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Amine Modified Silica for water Purification from Ibuprofen            

and Naproxen 

By 

Ghadeer Eyad Sabaneh 

Supervisors 

Dr. Ibrahim Abu Shqair 

Prof. Shehdeh Jodeh 

Abstract 

Adsorption of ibuprofen and naproxen on amine modified silica was 

carried out, Concentrations of the drugs before and after equilibrium were 

measured using UV-visible spectrophotometry at 220, and 230 nm for 

ibuprofen and naproxen respectively, and then the percent's of adsorption 

were calculated. 

The effect of contact time, drug concentration, adsorbent amount, pH, 

and temperature on adsorption were studied. 

The equilibrium time was 15 min for the adsorption of ibuprofen, 

and 5 min for naproxen adsorption. 

For both drugs, the adsorption percentages decreased with increasing 

the drug concentration, where it increased with increasing the amount of 

the adsorbent. 

Adsorption was found to be affected by pH, and temperature. The 

optimum pH was 3 for both drugs, and the percentages of adsorption were 

decreased with increasing temperature. 



XIV 

Freundlich and Langmuir isotherms were applied for equilibrium 

studies. Adsorption of ibuprofen and naproxen on amine modified silica 

fitted the Freundlich isotherm. 

The thermodynamic parameters ΔG
o
, ΔH

o
, and ΔS

o
 were calculated 

at 25
o
C. The results showed that the adsorption of both drugs was 

exothermic and spontaneous, where ΔG
o
, ΔH

o
 were negative, and ΔS

o
 had 

a positive value. 
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Chapter One 

Introduction 

1. Introduction 

1.1 Background 

Presence of pharmaceutical compounds in the environment, and 

there effect have become an issue of many environmental and health 

organizations worldwide (1). 

These compounds are used in huge amounts for the treatment and 

protection from different diseases. Somehow, these pharmaceutical 

compounds can find their way into the environment from many sources (2), 

such as, hospitals waste, excretion by human, improper disposal of 

pharmaceutical wastes, and from the sewage of the health facilities (3,4). 

Many studies show that the pharmaceutical compounds that derived 

from antibiotics, antidepressant and anti-inflammatory drugs appear in 

surface and ground water, in concentrations ranging from ppb to ppt (4). 

These pharmaceutical products have significant adverse effect on living 

organisms, and human health even at low concentrations (5,6). 

Water treatment and removing pharmaceutical products from water, 

was studied by many researchers using different methods (7). 

Recently, researchers have been directed toward using adsorption, by 

using many adsorbent materials such as carbonaceous, carbon nano-tubes, 

cellulose, clay, silica…etc (8). 
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1.2 Non-steroidal anti-inflammatory drugs (NSAIDs) 

Non-steroidal anti-inflammatory drugs (NSAIDs), are one of the 

most used drugs around the world (9), that belong to a class of drugs that 

are used for lowering pain, fever, and preventing blood clots (10) . They 

also have anti-inflammatory effect in higher doses (11). 

NSAIDs act by inhibiting the activity of cyclooxygenase enzymes, 

(COX1 and COX2), which are the enzymes of prostaglandin formation (12). 

According to the inhibition action, NSAIDs can be classified into 

two categories, non-selective COX inhibitors, and COX2 selective 

inhibitors. 

Non selective inhibitor works by inhibiting the action of both COX1 

and COX2 enzymes, where COX2 selective inhibitor acts by inhibiting the 

COX2 enzyme only (13,14). 

Non-steroidal anti-inflammatory drugs are classified also according 

to their structures into two types, carboxylic acid NSAIDs and phenyl 

butazone NSAIDs (9). 

Carboxylic acid non steroidalanti-inflammatory drugs including 

salysilate derivatives, such as; aspirin, propanoic acid derivatives, such as 

naproxen and ibuprofen, and phenyl acetic acid derivatives, such as 

declofenac (9). 
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Non steroidalanti-inflammatory drugs are one of the most used drugs 

(15), especially ibuprofen and naproxen that are used massively in the 

world (14). 

1.3 Ibuprofen 

1.3.1 Definition 

Ibuprofen is 2-4 isobutyl phenyl propanoic acid (17), with a 

molecular weight of 206.281 g/mole (1). It is one of the most commonly 

used non-steroidal anti-inflammatory drugs, that belong to the propanoic 

acid derivatives (18, 19), which was made on 1969 (20), Fig1.3.1 shows the 

chemical structure of ibuprofen (16). 

 

Fig 1.3.1 : the chemical structure of ibuprofen. 

1.3.2 Mode of action 

Ibuprofen is a nonselective cyclooxygnase enzyme inhibitor, it works 

by inhibiting the activity of both COX1 and COX2 enzymes (9). 
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1.3.3 Uses and effects 

Ibuprofen is good for fever and moderate pain treatments, such as 

dental pains, kidney stone pains, back and muscles aches (19). 

Despite of its benefits in pain treatment, ibuprofen has a few adverse 

effects, These include effects on kidney, gastrointestinal tract and 

coagulation system.  It also can cause rach and dizziness (19). 

Ibuprofen does not metabolize completely in the body, it can enter 

the aquatic environment by urine and feces, causing pollution (21). 

1.4 Naproxen 

1.4.1 Definition  

Naproxen is 2-6-methoxy-naphthyl propanoic acid (22), with a 

molecular weight of 230.27 g/mole (1). Naproxen is one of the non 

steroidal anti-inflammatory drugs that are used in huge amounts around the 

world (23-25), Fig1.4.1 shows the chemical structure of naproxen (7). 

 

Fig 1.4.1 : the chemical structure of naproxen. 
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1.4.2 Mode of action 

Naproxen acts by inhibiting the activity of both COX1, and COX2 

enzymes (9). 

1.4.3 Uses and effects 

Naproxen is used for mild pain treatment, it also has anti-

inflammatory, antipyretic, and analgesic effect (23). 

Although of its benefits, it has many adverse effects, including 

gastric erosion, bleeding in the mucosa, antralulceration, and the long term 

use of naproxen may cause heart disease and toxic effect on the lung (26). 

Naproxen was observed in aquatic environment in ng/L levels (23). 

1.5 Adsorption  

Adsorption refers to the accumulation of a gas or liquid solute on the 

surface of a solid or liquid, with or without chemical reaction, resulting in a 

chemical or physical adsorption (27, 28). 

Adsorption percent can be calculated by using the relation 

%Adsorption=                  (29). 

Where Co and Ce are the initial and equilibrium concentrations, 

respectively. 

Substance accumulates on the surface is called adsorbate, where the 

material that adsorption take place on its surface is called adsorbent (30). 
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1.6 Adsorption isotherm  

Adsorption isotherm is a function obtained at constant temperature 

for quantitative evaluation of the adsorbent capacity (31). 

The most frequently used are Langmuir isotherm and Freundlich 

isotherm, both of them give relationship between the amount of the 

adsorbed material and the equilibrium concentration in exponential form 

(30). 

1.6.1 Langmuir model  

Langmuir model assumption: 

Langmuir assumes a monolayer adsorption, where each site of 

adsorbent surface can be occupied with just one adsorbate molecule, no 

more (32). 

All surface sites are identical with the same energy (uniform 

adsorption surface) (33). 

Adsorption is localized; adsorption of an adsorbate molecule on a 

specific adsorbent site is not affected by other neighboring sites (30). 

Langmuir equation: 

  

  
 

 

   
 

  

  
(31). 

The equation can be rearranged to this form for linearization  

 

  
 

 

  
 

 

   
 

 

  
(31) 
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Ce: equilibrium concentration of adsorbate(mg/L). 

Qo constant that indicates the monolayer adsorption capacity (mg/g). 

b: Langmuir constant. 

qe: amount of adsorbed material (mg/g). 

Using the experimental data, plotting of 1/qe versus 1/Ce gives a straight 

line of a slope equals to 1/bQo, and y-intercept equals to Qo. 

The effect of isotherm  

In Langmuir equation, extra analysis can be made by using the 

separation factor (Rl), to find out if the adsorption is preferred or not (34). 

   
 

     
 

Co: initial concentration of adsorbate in solution (g/L). 

b: Langmuir constant. 

The separation factor (RI) value illustrates the type of adsorption as shown 

in the following table. 

Table 1.6.1: Adsorption type according to RL value (34) 

adsorption type RL value 

Favorable adsorption 0 <RL< 1 

unfavorable adsorption RL> 1 

Linear RL = 1 

Irreversible RL= 0 
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1.6.2 Freundlich Isotherm 

Freundlich Isotherm model assumes that the adsorbent surface is not 

uniform, it is heterogeneous, and the adsorption is multilayer (35). 

Freundlich equation: 

              
 

 
     (31). 

Kf: constant related to the adsorption capacity (mg/g). 

1/n: constant related to the intensity of adsorption. 

qe: amount of adsorbed material (mg/g). 

Ce: equilibrium concentration of adsorbate (mg/L) 

Plotting log qe versus log Ce, give straight line with slope equals to 

1/n, and y-intercept equals to log Kf. 

1.7 Kinetic Study 

Because of the dependence of adsorption on time, the rate of 

adsorption is very important in the evaluation of the adsorption of the 

adsorbate on the adsorbent. 

There are two general types of kinetics, which are Pseudo first order 

and pseudo second order models (36, 37). 

 

 



9 

1.7.1 Pseudo first order model 

Pseudo first order rate equation was introduced in this form: 

                    –
[   ]

     
(37) 

Ye: The adsorbed amount at equilibrium (mg/g). 

Yt: The adsorbed amount at time t (mg/g).  

K1: Rate constant for pseudo first order model (min)
-1

. 

A plot of Log (Ye-Yt) versus t gives a straight line with slope of 

K1/2.303 and intercept of Log ye. 

1.7.2  Pseudo second order model 

Pseudo second order model was proposed in this form. 

     =   [k2ye
2
 ] + [    ]  (37) 

Ye: The adsorbed amount at equilibrium (mg/g). 

Yt: The adsorbed amount at time t (mg/g).  

K2: Rate constant for pseudo second order model (min)
-1

. 

Plotting of t/Yt versus t will give a straight line of a slope equals to [1/Ye] 

and an intercept equals to 1/ [K2Ye
2
]. 
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1.8 Adsorbent 

Adsorbent is the material where on its surface adsorption occurs (30). 

1.8.1 Requirements of Adsorbents 

Adsorbent must have abrasion resistance, high thermal stability, 

small diameters, high surface area, and high adsorption capacity (30). 

1.8.2 Silica gel 

Silica gel is a porous granular form of silica that is synthesized from 

the reaction of sodium silicate and acetic acid, it has small particle size (2-

5nm), large surface to volume area 2x10
9
 m

-1
, and a high specific area of 

900m
2
/g (8, 38). 

1.8.3Amine modified silica  

Amine modified silica is a modified form of silica with rough and 

porous nature more than silica itself. It is thermally and chemically stable 

in acidic media, these prosperities make it good for adsorption (39). 

Preparation of amine modified silica: 

Amine modified silica can be prepared by the reaction of porous 

silica with phenyl amine, and phenyl diamine using the homogeneous route, 

which involve the reaction of carbaldehyde derivatives with 3-amine propyl 

trimethoxysilane (39). 
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1.9 Literature Review  

Several researchers studied the interaction between pharmaceutical 

compounds and different adsorbents. These are some studies that focus on 

the removal of ibuprofen and naproxen from water by adsorption process. 

Adsorption of ibuprofen and naproxen on natural clay was studied by 

spectrophotometry, the maximum percentages of removal were obtained 

after 180 and 240 min for ibuprofen and naproxen, respectively. 

Results showed that the adsorption follow pseudo second order 

kinetics, and the results agreed with Freundlich isotherm (1). 

High surface area nanographene was also used as an adsorbent for 

ibuprofen and naproxen. It was shown that ibuprofen and naproxen could 

be removed within few minutes by using 10mg of the adsorbent; the 

adsorption capacity was 11.9mg/g and 19.8 mg/g for ibuprofen and 

naproxen, respectively (40). 

Several researchers worked on the synthesis of modified silica, and 

used it as an adsorbent for many materials. 

Silica with (3-trimethoxy silylpropyl) diethelenetriamine was used 

for CO2 adsorption, the adsorption capacity was 3.8 mmol/g at 60
o
C (41).  

Silica with 4-aminobenzaldehyde was used for removing copper 

from water, the results showed that after 15min 63% of copper was 

removed (39). 
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1.10 Objectives 

This research is aiming to understand the adsorptive behavior of 

amine modified silica for the removal of naproxen and ibuprofen from 

water. 

The effect of the following parameters on the adsorption will be studied. 

- Drug concentration 

- Contact time 

- Adsorbent amount 

- pH of the solution 

- Temperature 

- Kinetics and adsorption isotherms will also be investigated 
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Chapter Two 

Materials and Methods 

2. Materials and methods  

2.1 Nonsteroidal anti-inflammatory drugs (adsorbate) 

Ibuprofen and naproxen were obtained from Sigma Aldrich (USA). 

2.2 Adsorbent 

Amine modified silica was prepared by prof. Smail Radi at 

mohammed premier university in Oujda, Morocco. 

2.3 Instrumentation 

- For spectral measurements, dual beam UV-Visible-NIR scanning 

spectrophotometer (UV-1800, SHIMADZU) with 1 cm quartz cell was 

used. 

- pH meter (Jenway 3510, England). 

- Burrell Wrist-Action Shaker was used for mixing samples. 

2.4 Preparation of standard stock solutions 

Ibuprofen stock solution of 20 ppm was prepared by dissolving 

0.0100± 0.0001g of ibuprofen powder (M.Wt= 206.281) in a 500-mL 

volumetric flask, then, It was filled to the mark by distilled water. 
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Naproxen stock solution of 6 ppm was prepared by dissolving 

0.0030± 0.0001 g of naproxen powder (M.Wt= 230.27) in a 500-mL 

volumetric flask, then it was filled by distilled water to the mark. 

Stability of stock solutions with time was studied by measuring the 

absorbance of control solution before each experiment. 

2.5 Absorption spectrum of ibuprofen and naproxen 

Ibuprofen and naproxen solutions were prepared in distilled water, 

and spectrophotometrically analyzed by scanning in the range200-400nm, 

against a blank, to determine the absorption spectrum for the two drugs. 

2.6 Preparation of standard solutions 

2.6.1 Preparation of ibuprofen standard solutions 

 0, 5, 10, and 15 ppm ibuprofen standard solutions were prepared in 

100-mL volumetric flasks, by taking 0, 25, 50, 75 ml from the 20 ppm 

ibuprofen stock solution respectively, then diluting with distilled water to 

the mark. 

2.6.2 Preparation of naproxen standard solutions 

 0, 0.9, 1.2, 3 ppm standard solutions of naproxen were prepared in 

100-mL volumetric flasks.  
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2.7 Construction of calibration curves  

 The absorbance of each standard solution was measured at the 

maximum wavelength; 220 and 230 nm for ibuprofen and naproxen, 

respectively against the blank. 

 The calibration curves of ibuprofen and naproxen were obtained by 

plotting the absorbance versus drug concentrations. 

2.8 Adsorption study 

2.8.1 Equilibrium study  

 For equilibrium calculations, constant initial amount of amine 

modified silica was added to different initial concentrations of 10 mL drug 

solutions with specific pH. The samples were placed on a thermo-stated 

shaker at constant temperature for different time intervals to determine the 

equilibrium time. 

 The effect of drug concentration, adsorbent amount, pH and 

temperature on adsorption process was studied, Each parameter was 

repeated two times. 

 Samples were filtered, and the supernatants were analyzed using a 

spectrophotometer against the blank. 

 The blank was prepared by dissolving the same amount of adsorbent 

in 10 ml of distilled water, without a drug, and it was treated as the sample 
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treatment by putting it in the shaker for the same time, and at the same 

temperature. 

2.8.2 Effect of contact time on adsorption (kinetic study) 

 The kinetic experiment was implemented by adding a constant 

amount of the adsorbent into 10 ml of the drug standard solution with a 

constant initial concentration. 

 0.0040±0.0001 g amine modified silica were added to 10 ml sample 

of 15 ppm ibuprofen, then it was fixed in the thermostated shaker at a 

constant temperature of 25
o
C for a specific time interval (5, 15, 30, 40, and 

50 min). Then, the samples were filtered and the supernatants analyzed at 

the maximum wavelength (220 nm). The equilibrium time was then 

obtained. 

 The same procedure was followed for naproxen solution of 3 ppm, 

but the analysis was carried out at wavelength of 230nm. 

2.8.3 Effect of drug Concentration on Adsorption 

 This parameter was studied by mixing constant amount of the 

adsorbent with 10 ml drug samples of different concentrations. The 

mixtures were put on the thermostated shaker for equilibrium time. After 

filtration, spectral analysis at maximum wavelength was made for the 

supernatants. 
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 Ibuprofen samples of (5, 10, 15, and 20 ppm) were mixed with 

0.004±0.0001g amine modified silica for 15 min in a thermostated shaker. 

The samples were then filtered and the absorbance at 220nm was measured. 

The same procedure was followed for (0.9, 1.2, 3, and 6ppm) naproxen 

sample, the shaking was for 5 min, and the analysis was carried out at     

230 nm. 

2.8.4 Effect of the adsorbent amount on the adsorption  

 Drug samples of the same initial concentrations were mixed with 

different amounts of the adsorbent. Then, samples were shaken at constant 

temperature, After equilibrium, the samples were filtered and analyzed 

using UV-Visible spectrophotometer device. 

 Ibuprofen samples of 15 ppm were mixed in the thermostated shaker 

at 25
o
C, with different amounts of amine modified silica (2, 4, 8, and 10 

mg). After 15 min, samples were filtered and the supernatant analyzed. 

 The same procedure was followed for mixing 3ppm naproxen 

samples with (2, 4, 6, and 8 mg) amine modified silica for 5 min. 

2.8.5  Effect of pH on adsorption 

 Drug sample of specific concentration, and specific pH was mixed 

on the thermostated shaker with specific amount of amine modified silica. 

When the equilibrium time was reached, samples were filtered, and 

analysis was done. 
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 The same experiment was repeated with different pH values, pH was 

adjusted by using 0.1M HCl and 0.1M NaOH solutions. 

 Ibuprofen samples of 15 ppm with pH of (3, 4.5, and 7) were 

prepared, and then mixed with 0.0040±0.0001 gof amine modified silica 

for 15 min. After that, samples were filtered and analyzed at 220 nm. 

 Naproxen samples of 3 ppm with pH values of (3, 4, and 6) were 

prepared, and then mixed with 0.0040±0.0001 g of amine modified silica 

for 5 min. After that, the samples were filtered and analyzed 

spectrophotometrically at 230 nm. 

2.8.6 Effect of temperature on the adsorption 

 Drug sample of constant concentration was mixed on the 

thermostated shaker at specific temperature with specific amount of amine-

modified silica. When the equilibrium time was reached, filtration and 

analysis were done. 

 The same experiment was repeated at different temperatures to 

obtain the effect of temperature on the adsorption process. 

 Ibuprofen sample of 15 ppm was mixed with 0.0040±0.0001g amine 

modified silica in the thermostated shaker at 25 
o
C, after 15 min filtration 

and analysis were performed. The same experiment was repeated at 15, 35, 

and 45
o
C. 
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Chapter Three 

Results and Discussions 

3. Results and discussion  

3.1 Absorption Spectra 

 Ibuprofen and naproxen solutions were spectrophotometrically 

analyzed by scanning in the range 200-400 nm. 

3.1.1 Absorption Spectrum of ibuprofen 

The absorption spectrum for ibuprofen is shown below. 

 

 

 

 

 

 

Fig 3.1.1: absorption spectrum for ibuprofen. 

Maximum wavelength (λmax) was found to be at 220nm. 
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3.1.2 Absorption Spectrum of naproxen 

The absorption spectrum for naproxen. 

 

 

 

 

 

 

Fig3.1.2: absorption spectrum for naproxen 

Maximum wavelength (λmax) was found to be at 230nm. 

3.2 Calibration curves 

3.2.1 Calibration curve of ibuprofen 

 From the calibration curve (Fig.3.2.1) the detection limit (LOD) was 
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Fig 3.2.1: Calibration curve for estimation of ibuprofen concentration 

3.2.2 Calibration curve of naproxen 

 From the calibration curve (Fig.3.2.2) the detection limit (LOD) was 

found to be 0.170 ppm. 

 

 

 

 

 

 

Fig 3.2.2: Calibration curve for estimation of naproxen concentration 
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3.3 Adsorption of ibuprofen on amine modified silica 

3.3.1 Effect of ibuprofen concentration on adsorption 

 The equilibrium concentration (Ce), and %removal of ibuprofen 

were calculated from different initial concentrations of ibuprofen (Co). 

 As the initial concentration of ibuprofen increases % removal of 

ibuprofen decrease as shown in Figure 3.3.1 

 

Fig 3.3.1: %Removal of ibuprofen adsorbed vs. different Co 

3.3.2Effect of contact time on the adsorption of ibuprofen 

 The results show that the concentration of remainig ibuprofen in the  

solution start to decrease with time, then after 15 min, the remaining 

concentration is increasing with time, the lowest concentrtion of remainig 

ibuprofen appear at 15min, which is the equilibirium time, after that the 

changes in concentrations become insiginificant, figgure 3.3.2 show the 

efecct of contact time on adsorption. 
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Fig3.3.2: concentration of ibuprofen remaining vs. time with amine modified silica. 

3.3.3 Effect of amine modified silica amount on adsorption of 

ibuprofen. 

 %Removal of ibuprofen with constant initial concentration of 15 

ppm (Co) versus different amounts of amine modified silica (M) was 

calculated at the equilibrium time. 

 %Removal of ibuprofen increases as the amount of amine modified 

silica increases as shown in Fig3.3.3. This means that the amount of 

adsorbed ibuprofen increases with increasing the mass of the adsorbent. 

This can be attributed to the greater surface area and the availability of 

more adsorption sites on the surface of adsorbent. 
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Fig 3.3.3: %Removal of ibuprofen vs. the amount of amine modified silica  

3.3.4 Effect of pH on Adsorption of ibuprofen 

Equilibrium concentrations (Ce), and % removal of ibuprofen of 

constant initial concentration of 15 ppm (Co) versus different pH values 

were calculated at the equilibrium time as shown in Fig 3.3.4 

 

Fig 3.3.4: % Removal of ibuprofen vs pH 

 

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11

%
R

e
m

o
v

a
l 

Adsorbent mass(mg) 

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8

pH

%
R

e
m

o
v
a
l



25 

It appears from the figure that %removal of ibuprofen increases with 

decreasing the pH value. 

Only acidic media was used in this study because amine modified 

silica is not stable in basic media, in basic media amine group is protonated 

and goes into the aqueous solution.  

3.3.5 Effect of temperature on the adsorption of ibuprofen 

 Amount of adsorbed ibuprofen by 0.004 g amine modified silica was 

studied versus temperature at the equilibrium time, by using constant initial 

concentration of 15 ppm, results are found in Fig3.3.5 

 

 

 

 

 

 

Figure 3.3.5: Amount of adsorbed ibuprofen on amine modified silica versus temperature. 
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0

10

20

30

40

50

60

0 10 20 30 40 50

%
 R

e
m

o
v
a
l 

Temperature  



26 

3.4 Adsorption of naproxen on amine modified silica 

3.4.1 Effect of naproxen concentration on adsorption 

 The equilibrium concentration (Ce), and % removal of naproxen 

were calculated from different initial concentrations of naproxen (Co). As 

the initial concentration of naproxen increases, the %removal of naproxen 

also decreases as shown in Fig3.4.1. 

 

 

 

 

 

 

Fig 3.4.1: % Removal of naproxen versus initial concentration of ibuprofen. 

3.4.2 Effect of contact time on the adsorption of naproxen 

 The results show that the remaining concentration of naproxen in 
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Fig 3.4.2: Concentration of ibuprofen vs. time 

3.4.3 Effect of amount of amine modified silica on adsorption of 

naproxen. 

 Equilibrium concentrations (Ce), and % removal of naproxen at a 

constant initial concentration of 3 ppm (Co) versus different amounts of 

amine modified silica (M) were calculated at the equilibrium time. 

 % Removal of naproxen increases as the amount of amine modified 

silica increases as shown in Fig3.4.3. 
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Fig3.4.3: % Removal of naproxen vs. amount of amine modified silica. 

3.4.4 Effect of pH on Adsorption of naproxen 

 Equilibrium concentrations (Ce), and % removal of naproxen at 

constant initial concentration of 3 ppm (Co) versus different pH values 

were calculated at the equilibrium time, as shown in figure 3.4.4. 

 

 

 

 

 

 

Fig 3.4.4: % Removal of naproxen vs. pH 
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It appears that as the value of pH decreases, the percent of removal 

of naproxen increases. 

3.4.5 Effect of Temperature on the adsorption of naproxen  

 The amount of adsorbed naproxen by 0.004g of amine modified 

silica was studied versus temperature at equilibrium time, by using constant 

initial concentration of 3 ppm.  

 

 

 

 

 

 

Fig 3.4.5: % Removal of naproxen vs. temperature 

The figure show that the amount of naproxen adsorbed in amine 

modified silica decrease as the temperature increase, this is because that the 

increasing of temperature making the hydrogen bonds weaker.  
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3.5.1Adsorption isotherms for adsorption of ibuprofen 

Table 3.5.1:Adsorption isotherm of ibuprofen into amine modified 

silica. 

Log(Ye –Yt) LogCe 1/Ye 1/Ce Ye Ce 

 

Co 

0.671 0.495 0.213 0.320 4.690 3.124 5 

0.884 0.841 0.131 0.144 7.655 6.938 10 

1.036 1.027 0.092 0.094 10.872 10.651 15 

1.136 1.162 0.073 0.069 13.682 14.527 20 

Langmuir isotherm was obtained by plotting 1/Ye vs. 1/Ce as shown 

in (Fig.3.5.1.1). 

 

Fig 3.5.1.1: Langmuir isotherm for adsorption of ibuprofen onto amine modified silica. 

From the relation between Log Ye versus Log Ce, Freundlich 

isotherm was obtained as shown in Fig 3.5.1.2 
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Fig 3.5.1.2: frendlich  isotherm for adsorption of ibuprofen  onto amine modified silica. 

Langmuir and Freundlich figures show that the adsorption of 

ibuprofen on amine modified silica follows the Freundlich adsorption 

isotherm because its correlation coefficient is closer to unity. 

From Freundlich isotherm equation: y= 0.697x +0.316 

Freundlich constant (Kf) = 2.07 mg/g. 

3.5.2 Adsorption isotherm of naproxen into amine modified silica. 

Table 3.5.2: Adsorption isotherm of naproxen into amine modified 

silica  

Log(Ye  – Yt) LogCe 1/Ye 1/Ce Ye Ce 
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Langmuir isotherm was obtained from the relation of 1/Ye vs. 1/Ce 

as shown in Fig 3.5.2.1 

 

Fig 3.5.2.1: Langmuir isotherm for adsorption of naproxen onto amine modified silica 

Freundlich isotherm was obtained by plotting log Ye vs. log Ce as 

shown in Fig 3.5.2.2 

 

Fig 3.5.2.2:  Freundlich isotherm for adsorption of naproxen onto amine modified silica 
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The adsorption followed Freundlich isotherm (R
2
 = 0.999) better 

than Langmuir isotherm (R
2
 = 0.988). 

From Freundlich isotherm equation: y= 0.955x +0.73  

Freundlich constant (kf) = 5.3 mg/g. 

3.6 Kinetic study  

3.6.1 Kinetic study for ibuprofen 

3.6.1.1 Pseudo-first order model for the adsorption of ibuprofen on 

amine modified silica 

Table 3.6.1.1 pseudo-first order model for the adsorption of ibuprofen 

on amine modified silica 

Log(Ye-Yt) Ye-Yt Yt Time(min) 

3.236 0.510 7.636 5 

8.159 0.912 2.713 30 

7.965 0.901 2.907 40 

8.236 0.916 2.636 50 

The pseudo first order rate expression can be obtained by Plotting of 

Log (Ye-Yt) versus time as shown in Fig 3.6.1.1 
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Fig 3.6.1.1: The pseudo first order rate expression for adsorption of ibuprofen on amine 

modified silica.  

3.6.1.2 Pseudo-second order model for the adsorption of ibuprofen 

on amine modified silica. 

Table 3.6.1.2 pseudo-second order model for the adsorption of 

ibuprofen on amine modified silica. 

t/Yt Yt Time(min) 
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11.057 2.713 30 
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18.971 2.636 50 
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Plotting of t/Yt versus t give the expression of the pseudo second 

order adsorption as shown in Fig 3.6.1.2 

 

Fig 3.6.1.2: expression of the pseudo second order of adsorption of ibuprofen on amine 

modified silica. 

The previous plots show that the correlation coefficient in the 

pseudo-second order model is closer to unity than in the pseudo-first order 

model, this mean that the adsorption of ibuprofen on amine modified silica 

follows the pseudo second order model. 

From the slope and the intercept, the adsorption can be described 

with Ye=2.327mg/g, and K2 = 0.064 g mg
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min
-1
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3.6.2 Kinetic study for naproxen 

3.6.2.1 Pseudo-first order model for the adsorption of naproxen on 

amine modified silica. 

Table 3.6.2.1: Pseudo-first order model for the adsorption of naproxen 

on amine modified silica. 

Log(Ye-Yt) Ye-Yt Yt Time(min) 

0.129 1.345 3.032 15 

0.335 2.162 2.215 30 

0.358 2.279 2.098 40 

0.448 2.807 1.570 50 

The expression of pseudo first order reaction can be obtained by 

plotting Log (Ye-Yt) versus time as shown in Fig 3.6.2.1 

 

Fig 3.6.2.1: Pseudo-first order model for the adsorption of naproxen on amine modified silica. 
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3.6.2.2 Pseudo-second order model for the adsorption of naproxen on 

amine modified silica. 

Table 3.6.2.2: pseudo-second order model for the adsorption of 

naproxen on amine-modified silica 

t/Yt Yt Time(min) 

4.377 1.142 5 

3.032 4.947 15 

2.215 13.547 30 

2.098 19.068 40 

1.570 31.846 50 

Plotting oft/Yt versus t give the straight line of the pseudo second 

order adsorption as shown in the Fig 3.6.2.2 

 

Fig3.6.2.2: pseudo-second order expression for the adsorption of naproxen on amine-modified 

silica. 
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The figures of the pseudo first and pseudo second order show that 

the adsorption of naproxen on amine modified silica follow the pseudo 

second order adsorption because its correlation coefficient is closer to unity. 

From the slope and the intercept ye and k2 can be calculated, which 

equal 1.535mg/g, and 0.103g mg 
-1

min
-1

 respectively. 

3.7 Thermodynamic study 

Different thermodynamic parameters were studied to decide if the 

adsorption of ibuprofen and naproxen on amine modified silica is 

spontaneous or not. These parameters are enthalpy change ΔH, entropy 

change ΔS, and Gibbs free energy change ΔG.  

These parameters were calculated from the difference of the 

thermodynamic distribution coefficient D with the temperature change, 

according to these equations: 

          

               –          

qe is the amount of ibuprofen, naproxen, adsorbed on amine 

modified silica(mg/g) at equilibrium. 

Ce is the equilibrium concentration of ibuprofen and naproxen. 
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3.7.1 Thermodynamic calculations of the adsorption of ibuprofen onto 

amine modified silica 

Table 3.7.1: Thermodynamic calculations of the adsorption of 

ibuprofen onto amine modified silica. 

LnD(l/g) D(l/g) Qe(mg/g) Ceppm 1/T(k) T(k) 

0.598 1.819 19.378 7.249 0.0035 288 

0.021 1.021 10.872 10.651 0.0034 298 

-0.393 0.675 7.190 12.124 0.0032 308 

-1.067 0.344 3.663 13.535 0.0031 318 

Plotting lnD vs. 1/T gives a straight-line, enthalpy change and 

entropy change were calculated from the slope and the intercept. 

 

Fig 3.7.1: Thermodynamic study of the adsorption of ibuprofen on amine modified silica. 
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The negative values of the enthalpy change and Gibbs free energy 

change indicate that the adsorption of ibuprofen on amine-modified silica is 

exothermic and spontaneous respectively. 

3.7.2 Thermodynamic studies of the adsorption of naproxen onto 

amine modified silica. 

Table 3.7.2: Thermodynamic calculations of the adsorption of 

naproxen onto amine modified silica. 

LnD(l/g) D(l/g) Qe(mg/g) Ce  ) ppm( 1/T(k) T(k) 

1.460 4.304 5.377 0.849 0.0035 288 

1.254 3.505 4.38 1.249 0.0034 298 

1.104 3.016 3.767 1.493 0.0032 308 

0.690 1.995 2.491 2.003 0.0031 318 

Plotting of lnD vs. 1/T gave a straight-line; enthalpy change and 

entropy change were calculated from the slope and the intercept. 

 

Fig 3.7.2: Thermodynamic study of the adsorption of naproxen on amine modified silica. 
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The slope and the y intercept gave that the enthalpy change= -0.675 

KJ, and the entropy change= 0.021 KJ. 

The equation; ΔG= ΔH-TΔS gave that ΔG= -6.933 KJ. 

The enthalpy change and Gibbs free energy change were negative, 

which means that the adsorption of naproxen on amine modified silica is 

exothermic and spontaneous. 
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Conclusion 

The results show that the adsorption of ibuprofen and naproxen on 

amine modified silica is good. 

Adsorption of ibuprofen and naproxen on amine modified silica was 

affected by many factors, which are time, drug concentration, adsorbent 

amount, pH, and temperature. 

The best adsorbed amount of ibuprofen on amine modified silica was 

obtained after 15 minute shaking, where it was after 5 minute shaking for 

naproxen. 

The adsorbed amount of ibuprofen and naproxen increased with 

increasing the amine modified silica amount, where it decrease with 

increasing drug concentrations, pH, and temperature. 

The results show that the adsorption of ibuprofen and naproxen 

followed Frendulich isotherm, it's also showed that the mechanism of the 

adsorption of both drugs followed thepseudo-second order kinetic 

adsorption model. 

Gibbs free energy of the adsorption of ibuprofen and naproxen had 

negative values, which mean that the adsorption was spontaneous and 

exothermic. 

 

 



43 

References 

1. H.Khazri, I.Ghorbel-Abed, R.kalfat, and M.Trabelsi, removal of 

ibuprofen, naproxen, carbamazepine in aqueous solution onto 

natural clay: equilibrium, kinetics, and thermodynamic study, 

(2017), appl water scince, (7): 3031-3040. 

2. C.Jung, removal of endocrine disrupting compounds, pharmaceuticals, 

and personal care products in water using carbon nanotube, (2015), 

journal of industrial and engineering chemistry, (27): 1-11.    

3. S.S.M.Hassan, H.I.Abdelshafy, and M.M.Mansour, removal of 

pharmaceutical compounds from urine via chemical coagulation by 

green synthesized ZnO-nanoparticle, followed by micro filtration for 

safe reuse, (2016), Arabian journal of chemistry, 1-10. 

4. P.Rzymski, A.Drewek, P.Klimaszyk, pharmaceutical pollution of 

aquatic environment, (2017), (2): 97-107. 

5. TH.Vlachogianni, A.Valavanidis, pharmaceutical and personal care 

product as contaminant in the aquatic environment, (2013), rticle in 

pharmakeftiki, (25): 16-23. 

6. K.Kummerer, the presence of pharmaceuticals in the environment due 

to human use-present knowledge and future challenge, (2009), 

journal of environ manage, (90): 2354-2366. 



44 

7. R.Baccar, M. Sarra, J.Bozid, M.Feki, and P.Blanqaes, removal of 

pharmaceutical compounds by activated carbon prepared from 

agricultural by-product,(2012), chemical engineering journal,        

310- 317. 

8. J.Akhtar, N.A.S.Amin, Kh.Shahzad, a review in removal of 

pharmaceuticals from water by adsorption, (2015), articles in 

distillation and water treatment, 22-54. 

9. D.V.Derle, K.N.Gujar, and B.S.H.Sagar, adverse effect associated with 

the use of non-steroidal anti-inflammatory drugs, Indian j. pharm. 

Sci, 68(4): 409-414. 

10.  R.H.O.Montes, A.Lima, R.cunha, T.J.Guedes, W.T.P.Dossantos, 

E.Nossol, E.M.Richter, and R.A.Munoz, size effect of multi-walled 

carbon nano-tubes on the electrochemical oxidation of propanoic acid 

derivative drugs, ibuprofen and naproxen, (2016), journal of electro 

analytical chemistry, 342-349. 

11.  A.K.shakya, A.kaur,  B.O.Al-Najjar, and R.R.Naik, molecular 

modeling synthesis, characterization, and pharmacological of 

benzooxazole derivatives as non-steroidal anti-inflammatory agents, 

(2016), Saudi pharmaceutical journal, (24): 616-624. 

12.  I.L.Meek, M.A.F.van de lear, and H.E.Vonkeman, non steroidal anti-

inflammatory drugs, an overview of cardiovascular risks,(2010), 

pharmaceutical, (3): 2146-2162. 



45 

13.  M.M.Moreno, L.Heinbockel, M.Suwalsky, P.Garidel, and 

K.Brandenbug, biophysical study of the NSAIDs, ibuprofen, 

naproxen, and diclofene with phosphatidyl serine, (2016), 

biochimica et biophisicaacta, 2123-3131. 

14.  C.N.Fokunang, E.T.Fokunang, K.Frederick,B.Nagmeni, and B.Ngadjui,  

overview of non steroidalanti inflammatory drugs in resource 

limited countries, (2018), 4(1): 5-13. 

15.  N.Schellack, G.Schellack, J.Fourie, a review of non steroidalanti 

inflammatory drugs, (2015), south African phamacutical journal, 

(82): 8-18. 

16.  Z.Wang, V.Srivastava,I.Ambat, Z.Safaeai, and M.Sillanpaa, 

degradiation of ibuprofen by UV-LED/ catalytic advanced oxidation 

process, (2019), journal of water process engeeniring, 1-9. 

17.  A.Ahmadi, M.Danialia, S.kazemia, S.Azamia, and N.Alizadea, 

synthesis of ibuprofen with modified and economical process as a non 

steroidal anti infflmatory drug, (2014), journal of applied chemical 

research, 8(3): 91-95. 

18.  T.Chahm, removal of ibuprofen from aqueous solutions using O-

carboxy methyl-N-laurylchitosan/Fe2O3, (2017), environmental 

nanotechnology monitoring and management, (7): 139-148. 

19.  R.Bushra, and N.aslam, an overview of clinical pharmacology of 

ibuprofen, (2010), oman med journal, (3): 155-1661. 



46 

20.  T.M.Smook, H.zho, and R.G.Zytner, removal of ibuprofen from 

waste water, comparing biodegradation in conventional membrane 

bioreactor and biological nutrient removal treatment system,(2008), 

water science and technology, 1-8.  

21.  H.Nourmoradi, and B.Kamarehie, removal of acetaminophen and 

ibuprofen from aqueous solutions by activated carbon derived from 

quercusbrantii (Oak) acorn as a low cost biosorbent, (2018), journal 

of environmental chemistry, (6): 6807-6815. 

22.  D.M.chen, Q.Fu, W.Du, S.J.Sun, P.Huang, and C.Chang, preparation 

and evaluation of monolithic molecularly imprinted stationary phase 

for s-naproxen, (2011), j pharn anal, (1): 26-31. 

23.  Z.Li, G.Liu, Q.Su, X.Jin, X.Wen, G.Zhang, and R.Hang, kinetics and 

thermodynamic of naproxen adsorption by gama-FeOH in aqueous 

media, (2018), Arabian journal of chemistry, (11): 910-917. 

24.  G.R.Boyd, Sh.Zhang, and D.A.Grimm, naproxen removal from water 

by chlorination and bio film processes, (2004), water research, (39): 

668-676. 

25.  W.Zheng, W.fan, Sh.Zhang, P.Jiqo, Y.Shang, L.Cui, M.Mahesuyihan, 

J.Li, D.Wang, G.F.Gao, L.sun, and W. Liu, naproxen exhibits broad 

anti-influenza virus activity in mice by impeding viral nucleoprotein 

nuclear export, (2019), cell reports, (27): 1875-1885. 



47 

26.  M.A.Ibrahim, G.A.shazly, G.M.Elossaily, E.Ezzeldin, and F.S.Aleanizy, 

physicochemical, pharmacokinetics, and histological evaluation of 

new naproxen quercetin co-lyophilizate to diminish drug induced 

gastric irritations in rats, (2019), Saudi pharmaceutical journal, (27): 

413-421. 

27.  M.Kralic, adsorption, chemisorptions and catalysis, (2014), chemical 

papers, (12): 1625-1638. 

28.  S.halnor, removal of heavy metals from waste water: a review, (2015), 

international journal of application or innovation in engineering 

and management, (4): 19-22. 

29.  R.Nitzsche, A.Grongroft, and M.Kraume, separation of lignin from 

beech wood hydrolysate using polemiric resins and zeolites, 

determination and application of adsorption isotherm, (2019), 

separation and purification technology, 491-502. 

30.  P.S.M.Gawande, N.S.Belwalker, and A.A.Mane, adsorption and its 

isotherm theory, (2017), international journal of engineering 

research, (6): 312-316. 

31.  N.P.Bhagua, P.A.Prashanth, R.S.Raveendra, S.Sathyanarayan, 

A.B.Nagabhushana, and H.Nagabhushana, adsorption of hazardous 

cationic dye onto the combustion derived SrTiO3 nano particles: 

kinetics and isotherm studies, (2016), journal of asian ceramic 

societies, (4): 68-74. 



48 

32.  S.B.ghosh, and N.K.Mondal, application of taguchi for optimizing 

the process parameters for the removal of fluoride by al-

impregnated eucalyptus bark ash, (2019), environmental nano-

technology, monitoring and management, 1-8. 

33.  B.Meroufel, O.Benali, M.Benyahia, Y.Benmansour, and M.A.Zenasni, 

adsorption removal of anionic dye from aqueous solutions by Algerian, 

(2013), j.materm.environ, (3): 482-491. 

34.  A.Mittal, L.Kurup, and J.Mittal, freundlich and Langmuir adsorption 

isotherm, and kinetics for the removal of tartrazine from aqueous 

solution    using hen feather, (2007), journal of hazardous material, 

(146): 243-248. 

35.  A.O.Dada, A.P.olalekan, A.M.Olatunya, and O.Dada, Langmuir, 

freundlich, temkin and dubinradushkevich isotherm studies of 

equilibrium   sorption of Zn into phosphoric acid modified rice husk, 

(2012), journal of applied chemistry, (3): 38-45. 

36.  J.P.Simonin, on the comparison of pseudo first order and 

pseudosecond order rate laws in the modeling of adsorption kinetics, 

(2016),  chem.eng, (300): 254-263. 

37.  K.D.Kowange, E.Gatebe, G.O.Mauti, and E.M.Mauti, kinetic, sorption 

isotherm, pseudo first order model and pseudo second order model, 

studies of Cu and Pb using defatted moringaoleifera seed powder, 

(2016),  journal  of phyto pharmacology, (2): 71-78. 



49 

38.  M.M.Shahata, adsorption of some heavy metal ions by using different 

immobilized substance on silica gel, (2016), Arabian journal of 

chemistry, (9): 755-763. 

39.  S.Radi, N.Basbas, S.Tighadouini, M.Bacquet, S.Degoutin, and F.Cazier, 

new amine modified silica, synthesis, charectarization, and its use in 

the Cu removal from aqueous solutions,(2013), progress in 

nanotechnology and nanomaterial, (2): 108-116. 

40.  L.Al-Khateeb, W.Hakami, M.Abdel-Salam, removal of non 

steroidalanti inflammatory drugs from water using high surface area 

nanographene: kinetic and thermodynamic studies, (2017), journal of 

molecular liquid, (241): 733-741. 

41. T.Watabe, Y.Nishizaka, Sh.Kasama and K.Yoyo, development of 

amine modified solid sorbents for post combustion CO2 capture, 

(2013), energy procedia, (37): 199-204. 

 
 
 
 
 
 
 
 
 



 جامعة النجاح الهطنية
 كمية الدراسات العميا

 

 

 

والنابروكدين باستخدام الديميكا  تنقية المياه من الايبهبروفين
 المعدل بالأمين

 
 
 
 إعداد

 غدير إياد محمد سباعنة
 

 إشراف
 أبه شقير إبراهيم د.

 شحدة جهدة د. أ.

 

 

 

 
 

قدّمت هذه الأطروحة استكمالًا لمتطمبات الحصهل عمى درجة الماجدتير في الكيمياء، بكمية 
 فمدطين. -الدراسات العميا، في جامعة النجاح الهطنية، نابمس

0201 



 ب 

 بالأمينالمعدل  تنقية المياه من الايبهبروفينهالنابروكدين باستخدام الديميكا
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 الممخص

 يهجف هحا البحث إلى تظقية الطياه من بعض العقاقيخ الظبية مثل الايبهبخوفين
بالاعتطاد عمى ل بالأمين كطادة مازة  لمتخمص مظهطا تم استخجام الديميكا الطعج حيث والظابخوكدين

 هبخوفيظهمن الايب تحضيخ محاليل معيارية معخوفة التخكيد خاصية الادمصاص من خلال
متها مع الديميكا الطعجل بالأمين وقياس تخكيد الجواء قبل وبعج الطعاممة الظابخوكدين ومن ثم معام

خوفين للايبهب 222مظياف الأشعة الطخئية وفهق البظفدجية عمى طهل مهجة  باستخجام جهاز
 لمظابخوكدين. 232و

وتخكيد  ،وهي كطية الطادة الطازة ،تطت دراسة اثخ بعض العهامل عمى عطمية الادمصاص
وكحلك زمن اتصال العقار الظبي مع الديميكا الطعجل  ،ودرجة الحخارة ،ودرجة الحطهضة ،الجواء

 بالامين.

 1دقيقة، بيظطا هه  51هه  الايبهبخوفين أعهخت الظتائج ان الهقت الأمثل لادمصاص
 .دقائق لمظابخوكدين

وتخكيد  ،بكطية الطادة الطازة كطا تبين ايضا ان عطمية الادمصاص لكلا العقارين تتأثخ
ان ندبة الادمصاص تدداد مع ازدياد الكطية    ودرجة الحخارة، حيث، ودرجة الحطهضة ،الجواء

ر ودرجة الحخارة, وتبين ان د العقايبازدياد تخكالطدتخجمة من الديميكا الطعجل بالامين, بيظطا تقل 
 .3ة حطهضة = جافضل ندبة ادمصاص تكهن عظج در 



 ج 

كطا وتم  ،تم وصف مظحظيات الادمصاص من خلال تظبيق معادلتي لانجطيخوفخنجلش
 دراسة وحداب بعض الطتغيخات الثيخمهديظاميكية.
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