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BLEACHING PROPERTIES OF NON-BENTONITIC CLAY
MATERIALS AND THEIR MODIFICATION

II. BLEACHING ABILITY OF NATURAJ. AND ACTIVATED KRAKOWIEC CLAYS FROM
MACHOW

UKD 553.611.35:551.782.13(438 —35 woj. tarnobrzeskie, Machow)

Abstract Usability of the Miocene Krakowiec clays from the sulphur mine in Machow for
the production of active earths bleaching liquid sulphur and oils has been examined. These clays contain
montmorillonite of the beidellite-nontronite series and their surface properties are different from those
of bentonites containing typical montmorillonite. However, they are useful for the production of active
earths showing selective bleaching action depending on the method of activation used. The effects of
various chemical and thermal activation methods on surface properties of clays have been examined.

INTRODUCTION

Bleaching ability of clays depends on the area of their surface, the amount and
diameter of pores, as well as on specific properties of the surface. Particularly
important are acidic properties of the surface connected with the occurrence of
acid centres of Bronsted and Lewis types. Actually we know that the former are
formed due to migration of H* resulting from deprotonation of H,O0* and NH;
ions in interlayer spaces of montmorillonite at elevated temperatures These pro-
perties are also characteristic of Si—OH and Al—OH groups located along
crystal edges and other discontinuity margins of the lattice. These groups are also
formed by disruption of Si — O — Al bonds under the action of acids. Their formation
by acid activation has been examined by numerous authors (Fripiat, 1971 ; Fijat
et al., 1976 ; Brickman et al., 1976).

Lewis acid centres are forming in the sites occupied by unsaturated AlI®* and
Si** cations. They are replesented eg. by disrupted Si— O — Al bonds resulted from
migration of protons or occurring along edges and other discontinuity margins
of crystal lattice. They are formed by appropriate thermal activation.

The surface area, porosity and acidic properties of bleaching earths depend on
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their mineral composition and can be modified using various activation methods.
At the present stage of knowledge of the activation mechanism of clays, we are
not able to predict exactly the results obtained by each method and its proper
choice is based on experimental studies. _ i

This paper deals with the results of studies on the influence of different activation
methods on the surface properties of the Krakowiec clays from Machow and their
bleaching ability with regard to liquid sulphur and rape and mineral P-3 oils. These
substances are dark brown in colour due to hydrocarbons admixtures which can be
removed by active earths and so decolourized. It is also supposed that active centres
at the surface of clay minerals cause depolimerization of p-sulphur. Its presence
is responsible for colouration of sulphur exploited in Machow mine near Tarno-
brzeg (Gatarz, 1976). ;

Clays from Machow consist of montmorillonite of the beidellite-nontronite
type. illite and chlorite with some calcite and quartz admixture. Mineral composi-
tion of these clays as well as the mechanism and kinetics of their activation using
sulphuric acid have been discussed in previous paper (Stoch et al., 1977). For com-
parison, surface properties of typical bleaching earth Tonsil Standard (BRD
product) as well as those of bentonite from Milowice (Upper Silesia) have been
examined.

Determinations of specific surface area, porosity, acidity ot the surface and of
the heat of wetting have been carried out in the Institute of Catalysis and Physical
Chemistry of the Surface of the Polish Academy of Sciences in Cracow.

METHOD OF STUDY SURFACE PROPERTIES OF CLAYS
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porosity

Estimation of specific porosity and determination of the curves of pore distribu-
tion were performed using absorption method by applying spectrally pure argon
as adsorbate. Semi-automatic volumetric apparatys has been used. The samples
were preliminarily degased at 150°C for 10 hours to get the pressure as low as
10~* Tr. Adsorption took place under isobaric conditions. Determination of ad-
sorption and desorption of argon has been carried out at 77.5°K in the relative
pressure range 0 — 1. Specific surface area values have been computed using BET iso-

- 4 Tiaibilictsl
Specific surface estimated by BET method and heat of hydration and total acidity of clays
Saripic Specific surface |Heat of hydration | Total acidity
area, mg?/g cal/g mmol n-BA/g
Natural clay Machéw 132 41.8 4.3140.05 0.50
Clay Machow 132 activated 61.2 335 :—0.05 0.70
3 hrs 169, H,SO, A '
Bentonite Milowice activated 113.8 3.65+0.05 1.00
3 hrs 16% H,SO, e ;
Tonsil Standard 190.0 4.03+0.05 0.90
Clay Machéw <4 pm M-1 activated 74.8 6.6210.05 0‘30
3 hrs 16% H,S0, 7 :
Clay Machéw <4 um M-1 activated 76.8
h 9.48 +0.
8 hrs 16% H,SO, h i
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Fig. 1. Frequency distribution curve of pores of clay from Machow (M-1) activated for 3 hrs by means
of 16% H,SO,
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Fig. 4. Frequency distribution curve of pores of bleaching earth Tonsil-Standard
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Fig. 5. Frequency distribution curve of pores of bentonite from Milowice

therm equation. The curve of pore distribution. according to their radii. was
estimated on the ground of desorption isotherm by applying modified Kelvin’s
equation and using calculation method after Gregg and Sing (Gregg, Sing, 1967).
The pore distribution curves in the form of diagrams AV/Ar = f[r (where r —
radii of pores, AV — volume of pores showing definite r in the range r+Ar, r—
—Ar) are presented in Fig. 1—5. The results of computations are detailed in
Table 1.

Estimation of the heat of hydration

These estimations have been carried out using BMR microcalorimeter, pro-
duced by Institute of Physical Chemistry, Polish Academy of Sciences in Warsaw and
adapted for differential measurements. All the estimations have been performed
at 22°C. The samples were placed in a cell filled with 15 c.c. distilled water and
fused within glass vessel. Before fusing, the samples were heated for 10 hours at
120°C and the vessels subsequently fused at vacuum (10 * Tr). After placing in
the instrument filled with distilled water and getting stable temperature of the
system, the glass vessel was crushed to initiate hydration process. The results thus
obtained are presented in Table 1.

Ple tieir miintal tii oMt ol S ' iialcre talci dh Ty

The acidity has been determined using Benesi indicator method (Benesi, 1956)
allowing to estimate both the strength of acid centres and the concentration of
them. The former can be determined by means of Hammett’s H  function expressed
by the formula:
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H, = pKyqslpiid

where: K, — thermodynamic dissociation constant of the acidic form of in-
dicator used and c¢,,/c, — the concentration ratio of its acidic and basic form.

Several indicators were applied allowing to determine the values of H , in the
range from — 8 to +8. The number of acid centres has been determined by titration
of suspension of the substance studied in anhydrous benzene solution of n-butyl-
amine. Equivalent point were estimated using appropriate indicators. By applying
several indicators showing different dissociation constants it was possible to de-
termine the numbers ofacid centres of different strength. By means of Benesi method
it was possible to estimate the total amount of acid centres of Bronsted and Lewis
type. The results are presented in Table 1.

EFFECTS OF SULPHURIC ACID ACTIVATION ON SURFACE
PROPERTIES OF CLAYS

~ Determination of specific surface area by means of sorption method (Tab. 1)
indicates its increase after acid activation by more than 50 per cent. Carbonate-
and quartz-free fraction showing grain-size less than 4 pm, activated by means
of 16‘,’/:;, H,SO, for 3 hours displays an increase of the surface by 25%. The pro-
longation of the activation time from 3 to 8 hours causes negligible increase of specific
surface area of this fraction — trom 74.8 to 76.8 m?/g. These values are much
lower than those of Tonsil Standard bleaching earth which amounts to 190 m?/g
whilst that _of bentonite activated by 16 %, H,SO, for 3 hours — to 114 m?/g ’
Interesting .data result from the frequency distributions of pores examined by
means of sorption method (Fig. 1 —5). The curve for Tonsil Standard earth (Fig. 4)
indicates this absorbent to have pores of very variable dimensions. Though smailer
than 2 nm predominate, those larger, from 3 to 10 nm in size, are also abundant
Whenlccir;lzpan'ng with To_nsil Standard Earth, the activated clay from Mach(')vs;
E:a;fa]e] (Fi)g.dgsi).lays considerably lower porosity, whereby the range of pore sizes
An increase of activation time of below 4 pm clay fractio : :
change of the fraquency distribution curve L(tf porzs (Fcitgl‘ n2)to\§\’}}11§:rzocrjlusaesg
with the sample activated for 3 hours, the amount of small porés (2 nm) incfe -
more than_ three times, whilst that of larger ones (3—10 nm) — approxima?i?s
2 times (Fig. 1). The number pf pores ca. 2 nm in size approaches that shown by
Tpn§11 SFandard earth. Bentonite from Milowice (Fig. S) displays similar fre y
dlsgrlbutnon of pore sizes as the fraction below 4 pm of the clay fro Mqu;:r'lcy
actl’\ll‘a;lte(}i] for ngogrs by menas of sulphuric acid. v A
e heat of hy ration (Tab. 1) is the measure of we ili z
as wel'l as of thelr hydrophylic properties. Both natura][t:r?zi]lta)(/:t(i)vfai}:agsclt;y wfd[er,
‘I)\V/Iea:fhow a}:’nd then}r1 finer fractions treated for 3 and 8 hours. show high >;1Sea;0<;rtl”
ng, w é 1 i s
b]eachigng ez;c}z:.s that of the latter fractions exceed this heat of the Tonsil Standard
(Tag,h?);.ic}lglitey;cfticvl:gesdﬁgg T\(/l:fr}:;)]\;v ?ggen;s on the mode of chemical treatment
Tonsﬂ.-Standard _earlh but' different dislriz)utzf)‘:lla())? :ccilgl::)én\gg c"}(())se '}OS that' 2
zig]}rnsrihirgc;enzed by high amount of centres showing acidity .fromns—l.3 tt?)nidlrg
pagd e, - fto +4.8. Qn the»other hand, the activated clay sample 132 contain
ount of centres of the first type and high — of the second one NatulraT
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clay contains practically the centres of the second type only, whereas bentonite
from Milowice — considerable amount of those corresponding to the range
(—5.6)—(—3.0).

The surface properties of activated clays from Machow are different from
those of standard bentonites. Some of their parameters (specific surface area,
acidity) are considerably lower in value than those of Tonsil-Standard earth. The
fraction below 4 pm of the clay from Machéw, treated for 8 hrs. with 16 %, sulphuric
acid, displays similar distribution of pores as that of the Tonsil-Standard earth
but the amount of pores smaller than 2 nm in the latter is several times higher than
in the clay from Machéw. On the other hand, the heat of wetting, calculated for
this fraction subjected to acid activation, is about two times higher that that of the
Tonsil-Standard earth and increases with the prolongation of activation time.
It is supposed that different properties of clays from Machow are caused by high
content of illite and chlorite admixtures, accompanying montmorillonite.

EFFECTS OF DIFFERENT MODES OF ACTIVATION OF CLAYS FROM
MACHOW ON THEIR BLEACHING PROPERTIES

Activation by means of chemical, thermal
and ion exchange methods

The properties of active earths depend to large extent on the type of exchange
cations (Popiel, Zyta, 1976). Clays of Machow, activated using sulphuric acid, con-
tain Ca?* as exchangeable cations. This is indicated eg. by X-ray study, since activa-
tion results in the formation of fine-grained Ca sulphate (gypsum) which, being
relatively easily soluble in water, causes excess of Ca?* cations in clay suspension.
Consequently, just these cations occupy interlayer positions in montmorillonite.

Sodium, ammonium and chromium were chosen as cations substituting calcium.
The first two univalent ions are able to dispergate and to disintegrate clay aggregates
into single flakes, causing distinct increase of specific surface. Chromium is a
coagulative agent. Its ability to change easily the valency is of essential importance
in some catalytic processes.

lon exchange procedure was carried out by treating clay samples with 1 N
solutions of sodium, ammonium and chromium chlorides on water bath at ca.
95°C and successive repeated washings with the same solution. The excess of salts
was removed until no eluting Cl ions were detected. In this study natural clay
samples (132) were used as well as its — 4 pm fraction, preliminarily activated
with 16% H,SO, for 3 hrs.

Another mode of activation used consisted in heating natural (132) samples
at 300°C to remove hygroscopic water and the substances blocking the active
centres. Heating at higher temperatures (500—600°C) increases porosity and
specific surface. Thermally activated samples were successively treated for 3 hrs.
with 16 % sulphuric acid solution. It was attempted to correlate these studies with
those on ability to bind organic molecules (methylene blue) by clay surface.

The values of specific surfaceareas, computed using Hang and Brindley’s method,
are the measure of their sorptive properties relative to methylene blue. The effects
of thermal activation of the natural sample (132) at 200, 300, 350 and 500°C for
2 hrs. are presented in Table 2. As follows from these data, heatingat 500°C distinctly
increases the ability of bleaching of liquid sulphur but not of oils. It is supp_osed
that these two processes are connected with different active centres and mecha_msms.

Heating at 500°C causes complete removal of sorbed water from clay minerals
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Table 2 [Ifaib lie s
Bleaching of sulphur and oils by thermally activ- Bleaching of sulphur and oils by clay from Ma-

ated clay from Machow chow saturated with: Na*, NH}, Cr3*

Degree of bleaching Degree of bleaching
N oy 3 0
Temperature e e
oC Sample -
sulphur P__B DS sulphur P',4 18ps
oil oil oil oil
200 79 22 16 Na* — satur. clay | 66.7 42 12
300 77 20 13 NH; — satur. clay | 64.3 46 14
350 80 22 16 Cr3* — sat. clay 58.4 34 12
500 93.2 20 16

and their partial dehydroxylation. Organic matter and sulphides present are also

removed at this temperature. The exchange of Ca2* ions by Na*, INES o G

<(:f;u;ed3no distinct increase of bleaching ability of sulphur and oils by this clay
abiii3).

The aim of another series of experiments was to determine the influence of
complex activation methods on bleaching ability of oils by clays. The <4 um
fraction of the Machow clay was activated by means of: 1) chemical, 2) combined
chemicaland thermal. and 3) repeated chemical treatments. The resultsare presented

Table 4
Bleaching properties of the <4 um fraction differently activated clay from Machéw (sample M-1)
Rape oil P-3 oil
Activation method consumption | bleaching |consumption bleaching
of earth degree of earth degree
o 94 g2 i, 7 A
169 H,SO, for 3 hrs 1.0 43.7 4.0 645
16% H,SO, for 3 hrs and thermal at 300°C for 1.0 36.2 4.0 7144
1 hrs ; :
169, H,SO, for 3 hrs and thermal at 600°C for 1.0 27.9 4.0 71.4
1 hrs . ;
thermal at 300°C for 1.0
; ] 51.1 4.0
1 hrs and 16% H,SO, for 3 hrs 1.5 529 72"2
thermal at 600°C for 1.0 :
: 32.8 4.0
1 hrs and 16% H,SO, for 3 hrs 125 44.7 e
16% H,SO, for 3 hrs and ion exchange for: 1.0 34.7 4.0 0.9
Na* LS 42,9 :
NH; 1.0 21.9 4.0 77.8
1.5 27.4 7
Gr3¢ 1.0 32.8 4.0 61.1
169, H,SO, for 8 hrs with acid change after :(5) 5
i3 St ]~5 ;3](6) 4.0 61.1
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Tabilews
Specific surface determined by Hang and Brindley's method (1970)
Sample Specific szurface area

m?/g
M-1 <4 um Na* — saturated 169.3
M-1 <4 pum NHj — saturated 156.0
M-1 <4 pm Cr3* — saturated 62.4
Tonsil Standard 163.8

in Table 4. As follows from these data, combined chemical and thermal activation
results in a decrease of ability of the clay in question to bleach rape oil but increases
that of bleaching P-3 oil when compared with the sample activated with sulphuric
acid only. Heating at 600°C does not cause any change of bleaching properties
relative to the sample subjected to thermal activation at 300°C. However, if the
sample was preliminarily heated and afterwards treated with sulphuricacid, bleaching
properties relative to both oils are improved, whereby the tendency to act selectively
on different oils does not change. The best properties are obtained after heating
the sample for 1 hour at 300°C and subsequent activation with 16 %, H,SO, for
3 hours.

Introduction of exchange cations after chemical activation of clay results in an
increase of bleaching ability relative to mineral oils (P-3) whilst that of monovalent
NH; and Na* — improves bleaching properties in general. Contrarily to other

0g]

RIBINVRNY
<
L
<
N\
S

SN

1

i

METHYLENE BLUE ABSORBED [mmol/10

N N o @

n

02 4 6 B 707274 6 182022 26
METHYLENE BLUE ADDED Lmmol /100g1

Fig. 6. Relation between adsorbed and added amounts of methylene blue for the fraction <4 pm of
the Machéw clay (M-1) saturated with Na*, NHJ, Calt
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methods, chemical activation, consisting in repeated change of acid, causes very
distinct increase of bleaching properties relative to rape oil. This confirms earlier
observations on different bleaching mechanism of liquid sulphur and oils and on
another type of active centres or diverse distribution of pores defining bleaching
of rape oil and mineral P-3 one respectively.

Determination of specific surface area using sorption of methylene blue by
chemically activated samples, subsequently altered into mono-ionic forms (Nat,
NH;, Cr** — Tab. 5, Fig. 6) indicated positive correlation between the value of
this surface and bleaching ability of mineral oil. Clay containing montmorillonite
with Na * or NHj in exchangeable positions displays higher specific surface than
that with Cr3* in interlayer spaces and thus shows better bleaching ability of mi-
neral oils (P-3).

Chemical activation of clays using various acids
and sodium hydroxide solutions

The experiments have been carried out with fractions finer than 10 pm which are
easy to obtain under industrial conditions, being separated from the bottom and
middle part of the overburden of sulphur deposit (cross-section 11) which were
found to be the richest in clay minerals (Fig. 7a).

The first mode of activation con-
sisted in the action of weak (5%) sul-

/e phuric acid for a possibly short period

# of time (15 min) as to dissolve carbonate
minerals (calcite, dolomite) but not to

change the structure of clay minerals,

A mainly montmorillonite. After this acti-

b vation, the sample was washed from

H H,SO,. The clay so activated consists
o of montmorillonite accompanied by illite

and small amounts of chlorite and ka-
olinite. Besides, it contains much gypsum,
f formed by the action of sulphuric acid
on calcium carbonate (Fig. 7b).

The clay activated by diluted acid
bleaches successfully rape oil but acts
poorly on P-3 one (Tab. 6).

In further experiments more con-
centrated acids were used and the acti-
vation time was still prolonged in order
to obtain more advanced destruction of
the montmorillonite structure.
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Fig. 7. X-ray diffrgctomeler patterns of the fraction
< 10 um of chemically activated clay from Machow

@ — non-activated (raw) sample, b — sample activated
for 15 min. by means of 5% H,80,, ¢ — sample activated
for 15 min. by means of 16% H,SO,, d — sample activated
for 3 hrs by means of 30% H,SO,, ¢ — sample activated
b s S for 3 hr§ by means of 50% H,S0,, f — sample activated
7.8 for 15 min. by means 5% HCI and for 3 hrs by means 16%,

4 26000k 1 280k H,S0,, ¢ — sample activated for 0.5 hrs by means 0.5 n

NaOH and for 3 hrs by means 16% H,SO,
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Table 6
Bleaching properties and mineral composition of the < 10 um fraction of clay from Machow obtained
by different activation methods

Degree of bleaching of oil
Activation method Mineral composition
rape oil P-3 oil
5% H,SO, for 15 min. 76.0 36.4 montmorillonite, illite, very abundant
gypsum :
16% H,SO, for 15 min. 64.0 45.5 montmorillonite, illite, very abundant
gypsum
30% H,SO, for 3 hrs 72.0 56.9 defected montmorillonite, illite, gyp4
sum
50% H,SO, for 3 hrs 76.0 59.0 strongly, defected montmorillonite,
illite
5% HCI for 15 min. 32.0 43.0 defected montmorillonite, illite
and 16% H,SO, for 3 hrs
0.5 NaOH for 15 min. 56.0 50.0 montmorillonite, illite, a little gypsum
and 16% H,SO, for 3 hrs

Activation by means of 16% sulphuric acid for 15 min resulted in partial de-
struction of this structure, manifested by some decrease of intensity of its X-ray
reflections (Fig. 7¢). The content of gypsum was also found to be lower than before.
The clay thus obtained displayed worse bleaching properties relative to rape oil
but much better relative to P-3 one (Tab. 6).

The increase of H,SO, concentration to 30%, (Fig. 7d), and up to 50%; (Fig. 7e),
as well as the prolongation of activation time to 3 hours caused stronger destruction
of montmorillonite manifested by further decrease of intensity of its 007 reflection.
The gypsum content was also diminished, causing much more effective bleaching
of both P-3 and rape oils.

As follows from the obtained results, the clay activated by weak acid, dissolving
carbonates without destruction of montmorillonite, bleaches rape oil but only
poorly the P-3 one.

The increase of acid concentration and of its time of action causes alteration of
montmorillonite structure and improves the effectiveness of bleaching of P-3 oil,
decreasing that of rape one. The latter is again improved with further destruction
of clay mineral structure (Tab. 6).

In another series of experiments, carbonates were preliminarily removed by
59 HCI. After 15 min calcium chloride thus formed was leached by water and the
clay subsequently activated for 3 hours by means of 16 9% sulphuric acid. The
obtained product displayed poor bleaching properties relative to both oils, parti-
cularly with regard to the rape one, though the degree of destruction of montmorill-
onite structure was considerable (Fig. 7f).

The treatment of clay with 0.5 m NaOH resulted in partial transformation of
CaCO, into Ca(OH), which was subsequently washed out. Sodium carbonate thus
formed is acting as dispersing agent. The clay so obtained was activated by 16%,
sulphuric acid for 3 hours (Fig. 7g). Its bleaching properties were much better
than before this treatment.

The action of HCI solution caused, most probably, an aggregation of clay
grains. This process could not proceed during hydroxide treatment which caused
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Tablesy
Specific surface and volume of pores of the < 10 pm fraction of clay from Machéw (estimated by means
of BET method) activated using different methods

R Specific surface area| Volume of pores
Activation method ki Miari(Ag
5% H,SO, for 15 min. 139.0 38
30% H,SO, for 3 hrs 261.4 55
59 HCI for 15 min. and 16% H,SO, for 3 hrs 231.2 66
0.5 N NaOH for 15 min. and 16% H,SO, for 3 hrs 206.0 64

dissolution of amorphous component of clays. Sodium carbonates thus formed
exerted dispersing action on clay particles, increasing specific surface area and
facilitating acid activation and structural destruction.

As follows from these experiments, the bleaching ability of P-3 oil increases
with progressing destruction of montmorillonite, reaching maximal value of 59 %,.
On the other hand, rape oil is effectively bleached (by 76%) using not destructed
montmorillonite clay after removal of carbonates. The latter process is probably
conditioned by interlayer spaces of montmorillonite or by the presence of porous
clay aggregates cemented by gypsum.

Destruction of montmorillonite causes a decrease of bleaching properties with
regard to this oil which are improved after the action of concentrated acid causing
strong alteration of its structure.

The results of measurements of specific surface area and porosity of selected
activated clays, using spectrally pure argon as adsorbate, are presented in Tab. 7.
As follows from these data, the clay activated with 59 H,SO, for 15 min shows
relatively small specific surface area (138 m? per g). After treatment with 309, or
16% acid (following preliminery activation with HCl or NaOH to remove carbo-
nates) higher specific surfaces (up to 206 —261 m? per g) were obtained. This in-
crease is accompanied by that of total volume of pores.

No distinct correlation between specific surface area and bleaching ability of
active earths relative to rape oil is observed. Clays showing specific surfaces area
in the range 206 —261 m?/g display bleaching ability 32 to 72%, whilst those slightly
activated of specific surface area 139 m?/g — 76%. Better pronounced interrela-
tion of these features is observed in the case of P-3 mineral oil.

B fectiof aqueous extraction on mineral composition
and bleaching propertiesofactiveearthsfrom Machoéw

Calcjte and dolomite contained in clays are dissolved during activati i
sulphur;c acid. The resulting Ca and Mg sulphates may inﬂueicecilh:ti)(;:aél;ilgg
properties of clays but are easily removed by prolonged aqueous leaching, causing
pos!It}}:/e chan.ge in sorptive properties. ;

eexperiments were carried out with a mixture consisting of 1 ¢ i
clay from Machpw (frac_tlon below 10 pm) and 1 part of begntonirt)srftrganl{?l:(lgmzz
(the same fraction). This mixture was activated for 5 hours with 169, sulphuric
acid whxch was consumed in 259 relative to the mass of the pulp Acti(:/ation and
bleaching tests of oils have been carried out in OBR PS “Siarkop'ol” in Machow.
; After?cltlwatlgn, the samples were washed with water at ca. 60°C. Each decanta-

ion was followed by sampling the pulp. The samples were dried and disintegrated,
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siewed trough the 0.064 mesh sieve and its bleaching ability regarding to rape and
P-3 oils was examined. Washing distinctly intfluenced the bleaching ability in ques-
tion. The increase of bleaching degree with washing is presented in Tab. &.

X-ray diffractometric studies using DRON-1 apparatus have been carried
out to determine the differences in mineral composition of clay caused by water
extraction. It was found that the sample washed only once contains considerable
amounts of calcium sulphates — mainly gypsum and some anhydrite. Besides,
tetra-, hexa- and hepta-hydrated magnesium sulphates have been identified. Mont-
morillonite d = 15.0 basal reflection is poorly visible and hardly identifiable
narrow 13.2 line appears. Successive decantations resulted in a decrease of sulphates
contents and after fourth leaching they disappeared nearly completely. This process
is accompanied by distinct decrease of bleaching properties relative to rape oil
and simultaneous increase of that of mineral P-3 one.

After disappearance of sulphates we observe distinct changes in the shape and
intensity of montmorillonite 001 (15.4) reflection. It is hardly visible till the third
washing and after removal of sulphates — distinctly increases in intensity. This
phenomenon can be explained by coagulation of montmorillonite in the presence
of sulphates. The resulted flocculae consist of differently oriented flakes cemented
with aggregated gypsum grains. Microporosity of these aggregates results not
only from interlayer spaces but also from intergranular pores of larger sizes. These
pores can also participate in sorption. Initially, washing causes dissolving of some
sulphate particles increasing the accessibility of the interiors of aggregates and
of interlayer montmorillonite spaces. Initial increase of bleaching ability of clays
relative to rape oil can be attributed just to this process.

Simultaneous crystallization of fine-grained calcium and magnesium sulphates
on the surface of clay minerals (mainly montmorillonite) can block some active
centres, particularly these responsible for the sorption of substances colouring
the P-3 oil. Removal of sulphates makes these centres accessible to dye particles.
Gradual increase of bleaching ability of the clay in question in regard to mineral
oil P-3 with progressing washing is explained by this process (Tab. 8).

The increase of intensity of 00/ moentmorillonite line indicates that progressing
removal of sulphates causes disaggregation of clay mineral flakes which tend to

Table 8
Effect of water washing on bleaching properties of clays from Machéw activated using 167 H,SO,
for 5 hrs
Nalbrubsequent | pH ot hqueons AcidiAty recal- Degree of bleaching in 7
7 culated into H,SO4
decantation extract of dry earth in % baiserdi P3 oil
1 - - 74.2 21.4
2 1.20 2221 82.3 29.6
3 1.45 8.47 84.2 35.7
4 1.80 3.09 ; 70.8 42.8
5 2.00 0.87 63.0 428
6 2.50 0.22 56.9 50.0
7 3.00 0.06 57.7 £ 50.0
8 6.20 - 49.2 60.0
9 7.20 = 36.0 50.0
10 8.35 oy 32.0 42.6

(]
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form parallel arrangements. This process causes close( pgcking of flakes result@ng
in a decrease of intergranular porosity of aggregates. Dls_tmct decrease ofbleachmg
ability of active earths from Machow relative to rape oil can be partly due to this
phenomenon. PR ) i ;

Consequently, washing process diminishes bleach‘mg abll_lty relative to rape
oil but slightly increases this property in regard to mineral oil P-3. The obtamed
results confirmed the earlier reported observation on different mechanism of
bleaching of mineral and edible oils by activated clay from Machow.

CONCLUSIONS

Studies on sulphuric acid activation of non-bentonitic materials of the Kra-
kowiec clay type. consisting of montmorillonite of the beidellite-nontronite series,
illite and chlorite as the main components, have shown them to be suitable for
obtaining bleaching earths. The usefullnes of these activated clays in refining sulphur
as well as rape and P-3 oils was examined. These substances contain hydrocarbons
colouring them yellow-brownish. The active earths in question when introduced in
the amount of 19 are sorbing and removing these colouring components. It is
supposed that in the case of sulphur depolimerization of p-modification of this
element (being one of colourizing agents) takes place at the surface of clay minerals.

Surface properties of the Krakowiec clays are different from those of typical
bentonites but they can be used for the production of bleaching earths.

By applying different methods of thermal, chemical and ion exchange acti-
vation, it is possible to improve the bleaching properties of earths produced from
the Machow clays relative to the three substances examined. Bleaching action of
the earths thus obtained is very selective in character. Bleaching ability of sulphur
can be improved by heating the raw clay for 2 hours within temperature range
200—500°C. The best bleaching properties are obtained by heating at 500°C. It
is supposed that this process causes an increase of the number of acid centres of
Lewis type.

Rape oil is best bleached by earths containing montmorillonite of considerably
demaged structure by the action of strong (30 —50%,) sulphuric acid or by repeated
activation using renewed portions of this acid. This method of activation results
in the formation of increased amount of acid centres of Bronsted type, responsible
for bleaching of rape oil.

Mineral P-3 oil is the most resistant to bleaching using the clays studied. The
best bleaching ability of it is characteristic of clays which before chemical acti-
vation by means of 16 %, H,SO, were preliminarily heated for 2 hours at 300°C.
The'oil in question is best ble"dched by clays activated with 169, H,SO, and con-
taining NH, as exchange cation.

.Aggregate structure of active earths is of considerable importance in bleaching
ability of oils. The existence of a ing ¢ ic izes of E

o1li _ _ geregates showing appropriate sizes of pores
distinctly improves eg. bleaching ability of rape oil.
exc}l?aynzgig;;gytnir:)ispir?;i):r (c)hqrtglllcal and thermal treatment and by selec@ing definite
possible to control a priori the surface properties of clays.

This can be the basis for prpducing active earths showing differentiated bleaching
properties, suitable for refining definite types of substances.
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WELASNOSCI ODBARWIAJACE
ILASTYCH SUROWCOW NIEBENTONITOWYCH
I ICH MODYFIKOWANIE

1. WLASNOSCI ODBARWIAJACE ILOW KRAKOWIECKICH
Z MACHOWA 1 ICH MODYFIKOWANIE

SitirielsYziczenti'e

Przeprowadzono badania nad mozliwoscia otrzymywania ziem bielacych z itow
krakowieckich z nadkladu ztoza siarki w Machowie koto Tarnobrzega. Ity te
skladaja si¢ z montmorillonitu, illitu i chlorytu. Pr7e7 odpowied'niq _aktywaq_e
kwasowa, obrébke termiczna i wymiang jonowa mozna otrzymywac ;,mch ziemie
aktywne o zroznicowanych whasciwosciach. Sprawd;ono przydatno$¢ tych ziem
do rafinacji siarki, oleju rzepakowego oraz oleju mineralnego P-3. Substancje te
zawieraja weglowodory barwiace je na kolor i(){tobrunatr}y. Otrzymgne ziemie
aktywne wprowadzone w iloéci okoto 1% sorbuja i usuwaja sk}ad',mk.] barwiace.
W przypadku siarki, jak si¢ przypuszcza, na powierzchni mineratow ilastych za-
chodzi réwniez depolimeryzacja pierécieni siarki p, ktora rowniez jest sktadnikiem
barwigcym siarke. _ ; 2] . :

Stosujac rézne metody obrobki termiczney, chemicznej 1 wymiang jonowa
mozna zwickszy¢ wlasciwosci odbarwiajace ziem wythl(zz}nych z itbw z Machowa
wzgledem trzech badanych substancji. Dzialanie odbarwiajace tak przygotowanych
ziem jest bardzo selektywne. O

Zdolnosé odbarwiania siarki mozna zwigkszy¢ przez ogrzewanie itu przez Z.h
w zakresie temperatur 200 — 500°C. Najsilniejsze wiaSciwosei odbarwiajace uzyskuje
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si¢ przez ogrzewanie w 500°C. Jak si.¢ przypuszcza ogrzewanie powoduje wzrost
iloéci centrow kwasowych typu Lewisa. S :

Olej rzepakowy odbarwiany jest najlepiej przez ziemie, W ktorych.stru,ktura
montmorillonitu zostala silnie naruszona przez dzialanie kwasem siarkowym
o duzym stezeniu (30 —50%) lub powtarzana kilkakrothe aktywa.q.a z wymiang
uzytego kwasu. Ten sposob aktywacji wywo_lule powstame znacznej ilosci centrow
kwasowych typu Bronstedta, ktorym przypisa¢ mozna obserwowany wzrost zdol-
nosci odbarwiania oleju rzepakowego. . o v

Olej mineralny P-3 odbarwia si¢ najtrudniej za pomoca badanych'ﬂow. I\_laj-
lepsze whasciwosci odbarwiania tego oleju maja iy, ktore przed aktywaq% chemicz-
na 16-procentowym H,SO, ogrzewane byly przez 2 h w temperaturze 300°C. Dobre
wlaéciwosci odbarwiania tego oleju maja ity aktywowane 16-procentowym H,SO,
zawierajace jako kation wymienny NH,. ;

Na zdolnos¢ odbarwiania olei istotny wplyw wywiera rowniez budowa agrega-
towa ziemi aktywnej. Istnienie agregatow o odpowiedniej wielkoSci por poprawia
m.in. zdolnoé¢ odbarwiania oleju rzepakowego.

Przez obrobke chemiczna, termiczna i dobor kation6w wymiennych mozna
w sposob zamierzony sterowa¢ wlasciwosciami powierzchniowymi itow. Mozliwe
jest to droga m.in. wytwarzania ziem aktywnych o zréznicowanych wiasciwosciach
odbarwiajacych nadajacych si¢ do rafinacji okreslonych rodzai substancji.

OBJASNIENIA FIGUR

Fig. 1. Krzywa rozkiadu por itu z Machowa (M-1) aktywowanego 3 h 16-procentowym H,SO,

Fig. 2. Krzywa rozkiadu por itu z Machowa (M-1) aktywowanego 8 h 16-procentowym H,SO,

Fig. 3. Krzywa rozktadu por itu z Machowa (132) aktywowanego 3 h 16-procentowym H,SO, oraz
ziemi odbarwiajacej 1onsil-Standard ¢

Fig. 4. Krzywa rozktadu por ziemi odbarwiajacej Tonsil-Standard

Fig. 5. Krzywa rozkladu por bentonitu z Milowic

Fig. 6. Zalezno§¢ zaadsorbowanego od dodanego blekitu metylenu dla frakcji ¢4 pm itu z viacho-
wa (M-1) nasyconych: Na*, NH;, Cr*~

Fig. 7. Rentgenogramy frakcji <10 pm itu z Machowa aktywowanych chemicznie

a — probka nieaktywowana, b — probka aktywowana 15 min — 5-procentowym H,SO,, ¢ — prébka akty-
wowana 15 min 16-procentowym H,SO, d — probka aktywowana 3 h 30-procentowym H,SO,, ¢ — prébka
aktywowana 3h 50-procentowym H,SO,, f — probka aktywowana 15 min S-procentowym HC| oraz 3 h
16-procentowym H,SO,, g — prébka aktywowana 0,5h 0,5n NaOH oraz 3h 16-procentowym H,SO,

Jlewek CTOX, Kwuwmog BAXPAHOBCKM, 3ducnaea FTOHTAXX

/ OBECLIBEYMBAFOWMNE CBOWUCTBA MNUHUCTOro
HEBEHTOHUTOBOIO CbIPbA U UX MOANDPULIMPOBAHMUE

Il. OBECLIBEYUBAOLWME CBOMCTBA KPAKOBELIKU X
rMmuH
C MAXOBA U UX MOANDUNLIMPOBAHMUE

Pesome
Bbinu npoeeseHbl Mccneaosanus BO3MOXHOCTW nonyyeHus otbenuearowimx
3eMeslb U3 KPAKOBELKUX MIUH C KPOBMM MeCTOPOXAEHMU A cepbl B Maxose posne

TapHobxera. DTU rAWUHbI cOCTOAT 3 MOHTMOPUNNIOHWUTA, UNNUTA U XNOPUTA.
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MyTém cooTeeTcTBylOWEN KUCIOTHOW AKTMBALUM, TEPMOOBPABOTKM U UOHHOFO
06MeHa MOXHO U3 HUX NONMYUYUTb AKTUBHbLIE 3eMM C PA3HOPOAHLIMMU CBOUCTBAMM.
Bbina npoeepeHa NpMroaHoCTb 3TUX 3eMenb kK PAGUHUPOBAHMUIO Cepbl, CyNepHOro
Macna a Takxe MUHepansHoro macna [1-3. OTu BewlecTsa coaepaT yrnesoan0-
POAbI, OKPALUMBAIOLUNE WX B WENTOKOPUUHEBLIN UBET. [onyYeHHble AKTUBHbIE
3eMnun, BBeAeHHble B konuyectee 19, copbupyroT M yAanatoT KpACALIUE KOM-
noHeHTbl. B cnydyae cepbl, kak NpeanonaraeTcs, HA NOBEPXHOCTM FANHUCTLIX
MWUHEpAasnoB WMeeT MecTO TAKXKe AeNofMMepusauMa CEPHbIX KOMel |, KOTopas
ABMIAGTCA TAKXKE COCTABHOW Kpacslleh cepy.

MpuMeHss pasHble METOAbLI TEPMUYECKON, XUMUYECKON 0BpaBOTKM U MOHHOrO
obMeHa MOXHO yBenuuuTbL OTGenuBaloWMe CBOACTBA 3eMeflb, MOMyYeHHbIX W3
rnmH ¢ Maxoea oTHOcUTENbHO TPéX MccnedyeMmbix Belects. OTbenusaroliee
AelcTBNE 3eMeNb, NPUrOTOBMEHHbIX TAKUM MyTEM, ABMAETCA OYEHb CENTeKTUBHbIM.

CnocobHocTe 0T6eNnMBAHNA Cepbl MOXKHO yBENUUYUTb NOCPEACTBOM MOAOTpe-
BAHMA MMUHbI B TeYeHWe 2 yacos B Npegenax temnepatyp 200—500°C. Cambie
cunbHble oTbenuparolie CBOMCTBA AOCTUrAKOTCA MOCPEACTBOM MOAOrpPeBaHMsA
B TeMnepaType 500°C. Kak npeagnonaraercs, NOAOrpes Bbi3biBAET BO3PACTAHUE
KONMMYeCTBA KMCMOTHBLIX LeHTpOoB TUNa Jleeuca.

CynepHoe macno nyduwe scero ot6enneaeTcs 3eMNsAMU, B KOTOPbLIX CTPYKTypa
MOHTMOPUIINIOHNTA CU/ILHO HAPyLIeHa AeWUCTBMEM CEPHOW KMUCNOTbl Bonbon
koHueHTpaunun (30—509,) unu MHOrokpaTHO NOBTOPAEMOW AKTUBALMEW C 3a-
MEHOM UCNONb3OBAHHOW KUCMOTbI. TAKOMW cnocob akTueauuu ebi3biedeT obpaszo-
BAHME 3HAYUTENBHOrO KOMMYEeCTBA KUCNOTHbIX UeHTpos Tuna bpeHwTeara,
KOTOPbIM MOXHO MPUCBOUTHL HABNroAaeMbI B3pOcT cnocobHocTu oTbenueaHus
cynepHoro macna.

Xy>e BCero ¢ MoOMOLLbIO UcCreAyeMblX MNH oTbennBaeTca MMHEpaAnLHoe Mac-
no M-3. Hauny4wue ceoicTea oT6ENMBAHMA 3TOrO MACNA UMEIOT MIUHbI, KOTOPbIe
nepea xumuyeckon aktusauuend 16 npoueHTHeiM pacteopom H,SO, nogorpe-
BANUCb B TeyeHue 2-yx 4acos B Temnepatype 300°C. Xopowwue cnocobHocTu
oTbennMBaHns 3TOro MAcNd WMMEHT rMUHbI AKTUBUPOBAHHbIE 16 NMPOUEHTHbIM
pactsopom H,SO,, coaepxawme B kavectse obmeHHoro katuoHa NH,.

Ha cnocobHocTb oTbennsanua Macen cyllecTBeHHOe BWUAHME MUMEeT TAKXKe
BHyTpPeHHee cTpoeHMe akTusHOW 3emnu. CyulecTBOBAHME ArperaTtos C COOTBET-
CTBytOLleW BENUYMHOW Mmop ynyuwadeT KpPOMe Mpodero, cnocobHocTte oTbenu-
BAHMA CynepHOro macna.

MyTém xumMmudeckoit, Tepmuyeckor obpaboTok n noabopa obMeHHbIX KATUOHOB
MOXHO MAAHOMEPHO yNPABAATH MNOBEPXHOCTHLIMM CBOWCTBAMMU FNUH. Bo3moxHO
TAKMM NyTEM CO3AAHME AKTUBHbIX 3eMeNlb C PAIHOPOAHbLIMU CBOWCTBAMM OTOenu-
BAHWA, NPUrOAHbLIMWU AN PAGUHUPOBAHMA ONpeAenéHHbIX BUAOB BELUECTB.

OBBACHEHUE K ®UTYPAM

o®ur. 1. Kpusas pacnpeaenenus nop rauuel ¢ Maxosa (M-1) akTusuposarHoi s Tedenue 3 yac. 16-
-npoueHTHbIM H,SO,

®ur. 2. Kpueas pacnpesenerus nop B rnuHe ¢ Maxoea (M-1) akTusuposanHbix 8 yac 16-npoueHT-
HeiM H,SO,

®ur. 3. Kpusas pacnpeaenenus nop B rnuHe c Maxosa (132) akruenposanHo# 3 yac. 16-npoueHT-
HbeiM H,SO, u orbenusarownx semens Toucun-Cranaapa

®dur. 4. Kpueas pacnpeaenenus nop otbennsatoweit zemenn Towcun-Cranaapa

®ur. 5. Kpusas pacnpeaenenns nop 6ewtonuta ¢ Munsoeuu
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dur. 6.

dur. 7.

3aBMCMMOCTb GACOPEMPOBAHHON OT A06aBNEHHON METUNEHOBOW CUHU ANA bpakumun <4 mkm
rAuHbl ¢ Maxosa (M-1) naceiwennon Na*, NHE, Crids

PenTreHorpammbl dppakuni <10 MKM raMHBI C Maxosa, GKTUBUPUBAHHOMW XHUMUYECKH

o — HeakTMBMpOBAHHaA npoba, 8 — npoba aKkTMBUPOBAHHAA 15 MMH. 5-npoueHTHbiM pacteopom H,SO,,
¢ — npo6a akTBMpOBAHHAA 15 MUH. 16-NPOUEHTHbLIM H,SO,, d — npoba aktusuposanHas 3 uac. 30-
-npouenTHbiM H,SO,, e — npo6a akTUBUPOBAHHAA 3 uac. 50-npoueHTHbiM H,SO,, f — npoba akTueupo-
saHHas 15 MuH. S-npouekTHbIM HCI u 3 vac. 16-npouenTtheiM H,SO,,'g — npoba aktusuposanHas 0,5 yac.
0,5 n NaOH u 3 uac. 16-npouenTtHbiM H,5O,





