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Abstract. The mechanism and kinetics of the reaction of molten ammonium sulphate with
selected swelling minerals (<4 pm fraction of Krakowiec clay from Machéw and <0.3 pm fraction
of basaltic weathering crust from Mikolajowice) were determined. Chemical analysis and X-ray
investigation showed that the dissolution of beidellite from Mikolajowice was brought to an end
within the first hour of reaction, about 40% Al,03, 40% MgO and 50% Fe,O; being extracted from
the structure. The destruction of clay minerals from the Krakowiec clay, among which mixed-layer
illite (smectite predominated, proceeded at a slower rate. After 10 hours about 50%; Al,O5, 707, MgO
and 100% Fe,0; were extracted. It was found that the <4 um fraction of the Machéw clay activated
with ammonium sulphate for one hour possessed good sulphur-bleaching properties.

INTRODUCTION

The mechanism and kinetics of the reaction of molten ammonium sulphate
with layer silicates, such as kaolinite, halloysite, muscovite and biotite, were studied
by Stoch, Sikora, Budek (1980 a, b). The present authors thought that it might be
interesting to investigate the same process for swelling minerals.

The process of dissolution of swelling minerals was studied on the Krakowiec
clay from Machéw (Tertiary) and the basaltic weathering crust from Mikotajowice
(Tertiary). The latter was chosen for investigations because its <0.3 pm fraction
contains about 90% of smectite. From the Krakowiec clay the <4 pm fraction was
separated. It contains about 65% of mixed-layer illite/ smectite and it can be readily
separated in large amounts, which fact is important if it were to be used for the pro-
duction of bleaching earths.

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy in Cracow
(Krakéw, al. Mickiewicza 30). f

** Institute of Farth Sciences, the Maria Curie-Sklodowska University in Lublin (ul. Akade-
micka 19).
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MATERIALS

Basaltic weathering crust from Mikotajowice (<0.3 pm fraction)

Chemical analysis of the sample from Mikotajowice gave the following results:
20.34 wt. % Al,0;, 12.64 wt. % Fe,05, 2.10 wt. % MgO. §

X-ray quantitative investigations have revealed that the <0.3 pm fraction o!’ 'the
weathering crust contains ca 90, of smectite and ca 10% of kaolinite. The position
of the 06 line at 1.497 A indicates that the smectite is dioctahedral.

After deducting 3.44% Fe,O; extractable with sodium dithionite and the con-
stituents entering into the composition of kaolinite from the results of chemical ana-
lysis of the <0.3 pm fraction, the structural formula of the smectite was calculated:

(CaghaNag 03K os) (Mg heFed 5,AlL o) [Sis53A15570,0] (OH),*

The charge on a layer is —0.57, more than a half of it (—0.37) coming from the
tetrahedral sheet, which indicates that the smectite in question is a ferrous beidellite.
This statement has been borne out by Greene-Kelly’s test (Jackson 1974) and thermal
analysis. The dehydroxylation temperature is 540°C, i.e. it is characteristic of smecti-
tes of the beidellite-nontronite series.

The cation exchange capacity of the sample is 59 mval/100 g, which also eviden-
nes that the mineral studied is beidellite. According to Marshall (1964), montmorillo-

cites have a cation exchange capacity of about 100 mval/100 g, and beidellites about .

70 mval/100 g. The sample studied has a lower capacity than pure beidellite due to the
presence of kaolinite.

On the basis of the above data, the smectite occurring in the <0.3 um fraction
of the weathering crust from Mikotajowice can be assigned to the beidellite-nontronite
series.

Krakowiec clay from Machdw (<4 pum fraction)

X-ray studies have revealed that it is a polymineral sample with the content of
dominant clay minerals totalling up to 72%. It is difficult to determine the contents
of individual clay minerals because their basal reflections coincide, yielding a broad
diffuse reflection in the range of (6—9)° 26, CuK,. It has been estimated (Bahranowski
1980) that about 65 wt. % of the <4 pum fraction is mixed-layer illite/smectite conta-
ining about 75% swelling layers. It is accompanied by illite, chlorite and kaolinite.
Of non-clay minerals quartz is most abundant (ca 20%). The remaining components
a}:e feldspars (ca 5%), calcite, dolomite and siderite (1% each), as well as pyrite (less
than 1%).

Mixed-layer illite/smectite contains about 15% Fe cations and about 159 Mg
cations in the octahedral sheet. However, the charge on a layer also comes from the
tetrahedral sheet because silica is partly substituted isomorphously by aluminium
(Stoch et al. 1977).

: The chemical analysis of the <4 pm fraction of the Machéw clay gave the follo-
wing results: 16.24 wt. 9, Al,0,, 4.64 wt. % Fe,0,, 2.44 wt. %MgO.

METHODS

The dissolutiop of swelling minerals was carried out at an excess of ammonium
sulphate. Acgordmgly, 1:5 mixtures of samples with ammonium sulphate were
prepared. This ratio was chosen on the basis of the studies of Stoch, Sikora and

* All iron was determined in the form of Fe?+. )
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Budek (1980 a). In order to follow the process of dissolution of smectites, six equal
portions were weighed out from the mixture and each was sintered for a different
length of time (0.5, 1,2, 4,7, 10 hrs.).

The mixtures were placed in the form of thin layers in flat porcelain vessels and
heated at 350°C in a resistance furnace. The phase composition of the resulting
sinters was controlled by X-ray method using a DRON diffractometer. Then the
sinters were heat-treated with 5% H,SO, solution on a water bath at 90°C for 15 mi-
nutes to dissolve the soluble reaction products, whereupon the solution was analysed
for Al,0;, Fe,0; and MgO. The phase composition of the insoluble residue was
controlled by X-ray method.

RESULTS

X-RAY INVESTIGATIONS

Basaltic weathering crust from Mikotajowice (<0.3 pm fraction)

X-ray investigations of beidellite sinters with (NH,4),SO, have revealed the pre-
sence of sulphates only. This is presumably due to their precipitation at t.he surface
of clay minerals which, for that reason, do not take part in X-ray diﬁ"ractlon.' .

The sequence of formation of sulphates in the process of sintering of beidellite
with ammonium sulphate is shown in Table 1, where the new-formed sulphate phases
are listed according to the decreasing intensity of their strongest X-ray lines.

To find out what changes in the structure of beidellite were produce;d by the action
of (NH,),SO,, the residue insoluble in 5%, H,SO4 splution was subjected to X-ray
analysis. The analysis concerned the position, intensity and in some cases, the ha}f-
-width of the 00 basal reflections yielding information on the structure of smectite

Table 1
Phases formed during the sintering of beidellite from Mikotajowice with (NH,).SO.
Sintering
time Phases
(h)
0,5 NH HSO,, (NH,);H(SO4):, (NH,)3AI(SO.)s, (NH,)3Fe(SO4)s
1 NH,HSO,, (NH4);H(SO4):, NH:AISO.)2, NH,Fe(S0s4)., (NH.);AI(SO04)s,
(NHy)3Fe(S04)3
2 NH,HSO., NH,AI(SO,)., NH,Fe(SO0.), (NH,)3H(SO4)2, (NH4/3A1(SO04)s,
(NH4)3Fe(SO.4)s
4 NH,AI(SO,),, NH4Fe(SO4):, NH4HSO4, (NH,)3H(SO4)2, (NH4)3Al(SO4)s,
(NHA)sFe(SOA)J
7 NH4AI(SO.)2
10 NH,AI(SO.)2
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along the c-axis, and of the 020 refiection determining the layer structure along the
b-axis. During the sintering with ammonium sulphate the 020 reflection of beidellite
decreases in intensity by 40% after one hour of reaction, whereupon its intensity is
virtually constant. This behaviour suggests that the destruction of the layer structure
is brought to an end after the first hour. The intensity of the 00/ reflection, on the
other hand, decreases systematically during 10 hours of reaction, which points to the
progressive reduction in the crystallite dimension in the “c” direction. The same in-
ference can be made from the broa-

dening of the 00/ reflection, which Table 2
is particularly pronounced after 4 The change in the (020) reflection intensity after
hours of reaction (Fig. I). various treatments

The effect of sintering at 350°C ;
for 3 hours and of the treatment Beidellite from Mikolajo- a2 G0N 00
with H,SO, on the structural changes wice 1020)0a.
of smectite was also investigated. The o)

results obtained (Table 2) show that

% A after treatment with 5%
the sintering has not produced any %
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A i H,SO
changes in the layer structure of bei- 2
dellite but sulphuric acid has disar- after 3-hour sintering at
ranged it, which is reflected by the 3509, and treatment with 87

reduction in the intensity of the 020 5% H,SO.
reflection by about 20%. Yet it can
be assumed that the action of H,SO, on the structure of smectite sintered with

(NH,),SO, is much weaker, as it reacts mainly with sulphates which dominate in
the sinter.

Krakowiec clay from Machéw (<4 pum fraction)
_ The phase composition of the sinters obtained shows close similarity to that des-
cribed above for the sample from Mikolajowice, but the sample from Machéw has
?lsg)been found to contain Al,(SO,); at all the analysed stages of the process (Tab-
e 3);
During the sintering carbonates have been dissolved whereas quartz and feids-
pars have shown poor reactivity. The information on the structural changes in clay
minerals (among which mixed-layer I/S predominates) is provided by the intensity
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Table 3
Phases formed during the sintering of clay from Machoéw with (NH,),SO,
Sintering
time Phases
(h)
05 NH4HSO., (NH4);H(SOs),, (NH4);Al(S04);, (NH,);Fe(SO,);, NHLAISO.),,
4 NH,Fe(S04),, Al (SO.)s
1 NH4HSO4, NH4AI(SO4),, NH4Fe(S04)2, (NH4);H(SO,),,
(NH4)3A1(SO4)s, (NH4)3Fe(SO4)s, Aly(SO4)s
> NH4AI(SO4)>, NH4Fe(SO4),, NH HSO,, (NH,4);H(SO.),,
(NH4);A1(804)3, (NH4)3Fe(SO4)s, Alx(SO4)s
7 NH,AI(SO4)>, NH4Fe(SO4),, NH HSO., Alx(SO4)s, (NH,)3H(SOs),,
(NH4)3Al(SO4)s, (NH4)3Fe(SO.);
7 NH4AI(SO.)2, Al (SO4)3
10 NH,AI(SO0,);, AL(SO4)s

of the 020 reflection (4.4 A), common to these minerals. It decreases systematically
during 10 hours of the process (Fig. 2), which testifies to the progressing destruction of
the layers. Some interesting data are also yielded by the analysis of a broad reflection
in the range of (6—9)° 20, CuK,. Its intensity is reduced as the reaction progresses,
the 001 line of illite becoming more and more pronounced against it. This is due to
the slower dissolution of illite compared with mixed-layer illite/smectite (Fig. 3).

Fig. 2. The relationship between 10
the intensity of 020 reflection of
clay minerals and the sintering

T
time with (NH4),SO4 (<4pm e . 10
fraction of Krakowiec clay from 051 2 4 7 g [hi
Machow) time
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Fig. 3. X-ray diffractogram of clay from Machow sintered with (NH,4),SO. for different lengths
of time

Kaolinite present in the sample ap-
pears to be non-resistant in the pro-
cess of sintering with ammonium
sulphate, and its 00/ reflection dis-

Table 4
The change in the (020) reflection intensity after
various treatments

appears within two hours. 1020
Investigations were also carried Clay from Machéw 1020) aac
out to find how the sintering at %

350°C and the treatment with )
H,S0, affects the structure of clay after treatment with

minerals in the sample from Machéw. 5% HS0. o
As in the sample from Mikotajo-

wice, the sintering does not pro- after 3-hour sintering at

duce and changes in their structure 350°C and treatment with 84

while sulphuric acid disarranges it 59 H,SO
(Table 4). ik

CHEMICAL ANALYSIS

Basaltic weathering crust from Mikotajowice (<0.3 pm fraction)

The degree of disarrangement of the structure of swelling minerals is also determi-
ned by the amount of chemical components extracted in the process of sintering
with sulphate.

Kaolinite, which is an admixture in the sample from Mikolajowice, shows low
chemical reactivity, so it can be safely assumed that the analysed chemical compo-
nents (except iron that appears in amorphous form) derive mainly from the structure
of beidellite.

The kinetics of the sintering process of beidellite with ammonium sulphate is
determined by the change in the reaction degree « in time. The reaction degree for
9)1[]epaq can be determined through the reaction degree for Al,O;, Fe,05 and MgO
extracted from its structure. The reaction degree o shows how much of the initial
amount of a given oxide undergoes reaction after time z. A measure of the reaction
degree is the ratio of the amount of oxide dissolved in 5% H,SO, to its initial content
in the sample.

It has been found that the dissolution of beidellite is virtually terminated during
the first hour of reaction, as the reaction degree a for Al,Os, Fe,0; and MgO does
not change if the reaction time is
prolonged from 1 to 10 hours (Table
S, Fig. 4). This observation correlates
well with the change in the intensity
of the 020 reflection. It can be in-

Table 5
The relationship between the reaction degree o for
beidellite from Mikolajowice and the sintering time

ferred therefore that the degradation
Sintering time i of the layer structure in the crystal-
(b) AlLO, Fe,0, ‘ MgO lographic_: dir.ection b after 10 hours
of reaction is the same as after

1 hour.
?’5 g’z ggi gg; In view of the complexity of the
2 0’44 0.55 039 process (the action of ammonium
4 0.45 0.55 039 sulphate, sulphuric acid and tempe-
7 0.45 0.52 0.39 rature), the effect of these agents on
10 0’48 0.53 0’39 the degree of extraction of chemical
f | ; components was investigated separa-
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o Fig. 4. The relationship between the reac-
v tion degree a of the beidellite from Miko-
lajowice and the sintering time with
] (NH,)2504

| ) T Fe)0q
a5 Al,03
04 MgO

T T Y
051 2 4 7, 10
time [h]

tely. It appeared that treatment with 5%, H,SO, extracts 13% AlL,O;, 37% Fe, 03
and 28% MgO from the sample. The prior heating of the sample at }50 C does not
increase these amounts (Table 6). This observation is in accord with X-ray data
(changes in the intensity of the 020 reflection).

Krakowiec clay from Machéw (<4 pm fraction)

On the basis of the chemical analysis of extraction solutions, the reaction degree
was calculated for Al,O;, Fe,0; and MgO (Table 7, Fig. 5).

In contrast to the sample from Mikotajowice, the amount of aluminium and iron
extracted from the clay increases systematically throughout the process. It is interes-
ting to note that all iron but only 50% of aluminium and about 709, of magnesium
are extracted during 10 hours. The rate of extraction of the latter is the most rapid so

o
1,0 1 F9203
09 1

081

071 4 - A 4~ Mg 0
061

OIS— /”—’L——__———T’ A1203
04 4 / i

Fig. 5. The relationship bet-

ween the reaction degree a

of clay minerals from Ma- ]

chow and the sintering time 051 2 b 7 10
with (NH,),SO. time [h]
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. . Table 6 Table 7
The reaction degree « for beidellite from Mikotajo-  The relationship between the reaction degree «

wice after various treatments for clay from Machéw and the sintering time

Beidellite : g :
i Mikoliiow time
rom Mikotajowice Al,0; |Fe,0, MgO (h) AlLO, Fe,04 MgO
fter t i
;yefH fsez)‘me"‘ with * | 43 | 027 | 028 0,5 0.14 0.52 0.65
QRIS 1 0.26 0.71 0.66
2 0.38 0.76 0.66
after 3-hour sintering 4 0.43 0.86 0.66
at 350°C and treatment | 0.12 | 0.26 | 0.25 7 0.53 0.97 0.68
with 5% H,SO, 10 0.49 1.00 0.68

that " after half an hour all the
amount of magnesium extractable
by this method passes into the melt.
However, the reaction degree for

Table 8
The reaction degree « for clay from Machow after
various treatments

MgO cannot be regarded as a mea- a

sure of destruction of the swelling The clay from Machéw

I/S mineral because magnesium part- Al,0s [Fe,0; | MgO
ly derives from the dissolution of

dolomite. after treatment with

5 0.06 | 0.30 G
The effect of heating and treat- 5% SO, ol sl

ment with 5% H,SO, on the degree
of extraction of the selected com- after 3-hour sintering at
ponents is illustrated in Table 8. | 350°C and treatment with | 0.06 | 0.29 | 037
These results accord well with X-ray 59 H,SO,
data.

The process of sintering of swelling minerals with (NH,),SO,

X-ray investigation and chemical analysis indicate that the dissolution of swelling
minerals in ammonium sulphate proceeds in the following way: At the first stage of the
process ammonium sulphate decomposes into NH,HSO, and (NH,);H(SO,),,
and aluminium and iron partly removed from the structure of swelling minerals
combine respectively to form (NH,);Al(SO4); and (NH,);Fe(SO,); and then
NH,AI(SO,), and presumably NH,Fe(SO,),. After 7 hours of reaction aluminium-
-ammonium sulphate has been identified by X-ray method, and in the sinter of the
Machow clay also aluminium sulphate.

It is difficult to determine univocally the mechanism of dissolution of swelling
minerals in molten (NH,),SO,. There is no doubt that the ammonium ion is accomo-
dated in the interlayer spaces, substituting for calcium. It is not known, however,
what agent is responsible for the breaking of bonds in the structure and for the extrac-
tion of aluminium, iron and magnesium ions.

In beidellite from Mikotajowice the amount of components removable under
these conditions is extracted after one hour, and so the layer destruction is virtually
brought to an end within that time. Afterwards the destruction of crystallites along
the c-axis only takes place. X-ray analysis has shown that after 10 hours of rea-
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ction beidellite still retains its structure, although it is partly destroyed. The structural
destruction of mixed-layer I/S in the Machéw clay proceeds at a slower rate. Alumin-
jum and iron are removed progressively and the process comes to an end after 7
hours.

Bleaching properties of samples activated with (NH4),SO,

In view of the fact that the Machéw clay activated by various methods gppeared
to have good bleaching properties (Stoch et al. 1977; Stoch, Bahranowski, Gq;arz
1979; Stoch et al. 1979), it seemed advisable to check whether the method of actlya-
tion with ammonium sulphate could find application in the production of bleaching

- earths. To this end, the degree of sulphur bleaching was determined, using the .<4 pm
fraction of clay from Machéw and the <0.3 pm fraction of beidellite from Mikotajo-
wice, both activated with ammonium sulphate*. The activation method and the re-
sults of sulphur bleaching are given in Table 9. g

Table 9
Bleaching properties of the <4 yum fraction of clay from Machéw and beidellite from Mikofajowice
obtained by different activation methods

Gl Consumption of | Degree of bleaching
5 carth in (%) | of sulphur in (%)

Clay from Machéw (<4 pm fraction) after 15° acti- 0.5 67.6

vation with 5% H,SOs % i

Clay from Machéw (<4 pm fraction) after 1-h. sin- ol 795

tering with (NH,)2SO4 e 2

Clay from Machéw (<4 pm fraction) after 7-h sin-

tering with (NH.),SOs 05 68,8
Beidellite from Mikolajowice (<0,3 pm fraction)

after 1-h sintering with (NH,),SO4 0.5 67,3

Under laboratory conditions, clay from Machow activated with ammonium sul-
phate for 1 hour bleaches sulphur in the same degree as the bleaching earths used now
in Poland for that purpose. The latter, however, are obtained by activation with sul-
phuric acid, which method is cheaper and easier to use on an industrial scale than
activation with ammonium sulphate.

The prolongation of the activation of clay from Machéw with sulphate to 7 hours
decreased the degree of sulphur bleaching by about 10%. A similar degree was
obtained using beidellite from Mikotajowice activated for 1 hour. This is probably
due to the fact that is spite of different activation time, the two samples show a similar
degree of disarrangement of the structure of clay minerals. This statement has been
borne out by X-ray and chemical investigations.

* The degree of sulphur bleaching was determined at the Research and Devel t
of Sulphur Industry in Machow near Tarnobrzeg. i
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CONCLUSIONS

During the sintering of swelling minerals with ammonium sulphate the interlayer
cations of smectites are substituted by ammonium ion. The cations of octahedral
sheets of clay minerals are removed, and aluminium and iron sulphates form.

The dissolution of beidellite from Mikotajowice proceeds in a different way than
the dissolution of clay minerals from the Krakowiec clay from Machow. During
the first hour 40%, Al,0;, 40% MgO and 50%; Fe,O; are extracted from the structure
of beidellite. The prolongation of reaction time does not bring about any further
changes. The destruction of clay minerals from the Krakowiec clay is a progressive
process. After 10 hours of reaction about 50% Al,O;, 70% MgO and 1007 Fe,O,
are extracted. It is feasible that the different grain size composition of the samples
is responsible for their different behaviour. The very fine grain size of beidellite from
Mikotajowice results in that its surface available for reaction is very large and the
reaction equilibrium is soon attained. In spite of this different kinetics of the process,
the reaction degree for aluminium is the same in both samples whereas the reaction
degree for iron is different.

The <4 pm fraction of the Krakowiec clay from Machow activated with am-
monium sulphate for 1 hour shows good sulphur-bleaching properties.

Translated by Hanna Kisielewska
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Krzysztof BAHRANOWSKI, Maria WILGAT

DZIALANIE STOPIONEGO (NH,),SO, NA WYBRANE MINERALY
PECZNIEJACE

Streszczenie

Okreslono mechanizm i kinetyke reakcji stopionego siarczanu amonowego z wy-
branymi mineralami peczniejacymi (frakcja <4 pm itu krakowieckiego z Machowa
i frakcja <0,3 pm zwietrzeliny bazaltowej z Mikotajowic). W ciagu 1 godziny reakcji
ze struktury beidellitu z Mikolajowic ekstrahuje si¢ okoto 40% Al,O;, 407, MgO
i 509 Fe,O,. Wydluzanie czasu reakcji nie powoduje dalszych zmian w strukturze
beidellitu co potwierdzaja badania rentgenograficzne. Natomiast destrukcja minera-
16w ilastych z ilu krakowieckiego z Machowa (wsréd ktorych przewaza minerat
peczniejacy 1/S) postepuje stopniowo. Po 1 godzinie reakeji ekstrahuje si¢ 257, Al,Os,
65% MgO i 70% Fe,0;, a po 10 godzinach okolo 50% Al,O3, 70% MgO i 100%;
Fe,0;.

Mozna przypuszczaé, ze rézne zachowanie probek jest spowodowane ich réznym
uziarnieniem. Bardzo drobne uziarnienie prébki z Mikotajowic sprawia, ze po-
wierzchnia reakcji beidellitu ze stopionym siarczanem jest bardzo! duza i réwnowa-
ga reakcji ustala si¢ szybko. Pomimo tak réznej kinetyki procesu stopien reakcji
glinu jest taki sam, natomiast stopien reakcji zelaza jest rézny w obu prébkach.

Frakcja <4 pm itu krakowieckiego z Machowa aktywowana w ciagu 1 godziny
siarczanem amonowym wykazata dobre wlasciwosci odbarwiajace siarke.

OBJASNIENIE FIGUR
Fig. 1. Zalezno$¢ intensywnosci refleksow 020 i 00/ mineralow ilastych od czasu spiekania
z (NH.),SO; (frakcja < 0,3 (um zwietrzeliny bazaltowej z Mikotajowic)

Fig. 2. Za]eiqoéé intensywnosci refleksu 020 mineratow ilastych od czasu spiekania z (NH,),SO,
(frakcja <4 pm itu krakowieckiego z Machowa).

Fig. 3. Dyfraktogramy probek itu z Machowa spiekanych z (NH,),SO,4 przez rozne okresy czasu.
Fig. 4. Zalezno$¢ stopnia reakcji o beidellitu z Mikolajowic od czasuspiekania z (NH4),SO,.

Fig. 5. Zalezno$¢ stopnia reakcji a mineralow ilastych itu z Machowa od czasu spiekania
z (NH4),SO,,

Kwuwumopp BAXPAHOBCKH, Mapvs BUJIBT'AT

JEVICTBUE CIUIABJIEHHOTO (NH,),SO, HA HEKOTOPBIE
BCIIYYMBAIOIMMUECS MWHEPAJIbBI

Pe3rome

VYcTaHoBIeHE! MEXaHU3M M KHHETHKA PEAKIHi CIIIABICHHOTO cynbhaTa aMMOHHUS
C M3DPAHHBIMK BCIyYMBAKOUIMMACS MUHepanamu (hpakuus < 4 Mkm KPaKOBEIKOM1
rmnbt U3 Maxysa u ¢pakuns < 0,3 MkM 6a3a1bTOBOM KOPBI BBIBETPUBAHUS W3
ijxonaenuu). B Tewennn 1-ro yaca peaknuu us CTPYKTYphI Oeiinesnnra u3 Muko-
JIACBUIL SKCTparnpyercst okoso 407, Al,O5, 409, MgO u 50% Fe,O,. PacTsxenue
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BPEMEHU PEAKIMK HE BHI3BIBACT JAJIbHEHIINX H3MEHEHHI B CTPYKType Oeiinesuira,
PO NOATBEPKIAETCS PEHTIEHOrpaQUIECKUMHI HCCIIeqOBAaHUAMU. Paspylienne rim-
HMCTBHIX MMHEPAJIOB KPAKOBELKMX TJIMH M3 Maxysa (cpead KOTOPBIX IpeodjajgaeT
acny4usaroimiics munepan U/C) npoucxomut nocrenenno. [locne 1-ro yaca peakuvu
asxcrparupyercs 25%, Al, 03, 65% MgO u 70% Fe,05, a nocae 10-T1 4acoB — OKOJIO
50%, Al,0;, 70% MgO u 100% Fe,O,;.

Hano mnosarate, YTO pa3Hoe MOBEJEHHE OOPA3LOB BHI3BAHO WX PA3JIMYHOM Ipa-
gysnomMeTpueld. Bonbinas MenKozepHHCTOCTh o6pasna u3 MUKOJAEBULl SBIAETCA
WPUYMHOA TOMY, YTO TOBEPXHOCTb PEArMpOBAHMS OEHAEIUTMTA CO CIUIABJICHHLIM
.cynbhaTOM OYeHb GOJIBIIA W PABHOBECHE DeaKUud OBICTPO ycTaHapiuBaetcs. He-
CMOTPS Ha TaK Pa3JIMYHYIO KHHETHKY MpOIEcca, CTENEHb PeaKUii alFOMUHUSA TaKasd
€ caMa, CTENEHb XK€ PEaKIUy xKejie3a B 000oux obpaslax passMyHa.

®pakius < 4 MKM KPaKOBEIKOi TIMHBI 3 MaxyBa, aKTUBUPOBAHHAA B TCHCHUH
1-ro uaca CEpHOKHCIBIM aAMMOHMEM, MOKa3aja XOPOLIME CEPOOOECLBEYMBAIOIIHE
'CBOWCTBA.

OBBACHEHUS K ®UTYPAM

@pur. 1. 3aBMCHMOCTb MHTEHCHBHOCTH OTpDAXeHHM# OT ruiockocteit 020 u 001 TIMHUCTBIX MHHE-
panos ot Bpemenu cnekauus ¢ (NH4).SO. (dpaxuws < 0,3 MkM 0a3aabTOBOM KOPBI
BHIBETPUBAHKS U3 MUKOIIAEBHII)

@par. 2. 3aBUCHMOCTb MHTEHCHBHOCTHM OTPaXeHHsi OT IUTOCKOCTH (20 TJIMHMCTBIX MHHEPAJIOB OT
ppevenn cnekauust ¢ (NH4)2SO4 (bpak st <4 MKM KpaKOBELKOW TJIMHBI M3 MaxyBa)

Pwr. 3. JiudpakTorpaMmbl 06pa3ios TiMH 13 Maxysa, CIEKaeMbIX C (NHy), SO, B pa3HbIX Mpo-
MEXYTKaxX BPEMEHH

<Pwr. 4. 3aBNCHMOCTB CTENeHM peakiuu o Oeinermita M3 MUKONAEBUIl OT BPEMCHH CIIeKaHHs
Cc (NH4)2504

«Dur. S. 3aBMCHMOCTH CTENEHH PEAKIMH ¢ TIMHHCTHIX MUHEPAJIOB [JIMHbI M3 MaxyBa OT BPEMEHH
coexkanust ¢ (NH4)2SO4



