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Abstract. Chemical and infrared spectrophotometric study of products of thermal
decomposition of kaolinite. In light of the present study products of decomposition
alter their composition continuously, only the product obtained at lowest temperature
may be regarded as ,metakaolin”, at 500—600°C the ,,metakaolin” decomposes into
free SiO, and better crystalline alumina-bearing phase.

INTRODUCTION

Many layer-lattice silicates dissolve in acids, at least partially. Con-
sequently, the technique of acid dissolution has been frequently used in
studies of such silicates, like montmorillonite (Osthaus 1954, 1956, Cicel
el al. 1964), kaolinite (Gastuche, Fripiat 1962), glauconite (Cloos, Gastuche,
Croegaert 1960), and ortochlorite (Brindley, Youell 1951).

A rational application of acid dissolution technique is to be expected
when the nature of products of thermal decomposition of layer-lattice
silicates is investigated. This applies especially to metakaolin, the complex,
mainly X-ray amorphous product of dehydroxylation of kaolinite. Some
of the components or component phases of metakaolin dissolve in acids
very easily what led the earliest workers (Le Chatelier, Mellor) to state
that metakaolin is a mixture of amorphous silica and alumina. Later,
however, on application of X-ray and electron diffraction, crystalline com-
ponents or component phases have been found in metakaolin. The occur-
rence of such crystalline components could explain the topotaxial relations
in the kaolinite-mullite reaction series. According to the scheme proposed
by Brirdley and Nakahira (1959), decomposition of kaolinite brings about
a formation of metakaolin whose structure preserves the SiO layer of

* Academy of Mining and Metallurgy, Institute of Materials Engineering, Cracow
(Krakow).




TR

kaolinite together with a transformed AlO layer. Fur.thel_" heating to 980°C
brings about a formation of an AlSi-spinel phase which is crystgllographl—
cally oriented to the original kaolinite network so that some of its oxygen
planes remain parallel to the (0001) planes of the kao.h.mte structure. In
order to account for the change of chemical composition these authors
postulate a precipitation of free SiO, at the stage of formation of tbe spi-
nel. Further elimination of SiO, at higher temperatures accompanies the
formation of mullite. .
Notwithstanding past and future corrections in the two points of view,
there is no doubt that metakaolin is in fact a complex mixture of cyrstall}—
rne and non-crystalline components or phases. It is to be expected ‘Fhat fil—
sordered components or phases of metakaolin shall be more soluble in acids
than the more crystalline ones. Hence, a ,,purification” of the more crystal-
line components could be envisaged by preferential dissolution of the more
amorphous components in acids. A study of such systems should enable to
better understand the nature of the crystalline components. In any event,
the study of dissolution of the components of metakaolin in acids should at
least enable to discern the components by their different rate of dissolu-
tion. This is of interest since our present knowledge of the metakaolin is
far from satisfactory. Somewhat better are known the initial changes in
the SiO layer of kaolinite after dehydroxylation. According to Pampuch
(1966) and Brindley and Gibbon (1968), the SiO layer of kaolinite under-
goes an expansion only after dehydroxylation, the SiO, tetrahedra of the
layer assuming a more open hexagonal packing instead of the di-trigonal
present in original kaolinite which is due to constraints imposed on the
SiO layer by the AIOOH layer of kaolinite. The further fate of such SiO
layers has been never experimentally studied although the elimination of
SiO, on formation of the AlSi-spinel phase (or y-alumina phase) means
that these layers must, at least partially, polymerize to the three-dimen-
sional SiO, lattice on heating to temperatures higher than 500—600°C.
Less certain are the changes of the AIOOH layer of kaolinite after dehy-
droxylation. All concepts presented so far assume that the transformed
AlO layer remains in a common lattice with the transformed SiO layer,
their separation being implicitely or explicitely admitted at temperatures
of formation of the AlSi spinel phase (or y-alumina). As far as the present
authors know, there is only one single previous proposal that postulates
a separation of an aluminous phase already at the very begin of forma-
tion of metakaolin, i. e. at temperatures 550—650°C (Pampuch, 1966).
However, no informations were available at that time about details of the
structure of this phase although a six-fold co-ordination of Al’s has been
supposed in this phase. The models of the AlO layer forming a common
lattice with the transformed SiO layer of kaolinite assume without excep-
fion a "Al co-ordination (see e.g. Brindley, Nakahira 1959, Tscheischwili,
Buessem, Weyl 1939, Iwai, Tagai, Shimamune 1969, Pampuch 1966). Were
the formation of a separate Al-bearing phase correct, both VAl and Y'Al
should occur in metakaolin. Recent works by Fripiat and Léonard (1967)
as well as by MacKenzie (1969) give a convincing evidence for the fact
that Al occurs in metakaolin as "VAl as well as Y?Al. No detailed evaluation
of the structures with VAl and V'Al has been made, however, by these
authors and it remains an open question in what types of structure occur
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the Al and Y’Al's. Owing to experimental difficulties no detailed study
of the nature of X-ray amorphous components or phases of metakaolin
has been made so far. At the present status knowledge, a study of the
components of metakaolin purified by acid dissolution and the investiga-
tion of the course of dissolution of the different components is expected to
give more insight into the complex problem of metakaolin and the kaoli-
nite-mullite reaction series. This paper reports results of our studies in
which kaolinite decomposed thermally to a different degree has been
subjected to action of HCI, and the course of dissolution followed by in-
frared analyses of the solid residue as well as chemical determination of
Al and Si going into solution.

EXPERIMENTAL PART

The study has been made on a 0,5—1 um fraction of kaolin Sedlec
(Czechoslovakia), which is almost a pure kaolinite (Pampuchowa 1965,
Konta 1965). The samples were heated in a tube furnace to successively
increasing temperatures in the range 450—800°C, the temperature being
held at a given temperature level for different periods of time. Each level
of temperature was held constant with a precision of -25°C. The kaolinite
heated under such conditions was next placed in amounts of 100 0,1 mg
in a 250 ml bulb. The solid was then immersed in 100 ml of 2N HCI and
the suspension heated at 80°C for periods ranging from 2 to 30 hours.
The suspension was at the same time vigourously stirred. After the acid
treatment the suspension was cooled quickly and the acid solution and
solid residue separated. In the solution a direct determination of Al,O,
content was made by means of potentiometric titration while the SiO,
content was determined directly from another part of the solution spectro-
photometrically as yellow o-siliciummolybdenic heteropolyacid. The solid
residue of acid treatment were characterised by IR spectra recorded with
a UR-10 IR-spectrophotometer in the spectral range between 400 and
1000 @oae

DISCUSSION OF RESULTS

The amounts of Al,O; and SiO, dissolved in acid after different times
of treatment from samples of kaolinite heated before at different tempe-
ratures are given in Tables 1 and 2. The fractions of these components in
acid solution expressed on basis of their amounts in the solid before acid
treatment are given in Figs. 1 and 2 (as ). These Figures indicate that.

1. The rate of dissolution of SiO, and AlL,O; in 2N HCI changes with
time of acid treatment and slows down remarkably after the first 8 hours
of treatment.

2. The amounts of ALLO; and SiO, dissolved after the first 8 hours of
acid treatment and the amounts of these components dissolved after pro-
longed treatment (up to 30 h) are different for samples heated before at
different temperatures.

The change of the rate of dissolution with time of acid treatment may
be due either to the varying rate of diffusion with changing particle size
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ples prior to acid treatment

and their habit while the dissolution progresses, or to the presence in
metakaolin of components and phases of a different crystallinity and solu-
bility. Were the first alternative true then the plot of 1—(1——(1A10oa @
1—(1—ag;, )" versus time of acid treatment should be a straight line. In
the above expresions a — is the fraction of Al,O; or SiO, dissolved expres-
sed on basis of their content in dehydroxylated parts of samples of heated
kaolinite not subjected to acid treatment; n = 1/2 or 1/3, according to
particle shape. The slope of the straight line in this plot depends on acid
concentration and temperature of dissolution only. As can be seen from
Figures 3 and 4 this is not the case. It can be thus assumed that the two
stages of dissolution are due to occurrence of Si and Al in at least two
types of structure having a different crystallinity, the amorphous ones
being responsible for the greater rate of dissolution. In infrared spectra
the different rates of dissolution correspond indeed to two distinct stages
of their changes; some of the absorption bands disappearing during the
first, some after prolonged times of dissolution only.

As illustrated by Figure 5, after the complete transformation of ka-
olinite into metakaolin at 600°C, the rate of dissolution of Al,O; from
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samples heated before up to this and higher temperatures (800°C) does
not change while the rate of SiO, dissolution decrease visibly. This indi-
cates that the components or phases of metakaolin which contain Al do
not change their degree of order or disorder in the whole range of hea-
ling temperatures studied (600—800°C, in some cases 1000°C). The Al-
-bearing components and phases which form upon decomposition of ka-
olinite remain thus presumably unchanged up to the temperature of cry-
stallization of the AISi spinel or y-Al,O;. On the contrary, the decrease
of dissolution rate of SiO, can be associated with increasing degree of
polymerization of the Si-bearing components or phases of metakaolin.
Polymerization of these components or phases is indicated also by the
infrared spectra shown in Figure 6. In spectrum of metakaolin formed
at the lowest temperatures there appears the Si-O stretch absorption
band at 1060 cm~! which replaces the Si-O stretch absorption bands of
the original SiO layer of kaolinite at 1010, 1032, and 1112 ecm~!. As ascri-
bed by one of us (Pampuch, 1966, 1970), these changes are due to a chan-
ge of the symmetry of the SiO layer from the original di-trigonal into
an open hexagonal with change of the packing of the SiO, tetrahedra.
Other absorption bands associated with the transformed SiO layer appear
at lower wave numbers but are not specific in so far as they coincide
with absorption bands occurring also in spectra of many other silicates
having various structures. No absorption bands due to free silica (1080,
800, and 475 cm~1*) are present in the IR spectrum of such metakaolin
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Fig. 2. “'sioz for acid treated samples of differently heated kaolinite samples

* The band at 475 em—! is not specific in so far as it is common for various
silicate structures.
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ool samples

but samples heated to successively higher temperatures (650 up to 800°C)
have spectra in which the 1060 cm~! band gradually disappears concur-
rently with formation of a new absorption band at 1080 cm~1. The latter
band together with the one at 800 cm~! which appears in spectra of such
samples thus furnish unambiquous evidence for polymerization of at
least some of the Si-bearing components of metakaolin. Owing to the
overlap of the 800 cm~! band with the diffuse double absorption band
of the metakaolin spectrum having maxima at 780—820 cm~-! the ap-
pearance of the 800 cm~—! band is less pronounced. Hence, both kinetic
and infrared data strongly suggest that polymerization of Si-bearing
components to SiO, occurs immediately after formation of metakaolin at
450—600°C. In addition, the different behaviour of the Al-bearing com-
ponents or phases of metakaolin suggests that the polymerizing Si-be-
aring components of metakaolin are independent of the Al-bearing com-
ponents what facilitates their polymerization.

Let us now go over to other parts of the metakaolin spectrum. Con-
currently with the disappearance of absorption bands associated with the
O-H and Al-OH vibrations of the AIOOH layer of kaolinite (3700—3600,

938, 915, 539, and 412 cm-!) new absorption bands are formed in the
metakaolin spectrum as shown in Fig. 6:
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1. Two broad, diffuse absorption bands develop with maxima at 780
acd 820 cm’: :

9. Very diffuse band or bands appear which have a broad maximum
somewhere around 650 cm~! and form an intensive background in the
spectral range between 500 and 700 cm~—1.

3. New band appears with a maximum situated about 450 et
Its formation brings about an asymmetrization and broadening of the
475 em—1 band associated with Si-O vibrations of the original SiO layer
of kaolinite and of the metakaolin. SiO, has also a band here.

4. A new single absorption band develops at 565 cm~1.

In contrast to the 1060 cm—! band, all the bands 1—4 do not change
their intensity and position in samples heated to the temperature of crys-
tallization of AlSi spinel or y — Al,O; (980°C). This ‘means jchat the com-
ponents or phases responsible for these bands remain relatively unchan-
ged in metakaolin. On acid treatment of the pre—heatgd‘sa_mp_les these
components or phases behave, however, differently. This is lndlcaﬁed by
selective changes in the IR spectra of the solid resu'iues after acid tre-
atment for different periods of time. As shown in figures 7 and 8, thi
bands 1 and 2 disappear from the spectra already aft_er shqrt times of
acid treatment. Their disappearance is linked with formation 'of new
bands due to free SiO, (1080 and 800 cm~?!). Some part of the SiO, for-
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med is likely to be in a protonated form what is demonstrated by the si-
multaneous development of bands at 960 and 3400 cm~! characteristic
for silica gel. The rapid elimination of the bands 1 and 2 coincides with
the period of acid theatment during which the greatest rate of dissolution
of Al and Si in 2N HCI has been observed (see Figs. 1 and 2). All this
evidence suggests that the bands 1 and 2 are associated with those com-
ponents or phases of metakaolin which are amorphous or nearly amor-
phous and thus more liable to dissolution. To this conclusion points also
the observation that in spectra of a metakaolin obtained under very
mild conditions (heating at 450°C for 20 h), also under conditions favo-
urable for development of crystallinity, the absorption bands at 780 and
620 cm~! are more distinct and the background 500—700 em-! less dif-
fuse than in spectra of metakaolin obtained at more rapid rates of heating
and higher temperatures (upper part of Fig. 9). Hence, the results of acid
treatment of the metakaolin obtained under mild conditions substantiate
the ease of dissolution of components associated with bands 1 and 2. As
shown in lower part of Figure 9, already under very mild conditions
of acid treatment (0,1N HCI applied for 4 h) the bands 1 and 2 disappear
selectively from the IR spectra of metakaolin. The amorphous compo-
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Fig. 6. IR spectra of kaolinite heated to different temperatures

nents or phases of metakaolin responsible for the bands 1 and 2 believed
to consist both of Al as well as of Si, since both types of cations go over
into acid solution during the initial stages of acid treatment and the de-
composition of these components or phases brings about a formation of
free SiO,. Tbe ab_sorption bands at 780 and 820 cm-! are most probably
connected with vibrations of groupings containing oxygen and four-fold
coordlnatgd.aluminium ("YAl), since the WAI-O vibrations give rise to
characteristic a'b'sorption bands in this range (Kolesova 1961, Pampuch
1970), and no silicate is known to give intense absorption bands at these
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wave numbers. According to Cloos et al. (Cloose, Leonard, Moreau, Her-
billon, Fripiat 1969) amorphous silico-aluminas are believed to consist
of a core containing Si, O, and Al coated with ’Al-OOH. On dissolu-
tion in acids the coating should dissolve first and thus the bands associa-
ted with Y'AI-O in the amorphous parts of metakaolin should disappear
preferentially during the first stages of acid dissolution. As shown by the
spectrum of metakaolin obtained under mild conditions of heating and
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Fig. 7a. IR spectra of kaolinite heated to various temperatures and subsequently

{reated with 2N HCl. Remarks: the spectra are coded as fgllowsa temperature

of heating of kaolinite/time of heating (hours) /time of acid dissolution of heated

samples (hours). Dashed lines- heated samples, solid lines- heated and subse- quen-
tly treated samples
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Fig. Tb. IR spectra of kaolinite heated to various temperatures and subsequently
treated with 2N HCI

treated afterwards with 0,1 N HCI (lower part of Fig. 9) the band or
bands 2 disappear from the spectrum while the bands 1 show nearly no
changes. Thus we believe that the intense background between 500 and
700 em~! may be ascribed to vibrations of the Y'Al-O and more complex
types in amorphous structures containing Y!Al. The bands 3 and 4 (565
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and 450 cm—1) of metakaolin spectrum disappear in spectra of acid treated
samples where simultaneously two corresponding bands at 539 and
412 em-1* appear which have a similar intensity. As shown by Pampuch
and Kawalska (1971), the bands 565 and 450 ecm~—! and 539 and 412 cm—1
are interchangeable on protonation and deprotonation of metakaolin, the
latter two being associated with protonated counterparts or the .hydroxyl—
-free components or phases giving rise to the first two absorption bands.

Hence, it is most probable that the components or phases of meta.kaolln
giving rise ‘to absorption bands at 565 cm~! and 450 ecm~! do not dissolve
under conditions of acid treatment but only assume a protonated froni,
owing to their rather good crystallinity. The protonated forms have, in
turn, a very negligibile solubility in HCI since the bands at 539 and
412 em-! remain in spectra of samples treated in this acid for prolonged
periods of time. A detailed study of the structure of the OH-free com-
ponents or phases of metakaolin is under way in our laboratory an'd
will be published soon. At the time being it can be concluded that their
transformation by protonation into components or phases having exactly
the same absorption bands of the AIOOH layer of original kaolinite sug-
gests that we have to do here with a somewhat distorted and OH-free **
analogue of the AIOOH layer of kaolinite. Since this phase appears im-
mediately after the dehydroxylation of kaolinite it can be identified with
the vaquely defined new Al-bearing phase developing on formation of
metakaolin, as postulated some years ago by one of us (Pampuch 1966).

The data of the present paper enable also a calculation of the proportions
of Al-bearing amorphous and crytalline components or phases in meta-
kaolin. The proportions can be deduced to a first approximation from
the ratio of amounts of Al going into solution during the first period of
rapid dissolution and the amounts of Al remaining in the solid residue
after long periods of acid treatment. According to Table 1 and 2 85 to
87% of Al initially present in kaolinite dissolves in 2N HCI in the first
stage of acid teatment. This may indicate that 85—81Y the original
AlOOH layer of kaolinite transforms on decomposition, together with the
appropriate part of the SiO layer of kaolinite, into an amorphous silico-
aluminous phase while the remaining 13—15% of the original AIOOH
layer of kaolinite persist in a slightly distorted and conceivable that it
is this component that enables the AlSi spinel or y — Al,O; which crys-
tallize at 980°C to preserve their crystallographical orientation to the
original kaolinite. This role cannot be played by the SiO components of
metakaolin ‘since they exist in metakaolin either in form of amorphous
silicoaluminates or in form of decomposing and polymerizing to SiO,
components.

* Owing to appreciable amounts of SiO, precipitating after acid treatment the
band 412 cm—1! cannot be seen in spectra of acid treated samples, but occurs in sam-
ples protonated otherwise.

** Although no traces of OH grups appear in spectra of metakaolin, there are

cnough reasons to believe that some amounts of protons remain in metakaolin and
probably in the components or phases discussed here.
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A better evaluation of the mechanizm of reaction series kaolinite-mul-
lite along the lines envisaged will be feasible only after determination
of the structure of better crystalline Al-bearing component of metaka-
olin. I’F can be said, however, that the observations presented in this pa-
per .mlght'cause to change the point of view assumed implicitely or ex-
plicitely hitherto where the structure-retaining role was ascribed mainly

Table 1
Average amounts of Al,Oz dissolved in 2 N HCl at 80°C after acid treatment of
100 mg of previously heated kaolinite samples

Time
of

acid
treat-
ment N E B R TS T e T R BT T

Temperature and time of previous heating

(hours) O58@ 500°C/1 525°C/0.5 525°C/1 600°C/1 725°C/0.5

1/2 28 " a3 i 6.6540.26 | 8.20--0.26
1 | 1.01+0.16 | 2.764-0.26 | 6.05--0.16 | 8.9340.16 | 14.05--0.16 | 14.76--0.26
2 | 2201018 | 8914016 | 14.11--0.16 | 17.60+0.32 | 22.73--0.16 | 24.04-+0.32
4 | 3811026 |1533-10.26 | 21.714-0.26 | 24.254-0.16 | 51.32-10.26 | 32.38--0.16
6 | 5104016 |19.78--0.32 | 25.89--0.32 | 28.00-+0.32 ¢
8 | 4794032 | 21.70--0.16 | 28.22+0.16 | 30.24--0.26 | 37.914-0.32 | 38.40--0.16
12 | 5454026 | 24.54--0.32 | 20.45--0.16 | 31.37--0.16 | 38.81--0.26 | 39.30-0.26
16 | 5404032 | 25.67+0.26 | 30.54--0.32 | 32.010.16 | 39.154-0.32 | 39.61--0.32
20 | 5404016 | 25.884-0.32 | 30.76--0.26 | 32.24+0.32 | 39.380.16 | 39.82+0.26
24 | 5814-0.26 | 26.1940.16 | 30.92-0.16 | 32.40+0.26 | 39.49--0.16 | 39.904-0.16
50 | 6.19--0.16 | 26.30--0.26 | 31.00--0.16 | 32.50--0.32 | 39.60--0.26 | 40.00-+0.16

Time

of Temperature and time of previous heating
acid
treat-

|

(hours) | 725°C/1 725°C/2 725°C/4 750°C/1 ‘ 800°C/1

8 |38.72--0.16 | 38.84+0.26 | 38.95+0.16 | 39.05--0.32 | 39:38-0.26

to Si-bearing components. It may be recalled, that an analogous situa-
tion exsist in case of decomposition of calcium silicates. The continuity
of structures of the substrates and products of thermal decomposition is
cnsured there by the CaO and not by the SiO lattice. In case of calcium
silicates this is not surprising since the force constants of Ca-O bonds
are higher than of the Si-O bonds in these compounds (Pampuch 1971).
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fEaibiltel 2

Average amounts of SiO, dissolved in 2 N HCI at 80°C after acid treatment of
100 mg of previously heated kaolinite samples

Time
of Temperature and time of previous heating
acid
treat- 4
ment
(hours) 258G 500°C/1 525°C/0.5 ! 525RE/l i 600°C/1 7252@/055
|
1 1.794-0.22 | 14.02-+-0.36 8.214-0.50 5.194-0.64 3.30+0.18 2.204-0.07
2 3.02140.07 | 21.3140.36 | 11.03--0.44 10.51-+0.36 7.10+0.36 4.90+0.30
4 4.41+-0.30 24.72+-0.14 21.81+0.36 | 19.23-+-0.62 | 13.911+0.36 10.80--0.36
6 5.201+0.44 27.11+0.64 | 23.90-+0.64 | 21.91+0.30 16.5140.14 | 16.811-0.14
8 6.751-0.20 28.19--0.56 | 25.62--0.14 24.19+0.60 | 22.0140.58 20.01+4-0.14
12 6.401+0.36 | 29.41-+0.56 | 28.09--0.36 | 26.581-0.20 25.01+-0.48 | 23.7140.30
16 6.80+0.44 | 29.29--0.36 | 28.91--0.30 ‘27480:0.30 25.61-+-0.48 | 25.01-+0.14
20 7.021-0.44 | 29.71:-0.36 | 28.0210.36 1 97.71+0.20 | 26.514-0.36 | 25.814-0.36
24 7.3010.14 30.12-+0.64 | 29.29--0.44 | 27.791-0.56 26.81-+0.60 | 26.01:-0.30
30 7.28+0.20 30.00--0.50 | 29.00+4-0.20 | 28.28--0.30 27.01-+-0.44 | 26.31+0.14

Time ‘
of ‘ Temperature and time of previous heating 1
acid
treat-
ment [
(hours) 725°C/1 | 725°C/2 i 725°C/4 \ {1502C /1 1 800°C/1 ‘
|
20.01i0.14'19.78:0.35 19.50-+0.50 | 19.33-0.14 | 18.90-+0.14 | l
|
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BADANIA SERII REAKCJI KAOLINIT — METAKAOLIN METODAMI
SPEKTROFOTOMETRII W PODCZERWIENI I ROZPUSZCZANIA
KWASOWEGO

Streszczenie

W pracy powigzano badania spektrofotometryczne w podczerwieni
struktury produktéw odbudowy kwasowej ogrzewanego kaolinitu z ana-
lizg chemiczng. odbudowujacego osrodka kwasowego. :

Do$wiadczenia przeprowadzono na frakeji 0,5—1 um kaolinitu pod-
danego procesowi dehydroksylacji w temperaturze 450—800°C, przy roz-
nych czasach ogrzewania w danej temperaturze. Na tak przygotowane
probki dziatano kwasem solnym w temperaturze 80-20,1°C od 0,5 do 30
godzin a nastepnie rozdzielano ilosciowo. Roztwory badano bezposrednio
na zawarto$¢ Al,O; (met. miareczkowania potencjometrycznego) i SiO,
(met. spektrofotometryczng oznaczania z6lto zabarwionej formy a-hete-
ropolikwasu krzemomolibdenowego). Odbudowane produkty rozktadu
termicznego kaolinitu badano metods spektrofotometrii absorpcyjnej
w podczerwieni.

Systematyczne badania w podczerwieni odbudowy kwasowej kaoli-
nitu potwierdzity w pelni selektywno$¢ rozpuszczania ogrzewanego mi-
neralu. Pozwolily one dokladniej zinterpretowac widmo absorpcyjne
w podezerwieni metakaolinu, w szczegélnosci przypisa¢ pasma zwigzane
z drganiami glinotlenowych faz lub cze$ci metakaolinu. Stwierdzono, ze
budowa metakaolinu zmienia sie wraz z postepem reakcji rozktadu; zmia-
ny polegaja na stopniowym uniezaleznianiu sig czeSci krzemo- i glino-
tlenowych oraz wystepowaniu ich w dwéch typach struktur — krysta-
licznej i amorficznej. Wykazano bezposrednio, ze w miare postepu reak-
cji rozktadu metakaolinu zwieksza si¢ udziat spolimeryzowanej krzemion-
ki oraz wysunieto wnioski o wystepowaniu glinu w koordynacji tetra-
i oktaedrycznej.
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Kpucruna BJTAL[AK, Pomar IAMITIYX

WCCJIEOBAHUE CEPUH PEAKLLMM KAOJIMHUT — METAKAOJIKMH

METOJAMH WH®PAKPACHOM CNMEKTPO®POTOMETPHH
U KHCJIOTHOTO PACTBOPEHHUS

Pesowme

B paGore comocraBienbl HHppaKpacubie CIOKPO(OTOMETPHUECKHE HC-
cles0BaHUst CTPYKTYPBI NMPOAYKTOB KHCJOTHCIO BOCCTAHOBJCHHS HATPETOro
KA0JHHHTA C XHMHUECKHM aHaJH30M BOCCTAaHABJHMBAIOLIEH KHCIOTHOH CPELbl.

Hccaenosanack ¢paxuus 0,5-1 M KaoJHHHTa, MOABEPKEHHOTO MpoIec-
Cy JeTHAyPOKCHANPOBaHHs B o0aacTu remnepatyp 460—800°C, ¢ pasHoii npo-
TOJIKUTEeJNBHOCTBIO Harpesarins Ipu Aauioil Temneparype. [loarcroBienHbie
TaKUM CImoco6oM 00pasubl 06pabaThiBalnCh COJNSHON KHCJIOTOH HPH TEM-
nepatype 80+0,1°C B Teuenne ot 0,5 mo 30 yacos, a 3areM NMPOU3BOAHIOCH
KOJIMUeCTBEHHOEe pasjiesieHne. B pacTBopax Hemocpe/CTBEHHO ONpelessiioch
cogepxanne Al,O; (Merogom mnoTeHLHOMeTpHYecKoro TutpoBanusa) u SiO,
(MeToOM CHEeKTPO(MOTOMETPHUECKOTO ONMpe/lesel s KeJToOKpalleHHOH Pop-
Mbl KPEMHEMOJHOAEHOBOH «-TeTepPONOJHKHCIOTH). BoccTaHOB/IEHHbIE MNPO-
IYKTLI TEPMHUECKOro pacnaja KaoJHHHTA HCCIe10BaJiCh METOAOM HH(pakK-
pacHoii CeKTpo(POTOMETPHH MOIVIOLIEHHS.

CucTeMaTHYeCKHe MCCJe0BAHUS MPOLYKTOB KHCJIOTHOTO BOCCTAHOBJECHHS
KAaOJIHHUTA [MOJHOCTBIO IIOJATBEPAMIH CEJEeKTHBHOE DAaCTBOPEHHE HAarpeToro
vmuHepasna. OHM Jgann BO3MOXKHOCTb OoJsee merantbHO H3yunTb MK-cmexkTp
INOIVIOIeHHsT METAaKaoJHHA, B YaCTHOCTH ONPEAeJIUTb JHHHH, CBsI3aHHblE C
KoJeOaHHAMH aJIOMOKHCI0POAHbIX (a3 uaM yacTu Merakaosauna. Komcra-
THPOBAHO, YTO CTPYKTypa MeTaKaoJHHa H3MEHSeTCS IO XOAy peakLUHH pac-
nana. Msamenenye cocTouT B MOCTENEHHOM 000COOJEHHH KPEMHEKHCIOPOIHBIX
H aJIIOMOKHMCJIOPOJAHBIX YacTell W 00pa30BaHUM HMH ABYX THIIOB CTPYKTYP
— XpHCTaJJIH4eCcKoil u amopoHoi. HemocpencTBeHHO M0KasaHo, 4yTo C pasc-
BHTHEM DeaKUuH pacnaja MeTakaoJHHA BO3PACTAET KOJHYECTBO TIOJHMEPH-
3UPOBaHHOTO KpeMHe3éMa. BbickasbiBaeTcst B3IVIAN O HaJNHYHH TeTPadAPH-
YECKOH H OKTa3ApHUECKOlH KOOPAHHAUMA aJIOMHHHUS.

OBBACHEHUS K ®PUTYPAM

Qur. 1. a'p) o, » 06paGOTAHHBIX KHCIOTOH M Pa3/MYHO HATPETHIX KAOMHHHTOBHIX 0GpasLoB

KpuBble NMOKa3biBAIOT TEMIEPATYPY H BPeMsi HAarpeBaHns 0GPasLOB KAONHHHTA 10
06pabOTKH KHCJIOTOH

Gur. 2. o'gjo,, 00paGOTAHHBIX KHCJIOTOH 1 DA3JIHYHO HATPETHIX KAOJHHHTOBBIX 00pasion
Dur. 3a. 1—(_1—4111\1208)1/Z B 34BHCHMOCTH OT BpeMeHH 00pabOTKH KHCJOTOH pasiMuHO Ha-
TpeThiX KaOJHHHTOBLIX 00pasloB
g — 1/2 Z 5 i
®upr. 3b. 1—(1 “sio:)’ B S4BHCHMOCTH OT BpeMeHH 00paGOTKH KHCJIOTOH pasaMuyHO Ha-
rpeThbiX KaOJHHHTOBBIX 06pasioB
) 1/3 7
®ur. 4a. 1—(1 uAlea) B 34BHCHMOCTH OT BpeMeHH 006pabOTKH KHCJIOTOH pasiuyHO Ha-
TPeTBIX KAaOJHMHHTOBBIX 06paslon
—(l—oa .. 1/3 ABHC 3 i
Qur. 4b. 1—(1—0g;5, )"* B 3aBHCHMOCTH OT Bpemenu 00palOTKH KEC/IOTOH pasiMuHO Ha-

TPeTbiX KAOJHWHHTOBBIX 06[)331.108

e

Dur.

Dur.
®ur.

Dur.
Diir.

dr.

’
e Al,04 SiO. B 3aBHCHMOCTH OT TeMneparypsl NpeABapHTEeJbHOTO HarpeBaHHus Kao-

JuHHTA. JlaHHble NpejcTaB/eHbl AN MOCTOSIHHOTO BpeMeHH 06paGOTKH KHCIOTOf
(8 uacos).

HpnMeqauue: Ha PpHCYHKe TMOKa3aHbl TOYKH IJIs O6pa3LlOB, COAepXKalIUX €JIHHCTBEH-
HO METAakKaoJHH

. MIK-CriekTpbl Kao/MHHTA, HAaTPeTOro B PasHbIX TeMIeparypax
7a.

HK-cnekTpbl K4OJIHMHHTA, HAarpeToro B DAasHBIX TeMmIeparypax H MOTOM 06paGo-
TaHHoro Kucjoroi 2N HCI

ITpumeuanie: CneKkTpbl 0603HaueHbl CJe/AYOUHM 06pa30M: TeMmepaTypa Harpe-
BaHHsl KAaOJNHHHTA — BpEMsi HAarpeBaHHs, yachl — BpeMsl 06paGOTKH KHCJIOTOH Ha-
rpeTblx 00pasuos, uachl. I[IyHKTHDHAs JIHHHS — HarpeTble 06pa3ilbl, CIIOLIHBIE JJi-
HMH — Harpetble  006paboTaHHblEe KUCJIOTOH 06Gpa3ibl

. UK-cnekTpbl KaoNHHHTA, HArpeToro B pas3HOH Temmeparype H notoM o6paboTas-

Horo 2N HCI1

. UK-cnexTpbl kKaoannuta, Harperoro, no 725°C B rteuenue 0,5 yaca u notom obpa-

GOTaHHOTO KHCJIOTOH R s1a3HOe BpeMs

. UK-cnektp Kaomnuuta, Harperoro B temnepatype 450°C B Teuenue 20 uyacoB (a);

TOT ke KaoanHuT, o6paboraunbiit 0,1 N HCI1 B Teuenne 4 uyacos (b)
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