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PROPERTIES OF A SYNTHETIC MAGNESIUM-ALUMINUM
CARBONATE HYDROXIDE AND ITS RELATIONSHIP TO
MAGNESIUM-ALUMINUM DOUBLE HYDROXIDE, MA-

NASSEITE AND HYDROTALCITE1

G. J. Ross ,lxn H. Kooeue
Soil Research Institute. Canad.a Department of Agriculture,

Ollowa, Onlorio.

Assrnecr
A synthetic mineral prepared by titrating a mixed solution of MgClz and AlCl: with

NaOH in a COz-free system and then diaiyzing the suspension for 30 days at 60'C was a
hydrated Mg-AI carbonate hydroxide with the formula MgoAlzCOa(OH)re.4HzO and
properties of manasseite and hydrotalcite. The synthetic mineral is hexagonal with
a:6.14t, c:15.6lz A and Z:1. Dehydration and corresponcling contraction of basal
spacings were reversible up to 300"C and irreversible above 450'C. Above 300'C both OH
water and COz were evolved, and at 450'C the structure was destroyed. A one-dimensional
structure analysis indicates a structure consisting of brucitic layers alternating with
hydrous aluminum layers.

INrnooucrroN

When a solution containing MgClz and AlCh is t itrated with NaOH, a
double hydroxide of Mg and AI is formed having a characteristic struc-
ture (e.g., Feitknecht, 1942; Feitknecht and Gerber, 1942). These authors
showed that other divalent ions such as Ca, Co, Mn, Cd in solution with
Al or Fe3+ also give double hydroxides upon the addition of a base. Mort-
land and Gastuche (1962) a\alyzedprecipitates prepared in this way and
found that with a molar ratio of 0.7 ( Mg/(Mgf AD <0.8 a pure Mg-Al
double hydroxide free of gibbsite or brucite was formed. From a com-
parison of X-ray powder diffraction data, they concluded that the pure
double hydroxide precipitated in two forms with slightly different param-
eters and was different from the Mg-AI double hydroxides described by
Feitknecht and Gerber (1942).

The powder diffraction data of Mortland and Gastuche, however, are
close to those given for manasseite and hydrotalcite in Smith (1965).
This similarity is not surprising since manasseite and hydrotalcite could
be considered as Mg-Al double hydroxides, except for the substitution of
one CO3 for two OH ions. Thus it seems likely that the so-called double
hydroxides prepared by titrating AlCh and MgCb are indeed closely re-
lated to manasseite and hydrotalcite. This study was undertaken, there-
fore, to determine the composition and structure of Mg-Al double
hydroxide and to assess the relationship to manasseite and hvdrotalcite.

I Contribution No. 203.
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Pnrpan.qtoN ol' mr Pnocpnetr

The precipitate was prepared by titrating with 1N NaOH a solution consisting of AlCh

and MgCls having a total concentration of 0.1M and a Mg/(MgfAl) molar ratio of 0.8

The molar ratio of 0.8 was selected because preliminary experiments showed that at this

molar ratio a precipitate free of brucite or gibbsite was obtained. The NaOH was added in a

stepwise manner and the pH was measured after each addition to give a titration curve. A

stream of COrfree nitrogen was passed through the solution during the titration to mini-

mize contamination of the precipitate with COz. For comparison a solution of MgCl: was

titrated with NaOH in a similar way.
The buffering at pH 9.5, obtained when MgCl2 alone was titrated with NaOH, was due

to the precipitation of Mg(OH): (t'ig. 1, curve 1). The buffering between pH 4.0 and 4.5,

obtained with the MgClz and AlCl3 mixture, was due to the precipitation of AI(OH)3

(curve 2). The second buffering range between pH 7.7 and 8.5 was more than one pH unit

below that obtained when Mg(OH)z was precipitated. This bufiering range corresponds to

that obtained under similar conditions by Turner and Brydon (1962) and may be due to

me  NoOH

Frc. 1. Titration curves of 0.1M solutions of magnesium chloride

and aluminum-masnesium chloride.
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adsorption bonding betrveen the hyclroxides of Mg and Al with the latter as the negative
compound (Treadwell and Bernasconi, 1930)

The suspension, obtained from the titration of the solution containing both AICI3 and
MgClz, was transferred to a polyethylene bag and dialyzed for one month at 60'C against
distilled rvatel which was changed ctaily. The suspension was then freeze-dried and the re-
sulting powcler used for the remainder of the study.

Cunrrrcar, ANerysus

Part of the freeze-dried sample was dissolved in dilute nitric acid and
Al was determined by the aluminon method (Robertson, 1950) and Mg
by the atomic absorption method. The Cl content was determined by
X-ray spectromelry and CO: and H:O by dr1- combustion using WO3 to
ensure complete combustion (Steyermark, l96t).

The composition of the precipitate prepared in this study is close to
those of the two polymorphs manasseite and hydrotalcite with the
formula,  Mg6AhCOr(OH)16.4HrO (Table 1) .  The precip i ta te had re la-
tively high CC)2 content, which presumably was incorporated from the air
during dialysis and after freeze drying, Brandenberger (1933) and Mump-
ton, et al. (1965), have noted the rapid carbonation of related minerals.
The CI content was negligible, unlike the considerable Cl contents of
some double hydroxides reported b;, Feitknecht (1942).

X-n.rv AN,rr,vsrs

X-ray diffraction polvder patterns were obtained using Fe-fi l tered Co
radiation with a 114.7 mm camera containing the specimen in a thin-
walled glass capil lary (Table 2). Some X-ray i ine broadening was evident
which is attributed to small particle size and imperlect crystall inity of the
precipitate and to statistical distribution of COs in its structure, dis-
cussed in a later section. Except for small differences in (001) reflections
(which are shown below to be dependent on relative humidity) the pow-
der data of the precipitate are very close to those reported by Mortland
and Gastuche (1962). As to the values for manasseite and hydrotalcite,
the powder data of the precipitate prepared in this study agree more
closely with those of manasseite than with those of hydrotalcitc indicat-
ing that the precipitate belongs to the hexagonal rather than to the
rhombohedral group. The X-ray powder diffraction l ines of the pre-
cipitate. therefore, were preliminarily indexed in the hexagonal system
using the uni t -ce l l  data for  manassei te,  a:6.13 A and c:15.37 A.  1 lhe
unit-cell dimensions of the precipitate, calculated using a pair of well-
defined small spacings (1.541 and 1.498 A; of tLe indexed pattern, are
a:6.14rA and c:15.6 lzA.  ' f t re  data in  Table 2 show good agreement
between the observed Qr,p values (Qu"t:l/d'or) and the pmz values cal-
culated on the basis of the derived cell dimensions.
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TaerE 1. Cnonrcel ANALYSES

Wt.''k* Precipitater Manasseite2 Manasseiter Hydrotalcitea

MgO 38.2  36 .76  39 .38  39  84
Fero :  o .2o  o .21  o  90
AlzOs 16. 5 19 .65 16. 59 15 , 16
C O z  6 . 4  (  t  0 . 3 )  6 . 9 8  7  . 4 8  7  . 2 6
c l  0 . 1  ( + 0 . 0 1 )
H:O 38.4  36 .13  36 .34  3 t r .83
R e m .  0 . 3 5  0 . 1 4

Total 99.6 100.07  100.00  100.13

* Based on air-dry weight.
I Precipitate prepared in this laboratory.
2 Sample from Snarum, Norway. Pure sample, but contains gibbsite. Rem. is SiOz.

Frondel (1941)
3 Analysis of sample 2 recalculated to 100/s after deduction oI0.350/6 SiOz and 6.38/6

gibbsite (on the basis of 6 Mg atoms per cell). Frondel (1941).
a Sample from Snarum, Norway. Presumed to be a mixture of hydrotalcite and manas-

seite. Rem. is insoluble. Manasee (1915).

Tnonlral Awar,vsrs

The thermal stabil ity of the precipitate was investigated by DTA and
TGA. The DTA was carried out at a heating rate of lO'C/min (Morita
and Rice, 1955). The TGA was obtained at a heating rate of 5"C/min
with an analytical balance and a Fisher Balance Assembll ' mounted
over a cylindrical furnace containing a suspended Pt dish. The balance
was calibrated with an equal weight of calcined sample.

The DTA curve of the precipitate is similar to that given for hydrotal-
cite (Mumpton, et al., 1965, p. 1904), although its endotherm peaks are
Somewhat different in magnitude and occur at slightly different tem-

T.tnn 3. Cnr-r CoNrnNrs

Precipitatel Manasseite2 Mg6ALCOa(OH)16.4H2O

Mg
AI
C
H
o

6 . 0
2 . O
0 . 9

2 4 . 4
2 3 . O

6 0
2 . O
1 . 1

2 4 . 9
2 3 . 6

6
1

I
24

23

I Calculated from analysis 1, Table 1.
2 Calculated from analysis 3, Table 1.
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peratures (Fig. 2). The significance of these differences is not clear since
specific differences in operating conditions are not known. The first two
endotherms with peaks at 248"C and 267"C in the DTA curve of the
precipitate are assigned to the loss of water of crystallization, although
some absorbed water could be included in this loss. This reaction accounts
for the weight loss between 25oC and 200"C in the TGA and DTGA
curves shown in Figure 3. The third endotherm with its peak at 447oC is
attributed to the loss of both OH water and COz from the structure and
corresponds to the weight loss between 300oC and 450"C in the TGA and
DTGA curves (Fig. 3).

roo 2oo 3oo 
,r^ rlllrrrr ra,too 

600 7oo auo

Frc. 2. Difierential thermal analysis curves of the precipitate and hydrotalcite.

Additional thermal data were obtained by dry combustion of the
sample for COz analysis at increasing temperatures (Steyermark, 1961).
These data were plotted in Figure 4 and show that nearly all of the COz
was evolved between 400o and 600'C. This agrees with the results for
manasseite obtained by Manasse (1915).

Elrncr or Rrrarrvn Hulrrlrry AND HEAT oN BASAL Rnlr-ncrroNs

The effect of relative humidity on basal reflections at room tempera-
ture was investigated by X-ray analysis of an unheated oriented specimen
at 40 percent and 85 percent relative humidity. The effect of heat on
basal reflections was examined by heating oriented specimens on glass
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T.rp.rotrr" "l 
600 7oo 8oo

Frc. 3. Thermogravimetric and difierential thermogravimetric analysis curves
of the precipitate.

slides to different temperatures in the furnace of a TGA apparatus at a
rate of S"C/min. After cooling over P2Os, the oriented specimens were
X-rayed at close to 0 percent relative humidity with a Phil ips Difiractom-
eter.

As shown in Figure 5, an increase in relative humidity from 40 percent
to 85 percent at 25oC significantly increased basal spacings. Heating to
180oC caused a slight decrease in basal spacing, but at 150"C and 180"C
an additional f irst-order reflection appeared at a lower basai spacing-.
From 220'C to 300"C only one first-order basal reflection at about 6.6 A
was present. After heating at 450oC, no peaks were evident in the dif-
fractograms indicating destruction of the crystal structure.

After heating, the oriented specimens were rewetted, dried overnight
at room temperature, and then X rayed at room temperature and 40 per-

*
c
o

I
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cent relative humidity. AII the specimens, except the one heated to 450oC,
gave first-order basal reflections at the originai spacing with no loss in
intensity (Fig. 5).

These results indicate that the amount of water of crystall ization de-
termines the basal spacing between 7.9 A and O.O A. the 7.9 A spacing
represents the fully hydrated phase, and the 6.6 A spacing characterizes
the fully dehydrated phase. Dehydration appears to be completed be-
tween 180"C and 220"C and is reversible up to 300oC indicating no ap-
preciable destruction of crystal structure at this Lemperature. Branden-

T,q.eln 4 ONr-DrurNsroxer, Srnucrunn F.qcrops (Fcor) eNo rnr Drntl'u ANn
Onsrnltnl IntnNsnrns lon eN Ioeer, Moorr,t or rnB Pnoposnl Srnuctuln

F""r"
I I cosz 20

1"'r" -- (F*r")'
sin29 cos d

f -

002
004
006
008
0 . 0 . 1 0
0 . o . 1 2
0 . 0 . 1 4
0 . 0 . 1 6

- 5 9 . 2

+88 .5
+91  .8
+39 9
-  6 . 0

+ 1 1 3 . 4
-39 .9
+61  .8

100
53
23
2
0.03
7
I
3

100
60
40
6*

6

5+

* Includes intensity of a prismatic reflection.

f Based on the chemical formula Mg6AlzCO:(OH)ro.4HuO

berger (1933) also concluded that the X-ray diffraction properties of a
similar hydrated Ca-AI double hydroxide varied with its content of water
of crystall ization.

INln.{nno AssonprroN ANar,ysrs

Infrared absorption spectra were obtained with a Perkin-Elmer Model
21 Spectrophotometer on KBr pellets containing 0.20 percent of the
sample. The spectrum of the precipitate (Fig. 6) is l ike the spectrum of
hydrotalcite published by Mumpton, et al., p. 1903 (1965). In both pat-
terns the stretching vibrations of water are represented by a band at 3480
cm-1 and a shoulder at about 3000 cm-l; the stretching vibrations of
carbonate are shown by bands at about 1480 cm-l and 1380 cm-].

Car,curerroN ol STRUCTURAL FoRMULA

The formula of the precipitate was calculated using the data of chemi-
cal and thermal analyses. Based on the break in the TGA and DTGA
curves at 200oC (Fig. 3) and on the strong but reversible contraction in
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T e m p e r o t u r e  ( " C )

Frc.4. Evolution of carbon dioxide from the precipitate heated to various temperatures.

basal spacings between 180oC and 220"C (Fig.5), the weight loss below
200oC was attributed to absorbed water and water of crystall ization, and
that above 200oC to OH water and COz. Because the amounts of ad-
sorbed water and water of crystall ization were not accurately known. the
formula was first calculated on the basis of the data in Table 1 recal-
culated as percent of the sample weight at 200oC. The weight loss below
ll0"C (3.27a)was then assigned to absorbed water and excluded from the
calculations. The weight loss between 110oC and 200'C (l2.l7o) was at-
tributed to water of crystall ization and corresponds to four H2O mole-
cules in the formula. The calculated formula for the precipitate (Table 3)
agrees closely with the experimental values for manasseite and they both
conform to the general formula, MgoALCOg(OH)16.4HrO.

!
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Fro. 5. Efiect of relative humidity (solid triangles), heating (solid circles) and rehydra-

tion (open circles) on basal spacings of the precipitate. Data from difiractograms of oriented
specimens giving a regular sequence of basal reflections

Srnucruner, ANer,ysrs

As shown in Table 2, the largest basal reflection occurred at the half
height of the c-dimension which indicates a hexagonal subcell with di-
mensions, a:6.14 A and c:7.79 A. l l t ir subcell contains the half mole-
cule MgaAI(OH)s(COt+.2H2O which requires the repetit ion of an equiv-
alent atom array at a distance oI 7.79 A and implies that the distribu-
tion of COs ions must be statistical.

The thermal data and the results of the dehydration experiment (Figs.
2, 3 and 5) indicated that, except for the loss of H2O below 200oC, the
thermal decomposition of the precipitate was similar to that of brucite in
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WAVETENGTH (MICRONS}

FREQUENCY (CM_')

Frc. 6. Infrared spectra of the precipitate ancl hydrotalcite.

that the OH was evolved between 300oC and 450"C. When oxygen ions
are in hexagonal closest packing, as in brucite, the hexagonal base with
edge 6.2 A permits four oxygens in each layer. Three layers of four close-
packed oxgyens would give a subcell height of 7.20 A as compared to the
observed 7.79 h value. A structural model was assumed, therefore, con-
sisting of a brucitic laver containing 3 n4g and 8 OH (two layers of close-
packed oxygen ions) and a looselv stacked layer containing 1 Al, + COa
and 2 HzO per subcell. A diagram of this model is shown in Figure 7.

Based upon the proposed structure, a one-dimensional structure analy-

4 0 H

3Mg

4 0 H
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A+f(cor)+zHro

Al+ j(COr)+zHrO

Al+f(CQ)+zH2O

Frc. 7. Diagram of the proposed structure of the precipitate.
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sis was used and the structure factors (F""r") and the intensities (1",r".)

were calculated. The agreement between the 1".r". and 1o5". values (Table

4) supports the validity of the proposed structure.

CoNcrusroNs

X-ray diffraction, chemical, thermal and infrared analyses showed
that the precipitate prepared by titrating mixed solutions of AICL and
MgCb and dialyzing the suspension (Mortland and Gastuche, 1962) was
not a pure hydrated Mg-Al double hydroxide, as has generally been be-
lieved, but a hydrated Mg-Al carbonate hydroxide with similar properties
and the same formula as manasseite and hydrotalcite, MgaAlzCOa(OH) 16
.4H2O.

A one-dimensional structure analysis indicated a structure consisting
of brucitic Iayers alternating with hydrous aluminum layers.
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