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ABSTRACT 

MS-AI double hydroxide was synthesized by refluxing water suspensions of three mixtures of 

suitable aluminium and magnesium compounds. When the mixture tested was: gamma alumina and 

magnesia, a unique double hydroxide was formed, it had a layer structure with a c’ spacing of 7.36 i 

which is shorter than any value given in literature. Some of its diffraction peaks were broaden and 

shifted It is suggested that in this particular mixture some Al@, anions are formed at the interface of 

the double hydroxide, which expel1 the interlayer COse2 anions as CO, 

INTRODUCTION 

Natural or synthetic magnesium aluminium hydroxides have formula and structure which fits the 

natural group of double hydroxides known as the pyroaurite-sjogrenite group. It comprises composition 

of the type: R+*,_ R+3,(0H)2 +xR-“,,n.yl-lzO, where R+* and R+s are divaJent and trivalent cations 

respectively, and R-” is the anion. The structure consists of brucite-like octahedral layers with x net 

positive charge, per unit formula, balanced by an equal negative charge from interlayer anions. Water 

molecules occupy the remaining interlayer space (1). In the pyroaurite subgroup the layers are stacked 

in rombohedral symmetry of three layers per unit cell while in the sjogrenite subgroup the stacking is 

hexagonal of two layers per unite cell The inter-layer anions are exchangable and may be replaced by 

an anion exchange process The dominant anion in natural double hydroxides is C03-2, the structural 

position of which in the interlayer spacing was described by Taylor (2). The value of the interlayer 

spacing of the Mg-Al double hydroxides depends on the character of its inter-layer anions and the 

proportion of Al+s/Mg+*+Al+s in the brucite-like layers, being smaller for Al rich double hydroxides. 

When the interlayer anion is C03-2 or OH- the values are between 7.6-7.8 i The unit-ceil parameter 

a also decreases when the proportion of Al+3/Mg+2+Al+3 increases, its value generally is 3.04-3.08 k 
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Feitknecht and Greber in 1942 (3) were the fist to synthesize magnesium&minium hydroxide, 

by pecipftation with NaW from a tiut’ibn containing both MgC$ and AfCts. The product was of 

rombohedral sag Since then simifar syntheses were described all of whk% were based on 

precipitation from solutions of rna~~urn and ~urn~l~ salts, followed by washing out the r~ning 

free tons. Few years ago a new method of synthesis, based on hydrothermal treatment, was described 

by Mascolo and Marino (4). the synthesis was carried out by heating water suspension of magnesium 

oxide and alumina gel in closed containers. The double hydroxide obtained by this method was of 

rombohedral symmetry. fts CO, content was less than l%, relative to about 7% in hydrotakite a natural 

~g~iurn bud hydroxide. The product of the ~~0~ treatment may also contain some 

brucite - Mg@fl&, gibbsite - Al@H)s. and boehemke - AtO@ti~, depending on the heating temperature 

and on Mg!Al molsr ratio of the initial suspensian (5). 

Agnew end ~um.~urn coprecip&ates are widelly used as raw mate&& for the spinel - 

MgA120d preparation (6). The ~drot~rn~ method attracted attention as a possible a&native for this 

aim In this paper some of the results of this method of synthesis are desc&ed. 

EXPERIMENTAL 

Products prep~atio~ Mixtures of At and Mg compounds were refluxed in water for pre 

determined time, and up to 12 days. Since the intention was to prepare raw materiel for the spine1 

produ&on the WMg molar ratio of 21 was used (instead of 0.2-0.33. which is sufftciit for double 

hydroxides). After the reflux the suspension was filtered and dried at WC,.and stored In a dessicatw 

ethnic siii gel. Three ~ffer~t sets of expertits were car&d on, with the fowl mixtures: 

I Moderately-reactive magnesia, of iodine No. 33 (Merck 5868), with afuminium hydroxide gel (poor 

cry&Ii& gibbsite - Merck 1088); 

II Magnesium hydroxkfe (Merck 58701, with the above mentioned alurninium hydroxide get 

111 The above-mentioned magnesia with afuminium oxide (Merck x)77), whii was identified to be 

~~ 

Products examination: Powder XR.D patterns were obtained with Cu,K, radiation For 

’ obtaining accurate crystailographii interplanar spacing measurements, the samples were mixed with 

KSr or Pb&O& as internal standards 

Infra-red radiation abscrption spectra were obtakred u&g the KBr peltet te&nique, In which 

vacuum pressing of 2.5 mg of sample material in 250 mg of KBr was utilized 

D.T.A examinations were carried out with 50-100 mg samples at a heating rate of WC/min in 

ambient atmosphere. 

The CO, content determinations were done by using a cakdmeter. 
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RESlJUTS AND DIVAN 

The XRD pawns of doubfe hydroxides obtafned from the above mentfoned three mixture!& 

after 268,289, and 236 boors of refIux, respectively, are shown sohsmatfcatfy h F@ i The dc@e 

hydroxkfes obtained from mixtures I end I k&tow -sIxup diffraction peaks and it is posstble to identify 

weak peaks in the neighbcurhwd of strong peaka. Tha unit cell parameter a was &c&ted from the 

exact plxiit’on of’1120 reflection peak near I.52 A and the c parameter from the exact posltii of the 

peaknear~78~w~itslndexIsooO8whenr~~symmeby&~orooO4wheo 

hexagonsI symmetry is assumed From the rest&s &Wned the oceitions of the other peaks was 

~t~~~~to~e~~~~f~ ark end once for exam 

text The results of both mixtures fit the ~~s~~~~~~~t~a and 

c, and the intertayer spacfng c’ are respectivaty 3.044, 22.74, and 7.58 A for mixture I, and 3.05, 

22.32, 7.54 i for mixture IL The results obtained and the presence of some boehemfte which 

ampsined the double hydroxides, are in accorclance withthose obtained by MascoIo ei! aL (5) for 

similar AllMg molar ratio and beating temperature. 

In mixture 111 the results are some whet different. Some of the diffraction peaks are broader and 

shifted from their regular pceiticns. The methods used in the fcrmer cases to define the symmetry did 

not give satisfactory resutts in this case. The comparison between oaWated and experimentat peak 

positions did not show any ale preference for e&bar ~ ~~~~~~a 

met&r of fact, in both ~~~~ the ~~t~ were worse than tbs43 found for the ~~ 

fndexing in the products of mixtures f and R Therefore in Fyc 1 the diffraction peaks of the do&e 

hydroxide of mixture fit, are marked by bath fxx&rfe index systems Another difference Is in the value 

obtained for the interlayer spacing c’, whii is 7.36 i This value is tower then any value reported in 

literature. The value of the unit cell paremeter e is 3.05 it which is similar to the results obtained from 

the other two mixtures 

The tow interfayer spacing vatue in mixture R product was obtained after a tczq reflux time of 236 

hours. At short reflux period thii value is similar to those obtained from the other mixtures (Tabte 11. A 

decreaseinthe c ~~was~whenthereRuxperiodw~betw~7Oand12Ohours, 

Whenthe was~yfoundkr~~~~2~.~prcrccKJsatthattimawas 

by con&derebfe toss of CC, The unit celt pameter a Is pra&calfy unaffected by the reflux time. 

fn Fi 3 representative IR. absorptk~ spectra, of mixture tti products, are shown At the range of 

4000-1200 cm-? which is not shown the spectra are sknifar to those of bydrotalcite ana synthetk: 

k&Al hydroxtie, as descrii by Ross and Kodama (7). At the range below 600 WW”~, two bands near 

400 end 450 cm-1 iMica& Al rich double hydroxkfe* By compar’bon wtth the spectra given by Rrfndley 

and Kikkawa (11, it can be conctuded that the propMien of AP3&lg+*+AP3 in tha Wte tike layers 

exeedsdQ.3,sndpracbicaaythereatenoduuyleshthecomposltiwrofthesebeyers~the 
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TABLE 1 
Influence of reflux time on interlayer space c’ and unit cell parameter a of the double hydroxide 
and CO, content in the products. 

Reflux time dfooos) 
mixture Ill or(ooo4) 

(hours) (iI 

%isO) 

G, 

a 

& 

CO,% 

4 3.60 7.60 
8 3.80 7.60 
12 3.61 7.62 
25 380 7.60 
46 3.79 7.58 
72 3.78 7.56 
121 3.71 7.42 
148 3.70 7.40 
168 3.70 7.40 
236 3.66 7.36 

1526 3.052 
1523 3.046 
1523 3.046 
1525 3.050 
1525 3.050 
1524 3.040 
1525 3.050 
1525 3.050 
1525 3.050 

3.0 
39 
3.6 
3.4 
3.4 
2.6 

t:: 
18 
I.2 

mixture l, 266 hours 3.79 756 f522 3.044 5.1 

mixture II, 289 hours 3.77 754 I.525 3.050 3.6 

reflux period. After the cckpse, some new weak bands were observed in the spectra like the one at 

430 cm-l. Their intensities were too weak for conclusive assignment. 

The coflapse event is also accompanied by some changes in the D.TA curves. The well defined. 

endothermic peak at 275OC is splitted when reflux time exceeded 120 hours (Fg 4). Such changes did 

not occur with the other two mixtures. The splitting is probably connected to the loss of CO, Such 

splitting has been found when DXA curves of MS-AI double hydroxide with high and low CO, content, 

were compared (8). 

It is suggested that in the particular case of mixture II\ AIO-, ions are formed on the surface of 

the double hydroxide layers, which exchange for CO,-* ions and expel1 them as CO, according to the 

equation 

y -Al,o, + co, -2 (interlayer) + ZAIO-, (interlayer) + CO, (g) 

Other possibilities like exchange of OH- (from the water) for COs-* will not result in decreasing of c’ 

below 7.5~7.6 i (9-H). 

CONCLUSIONS 

When Al-Mg double hydroxide is obtained by refluxing magnesia and gamma alumina AlO;, 

anti are formed between the layers. This phenomenon results in decreasing of c down to 7.36 A, 

which is less than any former reported value ‘n the literature. 
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Fig. t XRD patterns of double hydroxides obtained as reflux product from tested mixtures. Peaks of 
other ccmpounds are omitted. Peaks of mixture Ill indicated in both possible index systems. 

Fig. 2: Variation of interlayer space of magnesium- 
aluminium hydroxide during refluxing, mixture Ill 
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Fig.3 I.R. spectra after different refluxing 
times. mixture Ill 
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Fii 9: OXA curves of reflux products obtained from gamma ahmina ad magnesia ~~x~fe @. 
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