (Al32B12Si4O74) structure with Si replaced by B and to mullite (Al4+2xSi2–2xO10–x). 
It crystallizes in the monoclinic space group C2/m, a = 14.8056(7) Å, b = 5.5413(2) Å, c = 15.0531(6) 
Å  = 90.913(2)°, Z = 8 for Al4B2O9. The main structural units are isolated chains of edge-sharing 
AlO6-octahedra running parallel to b that is a characteristic feature of the mullite-type crystal structures. 
The octahedral chains are crosslinked by AlO4, AlO5, BO3, and BO4 groups with two B atoms and one 
O atom (O5') disordered on interstitial positions. 27Al and 11B NMR studies confirm the presence of 
sixfold (octahedral), fivefold, and fourfold (tetrahedral) coordinated Al (sixfold:[fourfold + fivefold] 
= ~50%:50%) and of threefold and fourfold coordinated B (~80%:20%).
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INTRODUCTION

The Al4B2O9 phase, yet to find significant technological ap-
plication, is of considerable crystal-chemical importance. It is a 
member of the family of aluminum borates, some of which have 
properties similar to mullite (Al4+2xSi2–2xO10–x) as noted already 
by Scholze (1956). Werding and Schreyer (1984, 1990, 1996) 
used the term “boron-mullites” for such intermediate members. 
Scholze (1956) indicated that Al4B2O9 crystallizes in an ortho-
rhombic unit cell of unknown space group with a = 14.8 Å, b = 
15.1 Å, c = 5.6 Å, and Z = 8. Structure refinements by Mazza 
et al. (1992), however, yielded an orthorhombic mullite-type 
structure in space group Pbam with a pseudo tetragonal metric 
of a = b = 7.6717 Å, c = 2.827 Å, and Z = 1. In this paper, it 
is our aim to determine the correct crystal structure of Al4B2O9 
using a combination of NMR spectroscopy and X-ray diffrac-
tion methods. 

EXPERIMENTAL METHODS

Sample preparation

The aluminum borate sample was synthesized following the nitrate decom-
position method described by Mazza et al. (1992). Aluminum nitrate nonahydrate 
[Al(NO3)3·9H2O; Fluka, lot 06274] and boric acid [B(OH)3; Merck, lot 165] in 
proportions corresponding to an Al:B ratio of 1:2 were intimately mixed together 
with 10 wt% glycerol in a beaker. This mixture was slowly heated to 80 °C under 

continuous stirring until a homogeneous solution was obtained. After heating to 
110 °C, foaming of the liquid was observed and the decomposition of the nitrate 
started with evaporation of brownish NOx gases. After the reaction was completed, 
a highly viscous, white gel formed. This gel was dried at 200 °C for 30 min and 
afterward crushed to a powder. The powder was further calcined at 300 °C for 2 h 
to remove part of the residual nitrate and organic compounds. The crystalline phase 
was obtained after heat-treating the calcined powder at 950 °C for 5 h.

Initial X-ray diffraction measurements showed that B(OH)3 (boric acid) was 
present as an impurity phase remaining from the synthesis procedure. The existence of 
boric acid in the crystalline sample can be attributed to rehydration of non-crystalline 
B2O3 by contact with humid air. Washing with deionized water at boiling temperature 
completely removed the boric acid as shown by subsequent X-ray diffraction analysis. 
Consequently, the boron content in the crystalline phase must be lower than indicated 
by the composition of the mixture of initial reagents that would imply an Al:B ratio of 
1:2. Quantitative analysis by the Rietveld method yielded 66 wt% Al4B2O9 and 34 wt% 
B(OH)3 (atomic parameters from Gajhede et al. 1986) that corresponds to 30 mol% 
of the aluminum borate and 70 mol% of boric acid, and consequently corresponds 
to an Al:B ratio of 0.44 close to the ratio of 0.5 in the initial mixture. 

Chemical analysis

Ten milligrams of washed [B(OH)3-free] and milled material (<125 m) was 
dissolved in an acid mixture (1 mL 40% HF, suprapure quality Merck, Germany 
and 0.5 mL HCl of subboiling quality, home-made) in closed teflon vessels for 
one hour on a hot plate at 100 °C and diluted to a volume of 50 mL. Prior to the 
measurement, the sample solution was diluted twofold. Diluted mono-element 
solutions of Alfa Aesar (Specpure, 1000 or 10 000 mg/L) were used for the prepa-
ration of the calibration solutions. Scandium (1 mg/L) was used as an internal 
standard. The measurement was done by an ICP-OES instrument (Perkin Elmer 
3000 XL) using two Al lines (396.153, 934.401 nm) and three B lines (249.772, 
208.957, 208.889 nm). Precision, determined by the relative standard variation for 
the measurement, was better than 2% (three replicates). Accuracy was checked by 
two independently prepared solutions in the range of the expected concentration * E-mail: rfischer@uni-bremen.de


