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Abstract

Polysulfone (PS) ultrafiltration (UF)-membrane with Molecular
Weight Cut Off (MWCO) 100kD was examined with the aim of
improving the sugarcane juice clarity while a modified bentonite (organo-
bentonite) by benzalkonium chloride (BAC) was used as adsorbent for
reducing colour and turbidity instead of sulphitation process. Factors
influencing the adsorption capacity of organo-bentonite, such as BAC
concentration, adsorbent dosage, pH, contact time and temperature beside
factors that influence the ultra-filtration process like transmembrane
pressure and temperature were systematically investigated and discussed.
The results of analysis indicated that the adsorption capacity of organo-
bentonite increases with increasing BAC concentration, adsorbent dosage,
temperature and with decreasing pH while membrane flux increases with
increasing transmembrane pressure and temperature. The optimum
conditions were adjusted at a constant reaction time (10 min), temperature
75 °C, pH 5.0, BAC concentration of amount equal t0100% of cation
exchange capacity (CEC) of bentonite and organo-bentonite dose (0.6
g/L) which were determined on minimization of colour, turbidity, ash
content and invert sugar and maximization of purity. At this optimum
point: colour, turbidity, ash%, reducing sugars%sugar and purity were
found to be 7635 U420, 3.0 NTU, 0.474%, 4.8% and 85%, respectively.
Also the clarified juice quality obtained by the treatment was improved
greatly when compared with conventional limed—sulphated juice as the
colour and turbidity in the clarified juice were removed by the rate of
32% and 94%, respectively.
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Introduction

Sugar colorants are a very complex mixture of organic
compounds from various sources. Colour is a complex mixture of
compounds that stems either from the cane plant (e.g., chlorophylls,
flavonoids and polyphenolic compounds) and/or produced during
processing of juice in the sugar factory (e.g., melanins, melanoidins,
caramels and aroma compounds)’. Colorants are a class of
impurities in sugar cane juice that are difficult to remove and tend to
occlude in sugar crystals.

In recent years, ultra-filtration membrane based pressure
driven technology has received increasing attention and great
importance for sugar production. The environmental issues have
come into focus and work is being done to evaluate the possibility
for a cleaner raw juice purification operation. Preliming,
carbonation, sulfitation, and lime kiln all incur large costs and are
pollution concerns. The disadvantages of conventional processing of
sugarcane juice include the inefficient removal of substance (e.g.,
starch, colour, colloids, and other suspended matters) during
clarification, which adversely affects the quality of the final product
(raw sugar)?, as well as the use of heavy equipment and chemicals
that can lead to high operating costs and related environmental
problems®. Thus, the sugar industry needs efficient clarifying
methods to improve the quality of clarified juice and reduce or
eliminate the usage of chemicals. Membrane filtration is an
advanced method that ameliorates these issues®.

Studies on the application of membrane filtration for
clarification of sugarcane juice appeared in the early 1970's’.
Steindl® provided a summary of available data from investigations
undertaken at a number of sites around the world. Those
investigations concluded that membranes would remove
polysaccharides, turbidity and colloidal impurities and result in
lower viscosity syrups and molasses, provide higher growth rates
and improve exhaustion.
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The use of ultra-filtration alone will not enable a typical
sugarcane factory to achieve white sugar standards. Additional steps
to reduce the colour and ash as well as increase the purity of the
syrup are required. Chromatographic separation process is one of
these steps that aims to reduce the colour content of cane juice, but
high construction cost of ion-exchanger units, problems encountered
in their use and environmental problems forced researchers to find
alternative methods for removing colour and turbidity in sugar
industry®. One of the available chemical purification methods is the
application of clay. Purification of raw sugarcane juice by organo-
bentonite can be considered as an alternative purification method.

Bentonite is one type of clay which is cheap and available in
many countries like Egypt as it located at EI Bargan area Northern
Western Desert, Egypt. Bentonite is composed of primarily
montmorillonite (Mt) from the smectite group’, that is generally
classified into sodium (Na) or calcium (Ca) types depending on
dominant exchangeable ion®. The inflation rate and the bleaching
properties of bentonite are not desirable in normal and primary
form. Therefore, it is necessary to make some modifications to be
exacerbated to obtain the desired properties. For example, calcium
bentonite can be treated with sodium carbonate, sodium bicarbonate
or sodium chloride, which results to ion exchange and substitution
sodium instead of calcium and production of modified bentonite
with expanding ability. This new compound is called sodium-
bentonite.

Bentonite is hydrophilic and ineffective for adsorption of
organic molecules®. Since there are exchangeable cations on the
surface of bentonite layers, hydrophobic cationic surfactants can be
substituted by these cations. By substitution of Na* with cations of
detergent (quartamin) like benzalkonium chloride (BAC), cetyl
trimethylammonium bromide (CTAB), hexadecyl
trimethylammonium bromide (HDTAB), ...etc. Na-bentonite can
be modified to absorb organic molecules by organophilic tail of
detergent molecules'®. Modification of Na-bentonite is a method to
increase adsorption capacity of cheap mineral sorbent for removal
of organic pollutants.
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So, this work was designed to apply modified organo-bentonite
for removal of organic pollutants from sugarcane juice as an
efficient mineral adsorbent.

Materials and Methods

Bentonite clay and cationic surfactant used in this study were
obtained from LOBA CHEMIE Co, India. The molecular formula
of bentonite was (Al,03.4Si0,.H,0) and cation exchange capacity
(CEC) was 79 meqg/100g. Cationic detergent that used to synthesize
organo-bentonite was benzalkonium chloride (BAC) 50% wi/v
aqueous solution.

Preparation of Na-bentonite and organo-bentonite

Na-bentonite was prepared by contacting 100 g of bentonite
with 2M NacCl solution by 1:5 (w/v) for 12 h on a magnetic stirring
and the produced suspension was rinsed with enough distilled water
and stand for 30 min for settling then the excess water was
removed. organo-bentonite was made by mixing the suspension of
Na-synthesized bentonite in 1L of a solution containing BAC
50%vol at BAC amount equivalent to 50%, 100% and 150% of
(CEC) of bentonite. The reaction components were stirred at 60-70
°C for 2 h then left 10 h at room temperature. The obtained organo-
bentonite was washed repeatedly with distilled water to remove
chloride ions which tested by AgNO; solution.

Sugarcane Juice and Membranes

Raw sugarcane juice from the milling station was collected
from Abo- Qurkas Sugar Mill, EI Minya governorate, Egypt. The
raw juice collected sample was heated from 45-50 °C to 70-75 °C
then divided into three portions with certain volume where a
different doses of prepared organo-bentonite (2,4 and 6 mL) were
added to them and left to stand for 10 min for complete adsorption
of anionic matters. The three samples were then phosphated with
2% O-phosphoric acid until the P,O5 content reached about 300-350
ppm. The phosphated samples were then limed with milk of lime
and mixed well by a stirrer to raise the pH to 6.9-7.1. The treated
samples were kept standing for 60-70 min for settling and the clear
juice was collected and used as feed for the MF/UF membranes (see
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Figure 2). UF membranes characteristics are presented in Table 1
and Figure (1) represents a schematic of MF/UF demonstration

plant that is used in this study.

Table 1: Characteristics of MF and UF membranes used in this study

Project Parameter
Membrane details MF HB-11UF
Model Tubular Hollow fiber
Supplier USA Bangmo,Korean
Design flux (L/m2/h) 4 (L/min) 3 (L/min)
Permeate turbidity(NTU) <10 <1
Filter type Outside-In Inside-Out
Membrane material PP PS
MWCO or pore size 5um 100 kDa
Transmembrane pressure (MPa) 0.1-0.3 0.1-0.3
Max. operating temperature (°C) 5-45 C 4-65 C
pH range 3-10 2-12
Packwash pressure (MPa) <0.1 <0.2
Membrane area 0.75 m? 0.73m2

Figure (1): A schematic representation of MF/UF demonstration
plant.
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Analysis

Brix, a measure of refractometric dry substance, was measured
using a digital refractometer (PTR 46 XP Refractometer)™. Pol is a
measurement of the total polarized substance in the samples, and it
represents the sucrose content in the samples. Pol was measured by
a polarimeter (DR. KERNCHEN Sucromate) at 589 nm according
to ICUMSA method **.The purity of the samples was calculated as
follows™:

Purity (%) = (pol / Brix) x 100 (1)

Colour, a measurement of the coloured substances in the
samples, was measured™ by a spectrophotometer (JENWAY 6300
Spectrophotometer) at 420 nm, while the turbidity (NTU) of
sugarcane juice was measured by the same spectrophotometer at
900 nm according to the ICUMSA method™. The colour of the
samples was calculated as follows:

Colour % Bx (IU,y) = (Absorbance at 420 nm x 10% ‘Brix) x 100  (2)

The pH was measured by a digital pH meter (JENWAY 3510
pH Meter). Reducing sugar was measured according to the
ICUMSA method™. Conductivity ash correlates the specific
conductance of a solution to the sulfated ash concentration. The
conductivity ash was determined with the aid of a conductivity
meter (JENWAY 4520 Conductivity Meter) according to the
modified ICUMSA method*®. P,Os (%) was determined according
to ICUMSA method"’.

Results and Discussion

Factors Affecting the Ultra-Filtration Process
1- Effect of pretreatment of raw juice

Polysulfone (PS) membrane with Molecular Weight Cut Off
(MWCO) 100kD was examined with the aim of improving the
sugarcane juice clarity while reducing the colour by organo-
bentonite. The behavior of permeates flux during ultrafiltration of
raw juice with the membrane, is shown in Figure (2). It shows that
the permeate flux decreases rapidly upon increasing time to 20 min
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and thereafter a nearly steady state is reached . This behavior
indicates the formation of fouling layers on the membrane surface
that offers an additional resistance to permeate flow™.

Pretreatment of raw juice before ultrafiltration process is
required. Kishihara et al'® studied the pretreatment of raw juice
using polymeric membranes in a stirred cell, they found that liming
the juice to pH 7.5 doubled the initial permeate flux in comparison
with permeate flux of the original juice of pH 5.4.
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Figure (2): Effect of pretreatment of raw cane juice on flux during
filtration of raw cane juice through HB-11UF membrane at pH 7.5,
TMP 4 bar and temperature 45-50 °C.

2- Effect of transmembrane pressure

The effect of different transmembrane pressures on the ultra-
filtration of raw cane juice was studied using HB-11UF membrane
of 100 kDa pore size. The behavior of permeate flux at different
transmembrane pressures is shown in Figure (3). It shows that the
permeate flux through the membrane increases with the increase of
transmembrane pressure and gradually decreases on further increase
in pressure. This behavior could be attributed to the formation of
fouling layers on the membrane surface that become compacted at
high pressures. This layer offers an additional resistance to permeate
flow.
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According to Kishihara et al*® in the ulrafiltration of sucrose

solution, the relationship between flux and pressure was linear, but
then gradually decreases on further increase in pressure due to the
formation of a gel layer of macro-molecular impurities on the
membrane surface. Ghosh et al?® observed an appearance of very
fine greenish brown layer of bagacillo particles and non-sugars
impurities like proteins, gums, and polysaccharides on the
membrane surface during the course of the sugarcane juice
ultrafiltration that can easily cause a drop in the permeate flux.
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Figure (3): Effect of transmembrane pressure on flux during
filtration of raw cane juice through HB-11UF membrane at pH 7.5
and temperature 45-50 °C.

3- Effect of temperature

Progressive changes in the permeation flux at different
temperatures are illustrated in Figure (4). It was demonstrate that
the permeate flux increases upon elevation of temperature. This
increase in the flux might be due to a decrease in the viscosity of
sugarcane juice. This is in good agreement with that reported in
literature™. In addition, Kishihara et al'® obtained a doubling of the
flux upon increasing the temperature from 30 to 60°C.
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Figure (4): Effect of temperature on flux during filtration of raw cane
juice through HB-11UF membrane at pH 7.5 and TMP 4 bar.

Factors Affecting the Adsorption Capacity of Organo-bentonite
1- Effect of benzalkonium chloride (BAC) concentration

Effect of BAC concentration on colour adsorption of raw can
juice is shown in Figure (5). It is clear from Fig 5 that the adsorption
capacity of modified bentonite (organo-bentonite) by cationic
surfactant (quartamin) increases by increasing its content. Using
quartamin in combination with bentonite reduced colour more than
that obtained with additives alone. When quartamin is added a long
chain quaternary ammonium cation is adsorbed on the clay and
changes the nature of the surface from hydrophilic to hydrophobic.
Thus, adsorption of anionic colourants can occur more easily by
interacting with the hydrophobic alkyl group on the mineral
surface?? and colour was reduced to some extent.

Addition of the cationic surfactant with high concentration
might precipitate the anionic high molecular weight colourant which
appeared as turbidity or flock formation. The concentration of
quartamin in the range of 100-700 ppm was previously studied and
the concentration of 600 ppm was the optimum concentration which
provides about 24% colour reduction®#,
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Convention Simple Treated Treated Treated
al Clear defecated juice with juice with juice with
juice Raw Juice Org-Bent Org-Bent Org-Bent
(50% BAC) (100% BAC) (150% BAC)
|Co|our 8158 10655 8567 7633 6987

Figure (5): Effect of BAC concentration on colour adsorption of raw
cane juice at constant temperature and pH.

2- Effect of organo-bentonite dose

Effect of organo-bentonite dose on colour adsorption of raw
cane juice is depicted in Figure (6). It shows that the efficiency of
colour removal by the modified bentonite increases by increasing its
dose. The reduction in colour is related to the adsorption of
colorants by the clay particles. This can be simply attributed to the
increase of sorbent surface area and availability of more sites.
Colourants in the sugarcane juice have various sized complex
structures with mainly nonpolar and somewhat polar characters.
Many clay minerals especially montmorillonites readily adsorb
organic molecules. Adsorption depends upon various factors
including molecular size of the adsorbate, its concentration in the
medium, effect of van der Waals forces, chain length and entropy
effect®.
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ml organo-bent/L

Figure (6): Effect of organo-bentonite dose on colour removal from
raw cane juice by modified bentonite at constant temperature and
pH.

3- Effect of pH

Effect of pH on colour adsorption by organo-bentonite is
showed in Figure (7). It was observed that the efficiency of colour
removal by the modified bentonite increases by decreasing the pH
of the medium. As shown in Figure (7), the most effective pH range
for colour removal was 4.0-5.0. Therefore, when the raw cane juice
is pretreated by simple defecation with milk of lime and o-
phosphoric acid, it was preferred for the phosphatation process to be
before the juice liming process.

Li et al’® carried a series of experiments on the adsorption of
anionic matters by various bentonites. The results revealed that the
efficiency of colour removal by bentonite increases with the
decrease of pH. They reported that the surface charge of bentonite is
positive in the examined pH range of (3-11). At low pH most of the
colour molecules can be adsorbed by bentonite. SOz~ groups are
existed in the structure of anionic colour. The higher removal
efficiency of colour by bentonite adsorption at low pH values may
be due to neutralization of the negative charge —-SO3~ anion, which
increased the protonation and the electrostatic attraction between the
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negatively charged anionic coloured matters in raw cane juice and
the positively charged adsorption sites *’. In alkaline medium, the
Zeta potential of the bentonite reduced with increasing pH. On the
other hand, there was a competitive adsorption between the OH -
ions and the anion matters. Hence, the removal efficiency of colour
decreased with increasing pH?®.
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Figure (7): Effect of pH on colour removal from raw cane juice by
modifiedbentonite at constant temperature.

4- Effect of contact time

Figure (8) demonstrates the influence of contact time on the
adsorption capacity of orgno-bentonite for raw cane juice when
concentration achieved 200 ppm. It is evident that the adsorption
capacity of orgno-bentonite enhance rapidly by the increase of
contact time from 0 to 10 min, and more than 95% of the
equilibrium adsorption capacity was executed at 10 min. Above 10
min, the adsorption capacity became quite constant and the
adsorption reached equilibrium. Consequently, 10 min was chosen
as the best contact time for the adsorption of coloured matters from
raw cane juice under our study conditions.
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Figure (8): Effect of contact time on colour removal from raw cane
juice by modified bentonite at constant pH and temperature.

5- Effect of temperature

The effect of temperature on colour removal from sugarcane
juice by orgno-bentonite is presented in Figure (9). It indicates that
the efficiency of colour adsorption by the modified bentonite
increases with increasing the temperature. Accordingly the raw
cane juice was heated to about only 70-75 °C before adding the
orgno-bentonite to avoid the destruction of sucrose in acid medium
at high temperatures.

Farmani et al*® concluded that with increasing temperature,
the removal of coloured compounds and turbidity of raw sugarcane
juice by bentonite increased.
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Figure (9): Effect of temperature on colour removal from raw cane
juice by modified bentonite at constant pH and organo-bentonite dose
0.5¢/L.

Characteristics of clarified juice obtained by treatment of raw
cane juice with organo-bentonite and ultrafiltration process

Table 2 shows the typical values of three experiments of raw
cane juice quality in the feed and permeate obtained by treatment of
raw cane juice with organo-bentonite and ultrafiltration process as
compared to clarified juice obtained by conventional limed-
sulphated process.
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Table 2: The characteristics of clarified juice obtained by treatment
of raw cane juice with organo-bentonite and ultrafiltration process
compared with the conventional clarified juice.

Parameter pH Brix | Pol | Purity | Colowr | Turbidit| RS | Conduct | P-0;
(%) | (%) U%Bx | y@900 | YoSugar | ivityash | (PPm)
[Iquu] nm [%]
Exp No.1
Raw juice i 1415 | 1130 | 8339 — — 53 0.519 180
Treated juice 11 —_ | = | = | 1123 —_ —_ —_ 336
Clear juice 6.9 1402 | 1188 | 8474 | T265 16 49 0478 3
(Feed)
Permeate 6.8 1384 | 1180 | 8526 | 6476 0.9 43 0.463 n
Conventional 6.9 1376 | 1117 | 8299 | 82M 7 36 0472 n
clear juice
Exp No.2
Raw juice 57 1372 | 1140 | 83.00 _ _ 54 0.496 168
Treated juice 12 —_ | = | — | I8 —_ —_ —_ 1L
Clear juice 11 1365 | 1149 | 8418 | 3012 n 30 0.463 2
(Feed)
Permeate 10 1348 | 1140 | 8437 | 6012 12 49 0.448 M
Conventional 7.0 1334 | 1091 | 8278 | 8439 13 58 0.466 15
clear juice
Exp No.3
Raw juice i3 1403 | 1173 | 836l —_ —_ il 0.544 m
Treated juice 11 —_ | = | — | 123 —_ —_ —_ Mo
Clear juice 6.9 1378 | 1L70 | 8491 | 7628 11 48 0.512 36
(Feed)
Permeate 6.8 1366 | 1167 | 8543 | &7H4 0.7 4.6 0.491 k|
Conventional 6.9 1360 | 1130 | 8312 | TR 14 54 0.507 13
clear juice
1- Brix

From Table 1, it can be concluded that the treatment of raw
cane juice with simple defecation and organo-bentonite followed by
ultrafiltration process leads to decreasing brix value. With
increasing temperature and decreasing pH value due to better
activity of bentonite and further removal of impurities of raw cane
juice, as well as separation of frequently dissolved molecules and
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small particles from juice by the UF membrane, Brix has been
reduced.

2- Purity

As shown in Table 1, it is clear that the purity was increased
by 2.1%. Sugarcane juice contains soluble inorganic phosphates that
react with available Ca®* ions from the addition of lime/lime
saccharate to form a calcium phosphate precipitate, which partakes
in floc formation leading to a decrease in the brix value®. As well
as with increasing temperature and decreasing pH value, due to
better activity of bentonite and further removal of impurities of raw
cane juice, brix has been reduced and thus the purity of the juice
increased. The treated clear juice so obtained after settling was then
subjected to the UF membrane to give another rise in purity. This
can be correlated with the higher nonsugars rejection during the
juice ultrafiltration.

3- Turbidity

As shown in Table 1, it is clear that the turbidity was reduced
by 94%. Simple defecation by o-phosphoric acid and milk of lime
causes formation of a heavy precipitate of complex composition,
besides that ultrafiltration of produced clear juice removes
suspended solids, colloidal particles and soluble high molecular
weight compounds leading to more decrease in turbidity value.

4- colour

From Table 1, it can be observed that treatment of raw cane
juice with organo-bentonite combined with the ultrafiltration
process leads to colour reduction by about 39%. The study of
Farmani et al®* shows that reducing the colour is related to
adsorbing the coloured matters by bentonite particles (see Fig 10).
Efficiency of bentonites on colour reduction was found to be
dependent upon the way of application of bentonite®. Direct
addition of bentonite decreases the colour a little more than that of
addition from the stock suspension of bentonite in water (100 g/L).
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Figure (10): Clarified juice quality obtained by treatment of raw cane
juice with organo- bentonite/ultrafiltration (organo-bentonite dose
0.5g/L) compared to conventional limed—sulfated clear juice.

5- Invert sugar.

Invert sugar content in juice was directly related to the effect
of pH and temperature. With increasing temperature and reducing
pH, the hydrolysis of sucrose to reducing sugars in the raw sugar
cane juice greatly increased. Accordingly the raw cane juice was
heated only to 75 °C and limed with milk of lime to pH ~7.0 to
prevent sucrose hydrolysis.

Close inspection of Table 1, one can conclude that invert sugar
of the treated juice was significantly decreased compared to raw
cane juice. This can be attributed to precipitation of some non-
sugars by the simple defecation process. As the cleared juice from
the defecation process passed through the ultrafiltration membrane,
invert sugars will decrease again owing to the high nonsugars
rejection during the juice ultrafiltration.
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6- Conductivity ash.

From the data in Table 1, one can deduce that treatment of raw
cane juice with simple defecation and organo-bentonite followed by
ultrafiltration leads to decreasing conductivity ash by 10.2%.
Mohammed** reported that the efficiency of removal of Fe** ions in
aqueous solution using natural bentonite increases with increasing
temperature. Two main reasons are available for the substantial
increase in efficiency of ash removal by bentonite. First, the higher
temperature activated the metal ions for enhancing adsorption at the
coordinating sites of the adsorbent, and the metal cation moved
faster®®, and second, acceleration of some originally slow step(s)
and creation of some new activation sites on the adsorbent surface™.
The similar results about absorption of some heavy metals such as
Zn, Cu, Ni and Cr by bentonite at pH 3 were obtained by other
researchers®’.

Comparing the characteristics of clarified juice obtained by
organo-bentonite/ultrafiltration  treatment  process with
conventional clarified juice from the sulfitation process.

Finally, to evaluate the efficiency of this method in treatment
of raw cane juice, characteristics of clarified juice obtained by
organo-bentonite/ ultrafiltration treatment process were compared
with the conventional clarified juice obtained by sulfitation process.
From Table 1, it was observed that the clarified juice characteristics
improved greatly by organo-bentonite/ ultrafiltration treatment
process rather than by clarified juice from the sulfitation process.
Thus, for organo-bentonite/ultrafiltration treatment process, the
purity increased by 2.1%, whereas colour, turbidity R.S% sugar and
ash decreased by 39%, 94%, 9.3% and 10.2%, respectively.

The quality of the clear juice obtained by organo-
bentonite/ultrafiltration treatment process was consistently superior
and even lighter in colour in all experiments when compared to that
of the conventional clear juice (see Fig 10).
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Conclusion

Ultra-filtration of treated raw cane juice with a modified
organo-bentonite by benzalkonium chloride was successfully used
for removing colour and turbidity from the juice as well as
enhancing the clarity and characteristics of the produced clear juice.
The adsorption of colour by organo-bentonite was influenced by
various parameters such as pH, temperature, BAC concentration
and organo-bentonite dose while the ultrafiltration process was
influenced by the juice pretreatment, temperature and
transmembrane pressure. The results provided that adsorption
capacity of organo-bentonite increases with increasing BAC
concentration, organo-bentonite dose, temperature and with
decreasing the pH value. The ultrafiltration flux was increased by
increasing temperature and transmembrane pressure. The raw cane
juice treatment process by organo-bentonite and ultrafiltration
enhanced the properties of the produced clarified juice as the purity
of the juice increased while the colour, turbidity, reducing sugar and
ash content decreased. Comparison of the adsorption capacity shows
that the clarified juice quality obtained from the treatment method
was improved as compared to conventional limed-sulphated
clarified juice in colour, turbidity, inverted sugar and ash content.
Application of this method can be advisable for production of white
sugar in various industries. For some factories of the Egyptian
Sugar and Integrated Industries Company (ESIIC) in Egypt like
Gerga and Deshna factories, 5 stages for production of white sugar
are used due to the high colour of the clarified juice and avoiding
the sulphitation process by SO, gas. By using organo-bentonite as
adsorbing agent for colour removal, it is possible to decrease the
number the stages to 3. In addition, using of supran as flocculant
agent in these factories can be deleted due to the great efficiency of
organo-bentonite in removal turbidity.
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