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Abstract. At 350°% /NH4/ SO4 enters into reaction with the cations of
the octahedral sheets of layer silicages, forming sulphates soluble in 5% H,SO, so-
lution. The course of reaction of /NH,/,SO, with kaolinite, halloysite, musCovite and

biotite has been studied. It has been found that the” reactivity of layer silicates
depends on the type of layers and the kind of cations in the octahedral sheet.

INTRODUCTION

Up till now the reactions of layer silicates with molten salts ha-
ve been the subject of very few papers. Some of them have been concer-
ned with the reactions of micas and montmorillonite with molten potas-
sium and lithium nitrates /White, 1956/. The action of these salts on
clay minerals causes the substitution of their interlayer cations for
K+ or Lit respectively.

Ammonium sulphate is a salt possessing very specific properties.
Heated above 300°C, it melts passing simultaneously into acid ammo-
nium sulphate. Acid ammonium sulphate melt is strongly dissociated and
contains hydrogen ions which bring about the decomposition even of che-

mical resistant substances. This property is utilized by some chemical

*Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy in
Cracow /Krakéw, al. Mickiewicza 30/.
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technologies, e.g., in the production of titanium oxide, which 1is ob-
tained by sintering titanium ore with /NH4/ZSO4 in order that titanium
will combine to form sulphates soluble in. aqueous solutions.

The action of molten /NH4/2504 on minerals is similar to the action
of strong acids. Added in an amount of 20 wt.% to kaolin, ammonium sul-
phate reacts at 300°C with the titanium and iron minerals. Due to this,
the reaction with /NH4/ZSO4 can be used to remove impurities of this
type from kaolins /Badyoczek, 1977/.

The object of this paper was to study the kinetics and mechanism
of the reaction of molten /NH4/ZSO4 with some layer silicates. The in-
vestigations were carried out on kaolinites showing various degrees of
crystallinity, as well as on halloyéite, muscovite and biotite. The
action of molten ammonium sulphates on these minerals was expected to
be similar to their dissolution in sulphuric acid. Yet, in contradis-
tinction to the reactions in sulphuric acid aqueous solutions, this
process does not coincide with the hydrolysis of decomposition pro-
ducts. The action of these salts on the cations occurring in the struc-
ture of layer silicates should be selective.

According to Cvetkov and Vala¥ichina /1955/, two endothermic rea-
ctions take place during the heating of ammonium sulphate:

270 - 410°:
480 - 560°C: NH

—
/NH4/ZSO4 NH4HSO4 + NH3

HSO ™ NH, + SO, + H,0

4 4 3 <) 2

Later studies of the /NH4/2504 - H2804 system /Margulis et al., 1966/
revealed that the thermal decomposition of /NH4/ZSO4 attended by the
evolution of gaseous NH3 is initiated at 355°C. At this temperature a
liquiud phase forms whose composition, corresponding to a 33-34 wt.%
sto4 content in the melt, is stable until the decomposition
nium sulphate has proceeded to completion. This liquid boils incongru-
ently with the evolution of NH3, HZO and SO3, and its composition chan—

ges until an azeotropic mixture forms with the boiling point at 462°C

of ammo-

and the composition corresponding to ammonium pyrosulphate. The system
discussed also includes the compound /NH4/3H/SO4/2, which melts incon-
gruently at 225°C. Another compound occurring in this system, NH4HSO4,
melts congruently at 146°C and the resulting melt has a composition
corresponding to a content of 40% H,SO,. This compound forms an eutec-
tic mixture with /NH4/3H/SO4/2 at 109°c.

EXPERIMENTAL

Investigations were carried out on <:20(1m fractions separated from

the Maria III washed kaolin, kaolinite clay from Baranéw, and halloy-
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site from the basaltic weathering crust from Duninéw. The fractions
had the following mineralogical composition: the Maria III kaolin -
78% kaolinite, 15% quartz, 7% minerals of the mica group; the Barandéw
clay - 50% kaolinite, 24% quartz, 25% minerals of the mica group, 1%
feldspars; the basaltic weathering crust from Dunindw - halloysite

with an admixture of iron oxides. Kaolinite from the Maria III kaolin
shows a high degree of crystallinity, its X-ray crystallinity index

1b20AH3b /Stoch, Sikora, 1966/ being 0.7. Kaolinite from the Barandw
clay, on the other hand, has a disordered structure /X-ray crystalli-
nity index - 1.5/. ’

Muscovite was obtained from pegmatite from the Boroviany deposit
/Czechoslovakia/. Its grain-size was reduced by scraping and grinding,
and the sieve fraction < 45{4m'was taken for investigations. It con-
tains an insignificant admixture of kaolinite. Biotite was isolated
from the Nadziejéw granite /Lower Silesia/.

The chemical composition of the samples studied is given in Ta-
ble 1.
Trha b kierapt
Chemical composition of investigated samples, in weight %
Component Bi;i;:e Musgs;:te Kao}inite gigz Hal;:z:ite
Nadziejéw Boroviany MariafllT Baranéw Duninéw
SiO2 47.81 49.12 n.d. n.d. n.d.
A1203 155415 21.20 34.31 27.64 30.63
Fezo3 15.97 3¢12 0.45 1.45 4.64
TiO2 2,10 0.24 0.36 1.05 1.10
Ca0 1.10 55162 n.d. n.d. n.d.
MgO 7.06 0.72 n.d. n.d. n.d.
Na20 1.34 4.08 n.d. n.d. n.d.
K,0 8.60 8.04 n.d. n.d. n.d.
%os§ on liv 04 8.20 n.d. n.d. n.d.
ignition
n.d. - not determined.

To determine the temperatures of reactions taking place in the mix-
tures, thermal analysis was made with a derivatograph /heating rate
10°C/min., thermocouples Pt-PtRh 10%, disk platinum crucibles,standard
- heated A1203/.

The reactions of minerals with ammonium sulphate were studied in

mixture in which the weight ratio of the mineral to /NH,/SO,

was 1:5

/excess/ or 5:1 /deficiency/. The mixtures were held in a muffle fur-
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S o v
nace at a temperature of ammonium sulphate decomposition 7:350:C/A- sde
They were placed in the form of thin la-
of time

termined from thermal curves.
yers in flat porcelain vessels and heated for various periods
/0.5 = 10 h./s > :

The phase composition of sinters obtained by heat treatment of the
mixtures was investigated with a DRON 1.5 X-ray diffractometer.The in-
strument settings used were: CuKoC(, 40 kV, 20 mA, sl tsils:
Then

Ni filtexr,
270425, time constant 2 sec., goniometer angular speed ZO/min-
the sinters were hot-treated with 5% H2504 solution on a water bath at
90°C for 15 minutes to remove the soluble reaction products.
Fe203, MgO, TiO
luble residue was subjected to X-ray investigations and infrared spec-—

The solu-

tion was analysed for A1203, 2 and alkalies. The inso-

troscopic analysis on a UR-10 spectrometer.

REACTION.PRODUCTS OF LAYER SILICATES WITH /NH4/ZSO4

X-ray diffractometry

X-ray investigations have revealed that the heating of kaolinite
or halloysite mixtures with /NH4/ZSO4 indthe *ratio2of Sl at 350°C re-
sults in the formation of NH4A1/SO4/2. Its lines appear in X-ray dif-
fraction patterns of the sinters already after half an hour. Judging

by the inéensity of X-ray lines, the amount of this compound is insig-
nificant and does not vary even if the heating time is

0.5 to 10 hours.

prolonged from

Sinters with the Maria III kaolin and the kaolinite
clay from Barandw contain preserved kaolinite, quartz and mica besides

aluminium-ammonium sulphate. The intensity of their reflections

not change noticeably with the prolongation of the heating time.

does
Hal-
loysite shows a somewhat different behaviour. The lines of.NH4A1/SO

/
472
being formed are less intense but more diffuse.

This seems to testify
to a vary fine grain-size and/or low degree of crystallinity of the
new-forming phase. After 5-hour heating of the halloysite and /NH4/2
SO4 mixture, A12/304/3 appears as well. The few reflections it yields
are as weak as the NH4A1/SO4/2 lines. The heating of the mixture for
7-10 hours leads to the disappearance of NH4A1/SO4/2 whilst the inten-
sity of the Alz/SO4/3 lines virtually does not change. The intensity
of the basal halloysite reflections decreases systematically with the

heating time.
In the mixtures of muscovite with a deficiency of ammonium sulpha-
te the only compound being formed is NH4Al/SO4/
2°

In X-ray diffraction patterns of 5:1 mixtures of biotite and /NH,/
SO4 there appear only two very weak MgSO 4

64

2

4 lines: 0.366 and 0.355 nm.
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visible
have been

‘In the sinters of muscovite and biotite with /NH4/ZSO4 no
changes in the intensity of reflections of these minerals
noted with the prolonged heating time.

X-ray diffractograms of the residue left after the extraction with
5% HZSO4 solution show only lines of the minerals present in the

un-
treated samples. All the sulphates formed during the heating are dis-
solved.

In the mixtures containing an excess of ammonium sulphate /the

weight ratio of the minerals to /NH4/ZSO4 is 1:5/ the degree of rea-
ction for clay minerals is considerably higher. In X-ray powder pat-

terns of the resulting sinters, the lines of the new-formed compounds
are markedly more intense. The heating of these mixtures at 350°C cau-
025
hour and intense NH4Al/SO4/2 reflections to appear in their place. The
prolongation of the heating time results in the formation of A12/SO4/3,

ses the kaolinite and halloysite lines to disappear already after

the amount of which shows a tendency to increase with the heating time
at the cost of NH4A1/SO4/2.

In the mixtures of the Maria III kaolin and the Dunindw halloysite
with /NH4/ZSO4 the intensity of the NH4A1/SO4/2 lines has been found
to increase again after a longer period of heating.

The residue left after the extraction of soluble sulphates in 5%
sto4 solution contains only quartz and micas, i.e. the sample compo-
nents which do not readily enter into reaction with ammonium sulphate.
It also displays a broad diffraction line in the angle range of 15—30o
which can be attributed to amorphous silica.

Ammonium sulphate, even in excess, little affects muscovite.In the
first stage, the only reaction product detectable with X-rays is NH4A1/
/SO4/2.
hours. Longer heating /10 h./ reduces the amount of this
favour of A12/SO4/3.

The reaction rate of biotite with /NH4/ZSO4 is more rapid than that

Its ammount increases when the heating time is prolonged to 8

compound in

of muscovite. After 2-hour heating /NH4/2Fé2/SO4/3 lines appear in
X-ray diffraction patterns. There also form small amounts of NH4ALGO4/2'
Alz/SO4/3 and MgSO,,
ry weak. The prolongation of heating time causes a decrease in the comn
tent of /NH4/2Fe2/SO4/3 and NH4A1/SO4/2 and an increase in the content
of Fe2/504/3, A12/SO4/3 and MgSO4.

as well as Fe2/804/3. Biotite lines become ve-

Infrared absorption spectrascopy

Infrared absorption spectroscopy was employed to trace changes oc—

curring in the structure of minerals of the kaolinite group in respon-
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se to their sintering with /NH4/ZSO4. InvestigaFions were carried out
on the insoluble residue left after treating the sinters with 5% HZSO4
solution. The spectra obtained are presented in Figures 1-4.

In the mixture of kaolinite showing a high degree of crystallinity
/Maria III/ with a deficiency of /NH4/ZSO4 no pronounced structural
changes have been noted /Fig. 1/. The only feature deserving note is a
slight reduction in the intensity of the 753 cm—1 Si-0-Al absorption
band compared with the 800 cm—1 quartz band.
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Fig. 1. Infrared spectra of the Maria III kaolin
a - untreated sa?ple, b - after 0.5-hour sintering with a deficiency of /NHA/ZSO
and treatment with 57 H2804, ¢ - after 7-hour sintering with a deficiency 02

/NHA/ZSO4 and treatment with 5% HZSO4

Ammonium sulphate added in excess brings about the complete break-
down of the structure of kaolinite /Fig. 2/. A similar behaviour
shown by halloysite sintered with excess /NH4/ZSO4 {Eiga 4/
linite bands disappear already after 0.5 h

is
The kao-
P ., and broad bands with peaks
at 1100 and 470 cm 1, typical of amorphous or poorly ordered forms of
silica, appear in their place. In the spectra of Maria III kaolinite
sinters these bands coincide with respective absorption bands produced

by a quartz admixture, the characteristic doublet 780 and X

800 cm
66
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testifying to the presence of the latter. A few other,weak bands /near
- 1 n

to 620, 1400 cm ~/ have been attributed to hydrated aluminium-ammonium

sulphate, detected with X-rays in the sample.
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Fig. 2. Infrared spectra of the Maria III kaolin
a —after 0.5-hour sintering with an excess of /NHQ/ZSOA and treatment with 57 HZSO4,
b - after 5-hour sintering with an excess of /NH4/2504 and treatment with 57 HZSOA
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Fig. 3. Infrared spectra of the Duninéw halloysite

sample, b - after 0.5-hour sintering with a deficiency of /NHA/ZSOA

a - untreated
S-hour sintering with a deficiency of

and treatment with 57 HZSOA’ ¢ - after

/NH4/2304 and treatment with 5% HZSOA’ d
cy of /NH4/2504 and treatment with 57 HZSO4

— after 8.5-hour sintering with a deficien-
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Fig. 4. Infrared spectra of the Dunindw halloysite

a —after 0.5-hour sintering with an excess of /NH4/2504 and treatment with 5% H, SO, ,
b - after 5-hour sintering with an excess of /NH,/,S0, and treatment with 5% H.SO 5

¥ 4 4
¢ - after 10-hour sintering with an excess of /NHA?ZSOA and treatment with 5% HZSOA

In halloysite sintered with a deficiency of /NH4/ZSO4 infrared spe-
ctroscopy permitted following the process of destruction of its struc-
ture as the heating time was prolonged /Fig. 3/. The fine structure of
bands, e.g. at 1000-1200 cm_l, became gradually obliterated. The posi-
tion of this band /with a peak at 1065 cm 1/, as well as the
of the 800 cm_l band, testifies only to the low degree of thre
sional condensation of SiO4 tetrahedra.

absence
e-dimen-

REACTION KINETICS

The kinetics of the reaction of clay minerals with /NH

characterized by a change in the degree of reaction ol wit]
of its sintering .

4/zso4 is

h the time
The degree of reaction o states which part of the
inital amount of a component has undergone reaction after time ¢.
degree of reaction was determined for oxides regarded as
samples studied: Alzoa, Fe203, Tioz, MgO, K
of the oxide which passed into the 5% H
tial content in the sample was taken as
gree. The reaction degree (. for A120

The
typical of the
2O. The ratio of the amount
2SO4-soluble form to its ini-

a measure of the reaction de-
3 Was assumed as a measure of the
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degree of decomposition of kaolinite and muscovite, and o for MgO as
a measure of decomposition of biotite. The of vs. sintering time cur-
ves for the minerals studied are shown in Figures 5-7 and 9-11.
Sintering of kaolinite showing a high degree of crystallinity /Ma-
ria III kaolin/ with /NH4/2804 added in the ratio of 5:1 causes 10% of
aluminium present in the kaolinite to convert into sulphate /oC = 0.1/,

‘It is a maximum amount the introduced ammonium sulphate is able to.com

bine with. The reaction rate is rapid and already after 1 hour all am-
moﬁaum sulphate is combined. Simultaneously more than a half of iron
and titanium oxides accompanying kaolinite enter into reaction. With

the prolongation of heating time the amount of Tio2 in the form solu-

ble in 5% stO4 diminishes /Fig. 5/. This fact can be accounted for by
the decomposition of /NH4/2TiO/SO4/2, which forms as a reaction pro-
duct of T102 with ammonium sulphate and then converts into TiOSO4 /Ba-
dyoczek, 1977/ sparingly soluble in 5% H2504. After 6-hour sintering

the amount of titanium that will go into solution increases again.This
may mean that TiOSO4 reverts to /NH4/2/SO4/2. This process is compa-
rable to the disappearance of A12/SO4/3, which reconverts into NH4A1/

/SO'4/2 after several hours’ heating.

The addition of excess ammonium sulphate results in that nearly a;l
A1203, Fe20
attains &
aluminium from kaolinite, as well as of iron and titanium oxides, is

3 and TiO2 changes into soluble sulphates, and the reaction
= 0.9 after 4-hour sintering. The rate of sulphonation of

almost identical. When ammonium sulphate is in excess, it no 1longer

a b

0.8

0.6 Q

0.4

0.4 4

1t
6 time [h] 2 4 6 8 10 time [h]

Fig. 5. Relationship between the reaction degree ol for the Maria III kaolin and the
sintering time
@ - with a deficiency of /NH,/,S0,, b - with an excess of /NH,/,S0,
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reacts selectively as it does when it is added to the sample in de-

ficiency.
The Baranéw clay, which contains kaolinite with a disordered struc-
ture, reacts somewhat differently. Ammonium sulphate added in defi-_
and tita-

ciency enters completely into reaction with aluminium, iron
nium already within the first hour /o is respectively equal to
0.18 and 0.32//Fig. 6a/. When the heating time is longer than 5 hours,
additional amounts of A1203 begin to go into 5% HZSO4 solution /oK

increases/ due to gradual dehydroxylation of kaolinite with a disorde-
action of

0.12,

red structure. Dehydrated kaolinite is not resistant to the

sulphuric acid and the constituent aluminiur passes into solution.

08
06

0.4

I
0.24/
I

2 L 6 8 10 time [h] 2 L 6 8 10 time [h]

Fig. 6. Relationship between the reaction degree o{ for the Baranéw kaolinite clay
and the sintering time

a - with a deficiency of /NHA/ZSOA’ b - with an excess of /NHA/ZSOA

Under the‘influence of excess /NH4/ZSO4 the degree of reaction at-
tains a value of 0.6 - 0.7 already after 2 hours /Fig. 6b/, the reac-
tion rate for the three analysed oxides being the same. A lower maxi-
mum degree of reaction that is attained for the Barandw clay in compa-
rison with the Maria III kaolin can be explained by the fact that fine-
—grained kaolinite occurring in the Barandéw clay forms compact aggre-
gates enclosing iron and titanium oxides, and these aggregates are not

easily accessible to ammonium sulphate. It may also be due to the 25%
content of the muscovite-type micas which, as further investigations

have revealed, are less reactive to /NH4/2SO4 than kaolinite.
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) The degree of reaction for the Dunindw halloysite varies with time
in a similar way /Fig. 7/. As a result of prolonged heating with a de-
ficiency of /NH4/ZSO4, the 5% stO4 solution leaches the constantly in-
creasing amounts of aluminium from the sinter. This is caused by the
progressing dehydroxylation of halloysite as it is held at a tempera-
ture of 350°C for longer periods of time. This statement has been sub-

stantiated by an additional experiment involving the leaching of A1203

= b

Q2

L
2 4 6 8 10 time [h] 2 4 6 8 10 time [h]

Fig. 7. Relationship between the reaction degree X for the Duninéw halloysite and
the sintering time
a - with a deficiency of INH4/2804, b=

heating of halloysite without /NH4/2504

with an excess of /NH4/2804. Curve W - after

from halloysite heated at 350°C without /NH4/ZSO4 /Fig. 7a,curve W/. The
heating of halloysite at 350°C brings about the destruction of its struc-
ture /Fig. 8/, allowing about 60% of aluminium to be leached from it.

A comparison of the curves of A1203 extraction from halloysite hea-
ted without‘/NH‘;/ZSO4 and one sintered with /NH4/2504 /Rigs Taf
to the following conclusions. In the initial stage of sintering, ammo-
nia evolving during the decomposition of /NH4/ZSO4 inhibits the dehy-
droxylation of halloysite. Consequently the amount of aluminium extra-
ctable with sulphuric acid from the sinter is less than that extrac-
table from halloysite heated without ammonium sulphate. Yet, reacting
with halloysite, ammonium sulphate distorts its structure. As a result
of this, the amount of aluminium that will go into solution is greater
than could be expected judging by its amount leached from halloysite

leads
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Fig. 8. Infrared spectra of the Dunindéw halloysite heated at 350°¢C

a - 2 hours, b - 5 hours, ¢ - 8.5 hours

heated without /NH4/2SO4, and greater than the amount which could theo-
retically combine with /NH4/2504 contained in the mixture.

When ammonium sulphate is in excess /Fig. 7b/, the degree of rea-
ction for halloysite attains a value of 0.9. The reaction rate for alu-
minium and iron is nearly identical and not much higher than that for
titanium.

The reaction of muscovite with ammonium sulphate proceeds at a slo-
added
to muscovite in the proportion of 5:1, the process is soon inhibited,
and the degree of reaction £ for A1203 is only 0.25 /Fig. 9a/. The
degree of extraction of TiO2 is 0.1 while these values for Fe
KZO are even lower,

wer rate than for kaolinite minerals. When ammonium sulphate is

2O3 and

When /NH4/ZSO4 is in excess /Fig. 9b/, the degree of reaction for
A1203 can be 0.75, that for KZO is only 0.25 whereas o for TiO
Fe203 is even lower.

2 and

The reaction of biotite with /NH4/2804 proceeds at a considerably
more rapid rate than that of muscovite. Also the degrees of extration
for respective components are less differentiated /Fig. 10a, b/. The
cations of the octahedral sheet of biotite, i.e. magnesium, iron, alu-

minium, and also titanium show a high degree of reaction /K= 0.8 =

0.9/ whilst the degree of extraction for the interlayer cations /potas-

sium, sodium/ is considerably lower /of = 0.6 and 0.2 resp./.
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Fig. 9. Relationship between the reaction degree oL for muscovite and the sintering
time

a - with a deficiency of /NH4/2804, b - with an excess of /NHA/ZSO
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Fig. 10. Relationship between the reaction degree o for biotite and the sintering
time

a - with a deficiency of /NHA/ZSO&’ b - with an excess of /NHAIZSOI.
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DISCUSSION

at 350°C /NH4/ZSO4 enters into reaction with the cations occupying
the octahedral sites in layer,silicates. This process
proceeds by stages. The reaction products of kaolinite, halloysite and
muscovite are NH4A1/SO4/2 and amorphous silica.
of biotite are MgSso,, /NH4/2Fe2/SO4/3 and NH4A1/SO4/2, as well as sili-

ca gel. After longer heating simple sulphates, Alz/SO4/3 and Fe2/304/3,

is complex and

The reaction products

are the only ones to remain.

When there is a deficiency of /NH4/ZSO4, the reaction proceeds at
such a rate that within 1-2 hours ammonium sulphate is exhausted,enter—
ing all into reaction with both the cations of the octahedral sheet of
silicate minerals and the titanium and iron oxides present in the sam-
ples. 5

When ammonium sulphate is in excess, the layer silicates decompose
completely within 1-2 hours. Sintering with ammonium sulphate followed
by leaching with 5% H2804 solution permits the extraction of metals
from layer silicates.

If the sintering is carried out with a deficiency of ammonium sul-
phate, the effect obtained is that of selective extraction of compo-
nents. Free iron and titanium oxides react more readily than kaolinite
with a high degree of crystallinity, and this property can be utilized
to decreaée their content in kaolins containing such kaolinite. Selec-
tivity of this type has not been displayed by kaolinite with
dered structure.

a disor-

In micas the cations of the octahedral sheets are more easily ext-
racted after sintering with /NH4/ZSO4 than the interlayer cations,which
go into solution only in insignificant amounts.

The reactivity of layer silicates depends on the type of layers and
the kind of cations in the octahedral sheet of a layer. Of dioctahedral
minerals, muscovite /2:1 layers/ shows a considerably lower reactivity
‘than minerals of the kaolinite group /1l:1 layers/. Biotite

Mg2+ and Fe2+

containing
in the octahedral sheet shows greater reactivity than
muscovite with the octahedral sheet occupied by aluminium.
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Leszek STOCH, Wanda S. SIKORA, Leokadia BUDEK

STUDIUM REAKCJI KRZEMIANbW WARSTWOWYCH ZE STOPIONYM

SIARCZANEM AMONOWYM

CZESC |. REAKCJE KAOLINITU, HALOIZYTU, MUSKOWITU | BIOTYTU»Z'/NHA/Z/SOQ,

W TEMPERATURZE 350°C

SIS AR i - B BT e A s Sl

Przedmiotem niniejszej pracy byXo zbadanie kinetyki i mechanizmu
oddziatywania stopionego /NH4/2SO4 na niektdre krzemiany warstwowe. Ba—
dania wykonano na kaolinitach ‘o réznym stopniu uporzadkowania struktu-
ry, haloizycie, muskowicie i biotycie, zmieszanych 2z /NH4/ZSO4 w sto-
sunkach wagowych: 1:5 i 5:1. Mieszaniny wygrzewano w piecu muflowym, w
temperaturze rozktadu siarczanu amonowego /350°C/ przez rézne okresy
czasusf 0,5 =10 h.

/NH4/2SO4 w temperaturze 350°C wchodzi w reakcje z kationami two-
rzacymi warstwe oktaedryczng krzemiandw warstwowych. Proces ten jest
z¥ozony i przebiega w kilku etapach. Produktem reakcji kaolinitu, ha-
loizytu i muskowitu jest /NH4/A1/SO4/2 oraz bezpostaciowa - krzemionka.
Produktami reakcji biotytu sa: MgSO,, /NH4/2F92/SO4/3 3 NH4A1/SO4/2, a
takze gel krzemionkowy. Po diuzszym wygrzewaniu siarczany podwéjne prze-
chodzg w siarczany proste: Alz/SO4/3 35 Fez/so4/3. Przy niedom%arze
/NH4/2SO4 szybko$é reakcji jest taka, ze w ciagu 1 - 2 h nastepuje wy-—
czerpanie siarczanu amonowego, ktdéry w catosci wchodzi w reakcje z ka-
tionami warstwy oktaedrycznej mineraidéw krzemianowych oraz tlenkami

tytanu i zelaza, zawartymi w prdbkach.
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Wobec nadmiaru /NH4/ZSO4 w ciggu 1l = 20h naitepuje catkowity roz-
ktad krzemiandw warstwowych. Spiekanie z siarczanem amonowym, a nastep-
nie *ugowanie spiekéw roztworem 5-procentowym HZSO4 pozwala ekstraho-
waé metale z krzemiandw warstwowych.

Gdy spiekanie prowadzi sie z niedomiarem /NH4/ZSO4, wéwczas mozna
uzyskaé efekt selektywnej ekstrakcji skiadnikéw. Wolne tlenki zelaza i
tytanu szybciej wchodzg w reakcje niz kaolinit o wysokim stopniu upo-
fzqdkowania struktury, co mozna wykorzystaé do zmniejszenia ich zawar-
tosci w kaolinach zawierajgcych taki kaolinit. Selektywno$ci tego typu
nie stwierdzono w przypadku kaolinitu o gorzej uporzadkowanej struktu-—
rze. :

Z mik, po spiekaniu z /NH4/ZSO4, znacznie %tatwiej ekstrahujq sie
kationy warstw oktaedrycznych niz kationy miedzypakietowe. Te drugie
tylko w niewielkim stopniu przechodzg do roztworu.

Reaktywno$¢ krzemiandw warstwowych zalezy od typu pakietdw oraz ro-
dzaju kationéw w warstwie oktaedrycznej pakietu. Spoéréd mineratdéw dio-
ktaedrycznych muskowit /pakiety 2:1/ wykazuje znacznie mniejsza reak-
tywno$¢é niz mineraly grupy kaolinitu /pakiety 1:1/. Z kolei biotyt za-
wierajacy w warstwie oktaedrycznej magnez i zelazo wykazuje wiekszg
reaktywnos$é niz muskowit o warstwie oktaedrycznej obsadzonej przez glin.

OBJASNIENIA DO FIGUR

Fig. 1. Widma w podczerwieni kaolinu Maria III
a - prébka wyjéciowa, b - po 0,5-godzinnym spiekaniu z niedomiarem /NHA/ZSOA
i obrébce S5-procentowym HZSOA’ ¢ - po 7-godzinnym spiekaniu z niedomiarem
/NH4/2304 i obrébce 5-procentowym H2504

Fig. 2. Widma w podczerwieni kaolinu Maria III
a = po 0,5-godzinnym spiekaniu z nadmiarem /HNA/ZSOA i obrébce 5-procentowym
HZSOA’ b - po 5-godzinnym spiekaniu z nadmiarem /NH4/2304 i obrébce S5-pro-

259,

Fig. 3. Widma w podczerwieni haloizytu z Duninowa

centowym H

a - prébka wyjséciowa, b - po 0,5-godzinym spiekaniu z niedomiarem /NHA/2SOA
i obrébce 5-procentowym HZSOA’ ¢ = po 5-godzinnym spiekaniu z niedomiarem

/NH4/ZSO4 i obrébce 5-procentowym HZSOA’ d - po 8,5-godzinnym spiekaniu z

niedomiarem /NH4/2804 i obrébce S5-procentowym H.SO

255l

Fig. 4. Widma w podczerwieni haloizytu z Duninowa

a - po 0,5-godzinnym spiekaniu z nadmiarem /NH4/2804 i obrébece 5-procentowym
HZSO4, b - po 5-godzinnym spiekaniu z nadmiarem /NHA/ZSO4 i obrébce 5-pro-
centowym HZSOAf ¢ = po 10-godzinnym spiekaniu z nadmiarem /NH4/2804 i obréb-
ce 5-procentowym H2504
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Fig. 5. Zalezno§¢ stopnia reakcji ol kaolinu Maria IIT od czasu spiekania
a - z niedomiarem /NH4/2804, b - z nadmiarem /NHA/ZSOA

Fig 67 Zﬁleinoéé stopnia reakcji o< gliny kaolinitowej z Baranowa od czasu spieka-
nia

a - z niedomiarem /NH4/2304, b - z nadmiarem /Nua/zsoa
Fig. 7. Zalezno$¢ stopnia reakcji ol haloizytu z Duninowa od czasu spiekania
a - z niedomiarem /NH4/2804, b - z nadmiarem /NH4/2SOA. Krzywa W - po

ogrzewaniu haloizytu bez /NH4/2804

Fig. 8. Widma w podczerwieni haloizytu z Duninowa prazonego w temperaturze 350°C
@ =e 28 h oD —EoRh tlat =8 58

Fig. 9. Zaleznoé¢ stopnia reakcji ol muskowitu, od czasu spiekania
a - z niedomiarem /NH4/2504, b - z nadmiarem /NH4/2304

Fig. 10. Zalezno$¢ stopnia reakcji o biotytu, od czasu spiekania

a - z niedomiarem /NHA/ZSOA’ b - z nadmiarem /NH4/ZSO4

Jlewer CTOX, Banda C. CHHOPA, Jleoxadus BYNEK

HMCCIENOBAHUE PEAKIMHA CJIOEBHIX CHJIMKATOB CO CIUIABJIEHHBIM

CYJNIb®ATOM AMMOHHSA

YACTb I. PEAKIMU KAOJIMHUTA, TAJUIYA3SUTA, MYCKOBUTA U BUOTHUTA

C /NH,/,S0, TPH TEMOEPATYPE 350° C

Pe 3spnMe

IIpenMeTOM nNpencTaBJIEHHOW paGOTH O6EUIO HCCJIEeLOBAHHE KHHETHKH H Mexa-—
HH3Ma OeHCTBUA CIJIaBJIEHHOTO /NH4/2SO4 Ha HEKOTOPHE CJIOEBHE CHIIHKATH.
HccnenmoBaHMs NPOBOOWUJIMCH Ha KAOJIMHHTAX C Pa3HOW CTENEHB YIOPANOYEeHHS
CTPYKTYPH, rajulya3uTe, MYCKOBHTE H OGHOTHTE, CMEmAaHHHX C /NH4/ZSO4B BEe-
COBOM OTHoOmEeHHMH: 1 : 5 u 5 : 1. CMecu BHI'PEBaJIMCh B MydenbHOU negn, pH
TeMIiepaType pas3JIOKeHHs cyjabdaTra aMMOHHSA /350°C/ pa3Hoe Bpemsa: 0,5 - 10
Yacos.

/NH4/2SO4 NpH TeMreparype 350°¢C BCTyInaeT Blpeakunm C KaTHOHaMH, 06—
Pa3ylomUMi OKTAa3OPUUYECKHUN CJIOM CJIOEBHX CHJIIHKATOB. DTO CJIOXHHH Npouecc,
NPOXONAWMUN B HECKOJbKHX 3Tamnax. [IpOOYKTOM peaklWdH KAOJHHHTa, rajlyasuTa
M MyCKOBHTA SABJIAETCSH /NH4/A1/SO4/2 W aMOPQHHH KPEeMHO3EéM. I[IpoAyKTamu pe-—
aKnuu G6MOTHTa ABAATCA: MJSO,, /NH4/2F32/504/3 M NH, Al/So4/2,a Takxe
cuMKarenb. Illocyie NpPOOOIXUTEJHLHOrO OBOrpPEeBaHHA NBOHHHE CyJIbPaTH Mnepexo—
IAT B mpocTHe cynbdaTu: Al,/SO,/; m Fez/so4/3;npﬂ nenocrarke /NH,/,S0,
CKOPOCTh PeakLHH TakoBa, 4YTO B TeYeHMH 1 - 2 YacOB MPOHCXOOHUT HMCHEpNHBa-—
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C KaTHOHaMu
42 cyanppaTa aMMOHHSA, KOTOPHH HNOJIHOCTBL BXOOHT B peaxKuHin

OKTasanquKOFO CcJi10os erMHe3éMHHX MU HEpaJIOB, a TakKxe OKHCIIaMH THUTAHA
H. XeJjiesa, HaxogAaAmuMHUCa B np06ax.
NH (0]
/NH, /950,

MOJIHOE pa3JIOKeHHEe CJIOeBHX cunukaToB. Crex

B CBA3M C HM36HITKOM B TeueHHe 1 - 2 4YacOB IPOHCXOOHUT

aHue c cyabdaTOM aMMOHUSA

H rnocJienyiomee BHmeJadyuBaHHe CIIeKOB pacTBOPOM 5% stO4 oaeT BO3MOX-—

HOCTBh H3BJIeUYb MeTaJlJIal H3 CJIOeBHX CHUJIMKAQTOB.

EcCi¥ CIeKkaHHe BemeTCs C HemoCTaTKOM /NH4/2504 MOXH® MOJIYYHUTH 30—

®EKT CeJIeKTMBHOH SKCTPaKIHK KOMIIOHEHTOB. CBOGOOHHE OKHCJH Xele3a U TH-

TaHa BCTYNawT B Deaklui OGHCTpee, YeM KaOJMHHT C BEHICOKO¥ CTEeNeHbi0 YyIo-—
pANOYEHUHA CTPYKTYPH, YTO MOXHO HCIIOJIb30BATh C LEJIBIO YMEeHBbLWEeHNsT HX CO-
ImepxaHuss B KaoOJIMHaX, conepmamux-raxoﬁ KaoJMHUT. Takoro poma CeJIeKTHB—
HOCTH He OGmla OB6HApyXeHa B Clydae KaoJMHUTA C Xydued CTEeNeHbio yNopfa-—
IOOYEeHUS CTPYKTYPH. '

M3 ciom, nocne CIeKaHus c/NH4/zso4 3HAUMTEJIBHO Jiydlle 3KCTParupy-
Te mpyrue

0TCH KATHOHH OKTa3PHYECKOIr'O CJIOf, YeM MeXNaKeTHHEe KAaTHOHH.

TONBKO B HE3HAUYHUTEJIbHOHW CTENeHH IepexonsaT B PpacTBOP.

PeakKTUBHOCTBh CJIOEBHX CHJIHKATOB 3aBHCHUT OT THIIA nakeToB U poma KaTu-

OHOB B OKTa3OpUYECKOM cJjioe nakera. Cpegd OHOKTAa3OPHYECKUX MHUHEpasoB
MYCKOBHT /makeTH 2:1/ obiagaeT 3HAYHTEJbHO MEHblEeH DPEeakTHBHOCTBIO, YeM
MUHEpaJiH TPYNNH KaonuHuTa /makeTn 1:1/. B cBow ovyepenb GUOTHUT, COmEp-—

Xamui B OKTAaeOpHUYECKOM CIoe MarHui U xejueso,

HOCTBK, 4YeM MYyCKOBHUT C OKTa3IOPUYECKHM CJIOEM, 3alOJIHEHHEIM AJIIOMHHHEM.
O0BrACHEHUE OUTYP
our. 1. Uk-cnekTpn kaonuHa Mapus IIL

a - ucxogHasa npoba,
b - nocne 0,5 4acoBOro cnekaHWs C HEAOCTaTKOM /NHA/ZSOA n obpaboTkm 5%
pacTBOpOM HZSOH
C - nocne 7 4acoBOro CNeKaHuAa C HegoCTaTKOM /NH4/2SO4 n obpabotkm 5% pac-
TBOPOM HZSOA’
2. WUK-cnexkTpbl KaonuHa Mapnn 101E1E

a - nocne 0,5 4ac. cCrneKkaHua C M3BLITKOM /NH4/2504" oGpabotku 5% pacTteo-

poM HZSOA’
b - nocne 5 yac. cnekaHuA C W36LITKOM /NH4/2804 n obpabotku 5% pacTBO-
POM HZSOA’
Our . Uk-cnekTpb rannyaauta va [lyHuHoBa

a - ucxopHaa npoba,

b - nocne 0,5 uyac. cnekaHua C HegOCTaTKOM /NHA/ZSOA n obpaboTkmu 5% pac-

TBOPOM stoa,

C - mocne 5 yac. CnekaHus C. HeaoCTaTKOM /NH4/250 n obpaboTku 5% pacteo-
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obyiagmaeT 6oJbuIed peaKTHB-

our.

our.

dur.

our.

our.

our.

\%2}

9z

10.

d - nocne 8,5 uyac. cnekaHus c HegocTaTkom /NH4/2304 n obpabotku 5% HZSO

4
Mk-cnekTpsl rannyasuta us [lyHuHosa

a - noc i
ne 0,5 yac. cnekaHus ¢ M36LITKOM /NH4/2SO4 n obpaboTtkm 5% H_SO

2
b_
nocne 5 yac. cnekaHua C U36GHITKOM /NH4/2504 n 06paboTkm 5% -bim stow
¢ - nocne 10 yac. cnekaHua' ¢ W36bITKOM /NH4/2304 n obpabotkm 5%-biM H_SO
2 ly

3aBUCHMMOCTL CTENeHM peakumn oc KaonuHa Mapua ITI OT BpemeHu chnexanus

a - C HepoCTaTKOM /NH4/2504

b - ¢ u3bwtkom /NH,/, SO
4/2 4

3aBMCHMOCTL CTENEeHW peakumu OC KAOMMHWUTOBOM rMHe W3 BapaHoBa OT BpeMeHn

cnekaHus

a - C HegoCTaTKOM /NHA/ZSOE

b - ¢ M3BbITKOM /NH4/2504

3aBUCHUMOCTb CTeneHn peakunn OC rannyasuta u3 [lyHMHOBA OT BpeMeHW crekaHus

a - C HepocTaTKOM /NHA/ZSOm

b - ¢ n36bTKOM /NH4/2SO4 . KpuBaa W - nocne cnekanus rannyasauta 6e3 /NH4/ZSO

4
UK-cnekTpel rannyasuta u3a [lyHMHOBa MpPOKaneHHoro npu TemnepaTtype 350°C

a - 2 vaca,
b - 5 vacos,
c - 8,5 vaca
3aBUCMMOCTb CTENEHW peakuuu OC MYCKOBUTa OT BPEMEHW CheKaHuA
s
C HegoCTaTKOM /NHA/ZSOA’

b - ¢ M36bITKOM /NH4/2504
3aBUCMMOCTb CTeneHu peakuyuu OC 6UOTUTa OT BpeMeHu CrneKaHus
a - C HeaoCTaTKOM /NH4/ZSO47

- C Mn3buTk
b N36bITKOM /NH4/2504



