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A reinvestigation of takovite, a nickel aluminum hydroxy-carbonate of the pyroaurite group
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Abstract

Samples from Takovo, Serbia (the type local i ty);  Perseverance Mine, Agnew, Austral ia;
and Var, France, were examined by X-ray powder dif fract ion, infrared and optical absorption
spectroscopy, and thermogravimetric and chemical analysis. X-ray powder data are indexed
with a hexagonal unit  cel l ,  and for the Takovo sample, a :  3.0250, c :  22.595 A; the o6served
spacings conform with rhombohedral symmetry. The observed cel l  parameters are closely
similar to those of pyroaurite and hydrotalcite. Spectroscopic and chemical data confirm the
presence ol both molecular water and carbonate ions. The composit ions of the Austral ian and
Var samples approximate to NiuAlr(OH)r6(COs,OH) . 4HrO. Similar synthetic materials have
been prepared by adding nickel and aluminum chlorides to a COr-saturated solut ion of
NaOH and heating the product for 10 days or one month at 200-250"C and 1500 barswater-
vapor pressure.

Introduction

Takovi te was named by Maksimovic (1957) and
was described as a nickel hydroaluminate with com-
posi t ion NibAl4Or(OH), .  .  6HrO. The propert ies and
genesis of the mineral were discussed in subsequent
papers (Maksimovic 1968, 1970, 1973). The formula
was obtained after subtracting SiOz as quartz,2 per-
cent goethite, and 0.8 percent calcite. An X-ray pat-
tern of l7 l ines was given, and five reflections from a
basal spacing of 7.6,4 wers recorded.

The similarity of the X-ray pattern of takovite to
those of synthetic Mg,Al hydroxy-carbonates (Brown
and Gastuche, 1967) and of minerals of the pyroau-
rite and sjrigrenite groups (Mumpton et al., 1965;
JCPDS Card #14-293) led us to consider that the
formula given by Maksimovic might be rewritten
Ni5Al4(OH)22 . 4H2O, and furthermore that if
(CO')'- replaced 2(OH) , then the resulting formula,
NisAl4(OH)roCO, ' 4H2O, approached that of a
nickel hydrotalcite, Ni6Alr(OH),rCO, . 4HrO. The
differences. however. are such that a further in-
vestigation of takovite seemed necessary, and in par-
ticular the question whether takovite contained car-
bonate ions had to be resolved.

Th€ extensive l iterature on the pyroaurite and
sjcigrenite groups of minerals has been surveyed by
Al lmann (1970) and Taylor  (1973).  A n ickel -conta in-

ing mineral, reevesite, with composition Ni.Fe,
(OH)16COs'4HrO has been discussed by White et a/.
(1961) and by De Waal and Viljoen (1971), and a Ni,Zn
mineral eardleyite, (Ni,Zn).Alr(oH)r6COs . 4Hzo by
Anderson and Whelan (1962), but a specific Ni,Al
mineral seems not to have been described. Takovite
may in fact be this mineral, and the present results
lead to this conclusion.

Materials studied

Natural materials

Four samples of natural takovite have been stud-
ied. One sample, made avai lable by Dr.  E. H. Nickel,
CSIRO., Wembley, W. Australia, was from the Per-
severance Mine, Agnew, Australia. This sample con-
tained poorly crystalline kaolinite as an impurity. A
very small sample from Var, France (Var I), given by
Dr. Z. Maksimovic, consisted of blue-green particles
with associated boehmite. A second and larger
sample from Var (Var II) was obtained through the
assistance of Mr. G. H. Sabiston, Mandeville, Ja-
maica, Mr. H. Roy Hose, Boissano, I taly,  and Mr.
Louis Gallay, Aix-en-Provence, France; this sample
was a thin green coating on bauxite and was asso-
ciated with boehmite and kaolinite. A few mg of
takovite from the type locality, Takovo, were sup-
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plied by Dr. Maksimovic. This sample, which became
available only when the investigation was nearly
complete, was of great value in proving the identity of
the Australian and Var samples with the ,named ma-
terial, for which the presence of carbonate ions had
not been established.

Synthetic materials

A synthetic Ni-Al hydroxy-carbonate was pre-
pared in order to compare its properties with those of
takovi te.  A solut ion of  0.75M NiCl ,  .  6HrO and
0.25M Alcla . 6HrO was dripped into a l.0M
NaOH, COr-saturated, solution. The resultant pre-
cipitate, after washing, was heated in hydrothermal
bombs at 200'C and 1500 bars HrO pressure for ten
days and at 250"C and the same HrO pressure for one
month. Comparison of the synthetic and the natural
materials revealed their close similarity.

Nitrate and sulfate analogues also were prepared,
but, except for the differing basal spacings and the
lack of COr, these had properties essentially similar
to those of the Ni-Al hydroxv carbonate.

Results

X-ray powder data, unit-cell parameters, and density

Diffractometer patterns of the Australian and Var
samples were recorded with Ni-filtered CuKa radi-
ation at l"(2?)/min, and Debye-Scherrer powder
photographs were recorded of the Australian and
Takovo samples. The main characteristics of all the
patterns were very similar and agreed with the origi-
nal data of Maksimovic (1957) for the reflections
which he recorded. The data also indicated the pres-
ence of poorly crystallized kaolinite in the Australian
and Takovo samples and appreciable boehmite and a
lesser amount of kaolinite in the Var samples.

Table I records the X-ray data for samples from
Takovo, Austral ia,  and Var,  and the or iginal  data of
Maksimovic (1957). Also given are data for the syn-
thetic Ni,Al hydroxy carbonate, and for hydrotal-
ci te,  Mg.Alr(OH),r .COs.4HrO (Mumpton et al . ,
1965),  and pyroauri te,  Mg.Fer(OH),.  .CO, .  4H2O
(JCPDS Card fr14-293). The takovite patterns are
similar to those of hydrotalcite and pyroaurite and
have been indexed on a similar hexagonal cell. Unit-

* b = broad vb = very broad
1 Data from Maksimovic (1957)
2  Data  f ron  Mumpron er  a I .  (1965)
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Table 2 Observed and calculated powder data and unit-cell para-

meters for takovite from Takovo. Serbia
The main features of the takovite patterns are as

follows: A sharp OH stretching frequency occurs at
about 3400 cm-l. A broad band centered around
3000 cm-' suggests the presence of hydrogen-bonded
water molecules (see discussion by White, 197 l) with
an OH-O distance of about 2.69A based on the Lip-
pincott-Schroeder curve. A similar band occurs in the
hydrotalcite spectrum and may correspond to the
HrO-CO. bond d is tance,  g iven as2.7 lA by Al lmann
and Jepson (1969).  An HrO bending v ibrat ion occurs
at  1600 cm ' .  Of  specia l  in terest  is  the 1350 cm- '
frequency which corresponds to the zr frequency of
the CO3- ion. This band is double for all four tako-

v i tes examined wi th v ibrat ions at  1350 and 1390

cm '. This splitt ing suggests that the site symmetry of

the CO|- ion is lower in takovite than in sjcigrenite.
Strong absorption around 800 cm 1 was attributed
by Rouxhet  and Taylor  to  a l ibrat ional  mode of  the
water molecule but could also be the u, absorption of

the CO3 ion;  th is  absorpt ion is  absent  in  the spec-

trum of HCl-treated material. Vibrations at lower
frequencies can be attributed to cation-oxygen vibra-

tions. An unexplained absorption occurs between
1250 cm-1 and 1270 cm 1 in  the Austra l ian and
Takovo spectra.

Spectra of the synthetic materials are similar to
those of the natural materials after subtracting ab-

sorptions due to impurit ies, but their unsplit CO!- v,

vibration more closely resembles that of sj6grenite.
The spectrum of HCl-treated takovite is of interest in

that it is similar to that of the untreated material
except for the absence of the CO3- vibrations. The
mineral  is  s lowly at tacked by cold d i lu te HCl ,  and
when small fragments are observed under the micro-
scope the very slow evolution of gas bubbles, presum-

ably COr, can be seen. Evidently the main structure
of  takovi te is  not  destroyed by HCI;  a s l ight ly  modi-

Fig. I Infrared absorption spectra for takovite samples from (a)

Takovo,  (b)  Austra l ia,  and (c)  Var.  Absorpt ions due to kaol in i te
and boehmite are indicated by K and I  respect ively.
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cell parameters were refined by the least-squares re-
f inement  program of  Appleman and Evans (1973).
The observed and calculated spacings and the cell
parameters for the Takovo sample are given in Table
2.The indices are consistent  wi th rhombohedral  sym-
metry. Refined cell parameters for the Australian
material are; q : 3.0280(4) c : 2.'2.45(2),{, volume :

1 7 8 . 3 1 ( r 5 ) A 3 .
The densi ty  of  the Austra l ian sample determined

by pycnometer  measurements is  -2.10 g cm ' .  The
value calculated from the unit-cell parameters, chem-
ical  composi t ion,  and Z :  3 /8 is  2.79.  The lower
experimental value can probably be attributed to the
small sample available, the aggregate nature of the
mater ia l ,  and the kaol in i te  impur i ty .

Infrared data

Infrared spectra of all four samples were obtained
using a Perk in-Elmer 621 spectrometer  and a KBr
pellet technique. Spectra of the Takovo, Australian,
and Var I I  samples are shown in F igure l .  Absorp-
tions arising from kaolinite and boehmite impurit ies
are indicated in the figure. The patterns agree with
that of hydrotalcite given by Mumpton et al. (1965)
and of sjcigrenite given by Rouxhet and Taylor
0969\.
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f ied X-ray diffraction pattern with a basal spacing of
7.704 is  obta ined.

O p tical abs or pt ion spect ra

Spectra were obtained using the reflectance attach-
ment of a Beckman DK-2A spectrophotometer.
Analysis of the spectra by crystal-f ield theory gives a
value -896 cm-1 for  Dq,  which is  consistent  wi th
Ni2+ in a normal  ox ide or  hydroxide st ructure.  (Dq is
a measure of the interaction between the cation and
i ts  surroundings and is  a funct ion of  metal  ion-anion
distance and coordinat ion number. )  From the p lot  of
Dq us. M-O bond distance given by Faye (1974), the
Ni-OH bond distance in takovite is estimated as 2.03
+ 0.015A. This value agrees c losely wi th the
metal-OH distance in sj6grenite given by Allmann
and Lohse (1966) as 2.06,4,  par t icu lar ly  when the
sl ight ly  smal ler  ion ic  radius of  Ni ,+ as compared wi th
Mg2+ is  considered (Shannon-Prewi t t  radi i  are M92+,
0.86A, Ni 'z+,  0.83A).  No evidence is  obta ined for  the
presence of appreciable Ni3+ ions.

Optical data

The Australian takovite is uniaxial negative with a
mean refractive index of I .594. Several particles gave
biaxial f igures with 2V in the range 0-10o. Similar
results were reported by Frondel (1941) for pyroaur-
ite and sjcigrenite.

Thermal data with combined X-ray and IR analyses

Thermogravimetric analyses of the Australian and
Var II materials have been made, using a recording
microbalance with controlled rate of temperature in-
crease of S'C/min. The recordings were made in
normal  a i r  a tmospheres and wi th samples of  about  l0
mg weight. Figure 2 shows percentage weight losses
of the samples from 25o to 1000'C. The curves are
simi lar ,  but  the react ions of  the Var I I  sample take
place at about 50oC higher temperatures than the
Austra l ian sample.  We have no cer ta in explanat ion
for this difference in reaction temperatures other than
a particle- or crystal-size effect.

Above 100'C two pr inc ipal  weight  losses are
clear ly  seen f rom around 150-250"C and 250-350.C.
Less well-defined losses occur around 350-500.C for
the Austra l ian sample and 400-600oC for  the Var I I
sample. There is also a small continued weight loss
from 600' to about 800'C. The interpretation of
these weight  losses wi th lhe help of  X-ray and IR data
for separately heated samples is complicated by the
presence of impurit ies, kaolinite in the Australian

Fig.  2 Thermogravimetr ic  curves for  (a)  Austra l ian,  (b)  Var I l
samples. Wr = weightloss due to molecularwater. l4/" : combined
higher temperature weight  loss.  K = weight  loss due to kaol in i te
impur i ty  B.+ K :  weight  loss due to boehmite *  kaol in i te
rmpuf l t res

sample, and boehmite with kaolinite in the Var II
sample.

The first weight loss, IZ,, (8.55Vo for the Australian
sampfe, 6.6Vo for the Var II sample) corresponds to a
loss of molecular water as shown by the IR-spectra
(Fig.  3) .  The absorpt ions at  about  800 cm- 'and 1600
cm ', attributed by Rouxhet and Taylor (1969) to the
bending and librational modes respectively of mo-
lecular HrO, have largely gone by 200'C in the Aus-
t ra l ian sample and 250'C in the Var I I  sample.  In
addition, the CO3- z, band persists but shows split-
t ing, and the hydroxyl stretching band is unchanged.
X-ray data show that the basal spacing is reduced
from 7.5A to about  6.64 and that  the water  loss is
not completely reversible.

The second prominent step in the weight-loss
curves is associated with the loss of CO, and hydroxyl
water, which is largely complete when the second
plateau is reached around 350-400'C. The less well-
defined losses in the 350-600oC range are associated
mainly with the water losses from the kaolinite and
boehmite impurit ies.

For the Australian sample, where kaolinite appears
to be the only significant impurity, the SiOn content
(14.04Vo, see later) corresponds to 30.2 percent kaolin-
ite and 4.21 percent HrO. A weight loss of this mag-
nitude, marked K in Figure 2, corresponds to the
weight loss of the sample from 350-550"C. The total
weight loss, W": 18.7 percent, from 225-1000'C is
taken as the loss due to CO, plus hydroxyl water plus
4.2 percent from the kaolinite impurity. Then CO, *
HrO (hydroxyl) : 14.5 percent.

In the case of the Var II sample, we take the weight

o

o
c

o

o
i

Temperoture, "C
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F r e q u e n c y ,  c m - '

Fig. 3. Infrared absorption spectra of Australian takovite sample
after previous heatings at temperatures shown.

loss from 400-650oC, marked B + K in Figure 2, as
arising from boehmite and kaolinite. The SiO, con-
tent (3.72V0, see later) corresponds to 8.0 pbrcent
kaolinite and |.12 percent HrO. The total percent of
impurity water, B + K in Figure 2, is 5.8 percent of
which 4.7 percent is attributed to boehmite (corre-
sponding to 3l.5Vo boehmite). Then the total weight
loss, l ' l, : 19.l percent, from 250-1000"C, is due to
CO, plus hydroxyl water, plus 5.8 percent water from
kaol ini te and boehmite. Then CO, + HrO (hydroxyl)
:  13.3 percent.

These data form part of the chemical analyses
given in the following section where they are dis-
cussed further.

Chemical analyses and deriuation of structural for-
mulae

Samples of the Australian and Var II takovites
were heated to I 100"C, and 40 mg of ignited material
was analyzed using the LiBO, fusion technique of
Suhr and Ingamells (1966) and a Perkin Elmer 403
atomic absorption spectrophotometer. The ignition
losses were taken from the thermogravimetric curves.
The COz contents were determined by a gas vol-
umetric method in which COz was evolved by dis-
solution of the minerals in phosphoric acid. The COz
contents are considered accurate to * 5 percent. As
explained in the preceding section, the minerals are
considered to contain molecular water liberated be-
tween about 150 and 250oC, and hydroxyl water
together with COz liberated at higher temperatures.
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With known values for the COz contents, the hydrox-
yl water is then known.

Table 3 lists the total chemical analyses and the

separate evaluation of the components making up, in

each case, the total ignition loss. From these data we
proceed to evaluate chemical formulae for the two
takovite samples on the assumption of 8 cations/
formula unit.

Australian lakouite. The cation composition is
evaluated as (Niu unMgo.rr) (Al,.saFeo.eu) which corre-
sponds to a ratio R2+/R3+ of 5.73/2.28; this ratio
approaches the ratio 6/2.The remaining composition
O,.,u(H,O)tiJ;(Co,)o.so(H,O)!?lu, where (a) is hydrox-
yl water and (b) is molecular water, can be reorgan-
ized to (OH)16[(CO,)0.,0(OH)0.,o](H,O)i?J,. In arriv-
ing at this result 0.71 (HrO)(b) is transferred to the
hydroxyl water (a). This is equivalent to a small
amount of hydroxyl water, 0.71 HrO, being lost along
with the molecular water. Evidence for partial
dehydroxylation below 200'C was found also by
Rouxhet and Taylor (1969) for sjcigrenite.

Var  I  I  takou i te .  The ca t ion  compos i t ion ,

Table 3 Chemical  analyses of  Austra l ian and Var I I  takovi tes

Australlan takovite Var II takovite

Tota l
chmical
anaLysis

Revised
total-1

' " ' : '  -  Rev ised
c h e m r c a l  - ^ - ^ . 2
anaJ.ysas

s102

A1203

F"203

ct2o3

Mgo

Nr0

Ca0

Na20

*zo
L .  O .  I .

To ta l

Analysis of ignltion loss

t 4 . o4  0 .00

2 0 . 1 8  8 . 2 6

2 . 3 3  2 . 3 3

0 . 0 0  0 . 0 0

0 . 6 3  0 . 6 3

34 .73  34 .73

0 . 1 4  0 . 1 4

o . 2 4  0 . 2 4 '

0 . 0 7  0 . 0 7

27 .27  23 .06

t l .  ) )

8 .  5 6

2 . 9 5

3  . 7 2  0 .  0 0

3 7 . 5 3  7 . 6 2

0 , 5 4  0 . 5 4

0 . 0 8  0 . 0 8

0 . 2 5  0 . 2 5

3r.97 3L.97

o . z l  O . z L

0 . 0 0  0 . 0 0

0 . 0 1  0 . 0 1

25 .68  19 .84

Analysis of ignltion loss

1 0 .  1 6

6 .  6 l

3 . 0 7

99 .63  69 .46 99 .99  60 .52

HrO (hydroxyl)

HrO (nolecular)

co2

ITotal analysis nlnus 30.22 kaolinite

2Tot r l  t t " l y " i s  n lnus  31 .5% boehn i te  and 8 '02  kao l ln i te
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(Niu.rrMgo or) (Alr.orFeo.orCro.or), corresponds to a
rat io  R2+/R3+ of  5.87 /2.12,  which approaches
even closer to the ratio 6/2 than for the Aus-
t ra l ian sample.  The remain ing composi t ion,
O'ou(H,O)liL(CO,)0.,u(HrO)ilJ. can be reorganized
to (OH),u[(COa)0.,5(OH)0.,o](HrO)l?lr. Again, a small
amount of hydroxyl water, 0.4j H2O, is assumed to
be lost with the molecular water.

Both formulae come close to the composition
Ni.Alr(OH),u(COr) . 4H2O, especially when the details
involved in analyzing the thermogravimetric curves
are considered.  The formula of  the Austra l ian tako-
vite, for which only kaolinite is a significant impurity,
is established with greater certainty than that of the
Var sample for which two impurit ies are involved.
The estimation of the boehmite from the thermo-
gravimetric curve is the main source of uncertainty
and may affect the value calculated as 31.5 oercenr to
the extent of t 2-3 percent. Table 3 shows that the
presence of boehmite gives rise to a considerable
correction to the measured amount of AlrOr. Con-
sequent ly  the amount  of  Al  in  the f ina l  formula is
sensi t ive to the est imated amount  of  boehmite.  An
attempt to measure the boehmite impurity directly by
an X-ray method was not successful, probably be-
cause the boehmite sample used as an X-ray standard
was considerably better crystall ine than the boehmite
in the takovite sample. Therefore greater reliance is
placed on the formula derived for the Australian
sample,  where only kaol in i te  is  present  as an impur-
i tv.

Discussion and conclusions

the formula Ni6Alr(OH),.(COr) . 4HrO. Only small
substitutions of Ni by Mg and of Al by Fe3+ are
found. Also (COs)'- is probably replaced to a small
extent by 2(OH)-, and the molecular water may ex-
ceed 4HrO by about  0.5-1.0 HrO. A st ructure analy-
s is  of  pyroaur i te  by Al lmann (1968) indicated room
for 5 molecules of HrO in the interlayer.

Two aspects of takovite call for further study. If
pure samples can be obtained, a further chemical
analysis wil l be worthwhile. Also a structure determi-
nation wil l be of interest, especially if a single crystal
can be obtained.

The mineral for which the name eardleyite was
suggested [Fleischer (1962) commented that "names
should not be published without adequate data"]
appears to be a z inc ian form of  takovi te.  The Ni :Zn
rat io  was g iven as I  l :  l ,  and the proport ion of  Zn is
probably insufficient to justify a new name. On the
basis of X-ray and infrared data it was recognized as
being analogous to hydrotalcite (Anderson and Whe-
lan, 1962). It might, therefore, be called a zincian
takovi te.
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