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ON ISOMORPHISfi OF THE STRUCTURE OF BABIC CKUHXNUH 

SULPHCITES OBTAINED BY MERNS OF HYBROLYBIS 

OF CILUMINuM SULPHATE RT HIQHER TEMPERCITURES 

B.-KIDIICZ rd J.PYSIcy< 

rnstitutr of uvnistry, klvvrr TkYniC~l lhitsrsity 

Plak, fblmd 

BaslcaAmlnwnsul~tea are fwnmd by tlw thmrlwl hydmlysls of 

rlum+ml ulphate.&l l lgnrlthn wafornul&eddeflnlngcoordlMtesx, 

y, 2, taken fram uly lattice ram of l lvlltr type of basic rlurtnu 

sulphmlan. It M hypotwmlzed that basic al_ sulphmtew with 

differant cvltlcn~ cm exlmt with the rlvlltr l tructul. 

MSlC aluminum rulphatrs appear in nature as alWit* 

KCIIJ(OH)r(SO.)=. They are formed by means of the hydrolysis 

of rlumlnum 6ulphate at elevated tmperaturrs (373~33010. This 

thermal hydrolyslm 1s very delicate and at high temper8ture8 those 

compounds are decomposed to aluminum oxide. CIs one can realize from 

the literature Cl-163, the chemical composition of the producta of 

the thermal hydrolysl8 varier between the different reserrches. ‘In 

order to control this thermal proces8, the structure and 

conposltlon of the basic aluminum sulphate l hould be know. In the 

present paper a recognized l tructure 18 demcrlbed nlth computer 

technique in which the computer 18 ueed to slmulatr the thermal 

decomposition and also it is used a'm a tool of theoretical 

verlflcatlon of hypotheses referring to thermal decomposition. ThLs 

work 1s *he first in a wrlem of l tudlem in which this procedure is 

rppi i0d. 
The l tructure of natural rlunlte uhlch uam sugderted by Hendricks 

c53, served as the base for the prosent l tudy. In the second stage 

of this study we tried to specify more accurately mr aodel 

ucordlng to publlrhed data C2, 3, 7, B, 10, 11, 133. The rlunlte 

has a layer structure. (kcordlng to Hendrlckm, the unlt cell 1s 
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composed of three molecules KFllr(OH),(SU*)r, having the 

shape of a prism whose base is a rhombus with angles of CO and 

120". The height of this prism is 8 threefold axis of symmetry. 

This threefold axis is perpendicular to two different layers 

occurring rlternrtely one above the other. The first layer consists 

of the ions SO.‘- and K' with a thickness of 20 nm. The 

second layer consists of the ions OH- and cIl* with a thickness 

of 37.5 nm (Fig. 1 a and b). There sire three such sequences along 

the height of the unit ceil and they differ from one another a% to 

a linear end l ngul*r shift towards axis x and y of the 

coordinate system. There are strong bonds between the layers which 

result from cIIJ' and K' ions reacting with oxygens of So.=- 

and OH- ions, respectively. 

Ir4rRm!xIffiw~- cFfu.N1lE1NToaawuERMDloRy 

The following assumptions were made as to the spatfrl 

distribution of the points representing six type% of ions (K', 

Rlj', EP* I, axial oxygen Om-, nonaxlal oxygen Om- md 

hydroxyl D&4-] in the unit cell of rlunitet 

- the coordinate system begins with K”, 

- all four sulphur-oxygen bonds are of the same length, 

- so.=- ions lie exactly between planes 1 and 2 (Fig. la), 

- independent variables of the system are lattice constants c 

and a, the length of sulphur-oxyqen bond and the distance between 

axial oxygen and hydroxyl, respectively, 

- distances between potassium-hydroxyl or hydroxyl-aluminum ions 

are considered as optimrlization parameters of localization of 

hydroxyls. 

An rlogarfthm was formulated defining toordinates x, y and I 

taken from any lattice node. Table 1 shows l lgrbric expressions 

which enable to calculate these three coordinates. They are the 

base which is introduced in the computer memory as the structure of 

alunite. This notation WilS recordad by means of the program 

“CKUNITE 2” ( lrngurge Basic, text of the program-7kB) and carried 

out on the **ARSTRCID PC”. 

Beside calculations and ordering the computer memory by means of 

coordinate matrices x, y, and z, this program r11ows to 

calculate distances between selected ions and prints the list of 

the closest points in six series of different,types. Table 2 shows 

differmt kinds of ions rob their closest surroundings. 
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E19BICNUlINJl~~~WITHDIFFERM WFclSITICNg a.rr WITH TN e 

The place in the spatial lattice of alunite occupied by K' is 

designated as TV. The plrcr occupied by cIls+ is designated as 

?I=-. The place occupied by OH is designated as X. The following 

has been assumed: 

1. Places of M' can be substituted, in sequence, by cations 

such as K-, Na-, NH.'. HsO- and water molecules, or 

they can be empty. 

2. Places of X can be substituted by water molecules or they can 

be empty. 

3. Places of SO41- can sometimes be replaced by the 

trtrrhedron CIl(OH)4'. 

4. The above substitutions or vacancies occur in the spatial 

lattice with strtisticrl distribution without forming 

distinguishable phases. 

These four assumptions are sufficient to explain the existence of 

rlunitic structure, as determined by X-ray, for the basic salts of 

varied compositions, the formation of which at temperatures 373- 

WOK was reported by many researchers within the last forty yr8rs 

(Table 3). Bono researchers were greatly contused because of 

rpprrent discrepancy between the composition and its X-ray data 

[13, 163. Let us assume for example that the crystal volume 

includes the 10 following sots: H'(MJ+l~X,(SO.l~. Two 

M+ places out of ten are empty; SiX ?I=- places out of thirty 

8re empty; twenty X places out of sixty are to be occupied by HwO 

molecules and not by OH- ions. 

The final molecular formula of this substance would be as 

follows, K~083A1r0~t3S00t10Ht0. Sets of ion p8tterns with 

internally compensated electric charge are shown in Table 4. These 

sots illustrate concentrations of vacancies and substitutions. 

There could be more such sets but these are only formal. 

-1pB 

The assumed hypothesis and the example which illustrated it, 

explains the fact that basic aluminum sulphates with different 

composition (within some limits), can exist in alunite structure. 

The presence of f-ho' or HI0 in places of II* or X in the 

alunite structure indicates an incomplete thermal hydrolysis. 
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s+ 
(b)Al and OH- 

Fig.i.Sections (a) and (b) of alunitc 
(a) The space with ions C?and SC$- 

e crystal. 

Equation of section planecl-2) is z=Q 

* potassium ion 
0 oxygen of tetrahedron S02- over the plane 1-2 (axial) 
0 oxygen of tetrahedron df- S + 
Abase of tetrahedron SOY 

under the plane l-2 (axial) 
over the plane 1-2 (nonaxial) .-- 

ybase of tetrahedron SOi- under the plane J-2 (nonaxial) 
(b)The space with ions A1'*-and OH' 
Equation of section plane(2-3) is z=1/6 c 
W hydroxyl ion over the plane 2-3 
l hydroxyl ion under the plane 2-3 
0 aluminium ion 

Table 2:Distances A-B(angstroms)and number of neighbors B 
from ion A point of view 

_____________-_ ------____-_______________________r______ 

Kind of ion 
_------------_-_ 

potassium 
aluminium 
sulfur 
axial oxygen 
nonaxial oxygen 
hydroxyl 

_--------------- 

1.9781 1.51$1 2.47tl 2.4732 2.6082 
2.03$2 3.5081 2.52$1 2.6082 2.6082 

Table 3.Composition of the 

I 

_-_______----------------- 

Formula of oxides 
-------------_---___------- 

3Fe201$4.24SO~$7.33H~0 
3Fe2QX3.99S03t7.93H20 

~.EI~NHJ$~F~~O~~~SO~S~.~~H~O 
K~0$3Al~~$SSO3rC9H~O 

K20~3Al~Oj$4.67S03$9.93H~O 
Na~0$3Al~O~s5SO3~1OH~O 

-__-___---_-------~-~~~~-~ 

lasic sulphates obtained experi 
.____r_---_-___-__------------- 

Ref Formula of oxides 
.----.~-_-_-_____-__-~~~~---~--_ 

-I 

bentally 

Cl23 3A120383.9SO3$8.6H20 
Cl21 3A120388HzO 
cl21 0.97K~0*3A1~0~8%0389H2O 
Cl3 K~0$3A1~03$5S0389H20 
Cl13 written by authors as 
C&l KtCA16(OH),o(S04)C3t4H~0 
.___________________~~~~-~~-~~~ 

.____ 
Ref 
.--_- 

c43 
Cl03 
Cl61 
Cl!53 

,____ 
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'Table 4. The exemplary sets of ionic formulas with full 
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