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ABSTRACT 

The synthesis of a amidoxime chelating starch was carried out by grafting of 
acrylonitrile onto starch using the mutual irradiation techniques at dose rate 2.5 
kGy. Conversion of nitrile groups of the grafted copolymer into the amidoxime 
was carried out by treatment with hydroxylamine under alkaline solution. The 
amidoxime chelating starch was characterized by FT-IR spectra, TG, Particle 
size, Surface area, SEM, and Elemental analyses. The chelating behavior of the 
prepared resin was carried out by using uranium. The binding capacity of 
uranium ion by the amidoxime resin was carried out by the batch technique. The 
sorption capacity was high for uranium, 86.9 mg/g at pH 6.5. The kinetic 
exchange rate was fast. It was observed that the uranium uptake ratio reaches 
50% at 10 min (t1/2). The treatment process using amidoxime sorbent is efficient 
to remove uranium from the waste solution of the FMPP plant.  
Keywords: Amidoxime resin / Radiation-induced graft-polymerization / 

characterization / Removal of uranium from waste streams. 
 

INTRODUCTION 

The toxic nature of many metals, especially Uranium is one of the most 
important heavy metals because of its chemical toxicity and radioactivity. 
Excessive amounts of uranium have entered into the environment through the 
activities associated with the nuclear industry [1]. The large volume of legacy 
wastes poses one of the most urgent needs for the nuclear industry and 
governments. The presence of long-lived radionuclides in aqueous wastes 
significantly increases the complexity and cost of treating the waste for disposal 
[2]. There have been extensive studies for development of various technologies 
for removal of uranium from wastes produced from nuclear power programs 
and nuclear fuel reprocessing activities such as (The Egyptian Fuel 
Manufacturing Pilot Plant, FMPP, is a new facility, producing an MTR-type 
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fuel elements, with enriched to 19.7%  0.2 U235, required for the Egyptian 
Second Research Reactor, ETRR-2.).  

 A variety of adsorbents used for the recovery of uranium ions in 
seawater have been reported [3-6]. Especially, adsorbents containing 
amidoxime groups, which make chelate complexes with uranyl ions, are notable 
for the recovery of uranium from seawater. 

In the present study, we synthesis of a sorbent with an amidoxime group 
by radiation-induced grafting of acrylonitrile onto amidoxime chelating starch. 
The cyano group of acrylonitrile on amidoxime chelating starch  was converted 
to the amidoxime group (–C(=NOH)NH2). The adsorption characteristics for 
amidoxime chelating starch will be discussed. In this study the amidoxime 
chelating starch were characterized by FT–IR, particle size, surface area, SEM, 
and elemental analysis, respectively. The uptake of the uranium ions was also 
examined and the factor affecting on this adsorption. 

2.EXPERIMENTAL  

2.1. Materials 

Starch (from wheat) was purchased from (Merck). Acrylonitrile 
(Merck) monomer (AN), The monomer was stored at 10°C. Ceric ammonium 
nitrate (Merck), hydroxylamine hydrochloride (Scharlau), methanol (Scharlau) 
and other chemicals used were of analytical reagent grade. 

2.2. Graft copolymerization procedure 

The synthesis of poly(amidoxime) resin by the grafting of acrylonitrile 
onto starch using the mutual irradiation, as the following  

2.2.1 Radiation-induced polymerization technique   

      Starch with AN monomer solution were exposed to cobalt-60-γ-rays at a 
dose rate of 2.5 kGy/h, in the Co-60 cell located at cyclotron facilities, Nuclear 
research center, Egypt. Radiation–induced graft polymerization of monomers 
onto starch was carried out in stoppered Pyrex test tube containing the starch( 
20 gm) and AN solution ( 20 ml) under air atmosphere. The resulting polymer 
yield was separated from the unreacted monomer by precipitation in methanol. 
The copolymer was washed several times with methanol: water (4:1) solution 
and dried at 50°C to a constant weight. A proposed mechanism of the reaction is 
given in Schema[1]. 
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                          γ-irradiation 

 

Scheme (1): Preparation of chelating starch by radiation-induced graft 
polymerization at a dose rate of  2.5 kGy/h. 

2.2.1.1.  Preparation of chelating resin containing amidoxime groups 

      The preparation of resin containing amidoxime group is based on 
the conversion of the nitril group on the grafted polyacrylonitril to the 
amidoxime by treatment with hydroxylamine. About 20.0 g of grafted 
copolymer was placed into the two-neck flask, which was equipped with a 
mechanical stirrer, condenser and thermostat water bath, hydroxylamine 
solution was added to the flask, and the reaction was carried out at 70°C for 2 h 
duration. After completion of the reaction, the resin was separated from solution 
by filtration and washed several times with methanolic solution (methanol: 
water/4:1). The resin was treated with 200 ml of methanolic 0.1 M HCl solution 
for at least 5 min. Finally, the resin was filtered and washed several times with 
methanolic solution, and then dried at 50°C to a constant weight 

2.3. Characterization of amidoxime chelating starch.    

The degree of grafting was determined by the percentage increase in 
weight [7] 

The degree of grafting = 100  (Wg  - W0) / W0 

where W0 and Wg represent the weights of initial and grafted starch, 
respectively. The degree of grafting percentage  95% for irradiation at 15 kGy 
as radiation dose and 2.5 kGy dose rate.  

2.3.1. Effect of radiation dose and dose rate. 

        Fig.(1). Grafting increases with radiation dose in the range from 0 
to 20 kGy and then tends to level of above 15 kGy, i.e. the amount of radicals 
formed by radiation increases linearly with radiation dose and then reaches a 
certain limiting value at a higher dose. At higher irradiation doses the grafting 
tends to level of due to the recombination of some of the free radicals without 
initiating graft polymerization [8]. The leveling of could be traced back to the 
fact that at higher levels of grafting, the reaction becomes a diffusion controlled 
process [9]. Grafting of AN gives considerable grafting yields at suitable 
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radiation doses of 15 kGy. Below and above this radiation dose, low grafting 
yield is obtained and removal of homopolymer becomes difficult, respectively. 

Fig.(2) shows the degree of grafting vs. time for the grafting of AN onto 
starch, at constant of radiation dose. It is observed that, the degree of grafting 
increases with grafting time, on the other hand the dose rate at constant dose, 
the grafting is inversely proportional to dose rate at constant dose. This 
indicated that the radiation doses of low rate (2 kGy/h) are better for grafting 
system than the same radiation dose of higher rate (2.5 kGy/h) At the selected 
monomers composition, the initial rate of grafting is relatively fast: followed by 
a slower rate. This behavior is attributed to the consumption of the monomer, as 
well as to the reduction in the number of active sites on the starch backbone 
accessible for the grafting as the reaction proceeds [10]. 
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Fig (1): Effect of radiation dose in the 

grafting ratio 
Fig (2): The effect of dose rate in the 

grafting ratio 

2.3.2. Elemental analysis: 

Table(1) contains the elemental analysis of used starch,  PAN and the 
amidoxime resin. From this table it is clear that the nitrogen content in case of 
PAN and the amidoxime resin more than starch. On the other hand, carbon and 
hydrogen content in the amidoxime resin decreased compared to their content in 
the starch and PAN polymer. These changes indicate the good grafting due to 
the increase in the nitrogen and the oxygen content in the final amidoxime resin 
as a result of the introduction of C ≡ N, N-H, and N-O groups.  
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Table (1):  Elemental analysis for the original starch, PAN grafted, amidoxime. 

Element  Starch  Polyacrylonitrile Amidoxime  
N  0.14 17.9 18.1 
C  41.7 63.8 36.8 
H 6.52 5.86 5.42 
O  51.65 12.44 39.68 

2.3.3. Thermogravimetric analysis: 

The thermal degradation of poly(amidoxime) resin and polyacrylonitrile 
(PAN) grafted  starch was performed with a heating rate of 10°C min-1 in an N2 
atmosphere and the TG curve are presented in Fig(3) The main weight loss of 
PAN grafted starch and poly(amidoxime) resin occurs between the range of 
280-390°C and 200-485°C, respectively.. At the final stage, about 23% weight 
remain in PAN grafted starch, whereas 30% weight remain in poly(amidoxime) 
resin was observed until 1000°C. 

 
Fig (3): Thermogravimetric analysis of  PAN grafted, amidoxime chelating 

starch. 

2.3.4. FT-IR spectra 

The FT-IR spectra of wheat starch, PAN grafted wheat starch, and the 
amidoxime resin were investigated. The FT-IR spectrum of the wheat starch 
showed  characteristic absorption bands  at 2393.3 and 1648.7 cm-1 due to O-H 
stretching and bending modes, respectively as shown in Fig.4.(a). In addition, 
other absorption bands of starch appeared at 2929.8 and 1015.4 cm-1 are mainly 
due to the C-H stretching and bending modes, respectively. 

FT-IR spectrum of PAN grafted wheat starch is given in 
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Fig.4.(b).The characteristic absorption of PAN at 2245.9 cm-1  due to C ≡ 
N stretching modes in addition to other absorption bands mainly related 
to the sago starch. After resin preparation with the amidoxime group 
preparation, the C ≡ N band at 2245.9 cm-1 disappeared and  a new band 
of amidoxime appeared at 1654 cm-1, the band of N-H at 1390.1cm-1,and 
the band of N-O at 926.5 respectively are shown in Fig.4.(c). 

  

a-Starch b-PAN 

 
c-Amidoxime 

Fig(4):FT-IR spectra analysis for starch, PAN, and amidoxime chelating starch 
induced by γ-irradiation at radiation dose 15 kGy 

2.3.5.   Morphological Study 

       The effect of grafting and amidoximation in the fine structure of the 
starch was studied using scanning electron microscope (SEM). Figs.(5a,b, and 
c) show the SEM photos  for the original starch, and amidoxime chelating starch 
and amidoxime chelating starch with uranium.  

        The effect of interaction of amidoxime sorbent with uranium ions 
in the fine structure of the amidoxime sorbent. It is clear that the morphology of 
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the amidoxime sorbent containing mainly uranium and other trace elements 
changed. Sorption of uranium is in the edges of the amidoxime edges. 

  

a-Starch b-Amidoxime 

 
c- Amidoxime with uranium 

Fig (5): SEM photos for the original starch, amidoxime and amidoxime with 
uranium. 

2.3.6- Particle size distribution : 

Particle size distribution of the fine particles play essential roles in the 
characterization of the synthesized powder. Due to the synthesis process of 
chelation there are differences in particle size distribution for starch, 
polyacrylonitrile, and amidoxime as shown in Fig (6) and in Table (2). For good 
measurements we must know the statistical mean of the tool of  for the 
measurable data and must measure of the central tendency in terms of the mean, 
the median and the mode.                                    
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Table (2) Particle size distribution arithmetic statistics for      

Samples  Median* Mean** Mode*** 
Starch  10.8 ±0.5 µm 11.1 ±0.5 µm                     10.6 ±0.5 µm 

Polyacrylonitrile 70 ±3 µm  85 ±3 µm                      67 ±3 µm                    
Amidoxime 90 ±4 µm  52 ±2 µm 45 ±2 µm                     

A --- Starch     (Median = 10.84 µm) 
 

B --- Polyacrylonitrile(Median = 69.69 
µm) 

 
C---Amidoxime(Median = 90.2 µm) 

Fig (6): Mass distribution arithmetic statistics for starch, PAN and amidoxime 

2.3.7- Surface area  

     The adsorption properties of amidoxime depend principally on its 
inner surface area. The specific surface area is usually derived from the nitrogen 
adsorption isotherm. The starting point in estimating the specific surface area is 
the adsorption isotherm. The adsorption isotherm of nitrogen at 77 K is 
presented in Fig.(7) for starch, PAN, and amidoxime chelating starch.  
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Fig (7): Adsorption isotherm of N2 at 77K  for starch, PAN, and 

amidoxime chelating starch. 

Monolayer adsorption can occur. The surface area for starch, PAN, and 
amidoxime are given in Fig (8) table (3). From this table the BET surface 
areas indicate that PAN has the highest surface area and the starch is the 
lowest. For the amidoxime resin, the surface area obtained, 8.1079 m2/g, 
is slightly lower than  the PAN, 10.7582 m2/g and this indicate that  is an 
improvement in the surface due to synthesis process which leads to 
improvement in the adsorption properties. 

Table (3): the surface area reports for the synthetic samples  

Sample BET Multipoint 
surface area   

BET Single point 
surface area   

Langmuir  
surface area   

Starch 0.570    m2/g 0.517   m2/g 0.810    m2/g 
Acrylonitrile 10.758  m2/g 9.958   m2/g 12.895   m2/g 
Amidoxime 8.108    m2/g 7.747   m2/g 11.083   m2/g 
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Fig (8): The effect of synthesis processes on the surface area of each material 
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2.3.8. Chemical structure of the resulting complex 

Since the structures of the hydrolytic species of UO2 2+ and the 
amidoxime chelating functional group at different acidities is not well known, 
the specific composition of the complex formed between chelating starch and 
U(VI) has not been fully determined. The high capacity for uranium adsorption 
in a short time is attributed to the complexation and formation of ring structure 
of amidoxime groups with uranyl ion. Three  or two of the amidoxime groups 
are available to form a chelate with UO2 2+   through H2N--- and HO---- or 
through HO----,and the coordination number n = 6 or 4  gives as shown in 
scheme (2) 

  

Scheme (2):Amidoxime with uranium , coordination n= 4 for (a) and 
coordination n= 4 for (b) 

3. RESULTS AND DISCUSSION.  

3.1.  Sorption on amidoxime chelating starch resin. 

The experiments were done to investigate the removal of heavy metals 
ions especially (uranium) in the waste solution, all experiments were done under 
the following conditions 50 ml of uranium solution, agitation rate 200 rpm. And 
the solution temperature was 30 0C using 0.1 gm of amidoxime resin having 
particle size lower than 100µm. The investigation of uranium concentration will 
be done using UV-Visible Spectrophotometer. Uranium (VI) forms a stable 
colored complex with Arsenazo (III), buffering the solution between pH 1.5 - 
2.0. The absorbance of this complex is measured at a λ= 650 nm. The detection 
limit is 0.1 µg/ml in the measured aliquot. 

3.1.1- Effect of hydrogen ion concentration, pH. 

Hydrogen ion concentration is an important factor affecting on the 
recovery of U(VI) from waste of FMPP by the amidoxime sorbent. The 
influence of pH value on the adsorption of U(VI) towards the prepared 
polymeric adsorbent containing amidoxime chelating functional group was 
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investigated. The percent removal of uranium as a function of pH, using 
uranium concentrations of 100 mg/l, a resin weight of 0.1g, and shaking time 3 
hr is shown in Fig.(9). It is clear that the adsorption of U(VI) strongly dependent 
on the hydrogen ion concentration in the aqueous phase. U(VI) showed  low 
adsorption in the pH range of 2.0 to 3.0. The adsorption of U(VI)  increased 
significantly from pH 4.0 to 6.5 and then decreased evidently at pH 7.0 . As the 
pH value increased to 7.5 and especially greater than pH 8.0, the % removal of 
U(VI) decreased. It is noticed that at pH 8 and higher, colloid U(VI) formation 
was observed which is reflected on the decrease of the amount of % removal. 
Therefore, to obtain the highest uranium removal using the prepared amidoxime 
sorbent the medium  pH is adjusted to  6.5 .  

3.1.2- Effect of shaking time. 

The (Fig. 10) indicate that removal efficiency increased with an 
increase in contact time before equilibrium is reached. The optimal contact time 
to attain equilibrium with amidoxime resin was experimentally found to be 
about 60 min. and the kinetic exchange rate was fast. It is observed that the 
uranium uptake ratio reaches 50% at 10 min ( t1/2 ). 
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Fig (9): The effect of pH on the 

sorption of uranium.  . 
Fig (10): The effect of shaken time on 

the sorption of uranium. 

3.1.3- Effect of resin weight 

The percentage removal of uranium is found to increase with increasing 
amidoxime sorbent to reach a maximum uptake of more the 97% as shown in 
Fig (11). Under these condition, the amount of uranium sorbed corresponds to 
sorption of 4.85 mg uranium per 0.05 g amidoxime sorbent. This corresponds to 
a sorption capacity of the resin of about  97 mg uranium/g sorbent.  

3.1.4 -Effect of temperature 
The effect of temperature on the sorption of uranium is given in Fig 
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(12). From this figure, it is clear that by increasing the temperature the percent 
removal of uranium increased. This indicates that extraction is endothermic. 
This could be related to possible dehydration of uranium and thus decrease the 
competition of uranium hydration in solution and / or the increase in the 
amidoxime sorbent pore and thus increase the availability of internal site of the 
sorbent to react with uranium. 
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Fig(11): Effect of  Sorbent weight on 
the sorption of uranium 

Fig (12): The effect of temperature on 
uranium sorption by Amidoxime  

The effect of initial concentration on the percentage removal of heavy 
metals by resin is shown in (Fig.13). It can be seen from the figure that the 
percentage removal decreases with the increase in initial heavy metal 
concentration. 
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Fig (13): The effect of Variation of the percent 
adsorption with initial uranium concentration.  

3.1.6 - Adsorption isotherms 

The adsorption studies were conducted at fixed initial concentration of 
heavy metals by varying adsorbent dosage. The equilibrium data obtained were 
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analyzed in the light of Langmuir and Freundlich isotherms. 

Freundlich equation is given by [11]. (The logarithmic form ) 

                     )eLog(Cn
1)fLog(K)eLog(q                    (1) 

Langmuir equation is given by [12]. (The linearized form) 

                    eabCaeq
111                                                (2) 

where q e is the amount of heavy metal ions adsorbed per unit mass of adsorbent 
in mg/g, Ce the equilibrium concentration of heavy metal ions in mg/l, Kf and n 
are Freundlich constants, ‘a’ is a Langmuir constant which is a measure of 
adsorption capacity expressed in mg/g, ‘b’ is also Langmuir constant which is a 
measure of energy of adsorption expressed in l/mg. The parameters ‘a’ and ‘b’ 
have been calculated from the slope and the intercept of the plots. 

The Fig.14 and Fig.15 gives the Freundlich adsorption isotherm and 
The Langmuir adsorption isotherm respectively. 
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Figure (14): Freundlich adsorption 
isotherm of uranium ions. 

Figure (15): Langmuir adsorption 
isotherm of uranium ions. 

 
Freundlich isotherm constants for the adsorption of uranium by using amidoxime 

Metal ions Slop(logKf) Kf Intercept(1/n) n(1-10) R2 

U 1.664 45.843 0.128 7.79 0.990 

 
Langmuir isotherm constants for adsorption of uranium ions by using amidoxime 

Metal 
ions 

Slop(1/a) a(mg/g) Intercept(1/ab) b(L/mg) R2 RL(0-1) 

U 0.012 86.9 0.0169 0.682 0.999 0.0145 
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The adsorption isotherm studies clearly indicated that the adsorptive 
behavior of uranium on amidoxime satisfies not only the Langmuir assumptions 
but also the Freundlich assumptions, i.e. multilayer formation on the surface of 
the adsorbent with an exponential distribution of site energy. 

3.1.7- The adsorption behavior of uranium in presence of some metals ions: 

To examine the adsorption behavior of amidoxim chelating starch resin 
for separation of uranium in absence and in presence of some metals ions: Mg, 
V, Fe, Ca, Al, Si , Li, Mn, Co, Cd, and Cr ,  with different concentration of 
these cations from 25 ppm to 30 ppm. A solution with these specification was 
prepared from standard reference material (sigma). Adsorption experiments 
were conducted to determine optimum conditions for uranium behaviour under 
these conditions. The results are shown in table(12) and Fig.(16). The sorption 
capacities of metal ions by the amidoxime sorbent were found different towards 
these metal ions. The following order of removal for these impurities are the 
following ; 

Mg>V>Fe>Ca>Al>Si>Li>Mn>Co>Cd>Cr ions. 

The presence of this elements reduce the uranium adsorption from 98.8 
% to 76.8% due to the presence of these cations as represented in table(12). The 
experiment conditions of this test are uranium concentration 100 ppm, 
impurities concentration 30 ppm, pH = 6.5, amidoxime sorbent weight of 0.1g, 
and shaken time 60 min. 
Table (12): The removal percent of uranium in presence of impurities elements    

Elements    Removal percents  
U0 alone in clear solution 98.8 
U 76.8 
Mg 77.9 
V 73.0 
Fe 71.7 
Ca 60.6 
Al 52.4 
Si 28.6 
Li 18.7 
Mn 13.9 
Co 9.1 
Cd 9.0 
Cr 1.8 
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These results indicate that the amidoxime sorbent has a tendency to 
remove other metal ions than uranium from solution. Among these ions Mg, V, 
Fe are the most sorbed ions where the %removal is more than 70%. On the 
other hand, Ca and Al are of moderate sorption tendency where their % removal 
is between 50 to 60%, while Si, Li, Mn, Co, Cd, and Cr  is slightly sorbed.  
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Fig (16) The adsorption behavior of uranium in pure solution and uranium in 

presence of some inspected metals ions using amidoxime 

3.1.8. Removal of uranium from (FMPP) liquid wastes using amidoxime 
sorbent. 

It is clear that from the previous results, the amidoxime chelating 
sorbent was applied for treatment of waste streams of the egyptian fuel 
manufacture pilot plant FMPP[13-16]. The main sources of the FMPP waste, 
are the chemical laboratory waste, the mother liquor and mother liquor 
evaporator. These wastes were treated using the amidoxime sorbent under the 
following experimental condition;  50 ml of waste solution, pH adjusted to 6.5, 
sorbent weight  0.1g, and shaking time 60 min. Analysis of uranium and 
impurities before and after adsorption using amidoxime are given in Table 
(13A, and B) 
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Table (13 A): Analysis of waste solutions from different sources of the FMPP plant.    
Elements Conc. FMPP, Lab 

tanke (ppm) 
Conc. FMPP, M.L 

(ppm) 
Conc. FMPP, M.L After 

evaporation (ppm) 
U 4.9 15.2 333.7 
Co 0.11 0.01 0.03 
Cd 0.05 0.98 0.43 
Fe 14.94 5.3 14.1 
Mn 0.26 0.15 0.31 
V 0.02 0.01 0.06 
Cr <0.01 <0.01 <0.01 
Si 11.69 1.9 3.1 

Mg 8.20 <0.01 <0.01 
Ca 95.41 <0.01 0.09 
Al 4.67 2.1 3.5 
Na 50.77 <0.01 4.7 
Li 0.01 <0.01 <0.01 
K 3.26 <0.01 <0.01 
Ni 0.03 0.3 0.8 
B <0.01 0.01 0.03 

 
Table (13 B): Analysis of different sources of  FMPP plant after amidoxim sorbent 

treatment .  

Elements Conc. FMPP, Lab 
tanke (ppm) 

Conc. FMPP, 
M.L (ppm) 

Conc. FMPP, After 
evaporation (ppm) 

U 0.01 0.01 93 
Co <0.01 <0.01 <0.01 
Cd <0.01 0.1 0.03 
Fe 1.4 1.3 2.1 
Mn 0.06 0.03 0.01 
V <0.01 <0.01 <0.01 
Cr <0.01 <0.01 <0.01 
Si 1.9 0.1 0.1 

Mg 1.2 <0.01 <0.01 
Ca 5.41 <0.01 0.1 
Al 0.7 0.1 1.1 
Na 5.5 <0.01 0.9 
Li <0.01 <0.01 <0.01 
K 0.06 <0.01 <0.01 
Ni <0.01 0.1 0.1 
B <0.01 <0.01 <0.01 

After treatment of waste streams of FMPP using the amidoxime 
sorbent, the decontamination factor is found 99.8% for chemical laboratory 
waste, 99.9% for mother liquor, and 72.1% for mother liquor after evaporation. 
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CONCLUSION 

Based on the present study  

The poly(amidoxime) ion exchange resin was synthesized from 
polacrylonitrile grafted starch using of the radiation polymerization technique 
give more degree of grafting percentage 95% for irradiation at 15 kGy as 
radiation dose. The structures of the functional groups were confirmed by 
(FTIR) spectroscopy. 

The binding capacity of uranium ion by the resin was carried out by the 
batch technique. The sorption capacity was high for uranium 86.9 mg/g at pH 
6.5. The kinetic exchange rate was fast. It is observed that the uranium uptake 
ratio reaches 50% at 10 min ( t1/2 ). The high adsorption capacity and the fast 
uptake of uranium ions on chelating starch are attributed to the accessibility of 
the chelating groups for complexation and formation of ring structure with 
uranium ions. A monolayer molecule adsorption mechanism was determined. A 
chemical adsorption mechanism as a main adsorption pathway was proposed to 
be involved in the adsorption process. The sorption capacities of metal ions by 
the resin were pH dependent, and its selectivity towards these metal ions is in 
the following order: 

 Mg>V>Fe>Ca>Al>Si>Li>Mn>Co>Cd> Cr ions by the resin. 

These results indicate that the treatment process is efficient to remove 
uranium from the waste solution of the FMPP plant and a developments of a 
semi-pilot plant for treatment of these waste is promising  
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