ACID ACTIVATION AND BLEACHING CAPACITY OF A LOW GRADE
BENTONITE FROM MILOS ISLAND, GREECE.
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ABSTRACT

Acid activation of a low grade bentonite from Milos with HCI, resulted to a 5-fold increase of the
surface area of the bentonite and decrease of its CEC. The activated materials are suitable for
decolourization (bleaching) of rapeseed oil through removal of -carotene. Optimum bleaching takes place
after long treatments with strong acid and is not associated with maximum surface area. The difficulty of
activation is attributed to the bulk mineralogy and the crystal chemistry of smectite. The combination of
acid strength and residence time which will be preferred on an industrial scale, is the least energy
consuming. Thus the Rema bentonite is unlikely to be used as a bleaching earth.
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1. INTRODUCTION

Acid activation is a process which increases the sorptive properties of bentonites (Odom, 1984, Rupert
et al., 1987), increasing their surface area and modifying the structure of smectites (Srasra et al., 1989,
Rhodes and Brown 1992, Tkac et al. 1994, Kaviratna and Pinnavaia, 1994, Christidis et al. 1997a). Acid
activated bentonites are used in numerous chemical and food industries and in environmental protection
(Clarke, 1985, O'Driscoll, 1988); their most important use is the purification, decolourization, and
stabilization of vegetable oils. They remove phospholipides, soaps, trace metals organic compounds and
their degradation products. which impart undesirable colours to edible oils (Siddiqui, 1968, Kheok and
Lim. 1982, Grifliths, 1990),

Activation proceeds with partial dissolution ol smectite and involves a) initial replacement of
interlayer cations by H*, b) dissolution of the tetrahedral and octahedral sheets and c) release ol the
structural cations (Osthaus, 1956, Granquist and Samner, 1959, Briickman et al., 1976, Novak and Cicel,
1978, Tkac et al., 1994, Kaviratna and Pinnavaia, 1994). [t increases the specific surface area and average
pore volume of bentonites (Morgan et al.. 1985, Srasra et al.. 1989, Rhodes and Brown, 1992). The extent
of these changes depend on the acid strength, the time of treatment and temperature (Novak and Gregor,
1969, Kolta et al., 1975, Kheok and Lim, 1982, Zaki et al., 1986, Srasra et al., 1989, Rhodes and Brown,
1992). The bleaching process is not associated with maximum surface area (Morgan et al., 1985, Zaki et
al., 1986).

Although Greece is a major bentonite producer it covers its needs for acid activated clays entirely by
imports. Recently Christidis et al. (1997a) showed that acid activation of bentonites from Milos and Chios,
Greece with HCI vield products with high surface area, which can remove fi-carotene from edible oils. In
this contribution a low grade bentonite from Milos was activated with HCI. in order to examine the
physicochemical properties of the end products and evaluate their capacity to decolourize crude rapeseed
oil.
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2. MATERIALS AND METHODS

"The low grade bentonite comes from' the deposit of Rema, Milos. It consists principally of Tatatilla-
type montmarillonite and’ beidellite’ opal-CT, quartz and subordinate pyrite (Christidis and Dunham,
1997), whilg its surface area and CEC is low (Table I). The material was dried at 65°C overnight, ground in
Tema milland passed through a 1251im sieye.

Tabl_e L: Mineralogy, CEC and specific surface area of the untreated bentonites.

-Mincralogical composition CEC (meq/100g) Specific surface area (m%/g)
Beideltite and Tatatilla- type '
montmorillonite (M). opal-CT (M) 52.8 24.11
quartz (Min), pyrite (T)

M = major mineral phase, Min = minor mineral phase. T = trace mineral phase.

Activation was carried out using 0.5N-8N HCI, at the temperature of 70°+2°C and solid to liquid ratio
of 1:15. Residence time varied between | and 8 hours. At the end of each run the acid was discarded and the
clay was washed until pH 6. The collected material was dried at 100°C for 3 hours and subsequently ground
gently with pestle and mortar so as to pass through a 125um sieve. Single point surface area measurements
of the activated materials were obtained with a Strohlein Area Meter Il using N,, while the cation
exchange capacity (CEC) of the acid treated samples was determined with a Kjeldahl microsteam
apparatus after saturation with IN ammonium acetate.

The bleaching capacity of the run products was tested using crude rapeseed oil (Seatons Ltd of Hull,
UK}, at a solid:liquid ratio 1:40. Experiments were performed in atmospheric conditions at 90°+2°C,
under stirring (atmospheric-type bleaching, Richardson, 1978) and residence time 20 minutes. The treated
oils were filtered and the bleaching capacity of the acid activated bentonite was evaluated by means of
removal of fi-carotene from the crude oil. The colour changes in the treated oil were determined
spectrophotometrically at 450nm and 430nm (CECIL CE303 series 2 absorption spectrophotometer) by
dissolving the bleached oil in acetone. The adsorbed amount of the colouring agent was calculated by
converting the absorbance units to fi-carotene concentration. The bleaching capacity (W) of activated
clays was determined from the following equation:

W=(C_ -C/C)* 100 {1

where C_=concentration (pg/ml) of f-carotene in the crude oil and

C=concentration of [3-carotene in the bleached oil.

For terms of comparison the same bleaching experiment was performed using an industrial product,

provided by Laporte Absorbents Ltd (FULLMONT AA).

3. RESULTS
Evolution of surtace area and the CEC of the activated materials.

The specific surface area (SA) of the Rema bentonite increased both with residence time and acid
strength (Fig. 1,2). These two factors are equally important for activation (Fig. 1). The diagram in Fig. 2 is
an STS diagram (Surface area-Time-acid Strength). Maximum increase of the SA was five times the raw
bentonite. At first SA increases steadily up 1o a maximum remaining virtually constant thereafter (Fig. 1). |
A ditferent trend, dominated by a decrease of SA alter reaching a maximum value, was observed in the .
Ankeria (Milos}), and the Chios bentonite (Christidis et al. 1997a).

Two are the most important features observed in Fig. 2: a) with increasing acid strength, the time at
which maximum SA is artained decreases and b) with increasing time of treatment, the acid strength at f

which maximum 5A¢?18%%<ef{-‘é?€)\%éﬂ'<%c' %%%’,%‘aﬁé%“e.'%%ﬁ’& %a%w&zgmA\fﬁl%es of SA are attained with
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treatments characterized by many combinations between acid strength and time, as illustrated in the STS

; diagrams. Contrary to the bentonites from Ankeria deposit and Chios, significant SA has not developed

after short freatments or'after treatments with dilute acid.

¥

120

Surface area _(lnl_:‘g)
=

Surface area (m'/g)
g

30 30
0 T 0 T T T
Raw Raw 1h 2h 3h 4h3¢ 6h 8h

HCl concentration Residence time (hours)

Fig. 1: Inflluence (4} of acid strength and (b) of residence time on the evolution of the surface area of the Rema

bentonite.
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Fig. 2: 5T5 (Surface area-Time-acid Strength) diagram for the Rema bentonite. The contours refer to the surface area
(m?/g) of the activated materials.

The CEC of the end products decreases continuously with increasing degree of activation (Table 2).

Similar trends were observed for the Ankeria bentonite, while the Chios bentonite display an initial
increase, followed by a decrease in more advanced treaiments (Christidis et al., 1997a).

Table 2: Evolution of the CEC during acid activation of the Rema bentonite.

Treatment CEC (meq/100g) Treatment CEC (meq/100g)
Untreated 52.8 5N/Th 48.0
IN/1h 47.0 2N/3h 482
2N/1h 49.0 2N/4h30' 46.0
3N/1h 48.0 2N/6h 48.0
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Bleaching capacity of the activared materials

The evohation of the bleaching capacity of the acid activated Rema bentonite is listed in Table 3 and is
shown in Lig/3.4. Although the smectite content is [ow, cerfain treatments yielded material with bleaching
capacitiy exceeding 98% (shaded area in'Fig; 4). Similar results were reported by Christidis et al., (1997a)
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Fig. 3: Evolution of the bleaching capacity of the acid activated materials as a function of (a) acid strength and (b) of
residence time

for the high grade Ankeria bentonite. However the material has to be treated with strong acid for
considerable time in order to develop adsorptive properties. The bleaching capacity does not follow the
variations of surface area with acid treatment (compare Fig. 2 and 4) in accordance with the findings ol
Morgan et al., (1985), and Zaki et al., (1986). Note that in Fig. 4 the combinations of acid strength and
treating time which yielded optimum end products can be easily determined.
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Fig. 4: Bleaching capacity ol the Rema bentonite, in terms ol % of i-carotene removed during bleaching of rapesecd
oil. The shaded area corresponds 10 bleaching capacity greater than 98%
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=! _Table 3: Bleac]iing capacity and amount of f-carotene adsorbed from the acid activated Rema bentonite.
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1h/IN 73.3 8.0 4h30°/IN 81.9 8.0
Ih/2N 84.9 93 4h30°2N 92.7 10.1
1h/3N 85.3 9.3 4h30°/3N 932 10.2
1h/5N 9.8 (0.1 4h30'/5N 92.3 10.1
1h/8N 91.5 10.0 4h30°/8N 92.7 10.1
2h/IN 72.0 7.9 6h/1N 9.8 10.1
2h/2N 84.9 93 6h/2N 95.1 104
203N 87.5 95 6h/3N 94.7 103
2h/SN 93.1 102 6h/SN 9.3 104
2h/8N 80.7 98 6h/8N 96.1 10.5
3h/IN 773 8.4 8h/IN 932 107
3h/2N 87.0 95 8h/2N 97.7 10.7
30/3N 911 9.9 8h/3N 98.0 10.7
3h/5N 92.7 10.1 8h/SN 97.6 10.7
3h/8N 2.3 10.1 Sh/SN 95.2

The results for adsorption of B-carotene are illustrated in Table 3 and Fig. 5. The activated materials
display a progressive increase in the adsorption of ff-carotene with increasing both time and acid strength.
It is obvious that adsorption of (-carotene i.e bleaching capacity, reaches a plateau and not a single
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-maximum_yalue. This plateau can be reached by using s€vweéral combinations of acid strength and time
during tréatments. Although similar observations can be made for surface area, it is obvious that the latter
is not associated with 'miaximum adsofption of f-carotene therefore bleaching capacity (Fig. 2,4) in
accnrdance_With Morgan et al.. (1985) and Zaki et al., { 1986},

The “degree of-adSorption of*f-carotene~can alsdl Be observed in Fig. 6, in which the B-carotene
absorption spectrum between 400 and 500nm s illustrated. The spectrum includes 4 maximum at 450nm
between two shoulders, It can be observed that: a) absorption due to f-carotene is essentially minimized
and by'the absqrption maximum at 450nm is eliminated in the most prolonged treatments. This maximum
appears only in the 4h30/IN treatment, indicating that the bentonite is under-activated i.¢. it has not
acquired jts maximum bleaching-properties. Over-activaged end products (c.f Christidis et al., 1997a), were
fiorobserved in this study.

4. DISCUSSION

This study showed that the Rema bentonite is activated only with prolonged treatments. In order to
evaluate the activation process the material must be compared with the Chios hentonite which has a
similar grade (Christidis et al., 1997a). Although the latter is activated with dilute acid and short treatments,
the Rema bentonite is activated only at prolonged treatments with strong acids. Also, the performance of
the Chios bentonite declines at prolonged treatments with strong acids. The observed differences depend
on:

i) the mineralogical composition of the bentonites

ii) the mineral chemistry of the smectites present.

Both the Rema and the Chios bentonites contain abundant opal-CT while the latter contains also
abundant carbonates. mainly dolomite. Dolomite dissolves in the initial stages of acid treatment causing
effective enrichment of the smectite content, and thus an initial increase of the CEC (Christidis et al..
1997a). On the contrary, the Rema bentonite, which does not contain carbonates, displays a continuous
decrease of the CEC. resulting from continuous dissolution of the smectite flakes and deposition of
amorphous silica.

Fig. 6: Absorption spectra of -carotene
obrained from the crude rapeseed ol (1)
o~ and oil treated with acid of different acid
) strength for variable time. 2= 4h30'/IN.
: 3=6h/IN, 4=6h/8N, 5=8h/5N. The dashed
_‘/'/ N hne corresponds to FULLMONT AA.
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The early dissolution of dolomite
in the Chios bentonite increases the
[ 3 . smectite-acid reaction area. enhancing
§ —— e e e vvermeeo activation. On the other hand, the

' presence of abundant opal-CT. which
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and the lack of carbonates, might be

additional factors for the inferior
performance and the slow activation rate of the carbonate free-Rema bentonite.

The Rema bentonite consists of beidellite and Tatatilla-type montmorillonite {i.e Al-rich Mg-Fe-poor
smectites), while Chios bentonite consists of Mg-rich Otay-type montmorillonite (Christidis & Dunham,
1997, Christidis et alpngitikh BiBAiobrRATO6@pasB TR e MewAoyide ach.@. al.. 1977, Christidis et al.,
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:i"r‘_"r:_l%?a), suggesw_[ihg that Mg-smectites ‘might undergo structural ¢hanges faster than Al-rich ones. This is
;{iﬂwmxmn of Ahby Mgand/orFe lowersithe stability of octahedral layer, rendering smectite
" proné to changes'imposed by acid attack (Novak & Cicel 1978). Hence active sites might develop faster
v+ and the_clay might be activated easier. It follows that the slow activation of the Rema bentonite which
|| contains Al-richysmectites |15 pot quxpecu:ﬂ. On- the other hand the possible role of 1etrahedral Al on
activation cgnnot be evaluated with the existing data. Christidis & Marcopoulos (1995) based on
stoichiometric rectionshave shown-that beidellite is more prone to alteration than montmorillonite when
g anzii:tétl'rby acidie solutions. The behaviour of beidellite in“acid activation is currently under thorough
“investigation.

The Rema bentonite might perfom successfully as bleaching earth only after prolonged activation with
strong ucid. At these conditions 11 is possible that other reactions, like oxidation of f-carotene. might
produce undesirable by-products. It is not believed that this bentonite will be an effective bleaching earth
at least for crude rapeseed oil, because of the chemistry of smectites, its low grade, the presence of
abundant opal-CT and the luack of carbonates.

5. CONCLUSIONS

1) Acid activation increased the surface area of the Rema bentonite up to a maximum alter which it
remained virtually constant. The increase of surtace area 15 associated with changes in the smectite
structure.

2) Acid activated materials produced from certain treatments can remove fi-carotene from rapeseed
oil.

3) Although surface area is an important feature of the activated materials, maximum bleaching
capacity is not associated with maximum surface area.

4) Optimum decolourization properties are obtained with various combinations of acid strength and
treating time.

5) The Rema bentonite display good bleaching properties only after prolonged treatment with strong
acid due to its mineralogy and the chemistry of smectites. Therefore it is unlikely to be used successfuly as
a bleaching earth.
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