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ABSTRACT

Mesoporous activated carbon was prepared using olives seeds as a precursor by physiochemical activation method which
consisted of potassium hydroxide (KOH) treatment and carbon dioxide (CO,) gasification. The effects of preparation
conditions (activation temperature, activation time and chemical impregnation ratio) on the prepared activated carbon
yield and the removal of 2,4-Dichlorophenoxyacetic acid (2,4-D) were investigated. Quadratic model was developed
using central composite design (CCD), the activated carbon preparation conditions were optimized by maximizing both
the activated carbon yield and pesticides removal. The predicted of carbon yield and pesticides removal from the models
agreed satisfactorily with the experimental values. The optimum conditions for preparing activated carbon from olives
seeds for removal of 2,4-D were found as follow: CO, activation temperature of 595.5 °C, CO, activation time of 50 min
and KOH: char impregnation ratio of 2.2, which resulted in activated carbon yield of 22.2% and 2,4-D removal of %91.5
respectively.
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1.

INTRODUCTION

Pesticides are applied to agricultural crops and amenity land as part of the normal management of those areas for best
yield or general maintenance respectively. Pesticides concentrations in wastewater and aqueous solution are within the
range of 20-400 mg/L [1,2]. 2,4-Dichlorophenoxyacetic acid (2,4-D) is one of the oldest herbicides used in the world
[3]. Adsorption is one of the well known methods used in removal of such hazardous compounds from polluted
waters. Activated carbon is the most widely used adsorbent material for this purpose due to its efficiency and
economic feasibility [1]. Recently; growing research interest in the production of carbon-based activated carbon has
been focused on agricultural by-products. Low cost adsorbents derived from agricultural wastes have demonstrated
outstanding capabilities for the removal of pollutants from wastewater. Therefore, low cost agricultural waste
adsorbents can be viable alternatives to activated carbon for the treatment of contaminated wastewater. The use of
cheap and eco-friendly adsorbents have been studied as an alternative substitution to activated carbon for the removal
of pollutants from wastewater [4]. It is well known that activated carbon is produced from a wide variety of carbon
rich raw materials including wood, coal, peat, coconut shells, nutshells, bones and fruit stones. New materials are
currently under investigation as sources for the production of activated carbon. For example, olives seeds are candidate
as a source of activated carbon. Response surface methodology (RSM) has been found to be a useful tool to study the
interactions of two or more variables. Optimization of experimental conditions using CCD has been widely applied in
various processes including preparation of activated carbons [5]. The objective of this research was to prepare
mesoporous activated carbon from olives seeds by optimize the preparation conditions for removal of 2,4-D from
aqueous solution using (CCD).
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2. EXPERIMENTAL

Preparation of activated carbon

The raw material, olives seeds (OS), were collected from one of the olives fields south of Baghdad, Irag. Firstly washed
with distilled water to remove all dirt and then oven dried overnight at 100 °C. The dried seeds were then crushed to desired
mesh size (1- 3 mm). The process of converting the seeds to activated carbon by carbonization and activation which were
carried out in a stainless steel vertical tubular reactor placed in a tube furnace. The seeds heated at a rate of 10 °C/min to 400
°C and held at this temperature for 2 h in a N, atmosphere. The carbonized material was then soaked in potassium hydroxide
(KOH) solution with different impregnation ratio. The mixture was then dehydrated in an oven overnight at 100 °C to
remove moisture and then activated under the same condition as carbonization, but to different final temperature. Once the
final temperature (500 °C) was reached, the nitrogen gas flow was switched to carbon dioxide (CO,) and activation was held
for different period of time. The resulting activated carbon (OSAC) was washed with 0.1 M HCI to dissolve and remove any
residual ash followed by washing with hot distilled water and to regulate the pH around 7.

Characterization of activated carbon

Activated carbon yield is taken as a parameter to determine the process efficiency and economics. It is defined as the ratio
of the dry weight (g) of the prepared activated carbon, w, to the dry weight (g) of the precursor, w, as shown by Equation

(1):
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% Yield = —= x 100 (1)
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Design of experiments
Activation temperature, activation time and impregnation ratio were studied within the input range of these parameters
using a central composite design (CCD). This method is suitable for fitting a quadratic surface and it helps to optimize the
effective parameters with a minimum number of experiments, and also to analyze the interaction between the parameters
[6].The activated carbon preparation variables were studied together with their respective ranges were chosen based on the
literature and preliminary studies. Activation temperature, activation time and impregnation ratio are the important
parameters affecting the characteristics of the activated carbons produced [7]. The number of experimental runs from the
central composite design (CCD) for the three variables consists of eight factorial points, six axial points and six replicates at
the centre points indicating that altogether 20 experiments were required, as calculated from equation (2):
N=2"+2n+n=2*+2%x3+6=20 2)
where N is the total number of experiments required and n is the number of process variables.
The experimental sequence was randomized in order to minimize the effects of the uncontrolled factors. The responses (Y;)
were activated carbon yield and pesticides removal, each response was used to develop an empirical model which correlated
the response to the preparation process variables using a second degree polynomial equation as given by equation (3) [8]:
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where Yi is the predicted response for activated carbon yield or pesticides removal response, b, the constant coefficient, b;
the linear coefficients, by the interaction coefficients, b; the quadratic coefficients and x;, x; are the coded values of the
activated carbon preparation or pesticides removal variables. The activated carbon was derived from this precursor by
physiochemical activation method which involved the use of KOH treatment and followed by gasification with CO,. The
parameters involved in the preparation were varied using the response surface methodology (RSM). The three variables
studied were activation temperature (x,), activation time (x,) and impregnation ratio (xz). The responses considered in this
study were activated carbon yield (Y,), removal of 2,4-D (Y,). The various process parameters for preparing the activated
carbon was studied with a standard response surface methodology (RSM) design called a central composite design (CCD).
This method is suitable for fitting a quadratic surface and it helps to optimize the effective parameters. Response surface
methodology (RSM) is a statistical method that uses quantitative data from appropriate experiments to determine regression
model equations and operating conditions. RSM is a collection of mathematical and statistical techniques for modeling and
analysis of problems in which a response of interest is influenced by several variables [1,7,8]. A standard RSM design
called a CCD was applied in this work to study the variables for preparing the activated carbon.
Adsorption studies
20 sets batch adsorption included 100 mL of 100 mg/L herbicide (2,4-D) as adsorbate using 0.20 g of prepared activated
carbon (OSAC) as adsorbent, and kept in an isothermal shaker (120 rpm) at 30 °C until equilibrium was attained. The
concentrations of 2,4-D solutions before and after adsorption were determined using a double beam UV-Vis
spectrophotometer (UV-1700 Shimadzu, Japan). The maximum wavelength of the 2,4-D was found to be 283 nm. The
percentage removal of herbicide at equilibrium was calculated by equation (4):
% Removal =M x100 (4)

o]

Where C,and C, (mg/L) are the concentration of 2,4-D at initial and equilibrium, respectively [9, 10].
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3. RESULTS & DISCUSSION

Characterization results

Figure 1 shows the surface of electron microscope (SEM) photographs of the OSAC at 100x magnifications. It can be seen
the surface of activated carbon produced, which contains well-developed pores where there is a good possibility for 2,4-D to
be trapped and adsorbed into the surface of the olives seeds activated carbon pores. The Brunauer-Emmett-Teller (BET)
surface area and Langmuir surface area of the prepared activated carbon were 950 m?/g and 1451.6 m%g. The volatile
matters that blocked the pores on the char were gasified by the activating agent and were thus removed thereby leaving most
of the pores on the activated carbon unblocked. Figure 2 illustrate the Fourier Transform infrared (FTIR) spectrums of the
precursor, char and activated carbon prepared from olives seeds. The main functional groups found were O—H stretching
vibration of hydroxyl functional groups including hydrogen bonding which was detected at bandwidth around 3467-3852
cm™. Other major peaks detected are found at bandwidths of 2929-2349 cm™, 1395-1644 cm™, 1400-1436 cm™, 1320-1321
cm™?, 1010-1051 cm™ and 600-761 cm™ which were respectively assigned to C—H stretching related to alkanes and alkyl
groups.

Figure 1: SEM micrograph of OSAC (magnifications: 100x)

Empirical Model Equations for Preparation of OSAC and Herbicide Removal

The complete design matrix for the yield response of activated carbon prepared from olives seeds (OS) with the removal
response of 2,4-D from the experiment understudied are presented in Table 1.

Activated carbon yield

It was found that the activation time have the greatest effect on the OSAC yield response by showing the highest F values
26.38 as shown in Table 2.Figure 3 (a, b and c) shows the interaction between the activation temperature, activation time
and impregnation ratio and their effect on the OSAC vyield. The results suggest that when the cellulosic and hemicellulosic
contents are higher in the raw material, the faster the decomposition of lignin. In fact, the biomass is decomposed in two
steps during activation. First, the cellulosic and hemicellulosic are decomposed and the porosity in the activated carbon is
increased while the oxidizing agent can easily diffuse into the particles. With increasing activation temperature, the
endothermic reaction of carbon with water to give carbon dioxide and hydrogen is thermodynamically more favored and is
faster. The longer the activation time is, the larger the amount of released volatile matter. Similar trend was observed in
preparation of activated carbons from date stones. The effects of the activation time, activation temperature, impregnation
ratio, and particle size on the carbon yield and adsorption were found to decrease with increasing activation temperature,
activation time and chemical impregnation ratio[14]. Similarly the interaction effect between the activation temperature,
activation time and gas flow rate on the carbon yield were studied and found to have significant effects on the response
(yield). It was found that the carbon yield decreased with increase in activation temperature, activation time and CO, gas
flow rate. The effect of impregnation ratio on weight loss can be seen to decrease the weight of the carbon products
obtained with increasing chemical agent [15].
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Figure 2: Fourier Transform infrared (FTIR) spectrums of the precursor, char and activated carbon prepared from
olives seeds.

I'able 1: Complete design matrix for the yield response of activated carbon  prepared from olives seeds with the removal
response of 2,4-D.

No | Activation Temp. Activation IR | Activated carbon Yield 2.4-D
(°C) Time % Removal%
(hr)
1 700.0 1.5 2.50 19.0 90
2 500.0 0.5 1.00 20.0 58
3 600.0 1.0 1.75 19.5 90
4 600.0 1.8 1.75 17.5 87
5 600.0 1.0 0.49 20.2 38
6 500.0 0.5 2.50 18.8 92
7 700.0 0.5 1.00 21.0 24
8 600.0 1.0 1.75 19.5 90
9 600.0 1.0 1.75 19.5 90
10 600.0 1.0 1.75 19.5 90
11 500.0 1.5 2.50 19.5 80
12 600.0 1.5 1.75 20.6 88
13 700.0 0.16 1.00 15.0 91
14 768.2 15 1.75 19.4 91
15 700.0 0.5 2.50 21.2 70
16 600.0 1.0 1.75 19.5 90
17 431.8 1.0 1.75 20.9 89
18 500.0 1.5 1.00 16.6 89
19 600.0 1.0 1.75 19.5 90
20 600.0 1.0 3.01 18.9 94
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Table 2: Anova for response surface quadratic model of OSAC vyield.

Source | Sum of Squares | Degree of Freedom | F Value | Prob > F
Model 34.01 9 4.69 0.0121
X 0.050 1 0.062 0.8090
X, 20.21 1 25.06 0.0005
X3 0.76 1 0.94 0.3557
Xy 0.086 1 011 | 0.7512
X,° 1.50 1 1.86 0.2028
Xs° 0.31 1 0.38 0.5518
X1 X5 3.13 1 3.88 0.0773
X X3 1.13 1 1.40 0.2649
XoX3 6.84 1 8.49 0.0155

Herbicide removal onto prepared activated carbon

Figures 4 (a), (b) and (c) show the three dimensional response and the interaction effects between the parameters of
activation temperature, activation time and IR on the 2,4-D removal. The results showed that the removal of herbicide onto
OSAC generally increased when the activation temperature and IR increased. This is because with an increase in the
activation temperature, the specific surface area of the activated carbon produced by physiochemical activation using KOH
as a chemical agent with CO, for activation is found to have well developed micropore.

Determination of optimal condition

The optimum conditions (activation temperature, activation time and the impregnation ratio) for preparation OSAC, were
595.5 °C, 50 min and 2.2, respectively. And the optimum activated carbon yield and 2,4-D removal were 20% and 91.5%.
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CONCLUSION

The effects of activation temperature, activation time and chemical impregnation (KOH: char) ratios, on the activated
carbon yield and herbicide removal were studied by conducting a CCD. A quadratic model and a 2FI model were
respectively developed to correlate the preparation variables to the carbon yield and pesticides removal. The optimum
activated carbon prepared from olives seeds was obtained by using activation temperature of 595.5 °C, activation time
of 50 min and chemical impregnation ratio of 2.2. The optimum activated carbon showed activated carbon yield of
20% and 2,4-D removal of 91.5% respectively. The effects of the activation time, activation temperature and
impregnation ratio on the carbon yield and adsorption were found to decrease with increasing. Activation temperature,
activation time and chemical impregnation ratio.
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ABSTRACT

Subsequent to previous laboratory work which was carried out on wet bases to beneficiate a low grade bentonite
from Wadi Bashiera deposit using dispersion sedimentation technique. The dispersant reagents used were sodium
hexametaphosphate and tetra sodium pyrophosphate. This paper presents the results of bench scale tests which were
done to confirm the effectiveness and optimization of the process. The main operational parameters (dispersant
reagents type and amounts and slurry solid concentration) as well as the potential applicability of this process. The
experimental results obtained from processing 3Kg raw bentonite sample under the conditions (0.6 wt% sodium
hexametaphosphate or 0.8 wt% tetra sodium pyrophosphate and 2wt% raw claystone slurry concentration) indicated
that a potential removal of the majority of the main non-clay mineral gangue (calcite) can be resulted and a high
grade bentonite achieved. The CaO was lowered from 14.7 % in the raw to 3.6 %, accordingly the cation exchange
capacity (CEC) was raised from 60 meq/100gm to 98meq/100 gm, that indicate a high enhancement in the bentonite
quality. From the results, it can be claimed that the dispersion sedimentation (centrifugal sedimentat) technique can
potentially applicable for the beneficiation of Wadi Bashira bentonite claystone, and the basic conception however,
of the process flow diagram was accordingly suggested.

KEYWORDS: | Bentonite | Montmorillonite | Beneficiation dispersion | wet treatment
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1. INTRODUCTION

Bentonite is a naturally clay deposit composing predominantly of montmorillonite mineral, which is a fine
crystalline aluminohydro silicate with 2:1 lamellar layer structure [1]. Between the inter laminar region, cations,
usually, Na* or/ and Ca*? can relatively easily exchange giving montmorillonite a high cation exchange capacity
(CEC) phenomenon. The type of cation that resides in the inter-laminar region has a marked impact on the
performance of the bentonite in terms of its capacity for swelling, thixotropy, and adsorption [1-4]. Bentonites have
been used as industrial raw materials in vast applications such as iron ores palletizing, pet adsorption, drilling fluid,
bleaching of addible oil, civil engineering, foundry industry and many eals [3,5]. Commercial importance of
bentonites deposit depends on their content of clay and non clay minerals impurities. The most common of these
impurities are kaolinite, polygoreskite, illite, quartz, carbonite, gypsum, feldspar and opals. It was claimed [6] that
bentonites with less than 10% of any of these impurities and containing > 80% montmorillonite is accounts of
commercially viable deposit. The purification process and improvement of bentonite quality, however, are mainly
depends on bentonite itself, its type, composition and final uses. In this respect, the work of Hassan and Khalek [7],
on Egyptian Ca-bentonite showed that, this material can be purified effectively from the majority of the associated
calcite, by treating overflow bentonite slurry of a hydrocyclone with dilute HCI. Al-Ajeel and his team [8,9] used
acid treatment (HCI) and carrier flotation to arrive at efficient removal of the associated calcite from Iragi bentonite
(Wadi Bashira montmorillonite claystone deposit) in the Western Desert. The results of the two treatments were
analogous in term of calcite removal and grade of the yielded montmorillonite clay. Shaoxian et al. [10]
investigated a dispersion-sedimentation process, using sodium polyphosphate as a dispersant agent for the
beneficiation of Ca-montmorillonite deposit from China. The process was very effective in upgrading the
montmorillonite, and the reject, were quartz, feldspar and cristobalite. Al-Ajeel and Abdullah [11], was also
reported, that the dispersion sedimentation technique, using tetrasodium pyrophosphates as dispersing agent, was
very effective in beneficiating montmorillonite claystone (bentonite claystone). The discard materials were rich in
calcite and dolomite. The objective of this work, however, was to assure the technical data obtained from the

18]
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previous laborator work[11] and establishing more confidential process flow diagrin (PFD) for the beneficiation of
Wadi Bashira bentonite, by carrying a bench scale experiments.

2. EXPERIMENTAL

Ca-bentonite sample of a low grade collected from Wadi Bashira, Western Desert, Irag was used in this work. The
sample was crushed to 100% pass 4mm ASTM sieve prior to beneficiation tests.The
mineralogical(qualitative)andchemical composition, as well as the cation exchange capacity (CEC) are given in
table 1.Sodium hexameta phosphate (SHMP) and tetra sodium pyrophosphate(TSPP) of reagents grade were used
as a dispersant agents. Qualitative mineralogical analysis of the starting bentonite sample was carried out by X-ray
diffraction(XRD)using Shimadzu7000 diffractmeter, and Cu K& radition. Chemical analysis of major and minor
oxides was done by X-ray fluorescence (XRF) type Shimadzu 1800. The loss on ignition (L.O.I) was determined as
percentage weight difference in one sample heated at 100 °C and 1000 °C. Cation exchange capacity (CEC) was
measured by the methylene blue adsorption method, as given by Schenning [4]. For the beneficiation work, raw
bentonite sample of (3 kg) and having a particle size of -4mm ASTM sieve was made into slurry of 10 wt % solid
concentration by strong mixing (1200 rpm) with tap water to breakdown the aggregation and delimitation of the
clays particles. The slurry was allow to pass through 75 screen opening to remove over size (+75 ), then diluted
with water to the desired concentration. Dispersant agent was added to the diluted slurry, conditioned with mixing
at 1200 rpm for 7 min. the slurry was then subjected a centrifugal sedimentation at 1000 rpm for 5 min. The
sediment (mostly calcite) was removed as tailing. Thereafter the suspended slurry was subjected to another
centrifugal sedimentation at 3000 rpm for 10 min, to seprate the beneficiated bentonite. The product (bentonite
concentrate) was dried and analyzed for CaO, CEC as well as XRD.

3. RESULTS & DISCUSSION

The XRD analysis of the raw bentonite clystone used in this work is shown in figure (1).It is indicated that Ca-
montmorillonite and claystone are the predominant clay and non clay minerals comprises the bentonite sample.
Other identified minerals were palygoreskite, quartz and minor of gypsum. The chemical composition is given in
table (1). It is indicated that, the main constituents of the raw bentonite are silica (SiO,), alumina (Al,O5), CaO, and
to some extent iron oxide (Fe,Oz). High CaO content (14.7%) was detecated, due to the abundance of calcite
(CaCOs) mineral. MgO content is mainly attributed to the palygoreskite and montmorillonite clay minerals. The
presence of Na20 and Cl indicated that the bentonite contains some halite (NaCl) too. The CEC value was found of
60 meg/100 gm, which reveals a low montmorillonite content. It has been reported [12] that bentonite deposit with
70-90 CEC is considered of a high grade deposit. Grim [1]was also reported that, the CEC level of good quality
bentonite deposit is in the range of 70-150 meq/100 gm. According to what have been displayed above, the raw
bentonite required some beneficiation to enhance its quality and uses. A wet method which based on the dispersion
of the clay minerals and sedimentation of non-clay mineral was employed. Since the bentonite under study is of
calcium based (i.e Ca- montmorillonite) its lattice sheets are usually tightly held together due to the presence of the
divalent calcium ions (dominant exchangeable ions) between these sheets (inter-laminar region). Therefore, the clay
does not disperse in water as readily as possible [13,14]. It invokes aggregation and rapid settling of bentonite
particles.

Table 1: Chemical Composition of the raw bentonite (Wt %)

Chemical Composition of raw bentonite
(Wt %)
SiO2 | Fe203 | Al203 | CaO | MgO | SO3 | Na20 | K20 | CI L.O.l

CEC(meqg/ 100gm)

4393 | 4.35 11.16 | 14.71 | 3.28 | 0.30 | 1.41 | 0.38 | 0.95 | 19.24 60

Intensity

Figure 1: XRD pattern of the raw betonate
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The calcium ions cause faster reassociation of the lattice sheet, and consequently no stable clay suspension can occur. To
overcome this obstacle, the aqueous clay slurry should be treated with an effective dispersant to impart relatively a high
degree of suspensional stability to the clay practices. At this condition of the clay-water system, the non-clay impurities can
free to settle with their gravity force and become possible to separate from the clay. The commonly used dispersants,
however, are polyanions of the phosphate and silicate family, such as sodium pyrophosphate, sodiumhexmeta-phoshate,
tetra sodium pyrophosphate, and sodium silicate ([15,16,10]. In this work, sodiumhexmeta-phoshate (SHMP) and tetra
sodium pyrophosphate (TSPP) were used to accomplished the dispersion of the clayey particles and hencefor allow the non-
clay mineral to be separated and upgrading of the bentonite can be achieved. However, the results of using this reagent at
different amounts on CaO content of the beneficiated bentonite (processed at 2-6 wt % slurry solid concentration) are
illustrated in figure(2) and (3). It is worth to mention here, that according to the previous laboratory beneficiation work [11];
a bentonite product containing 3.4-5% CaO was achieved at a slurry solid concentration of 2-6 wt% using TSPP as a
dispersing agent.The lower CaO value (3.4%), however, was at 2 wt% solid with 0.75 wt% TSPP additions. This explains
the reason of using the solid concentration (2-6 wt %) range in the bench scale experiments. From figure (2) which
indicated the effect of using SHMP on the CaO content of bentonite concentrate it can be noted that, the lower CaO value
achieved was of a bout 3.7% at a slurry solid concentration of 2 wt% and addition of 0.6 wt% SHMP. By using TSPP
(figure 3), it is obvious that the best results were obtained by processing the raw bentonite at 2 wt% slurry solid
concentration. It can be seen that at this slurry concentration, the lower CaO content of the beneficiated bentonite was of
about 3.7% using 0.8 wt% TSPP. This results are quite analogies to that obtained from the previous laboratory beneficiation
work as stated above.

5.5 - (N
el 20s0lid
5o 4%soild

=== 6%so0ild

3.5 -

3 T T T T 1
0 0.2 0.4 0.6 0.8 1

SHMP addition (wt %)

Figure 2: Effect of sodium hexamenta phosphate addition on CaO content of beneficiated bentonite at different
solid concentration
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Figure.3: Effect of Tetra sodiumpyrophosphate addition on CaO content of beneficiated
bentonite at different solid concentration

According to the displayed results, it can be stated, that effective upgrading of Wadi Bashira bentonite deposit can be
achieved at low slurry concentration (2wt %). This finding is well in accordance with that, reported in the previous
laboratory upgrading work [11]. The dispersant could be either SHMP or TSPP, preferably SHMP at a dose of 0.6wt % of
the raw bentonite. The results of the chemical composition and CEC vale of the bentonite concentrate produced from this
work at 2wt % solid concentration and addition of 0.6wt % SHMP are shows in table (2). Whileas, its XRD pattern is given
in figure (4). Comparing these results with that of the starting material (table 1), it can be seen that, the beneficiation process
resulted in high quality bentonite clay. The CaO value was highly reduced (from 14.7 % CaO in raw to 3.7 % CaO in
concentrate). Also, the alumina (AI203) content of the bentonite concentrate was significantly increased, it increase from
11.16 % to 16.8 %. Furthermore, the ratio of SiO2 / Al203 value was lowered from 3.93 to 3.3 compared with (3) that
calculated from the data of the ideal theoretical composition of the bentonite (montmorillonite claystone) [17], which
indicated a reduction in free silica was occurred. The purification of the bentonite led also to increase the CEC value from
60 meqg / 100gm in raw to 98 meq / 100gm in concentrate. This beneficiation and purification of the bentonite was clearly
reflected in the XRD differactogram.

Table 2: Chemical analysis of the beneficiated Montmorillonite clayston

(Wt %)

CEC
Si0, | Fe,0s | AlbOs | CaO | Mgo | SO; | NaO | K0 | TiO, cl L.O.l 1%“8‘;%)
5492 | 504 168 | 36 37 | 008 | 133 | 079 | 083 | 0957 | 11.17 60

[11]
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Figure 4: XRD pattern of the beneficiated bentonite (concentrate) bentonite

Looking at the figures (1) and (4) for raw and upgraded bentonite respectively, it can be seen that a significant difference in
appearance of the mineral peaks. It is clear that the montmorillonite peaks are well established and intensified, whereas
quartz peaks are highly lowered, and the calcite peaks are almost diminished, except that, at 20 29° which also highly
reduced compared with that, of the raw. According to the encouraging results, a more confidential process flow diagram
(PFD) for the upgrading of low grade Wadi Bashira montmorillonite claystone is suggested in figure (5).

Mont= Montmorillonite

Figure 5: Process flow diagram ( PFD) for the beneficiation process

4., CONCLUSION

According to the experimental results of this work the following conclusion can be highlighted: Dispersion and centrifugal
sedimentation process with either sodium hexa metaphosphate or tetra sodiumpyrophosphate as a dispersent angent (
preferably the former one ) are very effective for beneficiating the bentonite claystone from Wadi Bashira deposite. For
better results, the dispersion sedimentation process should conducted at low solid concentrate (preferably 2 wt%). The best
operation conditions at which high grade Ca-bentonite having CEC of 98 meq /100 gm and 87% montmorillonite can be
achieved are: 2 wt % solid concentration, time, 0.6 wt % sodium hexametaphosphate, and 7 minutes mixing of the
dispersant and clay slurry.

[12]
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ABSTRACT

In this work a new drug polymer was prepared from reaction of PVP with Cephalexine as p-lactam antibiotic in 10:1 «
prepared drug polymer was formed with 85% conversion percentage. The physical properties were studied and intrinsic -
drug polymer was characterized by FTIR and UV. Spectroscopy. The swelling % were studied in different non solvents.
analyzed.  The controlled release rates for drug polymer were studied in different pH values at 37 0C for 4days. 1
Cephalexine drug polymer was 143.4-150.3 °C with —189.89 m] as used to need in softing point .
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1. INTRODUCTION

Cephalexin [1] is a member of the cephalosporin group of antibiotics, and is prescribed for a variety of mild infections. It is
not as wide ranging in its action as some other antibiotics, but it is useful for treating infections of the respiratory tract as
well as skin conditions (including acne) and soft tissue infections. The antibiotic can be prescribed on its own or as a follow
up after an injection of a stronger cephalosporin has been administered. It is also used as a low dose antibiotic that can be
administered over an extended period of time. It is a fairly short acting antibiotic and therefore is not as convenient as some
others because it must be taken fairly frequently (every four hours).The side effects of the pure drug are usually fairly mild,
and the danger of overdose is low. However, it can be administered as one of several preparations including cephalexin
hydrochloride monohydrate, which can have more severe side effects including nephrotoxicity and cholstatic jaundice.
Added to this, the safety of some of these preparations has not been fully determined for use in children. Recent tests have
also been carried out to ascertain the suitability of the drug for use in veterinary practices. A polymer is a large molecule
composed of many smaller units called monomers that are bonded together. In addition to eliminating the necessity of
removal, the five key advantages (1) that polymeric drug delivery products can offer are; sustained delivery of drug,
stabilization of the drug, release rate which is less dependent of the drug properties and steadier release rate with time. In
diffusion controlled systems the release rate typically declines with time. On the other hand, a biodegradable system may
yield a constant release even with a simple monolithic device if matrix degradation can compensate for this decline, perhaps
with an increase of drug permeability. If an application requires rapid development and commercialization, than the
polymer selection will most likely be made frorr among those polyesters that have already received regulatory approval.
Another factor to be taken into account is choice, whether to use homopolymers consisting of single monomeric repeating
unit or copolymers containing multiple monomer species. A review that describes in detail the relationship between polymer
properties and performance in drug delivery applications have been published [2]. Ultimately all these properties will
influence the performance of the drug delivery system via changes to the relative rates of mass transport (e.g., water in and
solute or drug out of the system) and the degradation rate of both, the polymer and the device. In some cases, the term
biodegradation is limited to the description of chemical processes (chemical changes that alter either the molecular weight
or solubility of the polymer) while ' bioerosion' may be restricted to refer to physical processes that result in weight loss of a
polymer device. The possibility for a polymer to degrade and to have its degradation by-products assimilated or excreted by
living system is designated as bioresorbable. Degradation by erosion normally takes place in devices that are prepared from
soluble polymers. In such instances, the device erodes as water is absorbed into the systems causing the polymer chains to
hydrate, swell, disentangle, and ultimately dissolved away from the dosage form. Alternatively, degradation can also result
from chemical changes to the polymer including cleavage of covalent bonds, ionization and protonation either along the
polymer backbone or on pendent side chains [2]. B-Lactam antibiotics contain a pharmacophore in which the second carbon

[15]
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atom is aliphatic carboxylic acid is denoted as the beta carbon and the lactam is a cyclic amide [3]. These antibiotics
including pencillins (Fig.1)such as (ampicillin, amoxycillin) and cephalosporins such as cephalexin, are some of the oldest
antibiotics used to treat many infections. because of their potency, broad-spectrum of activity, low incidence of adverse
reaction and the availability of derivatives active against strain resistant to early compound . Yet B-Lactams are unable to
act against several types of intracellular bacteria, mostly because they do not accumulate in the host cell [4-6]. There are
important points to get intracellular accumulation of B-Lactam:-

The esterification of carboxylate function

The presence of a protonable amino group in the antibiotic

0 o)
I Il s
R—C—NH S CHs R—c—NHm
4 N NCH, 7N~ —CHy
o | g |
COCH COOH
Pencillin (1) Cephalosporin (2)
R Name
R Name
NH ll\le
2 — -
@—(le— = Ampicillin @CH— = Cephalexin
NH,

| -
HO—@—CH— = Amoxcillin

Figure 1: Pencilline and cephalosporin structure

2. EXPERIMENTAL
Materials cephalexin was provided from Sammura Company, and all other chemicals were purchased from Merck, and
polyvinylpyrrolidinone was obtained from Fluka. All available chemical reagents were used without further purification.
FTIR spectra were taken on a Shimadizu spectrophotometer recorder over the range500-4000cm-1. Ultraviolet spectra was
recorded using Shimadzu UV-VIS recorder. Differential Scanning Calorimeter( DSC) study was carried out on a
Shimadzu.60 instrument(Japan) at a heating rate of 10C0 min-1,under air (normal), not vacuum. temperature range from -
140 0C temperature up to 600 °C ,The detector type K for the furnace temperature as shown in Fig.(1). C.H.N analysis
were determined by analyzer type 1106 Carlo Irba.

Modification of Polyvinylpyrrolidinon PVP with cephalexine [5,6]

A mixture of (5g., 0.045 mole) of PVP and 10:1 Dioxane: DMF were placed in a round bottom flask equipped with a reflux
condenser and a magnetic stirrer. Then (1.621g., 0.045 mole) of dissolved cephalexine was added gradually, refluxed for
lhour, then left the mixture about 10 hours. The colorless viscous polymer was reprecipitate from 50ml of ethanol, the pure
polymer was obtained 85% conversion.
Controlled Released study [7-10]

A 100 mg of modified cephalexine drug polymer was kept in a cylinder containing 50:50ml of buffer:dioxane and in a
water bath at 300C without stirring. A sample from the release medium was periodically withdrawn and analyzed by UV. at
300nm to determine the amount of the released cephalexine. A calibration curve was constructed with a software built in the
computerized UV. Spectrophotometer, the amount 0.1 mg of the released cephalexine was determined directly from the
software for many days, using the calibration curve in different pH values at 37 °C as shown in Fig.(4).
Swelling studies
Swelling Percentage of prepared polymer was studied which equals to 8% in acetone and 10% in hexane as shown in
Fig.(5).
Swelling% was calculated according to

Am= m1l-my/my X100

Where my is the weight of a dry drug polymer
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m1 is the swallowed polymer in non solvent
The softening point of the drug polymer was 143.4-150.3 °C which measured by using Differential Scanning Calorimeter
(DSC.60) Shimadza.
3. RESULTS & DISCUSSION

Poly(N-vinyl-2-pyrrolidinone) is a white hygroscopic powder, forming hard clear films. Physical properties are
determined on films or powder. The polymer strongly interacts through dipole-dipole attraction. The ring opening reaction
of PVP with —NH, cephalexine is illustrated scheme 1.

-[_CHZ_(I:H-]: + ceph. —NH2 ——— -[—CHZ—(I:H.]_
N [
( Ne—aq e
H
U \(r\? 6
|\
—['CHZ—TH]— ceph.
n
P
ceph. —NH—C— (CHz)3
NH N
ceph.-NH2 = cephalexine = QCW C—N |
V4 NV/_CH3
|
COOH

Scheme 1: Mechanism of ring opening reaction of PVP with -NH, cephalexine

Due to the presence of -NH2 group which is strong nucleophilic attach, the ring opining of pyrrolidinone produced prodrug
polymer. The polvinypyrrolidinon connected with amide cephalexine moiety affords both protection and specific transport
properties with longer acting release with higher reactivity in suitable site and this type of drug polymer which hydrolysis in
fabrications conditions to delivery of agents, for therapeutic against disceases state. And sustained rate, targeted delivery of
drugs and to minimize toxicity and enhanced selectivity. The structural characterization was done by FTIR spectrum Fig.(3)
showed peaks at 3225 cm-1 assigned to —NH- and at 3450cm-1 assigned to characteristic absorption of carboxylic acid for
cephalexine and the absoption appeared at 1633cm-1 and 1666¢cm-1 assigned to C=0 stretching of amide, and 3080cm-1
was attributed to C-H stretching of aromatic ring, and peak at 2960cm-1 assigned to aliphatic C-H stretching ;on the other
hand, the FTIR showed peaks at 1580cm™ and 1600 cm™ due to C=C stretching of the aromatic ring of cephalexine, the
FTIR of drug polymer. The physical properties of prepared cephalexine polymer were studied such as intrinsic viscosity
which was measured at 30 °C with Ostwald viscometer by using dioxane as a solvent.( [nin]= 0.9dl/g). Fig.(2) shows the
effects of pH values on the rate of controlled release and profiles of mole fraction of cephalexine ratio to total moles present
in the sample versus time at pH values 4 and 10 at 37 °C. The only nucleophilic acyl substitution reaction that amides is
hydrolysis, Amides are fairly stable in water, but the amide bond is cleaved on the heating in the prescience of strong acid
or bases, Norminally this cleavage produces an amine and carboxylic acid.

O .
R o o
N + Hzo _F)\ + /
R \r R on " _N\ )
amide water carboxylic amine

acid
The release of the drug at suitable condition gradually with outside effect, this hydrolysis of amide group which shown in
the following mechanism [7,8]. In acid, however, the amine is protonated giving an ammonium ion :-

[17]
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Q H

\\\ / ® Q H
/ N + H,O0 — + ® /
Poly \ ceph. Poly OH H_N\ H
. ceph.
amide Hydronium  carboxylic -
ion acid amonium ion
ceph.-NH,= cephalexine ceph.—NH,

In base the carboxylic acid is deprotonated, giving a carboxylate ion :-

O\\\ Ve e o)
N + HO —_— o * ceph.—NH,

/

Poly ceph. Poly o
Amide Hydroxide carboxylate (ceph.-NH, _ cephalexine)
ion ion

The purpose of this research was to synthesize polymer based smart bioactive cephalexine prodrug polymer and one of the
main goal in this work is investigation of efficient drug carrier.

-
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Figure 2: Thermal Analysis (DSC) Result of polyvinylpyrrolidinone with cephalexine
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Figure 3: Controlled release drug polymer at 37 °C in different pH values
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Figure 4: Swelling % of prepared drug polymer
CONCLUSION

The effect of pH values on drug release at 37 °C as illustrated in Fig (2) .The hydrolysis rate of this amide bond acts as base
> acid. The result indicated higher hydrolysis in basic medium [9-11] .
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ABSTRACT

Investigation was carried out to prepare mullite using locally available clays (flint and bauxitic clays) from Western
Desert of Irag. Pressed powdered samples were prepared from mixing each material with different amounts (5, 10 and 20
wt%) of alumina materials (gibbsite, alumina anhydride and a- alumina), as well as, a mixture of flint and bauxitic clays
of different proportions (50:50, 60:40 and 70:30 by weight) were sintered at elevated tempreature. Initially, the phases
formation of raw bauxitic clay samples and flint clay samples sintered at 1500 and 1600 °C for 1and 2 hr socking time
were studied. These sintering conditions, however, were also used for the treatment of the bauxitic and flint clay samples
with alumina containing materials. Subsequently the mullitization of the materials was characterized by X-ray diffraction.
It was indicated that all raw bauxitic clay samples as well as its mixing with 5% of (gibbsite, alumina anhydride and a-
alumina) were completely transformed to mullite at 1600 °C for the two (1, 2)hr holding time tested. The XRD result
showed that the formed mullite is of a well crystalline phase. Firing of raw flint clay at 1500- 1600 °C resulted with
mullite associated with a well-defined crystaline cristoballite peaks and amorphous phase. Furthermore the XRD pattern
showed that a full conversion to mullite was also achieved from flint- bauxitic clays mixtures (50:50, 60:40 and 70:30 by
weight) when fired at 1600 °C for 1 or 2hr socking time. However, by careful control of the production conditions,
sintering temperature and time extent, a synthetic mullite can be obtained by using a mixture of powdered raw flint and
bauxitic clays or even bauxitic clay only.
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1. INTRODUCTION
Mullite is an alumina — silica material (3Al,05.2Si0,) that is used extensively in the ceramic and refractory
industries. It is the most thermodynamically stable compound in the Al,03-SiO, system with a stoichiometric ratio 3:2
Al,O5/ SiO, (composing (72) wt% Al203 and (28) wt% SiO,). The Al,05-SiO, phase diagram for mullite formula is
shown in figure(1.1). However, due to its high temperature stability as well as excellent electrical insulating ability
makes mullite potentially useful in application ranging from refractories to electronic substance [2,3]. Some
remarkable properties of mullite are low thermal expansion, low thermal conductivity, excellent creep resistance, low
dielectric constant, high temperature strength and good chemical stability [4-6]. Natural mullite is rarely occur in
nature, therefore it is usually synthesized rather than mined extensive effort have been made to synthesize mullite from
various alumina-silica materials or from ore minerals that contain Al,O5; and SiO, in their composition like kaolinite
(Al,05.2Si0,.2H,0), and pyrophyllite (Al,03.4Si0,. H,0), and also the (Al,SiOs) polymorphs silliminite and
andalusite. Admixtures of boehmite, dispore both with the composition AIO(OH), and gibbsite [AlI(OH);] and of
refractory — grade bauxite with silica have also been used [7-15]. However, using kaolinite as starting material is
highly preferred because of its worldwide occurrence and cheep availability. Kaolinite (Al,05.2Si0,.2H,0), is an
alumina silicate based material, and is widely used in ceramic industries for ages ago. As the amount of silica in
kaolinite is much higher than that of mullite, addition of alumina material is required to accommodate the silica.
Preparation of mullite can be performed then, by heating kolinite with Al,O3 or AI(OH); [11,12,15]. The mechanism,
however of mullite formation depends upon the method of combining the Al,Oz and SiO, containing reactants. It is
also related to the temperature (mullitisation temperature) at which the reaction occur (leads to the formation of
mullite) and the holding time at that temperature [5]. It have been reported that, the mullitisation temperature can be
differ by up to several hundred degree Celsius depending on the synthesis method and material used [3]. It is well
known that, the thermal decomposition of kaolinite above (980)°C forms a mixture of primary mullite, glassy phase
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and silica (cristoballite). The cristoballite may also transform to a glassy phase as kaolinite is further heated above
1500°C [12]. The presence of a large amount of glassy phase is detrimental to the mechanical properties of mullite
prepared from kaolinite only. The amount of the SiO, in the glassy phase can be countered and consumed by the
addition of Al,Os; which react to form secondary mullite. However, commercially available mullite always contains
significant amount of impurities such as silica, iron oxide, and titania (TiOy), these impurities influence the physical,
electrical, and chemical properties of mullite, which in turn affect the ceramic compositions of which mullite be
embodied in. the amount of alumina in excess of the stoichiometric ratio did not react and remained as crystalline
alpha alumina [16]. The aim of this study is to evaluate the use of domestic raw materials (flint and bauxitic clays) for
the preparation of mullite by high temperature interaction (sintering) with alumina materials such as gibbsite Al(OH);,
anhydrous alumina (Al,Os) and a-Al,Os. The flint and bauxitic clays deposit is located in the Western Desert about
240Km to the west of Al-Ramady city and about 60Km to the north west of Kilo 160. A process for manufacturing
mullite refractory grain from bauxite ore was proposed by Bakker and Park [9]. The process comprising subjecting
minute particles of finely ground ore to a high pressure and calcining the product at relatively moderate temperatures
for a short period. The mullite obtained has a high density and low porosity. Chen et al., [12] demonstrated that mullite
can be prepared by reaction sintering of kaolinite and alumina. The phases and microstructure studies of the prepared
specimen, as well as their mechanical properties, indicated that primary mullite is formed at (1200) °C and the alumina
is inert at this temperature. Above (1300)°C the alumina starts to reacts with silica in the glassy phase to form
secondary mullite. However, the strength of the mullite specimens were low, and toughness increases with increase of
alumina content. Viswabaskaran et al., [5] studied the mullitization behavior of three Indian calcined clays with three
different alumina sources (reactive alumina, gibbsite and bohemite ) at 1600°C for 3 hr sintering time. They found that,
among the three clays and alumina sources, Neyveli calcined clay and fine alumina form better mullite crystals with
good physical properties. Also they found that the mullite prepared from using bohemite exhibit good mullite
microstructure due to its purity, fine particle size and homogeneous mixing with the clay. However, the high water loss
in bohemite creates surface cracks resulting in poor strength. Namirani and Kalantar [17] investigated the mullitization
of kyanite 3( Al,03.SiO,) concentrate at different conditions of heat treatment ( 1400-1600°C) and time (0.5-3.5) hr
and particle size (38-300) micron. Based on the results of microstructure and phases evaluation by SEM and XRD,
they indicated that the total transformation of kyanite to mullite occurs at temperature of (1500 — 1550) °C during (2 —
2.5)hrs. They claimed that the mullitization and densification were improved by increasing the soaking time from 1 to
3 hrs and decreasing the particle size of the raw materials from 300 to 38 micron. Lenka [15] studied the effect of
calcinations temperature (600, 1000 and 1400 °C) of kaolinite on the mullitization behavior of calcined kaolinite—
alumina mixture. They indicated that the mullitization is significantly improved with calcinations temperature. It was
found that the mullite formed from mixture of alumina and kaolinite calcined at higher temperature posses superior
properties compared with other mixes. Also it was indicated that, mullite prepared from uncalcined kaolinite — alumina
mixture showed poor mechanical properties.
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2. EXPERIMENTAL
The starting materials used in this investigation are kaolinitic flint clay, and bauxitic clay brought from the deposit
by the Production Department / GEOSURVE. Technical grade aluminum hydroxide in the form of gibbsite
(AI(OH)3) was supplied by the State Company Refractory's Industry. The chemical and mineralogical composition
of the starting materials were determined by X-ray florescence type (Shimadzu 1800) and X-ray diffraction type
(Shimadzu 7000). The chemical analysis results are given in table (2.1) and the XRD pattern are shown in figures
(2.1,2.2,2.3).
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Table 2.1: Chemical and mineralogical composition of starting material

Material SiO, | Fe;0O3 | AlLO3 | TiO, | CaO | MgO | SO; | Na,O | KO | L.O.I | TOT.
% % % % % % % % % % %
Bauxitic Clay | 22.40 | 1.47 | 54.94 | 259 | 1.69 0.06 0.62 | 0.03 | 0.06 | 16.09 | 99.95
FlintClay | 45.06 | 0.65 | 37.76 | 2.13 | 0.15 0.10 | <0.07 0.01 | 13.47 | 99.33
AI(OH); 0.01 | 65.04 <0.02 | <0.001 0.10 | 0.01 | 33.59 | 98.75
Mineralogical composition (qualitative)
Bauxitic Clay Boehmite, Kaolinite, Gibbsite, Quartz, Anatase, and Calcite
Flint Clay Kaolinite, Quartz, and Anatase
Al(OH); Gibbsite
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Figure 2.2: XRD Pattern of: Flint Clay Figure 2.1:XRD Pattern of Bauxitic Clay

o GIPSITE
AI(OH);

Intensity c/s

Figure 2.3: XRD Pattern of Aluminium Hydroxide (Gibbsite)
(K:Kaolinite, Q:Quartz, An:Anatase, Bo:Bohemite, G:Gibbsite)

The flint and bauxitic clays samples were individually crushed in a laboratory Jaw crusher to a particle size of less than
1 mm, then ground by a ball mill to pass (45) micron ASTM sieve. Samples from the gibbsite were used to prepare
anhydrous alumina (Al,O3) and a-Al,O3 by heat treatments for 1 hr at 1000°C and 1300°C respectively. The products
were ground to pass (45) micron ASTM sieve and specimen was taken for Al,O3 determination. The result obtained
showed that the Al,O3 content of the produced materials is of 99.8%. Figures (2.4, 2.5) shows the XRD patterns of the
produced alumina phases. The mixtures of preparation of bauxitic and flint clays with different alumina sources for the
preparation of mullite are listed below:-

- Bauxitic clay alone = B

- Flint clay alone = F
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- Bauxitic clay + Gibbsite = B.G

- Bauxitic clay+Anhydrous Alu.= B.AA

- Bauxitic clay + o Alumina = B.aA

- Flint clay + Bauxitic clay =FB

Each mixture was then pressed into (3x34) mm disc shape specimen at (750) Kg/cm? and then sintered at a pre
determined temperature in an electric high temperature laboratory furnace at atmospheric pressure. The heating rate to
the desired temperature was of (10)°C/min. Discs of only bauxitic and flint clays were also prepared to characterize
their phases formation during high temperature treatments.

The sintering of the pressed specimens (discs) was performed as follow:

A-Bauxitic clay

-Specimens made of bauxitic clay only (B) were sintered at temperatures of 1500 and 1600 °C and soaked for 1 and 2
hr.

-Specimens of bauxitic clay and different alumina sources (B.G, B.AA and B. 0A) (5, 10, 20) respectively, were fired at
1500 and 1600 °C for 1 and 2 hr holding time.

B- Flint clay

-Specimens made of flint clay only (F) were sintered at temperatures of 1500 and 1600°C and soaked for 1 and 2 hr.
C-Specimens made of flint clay +bauxitic clay (50:50, 60:40, 70:30) respectively, were sintered at 1600 °C for 1 and 2
hr holding time. However, the phases formed after heat treatments of the samples were identified by X-ray diffraction
(XRD).

| K-Al,0s (1000°C) ALO; at
o) Kaba Al,0s I ’ 1300°C

ny | |

‘ | ’ |
\ l'rw"J | ‘ l | . l
| | | ‘ M |
‘Figure 2.4: XRD Patten‘of gi'bbsit'e fired at 1000 °C Figure 2.5: XRD pattefn of gibbsitelfired
(Anhydrous Alumina) at1300°C (a- Alumina)

3. RESULTS & DISCUSSION
Characterization of starting materials
The results of chemical and qualitative mineralogical analysis of bauxitic clay, flint clay and aluminum hydroxide
used in this investigation are given in table (2.1), and the corresponding XRD patterns are shown in figures (2.1,
2.2, 2.3). The chemical analysis results shows that the bauxitic clay contain an appreciable amount of silica (about
22.4% SiO,) and rather moderate amount of alumina (54.94% Al,O3). The XRD results indicated that bohemite
and kaolinite are the main minerals present associated with minor amounts of gibbsite, anatase, quartz and calcite.
The presence of kaolinite (Al,05.2Si0,.2H,0) and quartz (SiO,) reflects the present of the high amount of silica
in bauxitic clay. The chemical analysis results of the flint clay (table 2.1) indicated that the ratio (1.19) of silica to
alumina is significantly close to that (1.18) of pure kaolinite, and the minerals identified by XRD corroborate the
results of the chemical composition as shown clearly in figure (2.2). The aluminum hydroxide which is used as a
source of alumina is almost pure material (table 2.1) and it is in a form of gibbsite. On heating at 1000 C and
1300°C it converted to anhydrous alumina (k-Al,O3) which is a transition alumina usually formed from gibbsite
when fired at 780°C- 1050 C temperature range [9,11], and a-Al,O; respectively as shown in figures (2.4, 2.5).
Consequence to this heating process which expelled of all the water of crystallization from (AI(OH); or
Al,03.2H,0), the alumina content of the produced materials was increased to about 99.82%.
Effect of heating temperature on phase formation from raw bauxitic and flint clays.
Figure (3.1) shows the XRD spectra of the pressed bauxitic clay samples heated at 1500, 1600°C range for 1 and 2
hr soaking time. Looking at these figures, it can be noted that the pattern of the samples heated at 1500°C and
1600°C are almost resample to each. The phases identified at the temperatures 1500°C and 1600°C for the same
period, the cristoballite and feldspar were vanished, the rutile peak was reduced and a predominant mullite phase
was formed. The sharpness of the mullite, however, was indicating a very well crystalline mullite formation.
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Nevertheless, the appearance of rutile in the heated samples is attributed to anatase transformation [18] which
initially present in the raw bauxitic clay. However, according to the XRD results it can be seen that, at 1600°C
sintering temperature for 1 to 2 hr a full conversion of the bauxitic clay to a well crystalline mullite was achieved.
However, the XRD pattern of the pressed flint clay samples heated at 1500°C and 1600°C for 1 and 2 hr soaking
time are shown in figure (3.2). Generally it can be observed that the X-ray patterns of these figures are almost
analogous to each other. The figures shows that, the heated flint clay samples composed predominantly of a well
crystalline mulite (sharp peaks development) associated with small amount of cristoballite, amorphous (glassy)
phase, and rutile. The rutile formation is as a results of temperature transformation of anatase. The cristoballite
formation, however, is related to the fact that, the amount of silica (45.06%) in flint clay is much higher than that
required for mullite (28% SiO, and 72% Al,O3). The excess silica is therefore rejected during the development of
mullite and form cristoballite phase. The equation below present the decomposition of kaolinite (above 1000°C)
into mullite and cristoballite [19, 20]. Theoretically the excess silica (cristoballite) can be consumed if enough
Al,O3 source is added to the clay sample.

3Al,03.2Si0,.2H,0 A 3Al1,04.2Si0;, + SiO, + H,0

kaolinite mullite cristoballite

M: Mullite; Cr: Cristoballite; R: Rotile; F: Feldspar (Anorthite); Cor: Corundum

Effect of alumina addition on mullite formation

In order to study the effect of alumina (Al,Os) addition on synthesis of mullite, different alumina phases (gibbsite,
alumina anhydride, and a-alumina) of various amounts (5, 10, and 20wt%) were mixed with the bauxitic, and
pressed into (3x34) mm disc shape specimen at (750) Kg/cm?® The pressed samples were heat treated at 1500°C
and 1600°C for 1hr and 2 hr. At the same manner, pressed sample of flint and bauxitic clays were also prepared.
Bauxitic clay — alumina mixture

The XRD patterns for bauxitic clay — gibbsite (B.G), alumina anhydride (B.AA) and a- alumina (B.aA) samples
heated at 1500°C for 1 and 2 hr socking time are given in figures (3.3, 3.4, 3.5, 3.6, 3.7, 3.8), while as the samples
heated at 1600°C for 1 and 2 hr socking time. Examining these figures it can clearly observe that there are no
significant differences in the patterns of the samples as far as the heating time (1 and 2 hr) is concerned. Therefore
the results obtained for the heat treatment at 1500 and 1600°C for 1 hr socking time figures (3.3 and 3.4) was
concerned in this discussion and it is true for the samples fired for 2hr socking time. These figures however, are
also similar to each other. Corundum (a-alumina) was identified in all samples containing (10 and 20 wt%) of any
additives (gibbsite, alumina anhydride and a-alumina ) and its peaks intensity is directly proportional to the
amounts of these materials. Furthermore, minor cristobbalite and rutile with some feldspar of calcium type
(calcium aluminum silicate/Anorthite) were detected in all samples, except that with 5wt% of any of the additives
fired at 1600°C for 1 and 2 hr socking time (figure 3.4), these figures shows that, the bauxitic clay samples
containing 5wt% of any of the alumina material have been fully converted to mullite, and the intensity of the main
mullite peak (20 26°) is significantly higher than other samples. However despite of these pleasant results, yet
there has been no appreciable improvement to that obtained from heat treatment of only bauxitic clays samples at
1600 °C for 1 and 2hr holding time.

However, the corundum phase (a-alumina) found in B.G and B.AA samples figures (3.3 ,and 3.4) is related to the
thermal transformation of gibbsite (Al (OH)3) and k-alumina (alumina anhydride) to a-alumina (normally formed
at 1200°C- 1300°C), that was not reacted and remained as crystalline a-alumina (corundum). However, the
formation of cristobbalite besides a-alumina (corundum) was unpredictable and cannot be explained.
Microstructure analysis by scanning electron microscope (SEM) may make a significant contribution to this
finding, that is a contrast to other work [12,11,21].
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Flint — Bauxitic clays Mixture

In these series of experiments the pressed samples were made of (50:50, 60:40, 70:30) unit weight of flint clay : bauxitic
clay. The XRD results from these samples fired at 1600°C for 1 and 2hr socking time are shown in figure (3.9). It is
obvious from these figures that neither cristoballite nor corundum was observed and abundant well crystalline mullite
was formed. It appears that the alumina and noncrystaline silica formed from both materials are consumed rapidly to
accompany the formation of mullite. However, based on the height of mullite peaks, the quantity of the mullite phase
developed from all samples. According to these resulte, it is inferred that the flint — bauxitic clays mixtures resulted in a
much better mullite than using these materials with alumina materials addition (gibbsite, alumina anhydride, and o-
alumina). This can be attributed to the following,i- the kaolinite and bohmite (Al,O3 H,O) (present in the flint and
bauxitic clays) giving amorphous gamma alumina upon thermal decomposition [9, 21], ii- the gama alumina, however,
is considered the most reactive form of alumina and is therefore, iii- the gamma alumina react more
quickly with crystoballite (formed from kaolinite and quartiz) to form mullite. This should explain the disappearance of
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the glassy phase or crystoballite from all sample made from flint and bauxite clays. Therefore it is suggested to use the
local raw materials flint and bauxitic clays) for the preparation of mullite for both economical and better product.

u 50:50
M r M \ ) M

MM 3 R I

M M |

60:40
| oM i o ) M | M M

Intensity c/s

M w M 70:30

( 25 30 35 0
20
Figure 3.9: XRD Pattern of Flint clay + Bauxite (FB) heated at 1600°C for1lhr and 2hr

CONCLUSION
According to the XRD results emerged from the sintering experiments which were under taken to synthesize mullite
from local raw materials (flint and bauxitic clays) and the effect of some alumina additives thereupon, the following
conclusion can be made; -Formation of crystalline mullite is directly proportional to the sintering temperature (i.e the
higher the temperature the more crystalline mullite is formed). -A complete transformation to well crystalline mullite
can be obtained by sintering at 1600°C for 2hr of any of the materials, a- bauxitic clay, b- bauxitic clay with 5wt%
gibbsite, alumina anhydride or a-alumina mixture. -Use the local raw materials (flint and bauxitic clays) for the
preparation of mullite (60:40) %wt. for both economical and better product when sintered at 1600° C for 2hr.
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ABSTRACT

In this research two types of amino acids such as aspargin and histidine were reacted with two types of dioles such as
2,7-dinaphthol or poly(ethylene oxide),to produce asparginyl or histidinyl as ester-diamines, which condensed with maleic
anhydride as peptide polymers as biological materials which have the ability to deliver polypeptides. These new
condensed polymers were characterized by 1HNMR, FTIR and UV. Spectroscopes, the physical properties were
measured, and the intrinsic viscosity was calculated using Ostwaled-viscometer at 30C0.The swelling% were measured in
water at room temperature.
KEYWORDS: |Poly Condensation | Amino Acids | Maleic Anhydride |

© 2014 Corporation of Research and Industrial Development. All rights reserved.

1. INTRODUCTION

Biomaterials have changed medicine in both qualitative and quantitative manners through application to medical
technologies such as artificial organs, which partially replace the functions of the original organs [1-3]. Biomaterials
have also received much attention in the field of pharmacy for the formulation of drug delivery systems (DDS) [4].
Recently, the trend in materials research in the DDS field has been shifting towards the development of materials with
active functionality exerting the ability to change their properties responding to specific stimuli in this regard,
materials design based on the nanotechnology [5]. In the search for the most suitable chemical structure for a cationic
segment, PEG block copolymer with a series of cationic side chans were meran ester-amide exchange reaction [6]. The
reaction proceeds via the formation of succinimide intermediate in the polymer backbone which is efficiently
converted to a polyaspartamide in which quantitative introduction of desired side chain is demonstrated without
undesired side reactions [7].Since most applications of PEG conjugation involve labile molecules, the coupling
reaction, require mild chemical condition. In the case of polypeptides, the most common reactive groups involved in
coupling are the alpha or epsilon amino groups of lysine, serine, tyrosine, cycteine,andhistidine [8,9] which results in
displacement of one of the chlorides and produces a conjugates with retained change in the form of a secondary amine
linkage [10]. New biodegradable polyitaconic acid which substituted with different primary amines such as 4-
aminopyridine, 2-aminopyrimidine, 2-amino naphthal, amoxilline, cephalexine [11]. Aminoacids were condensed with
adipoylchloride as bioactive polymers [12]. The drug polymers were prepared by substitution of amoxilline with
polyvinylpyrrolidinone [13].

2. EXPERIMENTAL

Materials

Aspargine, Histidine,2,7-Naphthaldiol,poly ethylene oxide M.W 500g/mole were purchased from BDH, and the maleic
anhydride was obtained from Fluka. All available chemical reagents were used without further purification.

Instrumental:
FTIR spectra were taken on Shimadizu spectrophotometer recorder over the range 500-4000cm™, Ultra Violet spectra
was recorded using Shimadizu UV-VIS., (n;,) Intrinsic viscosity was measured by capillary viscometer type Ostwald
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viscometer at 30 °C in DMF. polymer swelling% were determined in water at room temperature according to the following
relationship:

S% =(M;—Mg)/M, *100 .

Where My is the mass of dray polymer at time t,, M, is the mass of swollen polymer at time t.

Conversion of aspargine and histidine to their acid chlorides.

In a round bottom flask provided with magnatic bar was placed solubilized aspargine or histidine in dioxane, and the
stoichiometric amount of thionylchloride was added drop wise at 0 °C ,the mixture was stirred for 15 min, the oily yellow
product was separated, washed by ether and immediately reacted with diol compounds .

Esterification of dioles with amino acid chlorides.

In a100ml round-bottomed flask equipped with magnetic stirrer, a thermometer and reflux condenser was changed with
10ml of dioxane, 0.01 mole of acid chloride and 0.01mole of dioles such as 2,7-naphthaldiol or poly ethylen glycol were
refluxed for 1hr., the mixture was cooled at room temperature, the solvent was evaporated, the precipitate was recrystallized
from ethanol, and dried in vacuum oven.

Table (1): Physical properties of prepared diamine[A;-A4]. .N-R-CO-O-R-OCOR’-NH,

Gm; N | R R Yield% | m.p°C | Color
A 2,7-naphthol | Aspargine | 90 200-201 | red

A, 2,7-naphthol | histidine | 85 190-191 | orange
Az PEG Aspargine | 92 150-152 | white
A, PEG histidine | 81 132-133 | white

Polycondensation of prepared diamines A;.A; to condensed polymers As-As.

In a 100ml round bottom flask equipped with a condenser was charged with 1:1 molar ratio of prepared diamines[A. A4 ]
with maleic anhydride with 20ml of dioxane, the mixture was stirred and refluxed for 2hrs, and homogenous solution was
achieved. The mixture was cooled and the solvent was evaporated, the condensed polymers were isolated.

w0-RCOOC- RLNH—OC—CH:CH-CO—NH-R1COO-R-Omw

Poly. | R R Color | Conversion% | n;,dL/g | S.P C°
No.

As 2,7-Naphthal | Aspargin | Red 80 0.31 >300
Ag 2,7-Naphthal | Histidine | Orange | 75 0.42 >300
A; PEG Aspargin | White | 85 0.46 >300
Ag PEG Histidine | White | 78 0.51 >300

3. RESULTS & DISCUSSION
The first step included the modification of aminoacid to its acidchloride by using thionyl chloride at 0 °C to prevent any
polymerization of amino acid. In this research two types of diols were used 2,7-naphthaldiol and poly ethylene glycol were
esterified with prepared aminoacidchloride such as aspargin and histidine producing different diamines as shown below:
0
1 1 ° g
HO—R—OH +2H,;N—R=COCI — H,N—R=C~0—R-0—C~R=NH,

AL-Ay

CH,
1 —CH- 0 —
R = éH . [}
2-C-NH, N
HN.
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These prepared diamines were polymerized with maleic anhydride to produced condensed Polymers (As-Ag)as shown

o (@]

H2NRIOCO— R— OCOR™NH, + °— >  ~~~~JOROCORNH NHR'CORO{~rr.

n
A5- A8

below: o
The new class of biopharmaceutics consisting of peptides, of proper carrier systems is necessary for delivery system.
FTIR spectrum showed the absorption bands of prepared A,, indicated the formation of v (NH,) at 3492, 3243 cm™,and v (
C=0 ) ester at 1736 cm™, and v (C-H ) aliphatic of PEG at 2970 cm™ .the C-O absorption revealed at 1250 cm™. FTIR
spectrum of prepared diamine 2,7-dihistidinyl naphthalate showed the stretching and vibration absorptions at 3352 cm™ and
3236 cm™ due to v NH, group and( C-H) aromaticof naphtha rings at 3051 and v ( C-H) aliphatic at 2970 cm™, the v (C=0)
ester absorption was observed at 1653cm™,and v ( C=C )aromatic appeared at 1587Cm™
FTIR of A7 showed the absorptions at 3304 Cm™of v (NH) amide . with appearance of v (C-H )aliphatic 2960 cm™ or
naphthyl rings, v (C=0) amid was observed at 1712 cm™and 1635cm™for v (C=0) ester, the v (C=C) absorption was
revealed at 1587 cm™of Maleic unsaturated group. The low Swelling% of prepared condensed peptide base polymers A, Aq
were studied in water, due to high chemical resistance of the prepared polymer. 'HNMR spectrum showed the absorption
signals as illustrated below:

1- 6 (2.5-2.7) ppm (t) which attributed to —O-CH,-CH,-O-

2- 5(4.2) ppm (t) of CHCH,-.

3-  6(4.6)ppm (s) of NH .

4- 3§ (6.6-7.1) ppm (d) of -CO-CH=CH-CO-.

5- §(8.9) ppm of NH,.

6- 0 (13) ppm broad due to terminal COOH.

30 -+

25 - x
—e—b5A
—=— BA
—a—TA
. 8A

5
Time (days)

Figure 1: Swelling % of prepared condensed peptide base polymer(A5-A8) in water at room temperature.

4., CONCLUSION

The high softening points of all prepared condensed polymers indicated the high thermal stability, which attributed to
hydrogen bonding of amide groups through back bone of polymer chain. We concluded from these results that the new
prepared condensed polymers which could be used as abiopolymers in many different applications.
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Turbidity | Cond. NO, NO; PO, | SO, | CI | T. Hardness | pH Date

NTU s/lcmp ppm ppm ppm | Ppm | ppm ppm

50.0 1.71 | Lessthan 0.05 | Lessthan0.05 | 6.0 | 125 | 62.0 204.0 7.3 | 15/3/13
10 am

50.5 1.72 | Lessthan 0.05 | Lessthan0.05 | 6.1 | 127 | 61.0 203.0 7.4 | 16/3/13
10 am

52.0 1.74 | Lessthan 0.05 | Lessthan0.05 | 6.0 | 128 | 63.0 202.0 7.2 | 17/3/13
10 am
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Turbidity | Cond. NO, NO; PO, | SO, Cl | T. Hardness | pH | 15/3/13

NTU slcmp ppm ppm ppm | ppm | ppm ppm
50.2 1.67 | Lessthan 0.05 | Lessthan0.05 | 6.2 125 | 65.0 204.0 7.5 | 9.00 am
50.9 1.68 | Lessthan 0.05 | Lessthan0.05 | 6.3 126 | 65.1 205.0 75| 9.30am
52.5 1.77 | Lessthan 0.05 | Lessthan 0.05 | 6.9 126 | 66.0 205.2 7.4 | 10.00 am
53.2 1.72 | Lessthan 0.05 | Lessthan0.05 | 6.9 | 1258 | 66.2 204.0 7.4 | 10.30 am
55.1 1.81 | Lessthan 0.05 | Lessthan0.05 | 7.0 | 125.4 | 67.0 204.8 7.5 | 11.00 am
56.2 1.87 | Lessthan 0.05 | Lessthan0.05 | 6.9 | 1255. | 66.4 204.4 7.5 | 11,30 am

PH  Conductivity ~Cl  NO;&NO, PO,& SO, Turbidity T.Hardness

Sl S2 S3 S4 S5 SG S7

LCD LCD LCD LCD LCD LCD LCD

Data logger

Data Bus (RS 485 — RS 232)
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Design and installation of on line monitoring system for drinking water and rivers
water

Jasim M. Salman?, Salih H. Muter!, Abdalkarim M. Salman?

Al Karamah Company, Ministry of industrial & minerals, Baghdad, Iraq
Modern industrial paint company. Ministry of industrial & minerals, Baghdad, Iraq

ABSTRACT

Monitoring and control technologies are indispensable for the production of safe drinking water. In this research study
online monitoring and control system for drinking water was designed and implementation for a preliminary picture of the
quality of the product and the purpose of determining the validity of a statement by the drinking water pumped into the
water distribution network for consumers. In the first prototype of the system has been adopted sensors direct measurement
of the value of each of the following pH, free chlorine, electrical conductivity, total dissolved solids, total salts and
dissolved oxygen in addition to temperature. Was obtaining the results of the system and compare them with the results of
laboratory testing of samples of drinking water from the same source of nutrition for the online monitoring system where
the results show the direct correspondence between the readings obtained from the monitoring system research and readings
obtained from the laboratory. Signal transduction has been wired to the PC inside the laboratory for the purpose of
distributing the results obtained to an internal network within the scope of the work of the monitoring system has been
confirmed the idea of signal transduction and distances ranging up to 250 m. The research results refer to the possibility of
direct observation of the specification as stated in the above with the possibility of expanding the reach of this specification
to include more online props which will be added soon to this system. Online monitoring system in question proved to be
successful in the possibility of securing a preliminary picture of the quality of drinking water, with the possibility of
transferring these results wirelessly to other sites.

KEYWORDS: | Drinking water | Laboratory analysis | Online monitoring props | Pollution |
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Aqueous and alcoholic extracts of the (Bees Wax ) and study its activity against bacteria and tumors
Omar H. Al-Obaidi, waled F. Al-Hiti

Chemistry Department, Education College for Women, Al-Anbar University, Baghdad, Iraq

Abstract:

This study included the determination of minerals in (Bees Wax ) such as " Na, Ca and K" using Flame photometer. The
concentrations of these minerals were (50 ppm), (30 ppm) and (200 ppm) respectively.  The anti-bacterial activity study
was performed for the active materials isolated from (Bees Wax) against two genus of pathogenic bacteria, Escherichia Coli

, Pseudomonas Aeruginosa , Staphylococcus Epidemidis and Staphylococcus aurous by using agar-well diffusion method.
It appeared from this study that all of the extraction have inhibitory effect on bacteria was used.  The inhibition zone
diameter varies with the type of active compound, its concentration and the genus of bacteria. Has been the use of one type
of cell lines of cancer to study the impact of (Bees Wax) on the growth of cells in the laboratory and thus know the
specifications of CAS anti tumor line cells, the user is (L»,B) the cells of a mouse mutant (Mice Transformed cell Line).

KEYWORDS: | Bees Wax | Antibacteria | Antibacteria]
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Preparation of Chitosan as Activator to the Plant Cell
Mahmoud H. Ali, Ahmed K. Jabbarh, Hawazen A. Abbas, Hind W. Mustafa, Hadi M. Abboud

Industrial research & development directory, Ministry of Science and Technology, Baghdad, Iraq

ABSTRACT

The chitosan is a cellulose (multiple saccharine) using in different field in our daily lives and the most important uses in
agricultural purposes, chitosan synthesized from chitin, which is a high presence in nature, as comprising. The exoskeletons
of insects, arthropods, mollusks and shellfish. Chitosan produce by grinding and deacetylation of chitin (elimination of
acetyl give up from chitin and converts to chitosan). Due to the composition of chitosan is similar to the composition of the
plant fiber (cellulose). So , be prepared and used these material for agricultural purposes give a perfect success and converts
the plant cell from sensitive cell to resistance cell its ability to with stand environmental conditions and have ability to
resistance various diseases . Therefore, this material will avoid or enrich us agricultural pesticides that lead to environmental
pollution, also then one other human healthy uses addition to use it in water purification.

KEYWORDS: | Chitin | acetylation | Chitosan |
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Activation of Iraqi Bentontie, Part(lll) :Activation by Sulphuric Acid
Alwan Nasif Jassim, Zuhair K. Abbas, Quraish A. Kadhumand, Anwar Shaker Ibrahim

Chemical and Petrochemical Research Centre, Corporation of Research and Industrial Development, Ministry of Industry
and Minerals , Baghdad ,Iraq

ABSTRACT

Samples of Iragi bentonite taken from Wadibashiradeposite —western desert of Iraq , were activated by heating them for (4)
hours at (98 °C) in different concentrations of (H,SO,) solution from 25% to 70% VOL.X-ray diffraction (XRD),cation-
exchange capacity (CEC), specific surface area (S) and the specific micropore-mesopore volume (V) by BET were
determined before and after acid activation. Also,FT-IR spectra were determined for each sample , beside, it was observed
by Atomic Force Microscope (AFM) . S and V vlues show a {Zig-Zag} variation with increasing acid concentration. S
reaches a maximum value of 234.94 after activation by 50% VOL H,SO, . The XRD and FTIR spectra clearly show that
bentonite still has 2:1 layer structure even at high concentration of H,SO, and within the conditions of this experiment.

KEYWORDS: | bentonite | Activation by Sulphuric acid | CEC | XRD | AFM | FTIR|
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Preparation of Nano-Titanium Dioxide and Manufacturing Nano Thin Film by (Sol-Gel)
method

Kassim M. Sahan, Quraish A. Kahdhum, Alaa A. Najhy

Chemical & Petrochemical Research Centre, Corporation of Research and Industrial Development, Ministry of
Industry and Minerals, Baghdad, Iraq

ABSTRACT

In the present work, TiO, Nano particles have been prepared by Sol-gel technique and manufacturing nano thin film by
ultrasonic pyrolysis spraying method, in aqueous solution at a temperature (0-80) °C, through a process of hydrolysis of
Titanium trichloride TiCls in a mixture hydrochloric acid, alcohol, distilled water and acetic acid in the conditions of mixing
continuously followed by addition of ammonium hydroxide and hydrogen peroxide. A solution containing crystalline
phases (Anatase and Rutile). The film record a thickness of 56 nm on a clean slide glass and transparency up to 95% and
adhesion thin film high on the base glass. Were examined the characteristics of the thin film by using an atomic force
microscope AFM, XRD and spectroscopy UV-Vis, shows the thin film precipitate high purity of TiO,. The film precipitate
was annealed to a temperature of 550 °C in the air; the process of annealing caused the state to a crystalline for nano-TiO,
film. The thin film precipitate shows high purity and a high homogeneity darling, through the examination of atomic force
and X-rays.

KEYWORDS: | Sol-Gel method | TiO, Nano particles | nano-TiO, film | AFM | UV-Vis| XRD |
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