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Infra-red Spectra of High-temperature 
Phases of Kaolinite and Halloysite 

KAOLINITE and halloysite in the temperature-range 
~50-900° C. do no~ show any pronounced X-ray 
interference. In this range meta.kaolinite is formed · 
its Si-0 hexagonal network remains more or les~ 
unchanged, while the octahedral sheet is deformed 
in absence of OH-groups1,1• In kaolinite and halloys­
~te, deh~dra~ion brings about a random arrangement 
m the ~ect1on of ~he c-axis. In pure and perfectly 
crystallized kaolrmte, heated in the differential 
~hermal apparatus at a velocity of 10 deg. C. per min. 
~ust _ above the exothermal maximum, X-ray exam­
mat10n reveals yAl,0 8 and mullite, whereas in 
halloysi~e only y-alumina appears. In halloysite 
heated m the same way, mullite is observed8 only 
above 1,100° C. As the X -ray diagrams of mullite 
and sillimanite resemble each other closely, it is not 
certain which of these two phases is formed during 
the heating of kaolinite and halloysite. 

Examination by infra-red radiation, however, 
seems to throw more light on the structure and enables 
a better identification of these phases. 

We have studied the infra-red spectra (in the range 
).. = 2-15µ) of the high-temperature phases of a pure 
and well-crystallized kaolinite from Skocaj (Croatia) 
and a pure halloysite from Gradesnica (Macedonia) , 
in 'Nujol' and potassium bromide respectively. 
Fractions less than 2µ thick were used for examina­
tion, while the products of heating were obtained in a 
differential thermal apparatus at a heating velocity 
of 10 deg. C. per min. 

Infra-red spectra of the kaolinite, between 8 ·7 and 
10·4µ, show four absorption bands with maxima at 
9·1, 9·3, 9·6 and 9·9µ which can be ascribed to the 
Si-0 linkage, octahedral alumina sheet giving an 
absorption band with maximum at 10 ·9µ, whereas 
the absorption band at 2 ·7µ belongs to OH-iadicals 
bound in the octahedral sheet'. In the metakaolinite 
range, the products of heating no longer show the 
absorption band at 10 ·9µ (indicating the complete 
dislocation of the octahedral sheet) or at 2·7µ 
(indicating absence of OH-groups). In the same 
samples left in the open for 20 days, no bands of 
adsorbed water at 3-4µ and 6µ could be observed. 
In metakaolinite, absorption bands of kaolinite 
between 8·7 and 10·4µ are replaced by a wider band 
between 7 ·9 and 10 ·5µ which, as regards the absorp­
tion bands of kaolinite, is shifted towards shorter 
wave-lengths. This band is considerably narrower 
and at a shorter wave-length as compared with the 
corresponding absorption band of aluminium - silica 
gel of the same composition heated at the same 
temperature. This suggests a greater order in the 
Si-0 sheet. The decomposition of metakaolinite is 
accompanied by an increase and widening of the 
same absorption band which becomes less and less 
pronounced bec~use of the intensified absorption in 
the range 10-15µ. Infra-red spectra of the products 
heated at 1,200-1,350° C. are more like those of 
mullite than of sillimanite•. 

It can be shown by the infra-red spectra that there 
are some essential differences in the properties of the 
high-temperature phases of kaolinite and halloysite, 
specially in the X-ray amorphous metakaolinite 
range. The infra-red spectrum of the halloysite 
examined shows the absorption band of the octa­
hedral alumina sheet with a maximum at 10 ·9µ, 
Si-0 maximum at 9·6µ, a maximum at 2·92µ (H,O 
in interlayers), and a maximum at 2·75µ (OH-groups 

in the _oct_ahedral sheet). The products of heating 
halloys1te ~ the metak?-olinite range no longer show 
the abs?rpt10n band w1tJ:_i a m~ximum at 10·9µ; the 
a~sorpt1on band of the S1-0 linkage is, in this case, 
wider than the corresponding absorption band of 
kaolinite heated to the same temperature. It already 
becomes less pronounced in the meta.kaolinite range 
(above 700° C.) owing to the intensified absorption 
~n the range 10-15µ . After crystallization of yAl,0

8 

I? the range of exothermal maximum, the Si-0 
linkage becomes more pronounced, with a maximum 
at 9 · lµ. As in kaolinite, the infra-red spectra of 
the products of heating halloysite between 1,200° 
and 1,350° C. are more like the infra-red spectra of 
mullite than those of sillimanite. 

The differen:c~s between kaolinite and halloysite in 
the metakaohmte range regarding the absorption 
?ands of bound and free OH-groups are of special 
~nterest. The products of dehydration of halloysite 
m the range of 650-850° C., unlike those of kaolinite, 
are very hygroscopic, showing an absorption band 
between 2 ·5 and 3 ·5µ with a maximum at 2 ·95µ, as 
well :c1s an abs?rption maximum at 6·15µ. Taking 
certam precaut10ns, we have succeeded in protecting 
the products obtained at 680° and 720° C. (proved 
~morphous by X-rays) from humidity, so that the 
infra-red spectra obtained showed a very poor 
absorption band at 6 · 15µ, while the large band be­
tween 2 ·5 and 3 ·5µ was split into two smaller bands 
with the maxima at 2·95 and 2·71µ . While the occur­
rence of the bands at 6·15 and 2·95µ can be assigned 
to adsorbed water, the band at 2·71µ suggests free 
OH-groups probably bound to AlO-groups. It 
appears very likely that the crystallization nuclei of 
yAl20 3 are already formed in t he meta.kaolinite 
range, and that their formation is enhanced by the 
retarded OH-groups, which have a stabilizing effect 
on that compound•. 

W e thank Prof. V. Prelog for having made it 
possible for us to prepare the infra-red spectra, Dr. 
M. Hadzi for many valuable discussions and the 
preparation of some additional spectra. 

V. STUBICAN 

Yugoslav Academy of Science and Arts, 
Zagreb. 

Hs. H . GuNTHARD 

Organic Chemistry Laboratory, 
F ederal Institute of Technology, Zurich. 

1 Brindley, G. W., Min. Mag., 30. 574 (1%5). 
' Roy, R., R oy, D. M. , and Francis, E . E ., J . Amer. Geram Soc 38, 

198 (1955). . . 
' Glass, H . D., Amer. Mineral., 89, 193 (1954). 
• Hunt , John M., Wisherd, Mary P., and Bonham Lawrence C 

Anal. Chem., 22, 1478 (1960). ' · • 
' Roy, R., and Francis, E. E., Amer. M i neral., 38, 725 (1953). 
• de Bo~r. J. H., and Houben, G. M. M., Proc. Int. Symp. React. 

Solids, 1952, p. 237. 

Density of Marine Benthic Communities 
off West Africa 

RECENTLY, Thorson1 has suggested that a series 
of related marine benthic communities might occur 
on level sea-bottoms from the Arctic to the tropics, 
similar communities occurring on similar deposits 
irrespective of latitude, and he directed attention 
to the possibility of studying, in these communities, 
growth-rates and recruitment of stock under similar 
ecological conditions in cold and in warm seas. 
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