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Attempted Low-Temperature Syntheses 
of Kaolin Minerals 

.ALTHOUGH kaolin minerals appear to be formed 
in Nature under acidic conditions at relatively low 
temperatures and low water-vapou~ p_ressures, . t~eir 
synthesis in the laboratory under sumlar conditions 
has been found exceptionally difficult. It appears 
that a proper choice of many variables is essential. 
In previous investigations1 •2, in<_livid~al kaol~ite 
crystals have been obtained by agemg mixed alumma 
and silica gels for 2 months at 100° C. a:nd u?der pH 
condit,ions around 4 ·5, but the crystalline yield was 
extremely poor and the kaolinite could be proved 
only by single-crystal, electron diffraction meth~ds ; 
X-ray diffraction failed to detect the small yield. 
It seems that the ready polymerization of silica, 
with aluminium incorporated in the structure, 
inhibited the crystallization of a layer structure. 
Similar difficulties are not encountered in forming 
hydrous magnesian silicates. 

B 

In the present experiments, gibbsite, AI(OH) 3, 

has been used as a source of alumina, togother with 
silica either as a gel, 'Ludox', or in solution as ethyl 
silicate. The experiments have been conducted in 
sealed glass tubes at 150° C. and about 5 atm. water
vapour pressure, and with vigorous _end-over-end 
agitation. The pH was controlled mainly ~y N /10 
hydrochloric acid, but in experiments lastmg 1-3 
weeks the pH value often varied and a better control 
is desirable. 

The results are illustrated in Fig. 1 by diffractometer 
diagrams. When the final pH exceeds l ·9, g~bbsite 
is the only crystalline phase observed (ct:. dia:gram 
0). When the pH remains below l ·5, a kaohn rmneral 
replaces the gibbsite (cf. diagrams D, E, F). Elect~on 
micrographs show plate-like forms and also rod-1:ke 
forms having some resemblance to hal_loys1t~
Reversible swelling and shrinkage behaviour is 
readily followed by X-ray diffraction, and each cycle 
of operations seems to improve the crystal structure. 
Whereas gibbsite in the absence of silica becomes 
transformed to boehmite at 150° C. under the con
ditions of the experiments (cf. diagrams A and B; 
also ref. 3), in the presence of silica the formation 
of boehmite is completely inhibited. Pr~1?ably t~e 
instability of the gibbsite structure fac_1hta~~ its 
reaction with silica to develop an alummo-sihcate 
layer structure. . . . 

Further experiments are m progress m which 
temperature and pH will be controlled with ~ore 
precision. This investigation forms part of ProJect 
55, sponsored by the American Petroleum Institute. 
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Fig. 1. X-ray diffractometer patterns ; ~opp~r -!fo radiation. 
A boehmite · B boehmite obtained from g1bbs1te m sealed tube 
at' 150° C. ; O, 1dbbslte; D and E, gibbslte partially transform~d 
to kaolin mineral· F, gibbsite wholly transformed to kaolm 

' mineral 

• Ervin, jun., G., and Osborn, E. F., J. Geol., 59, 381 (1951). 

CRYSTALLOGRAPHY 

Spiral Formation on Natural Crystalline 
Sulphur 

RECENTLY, observations of the growth spirals sug
gested by Frank's theory1 have been reported on 
many different substances. 

This communication records some interesting 
observations of growth spirals originating from 
screw dislocations on the (001) faces of natural 
sulphur crystals. The observations were made by 
means of an ordinary metallurgical microscope, 
using bright-field illumination. The heights of the 
steps were measured using interferometric techniques2 

and the values found range from 5000 A. to 100 A., 
showing that growth-promoting dislocations are of 
multiple strength. 

Most of the faces investigated showed one spiral 
only, covering the whole area, which seems to prove 
that sulphur crystals must be extremely perfect. 

Fig. 1 shows a spiral originating from a right-ha~ded 
dislocation. Besides this elementary type of spiral, 
several other more complicated growth patterns, for 
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