¢! Desalination and Water Treatment
www.deswater.com

o doi: 10.5004/dwt.2018.23238

136 (2018) 433-440
December

Low cost MF ceramic support prepared from natural phosphate and titania:
application for the filtration of Disperse Blue 79 azo dye solution
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ABSTRACT

This paper reports the elaboration of mineral microfiltration support from Moroccan natural phosphate
(NP) and titanium dioxide (TiO,). NP was used due to its natural abundance and low cost. Filters were
prepared using two pore forming agents, microcrystalline cellulose and Arabic gum. The filters with
flat disc configuration were formed by uniaxial press and sintered at different final temperatures. The
impact of thermal treatment on filter properties such as mechanical strength, shrinkage, water absorp-
tion was studied. The second part of this work is to investigate the removal of Disperse Blue 79 azo
dye from aqueous solutions using the prepared ceramic filters, the batch adsorption experiments were
performed by UV-Vis spectroscopy. Raw materials and NP-TiO, were characterized using X-ray dif-
fraction and X-ray fluorescence. The morphology of filter surface was visualized using scanning elec-
tron microscopy (SEM). The mechanical properties were identified by compressive strength tests. The
results show that the sintering temperature has the greater influence on the filtration parameters such
filtration flow and dye retention. Filter sintering at 950°C showed the best results in terms of compres-
sive mechanical strength of 9 MPa, water absorption of 16%, water permeability of 1,650 L h* m~bar
and dye removal reached 99%. Furthermore, visual inspection of SEM images, showed a homoge-
neous surface with an average pore size of 3.245 um.
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1. Introduction

About 7 x 10° tons of hundred thousand different dyes
are manufactured every year, 1%-20% of these produced
dyes are discharged into receiving streams [1]. The biggest
consumers of these dyes are textile, paper and pulp, food,
pharmaceutics, cosmetics, rubber and plastics industries [2].
These industries consume water excessively and therefore are
a considerable source of color pollution that can be identified

* Corresponding author.

by the human eye. However, many dyes are prompted
by concern because of their possible carcinogenicity, for
example benzidine and other aromatic compounds [3]. The
complex structure and synthetic origin of dyes prohibit their
bacteriological degradation or sunlight photodegradation.
Willmott et al. [4] have demonstrated that conventional
municipal treatment systems are infective in the removal of
textile dyes from wastewater.
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Large varieties of dyes are classified as anionic, cationic
and nonionic. Disperse dyes are nonionic dyes that do not
ionize in aqueous medium. Nitro- and azo-compounds are
part of disperse dyes composition that are reduced in sedi-
ments [5], and their reduction in the intestinal environment
leads to the formation of toxic amines [6]. Therefore, the fact
that only 0.007% of total water in our globe is directly acces-
sible for use [7], dyes should be removed from industrial
wastewater.

Several technologies are developed for decolorization of
industrials effluents; conventional methods classified in three
categories: physical, chemical and biological [8-15]. In some
reviews one can find a fourth category which includes the
emerging technologies such as advanced oxidation process,
membrane filtration (MF), sonication, enzymatic treat-
ment [16]. Over the last years, ceramic membrane received
an increasing interest, their potential as new technology
for textile wastewater treatment was studied by several
researches [17-25]. Membrane filtration presents a good
alternative for textile wastewater treatment due to number
of advantages such as high thermal and chemical stability,
good mechanical properties, high treatment quality of differ-
ent varieties of effluents, also it offers continuous treatment
without chemical additives. However, mineral membrane
manufacturing is very costly as it is generally based on
alumina, titania and zirconia which are very expensive mate-
rials. Currently several studies developed new ultrafiltration
and microfiltration ceramic membrane from low-cost natural
materials such as clay, phosphate, bentonite, perlite [26-35].

The purpose of the present study was to manufacture and
characterize a microfiltration flat ceramic support made from
a novel material obtained by combining Moroccan natural
phosphate and small amount of Titania. In addition, Arabic
gum and microcrystalline cellulose were used as pore form-
ing agents. The support was shaped by uniaxial pressing
process and sintered at different temperatures. The impact
of the type of pore forming agent and firing temperature on
filter properties such as porosity, mechanical strength (MS),
water absorption and permeability was determined. The pre-
pared filter was tested in DB79 azo dye removal from aque-
ous solution.

2. Materials and methods
2.1. Raw materials

Flat disc ceramic support was elaborated using natural
phosphate and TiO,. Natural phosphate (NP) used in this
study was collected from a quarry of Khouribga located at
120 km SE, Casablanca, Morocco [36]. Table 1 show the chem-
ical composition of NP. The material structure is similar to
that of apatite with a Ca/P atomies ratio of 1.58. Commercial
TiO, with nominal crystallites mean size of 20 nm and spe-
cific area of 50 m? g was acquired from Ahlstrom Company,
France. It consists of P25 Degussa Titania by Millennium
Inorganic Chemicals (75% anatase and 25% rutile).

Two pore forming agents were used; microcrystalline
cellulose d90 (MC) with nominal average size of 30-60 pm
was purchased from Merck Millipore, Germany, and natural
Arabic gum (AG) was taken from south region of Morocco.
Disperse Blue 79, an azo dye widely used in the Moroccan

Table 1
Chemical composition of phosphate, %
CaO 54.12
P,0, 34.24
F- 3.37
Si0, 2.42
SO, 2.24
CO, 2.21
Na,O 1.13
MgO 0.92
ALQO, 0.68
Fe,O, 0.46
KO 0.36
Table 2
Characteristics of Disperse Blue 79 azo dye
Name Disperse Blue 79
Abbreviation DB 79
Type of dye Azoic
Molecular weight ~ 639.41
(g mol)
Molecular formula C,H, BrNO,
Molecular O—CH,CHs
structure Br
) N(C,H40COCH3)2
O9N N
H-N,
NO, COCHj

textile industry, was used in filtration tests. The characteris-
tics of this dye are summed up in Table 2.

2.2. Flat supports elaboration

The two kinds of ceramic filter were prepared from 97%
of NP-TiO, and 3% of pore forming agents. The NP-TiO,
was obtained by mixing 99.8% wt of natural phosphate and
0.2% of TiO,, the TiO, was used to increase the surface area
of NP [37]. The two pore forming agents used in this study
were MC with nominal size between 30 and 60 pm and AG
sieved at 50 um. The filter preparation already optimized
by hand mixing: 4.85 g of NP-TiO,, 0.15 g of MC or AG and
0.5 g of distillated water over 15 min, to obtain homogeneous
agglomerates.

The mixture was spread out in a stainless steel mold,
with internal diameter of 2 cm, and axially pressed at 50 bar
through hydraulic press. The obtained pellets have nominal
diameter of 2 cm and thickening of 0.8 cm. The pellets were
dried at room temperature for 24 h in closed box and sintered
in a programmable oven (Nabertherm P330). Fig. 1 shows
the thermal treatment. Five different sintering temperatures
(900°C; 950°C; 1,000°C; 1,050°C; 1,100°C) were studied.

2.3. Analyses

The chemical composition of NP was determined using
X-ray fluorescence performed on a dispersion wavelength
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spectrometer model Philips X’'CEM. Mineralogy category of
NP and prepared NP-TiO, was carried out using PANalytical
X-Pert Pro Multi-Purpose diffractometer using Cu Ka radi-
ation (A = 1.5406 A) at a scanning rate of 0.02°/s for a range
of 5-70. The thermal analyses (TGA/DTA) were performed
using SETSYS EVOLUTION 16/18 apparatus from room tem-
perature to 1,200°C at heat rate of 5°C/min. Fourier-transform
infrared spectroscopy (FTIR) (VERTEX 70) was adopted to
analyze the functional groups on the NP-TiO,, the scanning
was performed in the range of 4,000-400 cm™ at a resolution
of 1 em™. Microstructures of fired filter were analyzed using
scanning electron microscopy type Tescan vega3. Mechanical
resistance of fired filter was carried out through application
of compressive strength test based on ASTM C39/C39M stan-
dard method [38], SAUTER electric test machine was used.
Water absorption of prepared filter was calculated as stated
in ASTM C373-88 method [39].

2.4. Filtration test

The dead-end filtration test was performed under
homemade pilot plant shown in Fig. 2 equipped with vac-
uum pump working at 0.1 MPa and a valve to control the
transverse pressure. The prepared filter of 20 mm diameter
and 3.14 x 10 m?filtration area was placed in filter housing
and sealed with silicone O-rings, the stock solution of DB 79
with a concentration of 50 mg L used to evaluate prepared
filter efficiency was filled from the 500 mL feed tank. To reach
the stationary regime, the filter was immersed in distillated
water for 24 h before testing. Each experiment was performed
at room temperature and repeated three times.
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Fig.1. Thermal treatment of pellets at different final temperatures.
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Fig. 2. Schematic of experimental microfiltration pilot.

Water permeability of filter L (L h™ m™ bar™) was
determined using distillated water and calculated as in
Eq. (1) at different pressure AP: 0.02; 0.04; 0.06; 0.08; 0.1 MPa.

Vv
L =——— (1)
A-At-Ap

The permeate flow | (L h™' m™?) was calculated using
Eq. ):

]Z.— (2

where V is permeate volume collected during time interval
At and A is effective area of filter.

The permeate concentration was measured using UV-Vis
spectroscopy (JASCO V-630). Total dye retention R was
calculated as in Eq. (1):

R(% —1C” 100
(%) =[1=" @)

0

where C; (mg/L) and C, (mg/L) are feed and permeate
concentration, respectively.

3. Results and discussion
3.1. Phosphate powder X-ray diffraction analyses

The influence of thermal treatment on NP-TiO, mineral
structure was determined by comparing the X-ray patterns
presented in Fig. 3 of non-calcined and calcined material
at two different temperatures. Series of intense peaks
indicate that fluorapatite presents the major phase at all of
the diffractograms. Moreover the presence of anatase in the
non-calcined NP-TiO, is confirmed by peaks observed at 20:
25.87; 26.69; 39.49. The diffraction peaks of anatase does not
appear in sintered material diffractograms at temperature
of 950°C and 1,000°C, because these two temperatures gave
the best results in filter properties, instead, rutile peaks were
detected at 20: 25.91; 37.42; 54.49 due to TiO, transition from
anatase to rutile phase [37,40,41,42]. Furthermore calcination
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Fig. 3. XRD patterns of the NP and NP-TiO, non-calcined and
calcined at temperatures of 950°C and 1,000°C.
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at temperature higher than 950°C lead to an increase of NP
relative peaks, on the contrary the main peak associated to
calcite at 20: 29.47 were reduced as a result of its degradation
to calcium oxide [43,44].

3.2. Thermal analyses of NP-TiO, powder

Fig. 4 illustrates the TGA-TDA analysis of NP-TiO,
powder. The TGA pattern is characterized by two weight
losses; the first loss of 3.31% at temperatures from 20°C to
150°C, which corresponds to the evaporation of the free
absorbed water. The second loss of 6.84% was observed
from 150°C to 900°C, may be assigned to the elimination
of crystalline water that is part of phosphate structure
and the calcite degradation. The TDA curve reveals three
endothermic peaks, two peaks related to the powder dehy-
dration, the third endothermic peak appearing at 1,020°C is
probably due to mater densification, similar phenomena was
identified in case of Ben Ayed et al. [45] study which states
that tricacil-phosphate starts densification at 1,000°C and the
linear shrinkage occurs from 1,050°C to 1,300°C.

3.3. Filter characterization

A convenient heat treatment is a crucial parameter that
influences the final properties such as shrinkage, density,
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Fig. 4. Thermal analysis of NP-TiO, material.
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water absorption, MS and permeability of the prepared
ceramic support for efficient filtration, the filter properties
were studied at sintering temperatures ranging from 900°C
to 1,100°C.

3.3.1. Firing shrinkage and density

Thermal shrinkage of the filter increased rapidly from
950°C to 1,000°C and stabilized after reaching 1,050°C
(Fig. 5(a)). The maximum percentage of diameter shrinkage
was achieved at 12% at 1,000°C for the filter prepared with
MC, however, the filter prepared with AG reach only 10%
of diameter shrinkage at 1,050°C, these findings are in
accordance with the thermal analysis study that indicates
an endothermic peak referring to beginning of NP-TiO,
densification at the same temperature run.

3.3.2. Water absorption

Water absorption percentage noted a large drop from 18%
to 9% between 950°C and 1,050°C for the filter prepared with
MC, and from 16% to 9% for AG (Fig. 5(b)), in accordance
with previous researches [34,35], which is more likely due to
mater densification resulting in a pore downsizing [45].

3.3.3. Permeability

The filter permeability has an unusual behavior as
temperature varies from 900°C to 1,100°C (Fig. 6(a)). The
permeability curve of MC-Filter and AG-Filter consists
of three phases, the first one was a very fast rise from 676,
787 L/h m? bar at 900°C to 1,607, 1,697 L/h m? bar, respec-
tively, at 950°C, due to the calcite decomposition leading to
pores formation. A moderate increase of permeability until
1,805 and 1,883 L/h m? bar, respectively, for MC-filter and
AG-filter was observed in the second phase, probably caused
by matter cracks or pore size increase confirmed by scanning
electron microscopy(SEM) analysis (Figs. 7(c) and (d)). In the
last phase, a fast drop to 982, 920 L/h m? bar, respectively, for
MC-filter and AG-filter at 1,050°C resulted from densification
and grain growth of material [28,29,32,33].

Water absorption (%)

(b)

830 200 950 1000 1050 1100 1150

Temperature (°C)

Fig. 5. Temperature effect on thermal shrinkage (a) and water absorption (b).
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Fig. 7. SEM images of filters prepared with MC and sintered at 950°C (a) and 1,000°C (c) and with AG sintered at 950°C (b) and

1,000°C (d).

3.3.4. Mechanical strength

Increasing temperature from 900°C to 1,050°C (Fig. 6(b))
shows a rapid increase in MS, maximum mechanical strength
achieved was 8.988 Mpa for the filter prepared with MC and
9.218 Mpa for filters prepared with AG. At temperatures
above 1,050°C a thermal stress was induced, arise from dif-
ferential contraction of the cooler surface of the pellet that
was contracted more than the hotter inner regions, which
lead to a decreasing MS [43].

It can be concluded that the filters sintered at 950°C
and 1,000°C and prepared using both pore forming agents
present the best properties.

3.3.5. Surface morphology of filters

The SEM micrographs in Fig. 7 report the change of the fil-
ter’s surface using the two different pore forming agents (MC
and AG) and two sintering temperatures (950°C and 1,000°C).
The micrograph corresponding to the support prepared with
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cellulose and sintered at 950°C (Fig. 7(a)) showed an outer
rough surface that was very porous (=3.245 um pore size)
and had many deep dents, as for Fig. 7(b), the surface remain
homogenous with no significant surface defects. At 1,000°C
(Figs. 7(c) and (d)), the micrograph showed a presence of
cracks due to firing shrinkage and reduction of the pore size
which is probably owing to melting phenomenon [43,45].

4. Filtration of Disperse Blue 79

Sintering temperature has great impact on filtration rate
(Fig. 8(a)). At 950°C, filtration rate surpasses 98%, 96% for the
filters prepared with MC and AG, respectively. However,
at 1,000°C, a fast drop till 52% and 37% occurred for filters
prepared with MC and AG, respectively. The highest dye
retention rate was observed for the filter sintered at 950°C,
probably due to tow phenomenon, dye molecule adsorp-
tion within NP-TiO, material along the filter depth and pore
selectivity at the filter surface. Fig. 8(b) presents permeabil-
ity variation vs. work time of prepared filters. The supports
sintered at 1,000°C present the highest permeability. During
filtration tests, permeability decreases by 20%-27% which is
probably due to fouling phenomenon as proved in previous
researches [23,27,34]. The cracks observed in SEM images
corresponding to filters sintered at 1,000°C accounts for the
low dye retention and high permeability of these filters.

The FTIR spectra of filter powder prepared using MC and
sintered at 950°C before and after adsorption is illustrated by
Fig. 9, it shows peaks around 3,418 and 1,629 cm™ indicating
the OH stretching and bending. The P-O and P-OH stretch-
ing bonds at 918 and 1,045 cm™, respectively, corroborate the
presence of phosphate in the powder [46,47]. The adsorption
bands that appear in the low frequency region of spectrum,
located in the range 473 and 598 cm™ are characteristic of a
Ti-O-Ti symmetric stretching vibration [48].

After filtration, the -OH bonds have intensified prob-
ably due to powder water saturation. The band observed at
1,413 cm™ attributed to the vibration of -N=N-in amino groups
prove that the azo-dye has anchored to the NP-TiO, surface
[49]. Furthermore, it is important to point out that the signals
located at 1,045 cm™ are intensified after adsorption attesting
the interaction of phosphate with dye molecules [50,51].
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The color transformation of the support after filtration
with darkest layer at the top is shown in Fig. 10. Thereby the
filtration of the large particles is done at the filter surface,
although the smallest ones are adsorbed on NP-TiO, leading
to a depth filtration.
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Fig. 9. FTIR of filter prepared with MC and sintered at 950°C
before and after filtration.
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Fig. 10. Filter prepared with MC and sintered at 950°C before (a)
and (b) after filtration.
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Fig. 8. Filtration rate (a) and permeability (b) as function of work time of filter prepared with MC and AG, sintered at 950°C or 1,000°C.
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5. Conclusion

The preparation and characterization of a low-cost
ceramic microfiltration membrane support with flat disc
configuration based on Moroccan phosphate and TiO, has
been described in the present work. The membrane support
was prepared by uniaxial pressing of ceramic agglomerate
powder made with natural phosphate, titania and two pore
forming agents MC and AG. The impact of sintering tem-
perature and pore forming agent type on support proper-
ties was investigated. The obtained filters at 950°C with MC
and AG presented an interesting mechanical strength, water
absorption, permeability and thermal stability. The filter was
assessed for DB-79 azo dye removal from aqueous solution, it
presents an interesting dye retention activity with a very high
permeability compared with other researches, and indeed
the elaborated support can be used to deposit diverse ultra-
filtration layers.
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