
 

 

 

Abstract—In this study, biocomposite materials have been 

synthesized and used in freshwater treatment. Total solids (TS) such 

as silt, clay, organic matter, organic compounds and dissolved 

inorganics were measured in terms of turbidity. Ground natural fibers 

with particles size < 300 μm including coconut coir; palm leaves, rice 

and wheat straw were sieved and mixed with foamed polyurethane. 

The removal efficiency of total solids using foamed polyurethane 

biocomposites was compared with commercial activated carbon.  

Significant removal of total solids was observed using PU-

biocomposite. Removal efficiency has been obtained up to 80 % 

using PU- ground rice straw. PU-palm leaves, PU-wheat straw and 

PU-coconut coir biocomposites showed 67%, 64% and 68% total 

solids removal respectively. Experiments were conducted in a 

vertical Plexiglas cylindrical packed column filled with hollow 

spherical PU-biocomposites with 5mm diameter.  Langmuir and 

Freundlich adsorption isotherm equilibrium models were applied and 

evaluated. Surface morphology of biocomposites was investigated 

using scanning electron microscope.  
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I. INTRODUCTION 

ollutants are transported and transformed in water, 

atmospheric air and sites (soil). Water, air and soil are 

named as environmental impellers and connected to each other 

by to the global water cycle. Water treatment can be classified 

in to main three groups (i) Mechanical (ii) Biological and (iii) 

physical /chemical processes as illustrated in figure 1. 
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Process selection depends on the type of pollutants have to be 

removed. Settleable (undissolved) solids can be removed by 

mechanical process. Dissolved solids can be removed by 

biological or physical/chemical processes. Biological process 

can be carried out if the pollutants are biodegradable. 

Physical/chemical process can be applied to remove the non-

biodegradable matters where are found in industrial 

wastewater and ground water. Adsorption process is one of the 

most effective techniques can be applied to remove non-

biodegradable matters. Adsorption process can be taken place 

by physisorption or chemisorption process. Adsorbate is 

attached to the adsorbent physically by Van der Waals forces. 

The chemisorption can be achieved by chemical bond with the 

molecules of the adsorbent. Adsorption processes based on 

physisorption can usually be reversed. Mass transfer of the 

adsorbate includes mainly four stages (i) convection, (ii) film 

diffusion (iii) grain diffusion and then (iv) Attachment by 

physical or chemical bonding. Kinetics of adsorption can be 

controlled mainly by film diffusion and grain diffusion [1-4]. 

Adsorbent has an outer and inner surface. The inner surface 

represents the overall surface of all pores. Pore size and 

structure play a crucial role in the adsorption capacity.  PU-

biocomposites have different applications [5-7]. Recently, 

considerable efforts have been made for agricultural waste 

recycle [8-9]. In this study, a closed system was used. Foam 

polyurethane biocomposites (PU-Biocomposites) were used as 

adsorbent. The pollutants (adsorbate) concentrations decrease 

in water with respect to time.  While the loading PU-

biocomposites increases [10-15]. Mass of pollutants 

(adsorbate) “m1” removed from water at a given level at time 

“t” as given in equation 1: 

 (Eq. 1) 

 

Where Vw: volume of water sample (L); co: Initial 

concentration of the adsorbate (mg/l); and c(t):adsorbate 

concentration (mg/l) with respect to time (t). 

 

The common adsorption isotherm methods are Freundlich, 

Langmuir and Redlich-Peterson as tabulated in table 1[16-20]. 

In this study, data fitting was carried out with respect to 

Freundlich, and Langmuir-2. 
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TABLE 1 ISOTHERM MODELS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass of pollutants (adsorbate) “m2” adsorbed by PU-

biocomposites at a given level and time “t” can be given by 

equation 2. 

 

Where; mPU-Biocomposites: mass of adsorbent (g); qo: initial 

loading (mg/g) at time=0; q(t): loading (mg/g) at time (t).  

Since m1 is  equal to m2; the resulting equation (3) is:   
 

Langmuir and Freundlich adsorption isotherm models 

are widely used for data fitting. Results can interpret the 

relationship between sorbed and aqueous concentration at 

equilibrium. Langmuir model hypothesize that the monolayer  

adsorption of adsorbed ions occurred on an even 

surface with no interactions among the adsorbed ions [21-26]. 

The Langmuir model can be presented by equation 4:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

where qe (mg/g) is the amount of ions adsorbed onto the unit 

mass of the adsorbent. KL is the Langmuir equilibrium 

constant; Ce is the concentration of ion in solution, and αL is 

the Langmuir constant [27-30]. The constant KL which 

indicates the reactivity of binding sites and αL are the 

characteristics of the Langmuir equation and can be 

determined from a linearized form of Langmuir model.  

Langmuir isotherm can be linearized  

 

 

Freundlich equation is an empirical equation based on 

adsorption on a heterogeneous surface. The equation is 

commonly given by equation 5: 

 (Eq.5) 

where a and b are the Freundlich constants. They indicate the 

adsorption capacity and the adsorption intensity, respectively. 

To simplify the derivation of (a) and (b) in equation 5. It can 

be linearized as: 

 (Eq.6) 

Therefore, the constant a and exponent b  can be determined 

by plotting log qe versus log Ce. The Langmuir and 

Freundlich models were applied to describe the values derived 

from the adsorption of TS by each bioadsorbent through 

concentration range (1-10 g/l). 

II.  EXPERIMENTAL 

 2.1 MATERIAL AND METHODS  

 2.1.1 RAW MATERIALS 

 Commercial castor oil (polyol) was purchased, Egypt 

market. The polyol functionality, hydroxyl value (KOH/g) and 

     (Eq. 2) 

  (Eq. 3) 

 
(Eq.4) 

Fig. 1 Schematic diagram of water treatment processes 
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Fig. 2 Sieving unit Fig. 3 Mold consists of four 

hollow spheres 

molecular weight are 2.64, 161 and 930 respectively.  Water 

content was removed by heating the polyol at 90 
o
C for 4 h 

under vacuum (-1 bar). Polymeric diphenyl methane di-

isocynate (PMDI) was received from DOW Company. PMDI 

(NCO 33% wt/wt) was used without further purification. 

Activated carbon was obtained from Samoral Company, 

Egypt. Coconut coir; palm leaves, rice and wheat straw were 

collected from the agricultural fields. Fibers were ground 

using ball-mill at 300 r.p.m. for 6 h.  

 

 2.1.2 POLYURETHANE SYNTHESIS 

 Polyurethan foam was synthesized using polymeric 

diphenyl methane di-isocynate (PMDI)  and castor oil in the 

presence of distilled water (4.2 % wt/wt). Dispersing agent 

(Anfomu 5000)  was added to control the cell size. PMDI was 

added gradually to the castor oil at room temperature. 

Exothermic reaction was generated due to isocynates – 

hydroxyl reaction. Water cooling system was applied to keep 

the temperature of the exothermic system around 30 
o
C. 

Mixing time is 20 minutes with 1000 r.p.m. speed. 

 

 2.1.3 PREPARATION OF NATURAL FIBERS 

 Natural fibers were collected, ground and then sieved to 

obtain an average grain size less than 300 µm as shown in 

figure 2. Pores generation have been obtained by increasing 

the fiber surface roughness in the presence of dilute sodium 

hydroxide 5 (w/w) %. Ground natural fibers were dried at 100 
o
C for 24 hours.  

 

 2.1.4 SYNTHESIS OF  BIO-COMPOSITES 

Ground natural fibers were sieved to maintain particle size less 

than 300µm. Ground natural fibers were mixed with the polyol 

(castor oil) before starting the addition polymerization. 

Intensive mixing rate 2000 r.p.m. was applied for creating 

good bioparticles dispersion in the PU matrix. The bio-

composite in liquid state is injected into the mould after 20 

minutes under pressure.  

 

 2.1.5 MOULD 

Aluminum mould with a Teflon layer coating was used to 

prepare the PU- ground natural fiber bio-composites. Figure 3 

shows the mould components. The adsorbents are produced in 

hollow sphere shapes. Outside and inside diameter are 30 mm 

and 25 mm respectively. 

 

2.1.6 SYNTHESIS OF POLYURETHANE USING 

RESIN     TRANSFER MOLDING (RTM)   

 Polyurethane foam-biocomposite production unit consists 

of four main parts: (i) Two storage tanks filled up polyol and 

PMDI, these tanks connected with two drums one of them for 

polyol and other for isocyanate, pressurized by pumps to 

deliver the material from the drums to the tanks. (ii) Mixing 

unit to mix the polyol and isocyanate into the cup and pump 

the mixture into the mold. (iii) Secondly ram for polyurethane 

injection after mixing process. (iv) Rotating mold holder to 

hold the mould. There is control panel to control pressure, 

flowrate of polyol and isocyanate to optimize the mixing ratio 

and temperature. Control panel includes timer to adjust 

methylene chloride as cleaning solvent. Chiller was used to 

cool the mould and the mixing head. The mold made of 

aluminum, It consists of two sides each side contain 4 semi-

circle each one of them with diameter 4 cm, also there are 2 

steel stick with diameter 2 cm, which make hole in the 

polyurethane ball.  
 

 2.1.7 ADSORPTION UNIT 

 The adsorption process was conducted using one step 

adsorption unit (CE 583, GUNT, Germany). The adsorber is 

incorporated into the pipe system at both ends by flange 

connections. The flanges are sealed with screws. Adsorber 

column was filled during operation with foam PU- 

Biocomposites fixed bed. There is a sintered metal base plate 

in the bottom flange of each adsorber. The base plate ensures 

that the composites remain in the adsorbers. Adsorber is used 

to conduct and evaluate the experiments. Therefore this 

adsorber is fitted with eight sampling valves (V5...V12). 

These sampling valves are used to determine the trend of the 

adsorbate concentration in the fixed bed of adsorber 

(concentration profile). The distance between each of the 

sampling valves is 5cm. Adsorber is fitted with a bleed valve 

at the upper end (V13, V18) as shown in figure 4. 

 

Removal efficiency (E) of the adsorbent on (TS solids) 

turbidity, is given by equation 7: 

 

E (%) = [(Co - C1) / Co] x 100 (Eq.7) 

      

   Where C1 and Co are equilibrium TS and initial 

concentration in fresh water (mg/l), respectively. The TS 

sorption was studied by varying the concentrations of 

adsorbents from 1 to 10 g/l, at pH = 7.3 and room temperature.  

Contact time was adjusted to 30 min.  

 

 2.1.8 MICROSCOPY MEASUREMENTS  

The morphology of PU-ground fiber composites were 

investigated using scanning electron microscopy. Bioparticles 

conductivity was improved by spraying monolayers of gold. 

Fractured surfaces of the bio-composites were examined under 

a scanning electron microscope (SEM), JEOL model JXA 

840A (ADS+OM-Japan).  
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III.  RESULTS AND DISCUSSION 

 3. 3.1 Efficiency Of Ts Removal 

The dependence of TS sorption on PU- biocomposites was 

studied by varying the amount of adsorbents from 3 to 13 g/l. 

Figure 5 shows the TS removal efficiency for four types of 

bio-composites adsorbents and the activated carbon at pH=7.0 

and room temperature. Removal efficiency of the adsorbents is 

enhanced with increasing dose. This is can be attributed to the 

fact that the higher dose of adsorbents gives better probability 

of exchangeable sites for the ions in the water solution. 

Removal efficiency showed slight or no noticeable adsorption 

change using activated carbon in 9-10g/l range.  It is supposed 

that after a particular concentration of adsorbent, the amount 

of ions attached and free remains constant even with 

increasing the concentration of adsorbent. 

 Figure 5 shows the TS removal efficiency for four types of 

bio-composites adsorbents and the activated carbon at pH=7.0 

and room temperature. Removal efficiency of the adsorbents is 

enhanced with increasing dose. This is can be attributed to the 

fact that the higher dose of adsorbents gives better probability  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of exchangeable sites for the ions in the water solution. 

Removal efficiency showed slight or no noticeable adsorption 

change using activated carbon in 9-10g/l range.  It is supposed 

that after a particular concentration of adsorbent, the amount 

of ions attached and free remains constant even with 

increasing the concentration of adsorbent. 

 3.3.2 Modeling and simultion 

 In this study, Langmuir and Freundlich models have been 

applied on PU foam-ground rice straw Biocomposites 

adsorbents and activated carbon.  Fig. 6 and 7 show the fitting 

of the results using Langumire and Freundlich models 

respectively. It is depicted that Langmuir model has a better 

data fitting than Frundlich as the bio-composite former have 

higher correlation regression coefficient than the latter. This 

can be explained due to formation of TS monolayer on the 

surface of adsorbent. This can be obtained when the adsorbent 

has a low surface area. Therefore, only monolayer of 

adsorbate is collected on the surface of the adsorbent. 

 

A1, A2 Adsorber F1 Flow rate 

B1 Treated water tank LLZ Low water 

B2  Concentrate tank P1 System pressure 

P1 Circulation pump TC Temperature controller 

P2 Concentrate pump T1 Raw water temperatuer 

H Heater T1(01) Treated water temperature 

V1…V19 Valves   

Fig. 4 Adsorption unit 

Hollow sphere PU-

foam biocomposites 
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Fig. 5 Bioadsorbents concentration vs removal efficiency 

Figure 6 Data fitting to Langmuir Model 

Figure 7 Data fitting to Freundlich model 

Figure 8 SEM PU-ground rice straw 

biocomposites 

 

 

 

 

 

 3.3.3 Sem Analysis 

 Figure 8 shows the SEM analysis of the fracture surface 

(PU-biocomposites adsorbents). Average foam cell is 5µm. 

Ground rice straw particles are well dispersed. Accordingly, 

this can improve the adsorption process. Additionally, Surface 

roughness would assist the biocomposite materials to adsorb 

the inorganic and organic substances contained in the fresh 

water and created strong interactions. 
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