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 الولخص
 

هبي  الصببةت الضسابب ٖ الذبلٖ ُْ دساست إهكبً٘ت إصالت الِذف هي العول الخجشٗب 

الو٘بٍ الصٌبع٘ت الوخخلفت هي الششكت العبهت للصٌبعبث الٌسب٘ج٘ت يبٖ الذلبتن هبي  ب   

عول٘ت الاهخضاص بْاسطت ًظبم هسخوش الجشٗبى لعوْد اهخضاص رّ دشْة ثببخت هي دب٘ببث 

 الفذن الوٌشط.

 

ضوي الوبذٓ  جبسة حن حٌف٘زُب لذساست حأث٘ش هخة٘شاث )هعذ  الجشٗبىعذد هي الخ 

(3.88-06 *)06
-5

م 
8

( جببض  56-06ضببوي الوببذٓ ) ن حشك٘ببض الصبببةت الببذا ل/ دا٘قببت

06(*06-06ضبببوي الوبببذٓ ) ن سبببول الذشبببْةبببببلولْ٘ى
-2

ن ّدجبببن دب٘بببببث الفذبببن م 

06(*0.0-6.0ضببوي الوببذٓ ) الوٌشببط
-8

ّاببذ (علببٔ عوببْد الاهخببضاص ّحق٘بب٘ن ادا ببَ.   م 

الصببةت الضسابب   إصالبتت يبٖ ّجذ اى عول٘ت الاهخضاص ببلفذن الوٌشط الذب٘ببٖ كبًبج يعبلب

 .%06 إلٔ الإصالتّصلج ًسبت  إرن

 

الخبْاصى البزٕ ٗو بل الع ابت ب٘بًبث دبلت الخْاصى دذدث عول٘ب ّلْدظ اى هٌذٌٖ  

بب٘ي حشك٘بض الخببْاصى ّكو٘بت الاهخببضاص )كةبن هبببدة هوخبضة / كةببن كببسبْى(ن ُببْ هبي الٌببْ  

الق٘بسبٖ ّهعبهبل    الخطبأّ)يشًذلش( هبي  ب  الوفضل ّٗخطببق هع هعبدلخٖ )لاًكو٘ش(

( لوعبدلبببت 6.00ن ّهعبهبببل الخبببشابط 0.04الخبببشابط للٌخبببب ي ّالخبببٖ كبًبببج )ًسببببت لخطبببأ 

 ( لوعبدلت يشًذلش.6.04هل الخشابط ن ّهعب4.30لاًكو٘شن ّ)ًسبت الخطأ 

 

الوخعببذد ببب٘ي الوخة٘ببشاث الوسببخقلت)هعذ   الخطببٖ الاًذببذاس هببْد ٗببلحببن دساسببت  

ن ّدجببن دب٘ببببث الفذببن (Z)ن سببول الذشببْة(Cο)شك٘ببض الصبببةت الببذا لن ح(Q)الجشٗبببى

( (t), ّّابج الاهخبضاص(q)( ّالوخة٘بشاث الوعخوبذة ) كو٘بت الوببدة الووخبضة(P.S)الوٌشط

( 6.00ن 6.02) ى عوببل حذق٘ببق لِببزٍ الع ابببث ّإٗجبببد هعبهببل الخببشابطاكببل علببٔ دببذة. 

اى الق٘ن الخجشٗب٘ت هخشابطت بشكل ج٘ذ هع الق٘ن الوذسبْبت  ّضخ للع اخ٘ي علٔ الخْالٖ

 الوخعذد. الخطٖ هعبدلت الاًذذاس هي

 

ًظبم الذيعبث حن حٌف٘زٍ للذصْ  علٔ الٌفبرٗت السطذ٘ت هي     هقبسًت الٌخبب ي  

 العول٘ت ّالٌظشٗت لٌسبت الوبدة الخٖ حن اهخضاصُب.

 

 Breakthrough)سٗبضٖ لإٗجبد هٌذٌ٘بث الخشك٘ض هْد ٗلحن اسخخذام  
curves)  الوقبّهت  إلٔ إضبيتنّيَ٘ حخشكض الوقبّهت يٖ الطبقت الخبسج٘ت للجضٗئت

لِزٍ  ّاى عول حذق٘قالوخكًْت علٔ السطْح الذا ل٘ت لوسبهبث جضٗئت الفذن الوٌشط ن 

اى  ( ّضخ6.00-6.00) هعبهل الخشابط ّالزٕ كبى ضوي الوذٓ ّإٗجبدالع ابث 

 الوْدٗل ٗطببق الٌخب ي العول٘ت لِزٍ الذساست. 
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ABSTRACT 
 

 This work was conducted to study the blue dye removal from textile 

company wastewater by the adsorption process using continuous system 

(fixed-activated carbon bed). 

 

 Experiments were carried out to study the effect of various conditions 

[flow rate Q within the range of (3388-06)*06-5
 m

8
/min, concentration Cο 

within the range of (06-56) ppm, bed depth Z within the range of (06-

06)*06-2 
m and particle size of activated carbon P.S within the range of (630-

030)*06-8
 m], on the performance of fixed bed. Adsorption through granular 

activated carbon was found to be very effective for the removal of the blue 

dye, where the percent dye removal was %69. 

  

 The equilibrium data were determined experimentally and the 

equilibrium isotherm was found to be of a favorable type and fit well by 

Langmuir and Freundlich isotherms, while experimental and theoretical 

results were compared by estimating the standard error and correlation 

coefficient for the results with the value of (St. Err =0304, and R=63%%) for 

Langmuir isotherm and (St. Err. =4330, and R=63%4) for Freundlich 

isotherm. 

 

 The study was developed a multiple linear regression model between 

the independent variables (Q, Cο, Z, P.S) and the dependent variables (Time t, 

Amount of adsorbate q) separately, the verification and the correlation 

coefficient(R) (63%2, and 63%5) for these correlation respectively, illustrate 

that the experimental data correlated well with the modeling data.  

 

 Batch process was carried out to obtain the surface diffusivity by 

comparing the experimental and theoretical results of the fractional uptake. 

 

 The mathematical model for external diffusion combined with surface 

diffusion resistance was used to predict the breakthrough curves. The 

verification and the correlation coefficient (R) within the range of (63%02-

63%%2) illustrate that this model was in a good agreement with the 

experimental data. 
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Nomenclature 
 

 

Symbol Definition Unit 

b Langmuir equation parameter (m
8
/kg) 

C Dye concentration at given time (ppm) 

Co Initial concentration of dye (ppm) 

Ce Dye concentration at equilibrium (ppm) 

Cef Effluent dye concentration (ppm) 

CFο Initial fluid phase concentration (mol/L) 

d Particle diameter (m) 

D Molecular diffusivity (m
2
/s) 

Dp Pore diffusivity (m
2
/s) 

Ds Surface diffusivity (m
2
/s) 

e Void fraction of bed  

ep Porosity of particle  

K Freundlich equilibrium parameter (kg/kg) 

Ke Sorption equilibrium constant  

Km Mass transfer coefficient (m/s) 

m Mass of activated carbon  (kg) 

MB Molecular weight of solvent (kg/kg mol) 

Mt Adsorbate uptake at given time  (m mol/cm
2
) 

MTZ Mass transfer zone  

Mt/M∞ Fractional up take  

0/n Freundlich equation parameter (m
8
/kg) 

N  Total uptake at equilibrium  (m mol/cm
2
) 

q Adsorption ratio at given time (kg/kg of 

carbon) 

qe Adsorption ratio at equilibrium (kg/kg of 

carbon) 

qr Mass of transfer rate (kg/kg/s) 

qR Concentration of adsorbate at the particle 

surface 

(kg/kg of 

carbon) 

qn Constants of theoretical model of batch 

process 

 

Q Flow rate (m
8
/min) 

Q  Langmuir equation parameter (kg/kg) 

r Radial distance from center of particle (m) 



 VIII 

R Particle radius (m) 

Re Reynolds No.  

SC Schmidt No.  

t Time (min) 

T Temperature (k) 

TH Through put value dimensionless  

V Linear velocity (m/s) 

VL Volume of liquid in batch process  (m
8
) 

Vp Volume of adsorbent  (m
8
) 

(  ww ) Fractional up take  

X Mass of adsorbate (kg) 

Z Bed depth of adsorbent (m) 

 

 

 

 

 

 

Greek symbols: 
 

α:Effective area for mass transfer a cross the fluid film       (m
2
/m

8
) 

    per unit volume of bed . 

η: e/(0-e) 

ρ: Fluid density.                        (kg/m
8
) 

ρb: Bulk density of bed.            (kg/m
8
) 

μ: Viscosity.                             (kg/m.s) 

ν: Kinematics viscosity.             (m
2
/s) 

λ, θ:Effective volume ratio 



 
 

 

APPENDIX A 
CALIBRATION CURVE 

 

Prediction of Absorbency – Concentration Relationship: 
 

 The most application method for the measurement of concentration 

of dye is the absorbency measurement. For this purpose the relation 

between the concentration of dye solution and absorbency was 

determined. 

 Fig (A-1) below shows the plot of absorbency of reactive blue dye 

versus the concentration in (ppm) at (975 nm). 

 

Fig (A-1): Relation between concentration and absorbency for 

reactive blue dye (in water) 

 

 

This figure has the following predicted equation: 
 

                        C= 929523 * ABS+ 19032 
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APPENDIX B 
Sample of Calculations 

 

1.The amount of adsorbed dye: 
 

Adsorption ratio (q) has been calculated by, the quantity of adsorbed dye 

per unit mass of activated carbon 

 

q=[(Co-C)/m]*Q*t        (kg of solute / kg of carbon) 

 

 Accumulative calculations were made to obtain value of (q) after a 

given time of adsorption. 

 

 For example the condition of experiment [No. (1), table (3-3)]. 

Co= 33 ppm 

m= 393.5 kg 3f carbon  

Q= 63*13
-5 m3/min 

  

 The effluent concentration after every (15 min) was tabulated in 

table (E-2) Appendix (E). 

 The value of (q) after (15 min) was: 

[(33-25)*13
-3/393.5] *63*13

-5*15= 49.3 *13
-4 kg/kg of carbon 

 

 The value of (q) after (33 min) will be: 

[(33-2.95)*13
-3/393.5] *63*13

-5*15+ 49.3*13
-4 =.93.*13

-4 kg/kg of carbon  

 

The adsorption capacity: 
 

This represents the ability of carbon for adsorbing the adsorbate per unit 

mass of carbon in the equilibrium and represent the last value of (q) in 

experiment of continuous system, i.e. table (E-2) in Appendix E for flow 

rate (63*13
-5 m3/min) the value is (3.932 *13

-4) kg/kg of carbon. 

 

The rate of mass transfer [kg/kg/s]: 
 

This is represented by the slopes of the linear portion of the 

adsorption quantity curves (q vs. time). 
(24)

 

The linear portion will represent the mass transfer due to diffusion 

and the rest of the curve represents the mass transfer caused by the 

intraparticle transport (since the diffusion process is faster than the 

intraparticle transport it will occur rapidly). 
(66) 



Appendix C 
Measurement of surface diffusivity (Ds) 

 

Measurement of surface diffusivity (Ds): 

 The results of (  ww ) from experimental batch process were 

against time. Fig (C-1) 

 

Fig (C-1): Experimental (  ww ) for batch isotherm system at 

(Cο= 33 ppm) and speed (033 rpm) 

 

 

The theoretical values of (  ww ) were obtained from equation 

(C-1) for granular shape of activated carbon: 

 
 

  ww =  










1n

2
n2

n
2

THqexp
q)1(9

)1(6
1 ……(C-1) 

 

Where values of  (qn) were obtained from table (1). 
(11)

  

For  ≥ 11, qn              q1=241.3       q3=743.6              
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Fig (C-3) shows the plotting of the theoretical value of (  ww ) 

against (TH), which were obtained from above equation (C-1). 

 

Fig (C-2): Plot of (  ww ) Vs. (TH) for determination of surface 

diffusivity (TH= Ds t/R
2) at (λ> 13) 

 

 

 

The values of time (i.e. determination of surface diffusivity) were 

obtained from theoretical values of (  ww ) and Fig (C-1). 

 

The values of (Ds) were obtained from the following relation (Ds = 

TH R3/t), the values of (TH) from Fig (C-3) and known particle radius, 

therefor average value of (Ds) a linear relation between (TH) and time 

was plotted as Fig (C-2). 

 

The experimental result were tabulated in table (E-6), Appendix E. 
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  Fig (C-3): Plot of (TH) vs. (Time) at average value of (Ds) 
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APPENDIX D 
 

Mathematical model used for the prediction of 

isothermal adsorption breakthrough curves 
 

 

Model employed the external diffusion combined with surface diffusion: 
(56) 

  

When surface diffusion is the main internal mass transfer process, the 

diffusion mechanism can be expressed as. 
(56,67) 

 

        )
r

q
r(

rr

D

t

q 2

2
s













                                        …………(D-1) 

 

 The average intraparticle concentration was  

          drrq
r

3
q

2
R

0
2                                                 …………(D-2) 

 

 The rate of change of (q ) was obtained upon differentiation of equation 

(D-2). 
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 Substituting equation (D-1) into (D-3) 
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The equation of continuity of the mobile fluid phase was expressed by: 

 















/)

t

q
(

t

c

z

c
v                                              …………(D-6) 

 

Where  e1/e       

 

 The usual assumptions were made in connection with equation (D-6): 

1- The velocity and concentration of mobile fluid phase were independent 

of radial position at any cross section of the bed. 

2- Axial diffusion was negligible. 

3- Temperature and pressure were uniform in the bed. 

 

 

Assume: 

 X= z/(ηv)                                                  …………(D-7)  

                  = t- z/v                                                   …………(D-8)          

 

Equation (D-6) was simplified when expressed in terms of the new 

variables. 
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The equilibrium at the surface between fluid and solid was taken to be 

linear. 
(57) 

 

qR= ke Ceq                                                                 …………(D-11) 

 

The resistance at the surface was controlled at the film transfer 

coefficient, so that  
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q
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Combining equations (D-5) and (D-11) 
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Equations (D-9), (D-11) and (D-12) make up a set of simultaneous 

equations for (C) and (q).  

Eliminate (q) from the equations to obtain a partial differential equation 

for (C) only upon simulating (q) with a parabola as in equation (D-13). 
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Where ao and a2 were functions of time (t). 
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2

2Ra)53(aq                                       …………(D-16) 

 

 Combining equations (D-11), (D-14), (D-15) and (D-16) to get 
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Differentiation of equation (D-17) gives 
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 To eliminate  ( qR
 /  ) from equation (D-18), substituting equation 

(D-9) into (D-12) and differential to obtain: 
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Substituting equation (D-19) and (D-18) 
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Where: 
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 In equation (D-21), (q) was eliminated and equation for (C) only was 

obtained. The concentration was more conveniently expressed in a reduced 

form. 

 

U=
C

C



 and equation (D-21) becomes: 
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 Equation (D-22) was solved with the following initial and boundary 

conditions: 

 

 U=0        at   0        and   all x 

 U=1        at   > 0        and   x=0 

 

 

 

 Equation (D-22) was solved by Laplace transformation, the solution was 

given below: 
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Where:      E/                                             …………(D-24) 

      

 

                 E/Xx ke                                         …………(D-25) 

 

An error of not more than 111: was incurred with N=81 

 

 Equation (D-23) was the working formula expressing concentration of 

the adsorbate in the fluid as a function of time and axial distance. 

 

 Mass transfer coefficient (km) was computed from the general 

correlation for mass transfer. 
(57,38)
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Where:    

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ud
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                D/Sc                                                  …………(D-28) 

 

 Evaluation of this correlation requires an estimate of molecular 

diffusivity (D). Molecular diffusivity can be estimated from the Wilke-Chang 

correlation. 
(68) 
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 Where  = association parameter of solvent (for water = 216) 

 

 VA= molal volume of the solute at its normal boiling point (cm3/mol) 

 Surface diffusivity (Ds) was obtained from comparing experimental 

with theoretical data as illustrated in Appendix (C). 

  

 (Ke) is the adsorption equilibrium constant for linear isotherm. 
(53) 

It was 

obtained from the slope of the linear segment in Fig (2-1). 

 

Table (D-1) shows the parameters used in the mathematical model1 

 Appendix-F shows a computer program for the solution of equation (D-

23). 

 

 

 

 

                Table (D-1): Physical properties and parameters used in the  

         mathematical model 

Parameter The value Unit 

dp 111*11
-3 

(m) 

e 1145 - 

D 2174*11
-9 

(m2/s) 

Ds 5175*11
-12 (m2/s) 

Km 11136*11
-4 

(m/s) 

Ke 71412 - 

μ 117542 (kg/m.s) 

 

 

 

 

 

 

 



APPENDIX E 
 

 

Table (E-1): Experimental and theoretical equilibrium isotherm 

data 
 

Equilibrium 
Concentration 

(ppm) 

Experimental 
isotherm data 
qe(kg/kg)*01-4 

Langmuir 
isotherm data 
qe(kg/kg)*01-4 

Freundlich 
isotherm data 
qe(kg/kg)*01-4 

01 011 010 011 
01 01 15 60 
5 51 51 44 
3 01 34 30 
0.3 01 01 01 
0 05 03 06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Time 
(min) 

Q=61*01
-5

(m
3
/min) Q= 33.33*01

-5
(m

3
/min) 

 
Q=01*01

-5
(m

3
/min) Q=0.33*01

-5
(m

3
/min) 

C q C q C q C q 
05 05 4.13 01.6 6.53 04.0 4.0 0.0 3.50 

31 01.5 1.11 00.6 01.15 05.1 1.30 6.0 6.63 

45 00.5 0.50 03.0 04.53 06.0 03.41 01 1.06 

61 01.56 0.13 04.5 01.40 01.0 01.53 00.6 00.55 

15 01.6 1.30 04.1 01.00 01.3 01.10 04.0 03.55 

11 01.1 1.51 05.5 00.50 01.4 03.14 06.0 05.30 

015 01.16 1.00 05.1 04.04 00.6 06.51 06.4 01.01 

001 01.05 1.16 05.1 01 00.3 01.10 01.0 00.05 

035 31  06.6 00.11 04.5 31.16 01.4 01.04 

051   01 31.30 05.1 30.00 01.6 00.60 

065   01.3 30.0 06.3 33.01 01.0 00.15 

001   01.1 33.10 06.0 34.01 01.0 04.04 

015   00.0 33.16 01.0 35.010 01.3 05.50 

001   00.1 34.54 01.0 35.01 01.5 06.11 

005   01.4 34.06 00.3 36.40 00.6 01.00 

041   31  00.1 36.00 00.0 00.16 

055     01 31.036 00.1 31.13 

011     01.5 31.01 00.0 30.16 

005     31  00.4 30.16 

311       00.0 33.10 

305       03.3 33.01 

331       03.5 34.15 

345       03.0 35.51 

361       04.0 36.33 

315       04.0 31.10 

311       05.5 31.6 

415       06.3 30.11 

401       06.1 30.5 

435       01.6 30.00 

451       00.0 31.11 

465       00.0 31.03 

401       01.3 31.30 

415       31  

501         

505         

541         

555         

511         

505         

611         

605         

631         

 

 

Table (E- 2): Break through and adsorption quantity data for different flow rates 

Where: C (ppm) and q (kg/kg)*11
-4

 



 

Time 
(min) 

Co=51 (ppm) Co= 31 (ppm) Co= 15 (ppm) Co= 11 (ppm) 

C q C q C q C q 
05 6.10 6.0 3 4.13 0.5 0.03 0.01 0.45 

31 1.13 03.4 5.0 1.05 0.1 4.11 0.6 0.04 

45 1.50 01.0 1.0 00.41 3.5 5.00 0.1 4.00 

61 00.33 05.1 0.1 04.0 4.3 1.51 0.0 5.51 

15 03.15 30.6 01.6 01.06 4.6 1.00 0.1 6.10 

11 06.35 36.1 00.4 01.64 5 01.11 0 0.04 

015 01.03 40.0 05.0 00.11 5.5 00.01 0.0 1.55 

001 00.01 41 05.4 05.3 5.1 03.16 0.3 01.0 

035 00.01 50.66 06.5 01.43 6.0 05.05 0.5 00.15 

051 01.45 56.0 01.3 01.44 6.1 06.43 0.1 03.06 

065 00.05 61.0 01.1 30.35 1.3 01.65 0.1 04.44 

001 04.65 63.1 00.4 33.00 1.1 00.0 3.0 05.50 

015 01.03 66.11 01.0 34.01 0.0 01.01 3.6 06.65 

001 01.3 61.11 01.0 36.5 0.1 01.0 4.0 01.64 

005 30.04 10 01.6 31.10 1.5 00.61 4.6 00.55 

041 35.00 13.41 00.5 31.30 01 00.46 5.0 01.30 

055 41.50 14.54 00.1 41.41 01.6 03.05 5.6 01.04 

011 43.35 14.63 03.6 40.40 00.0 03.15 6.0 01.0 

005 40.00 14.00 04.3 40.30 00.1 04.04 6.6 00.4 

311 51  04.1 43.01 00.3 04.61 6.0 00.11 

305   05.1 43.01 00.0 05.10 6.1 00.5 

331   01.5 44.01 03.0 05.3 1.0 03 

345   00.4 44.50 03.1 05.50 1.6 03.44 

361   31  04.0 05.65 1.1 03.03 

315     04.4 05.14 0.3 04.06 

311     04.0 05.11 0.1 04.43 

415     05  1 04.65 

401       1.3 04.00 

435       1.0 04.1 

451       01 04.16 

465         

401         

415         

501         

505         

541         

555         

511         

505         

611         

605         

631         

 

 

Table (E- 3): Break through and adsorption quantity data for different influent 

Concentration (Co).        Where: C (ppm) and q (kg/kg)*11
-4

 



 

Time 
(min) 

Bed depth (41*01
-0

 m) Bed depth (31*01
-0

 m) Bed depth (01*01
-0

 m) Bed depth (01*01
-0

 m) 

C q C q C q C q 
05 1 0.31 0.6 0.11 3 4.13 04.0 4.0 

31 0.5 4.60 0.3 5.10 5.0 1.05 05.1 1.30 

45 0.6 6.06 3.0 0.13 1.0 00.41 06.0 03.41 

61 0.1 1.11 4 00.41 0.1 04.0 01.0 01.53 

15 0.0 00.30 4.1 04.03 01.6 01.06 01.3 01.10 

11 0 03.53 5.6 06.1 00.4 01.64 01.4 03.14 

015 0.0 05.10 6.4 01.00 05.0 00.11 00.6 06.51 

001 0.4 01.01 1.0 00.51 05.4 05.3 00.3 01.10 

035 0.6 01.15 0.5 03.05 06.5 01.43 04.5 31.16 

051 0.0 00.01 01 05.16 01.3 01.44 05.1 30.00 

065 3.0 04.30 00.0 01.00 01.1 30.35 06.3 33.01 

001 3.4 06.40 00.5 01.10 00.4 33.00 06.0 34.01 

015 3.1 00.40 03.3 30.40 01.0 34.01 01.0 35.010 

001 4 31.5 03.1 33.0 01.0 36.5 01.0 35.01 

005 4.4 30.50 04.0 34.06 01.6 31.10 00.3 36.40 

041 4.0 34.50 04.1 36.45 00.5 31.30 00.1 36.00 

055 5.3 36.46 05.3 30 00.1 41.41 01 31.036 

011 5.0 30.31 05.0 31.41 03.6 40.40 01.5 31.01 

005 6.3 41.04 06.5 41.10 04.3 40.30 31  

311 6.1 40.16 06.1 40.30 04.1 43.01   

305 1.5 43.04 01.0 43.66 05.1 43.01   

331 0.0 45.56 01.4 44.11 01.5 44.01   

345 1 41.00 00 46.05 00.4 44.50   

361 01 40.11 00.0 41.43 31    

315 00 51.01 01.5 40.54     

311 00.0 50.1 01.3 41.56     

415 03.4 53.10 00.0 51.5     

401 04.1 54.03 00.0 50.36     

435 06 55.34 03 50.0     

451 01.3 56.34 04.0 50.10     

465 00.1 51.00 05.5 53.01     

401 01.1 51.14 06.4 53.51     

415 03 50.41 01.0 53.06     

501 05.0 50.01 01.1 54.10     

505 06.0 51.00 00.4 54.05     

541 06.1 51.40 01.0 54.33     

555 01.6 51.60 31      

511 00.0 51.16       

505 00.5 51.00       

611 00.0 51.11       

605 01.4 61.15       

631 31        

 

 

Table (E-4): Break through and adsorption quantity data for different bed depth 

Where: C (ppm) and q (kg/kg) *11
-4

 



 

Time 
 

Particle size(0.4*01
-3

 m) Particle size(0.00*01
-3

 m) Particle size(1.6*01
-3

 m) 

 C q C q C q 
05 6.1 3.60 5 3.15 0.0 4.45 

31 6.0 1.34 5.0 1.00 0.0 0.05 

45 6.14 01.10 5.0 00.11 0.4 03.0 

61 1.11 04.51 5.6 05.64 0.0 01.5 

15 1.06 00.00 6 01.4 3.0 00.1 

11 1.16 00.61 6.4 03.03 3.1 05.1 

015 0.36 05.00 6.1 06.10 4.0 01.11 

001 1.3 00.30 1.4 31.35 4.0 33.15 

035 01.4 30.41 0 33.00 5.5 31.00 

051 00.05 34.01 0.1 31.00 6.0 40.50 

065 03.15 36.00 1.4 41.43 6.1 45.03 

001 06.05 31 01.0 43.56 1.0 40.14 

015 00.35 41.04 00 46.56 1.0 50.14 

001 01.15 40.3 00.5 41.30 00.0 55 

005 03.45 43.33 03.1 50.01 00.5 51.16 

041 04.15 44.06 05.1 54.00 04.3 61.04 

055 05.65 44.05 01.0 55.13 01.0 60.01 

011 06.15 45.36 00.1 51.14 01.4 63.04 

005 01.45 45.16 00.6 50.00 00.0 65.05 

311 00.15 46.11 06.0 50.03 00.4 66.45 

305 00.15 46.01 06.0 51.33 03.6 61.46 

331 31  01.5 51.10 04.3 60.36 

345   00.3 51.11 05.1 61.14 

361   31  06.0 61.64 

315     01.5 11.13 

311     00.0 11.33 

415     00.0 11.50 

401     31  

435       

451       

465       

401       

415       

501       

505       

541       

555       

511       

505       

611       

605       

631       

 

Table (E- 5): Break through and adsorption data for different particle size.       

Where: C (ppm) and q (kg/kg)*11
-4

 

 



 

 

 

 

 

 

Time 
(min) 

CL(mg/L) SO4(mg/L) T.H(mg/L) Ca(mg/L) Mg(mg/L) 

05 011.1 514.5 044 001 04 
31 001.1 035 010 010 04 
45 015.1 351.3 000 016 30 
61 013.0 401.1 001 001 33 
15 015.1 401.3 006 015 30 
11 011.5 531 031 006 03 
015 011.1 410.6 041 001 00 
001 011.0 401.3 031 004 03 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (E-6): Data of investigation of other pollutants 



Table (E-7): Experimental and theoretical results of surface 

diffusivity calculation 

Time 

(min) 

Experimental 

fractional  

up take (  ww ) 

Theoretical 

fractional  

up take (  ww ) 

Through put 

value 

1 1 1224 1 

15 1255 1235 1211 

61 1265 1261 1215 

01 127 1277 121 

165 12.2 12.6 1215 

225 12.. 1202 122 

2.5 1204 1205 1225 

375 1207 1207 123 

 



APPENDIX F 
Computer program for the mathematical model 

 

01 REM *** Program for calculating the breakthrough curves for the               

                            mathematical model *** 

01 N=01 

01 FOR TH= –1010  TO –0.98 STEP (–10000) 

01 X=-10.0 

01 S0=EXP (TH+X)   

01 S=1 

.1 FOR I=0 TO N 

91 P0=0 

81 FOR K=0 TO I 

011 P0=P0*ABS (TH)/K 

001 NEXT K 

001 S0=1 

001 FOR J=0 TO I 

001 P0=0 

001 FOR M=0 TO J 

001 P0=P0*ABS (X)/M 

0.1 NEXT M 

091 S0=S0+P0 

081 NEXT J 

011 S0=S0+0 

001 S=S+P0*S0 

001 NEXT I 

001 UN=S0*(S+0) 

001 PRINT TH, UN 

001 NEXT TH  

001 END 
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1.6 Conclusions: 
 

 According to data of the present study the following conclusions are 

obtained: 

 

1- The equilibrium isotherm for the system of adsorbed blue dye on 

activated carbon was of favorable type, and was well represented by 

Langmuir and Freundlich equations.    

 

2- At flow rate (3333, 22, 33333, and 62)*12
-5 m3/min the break 

through point time were (495, 235, 242, and 135) min respectively, and 

the adsorption capacity were (39332, 3.329, 34336, and 9396)*12
-4 (kg/kg 

carbon) respectively. 

 

3- At bed depth (12, 22, 32, and 42)*12
-2 m the break through point 

time were (235, 362, 555, and 632) min respectively, and the adsorption 

capacity were (3.329, 44.52, 54333, and 62325)*12
-4 (kg/kg carbon) 

respectively. 

 

4- At influent concentration (12, 15, 32, and 52) ppm the break 

through point time were (452, 425, 362, and 322) min respectively, and 

the adsorption capacity were (24396, 25..., 44352, and .4332)*12
-4 (kg/kg 

carbon) respectively. 

 

5- At particle size (236, 1313, and 134)*12
-3 m the break through point 

time were (422, 362, and 332) min respectively, and the adsorption 

capacity were (.2352, 59399, and 4632.)*12
-4 (kg/kg carbon) respectively. 

 

6- The rate of mass transfer for initial stage of adsorption increased 

with increasing influent concentration and flow rate and also increased 

with decreasing particle size and bed depth. 

 

.- The adsorption process using activated carbon insures an 

excellent degree of reduction for color with removal efficiency 929. 
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3- The following correlations were obtained by applying multiple 

regression and represent the best fitting for the experimental data.  

        

         t=54232 –5.3Q –3.3Cο +333Z –112.5 P.S 

         q=34.3 –2..Q +133 Cο +239Z –32.6 P.S 

 

9- The mathematical model that employed the resistance of external 

diffusion combined with surface diffusion fit well the experimental 

data. 

 

 

 

 

1.6 Recommendations for further work: 
 

 The following recommendations can be helpful for further study: 

 

1- This work can be extended to study the effect of pH and 

temperature on the capacity of activated carbon.  

 

2- Testing another wastewater from other industries using the same 

treatment process, and a mixture solution of dyes.  

 

3- The study can be extended using another type of adsorber like 

moving packed bed or fluidized bed adsorbers to show the performance 

of activated carbon. 

 

4- Study the system pilot scale, and scaling up the designed data for 

adsorption units. 

 

5- This study may be extended for using another type of adsorbents 

than activated carbon. 
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7.4 Langmuir and Freundlich Isotherm Equations: 
 

 Equilibrium isotherm had been determined and analyzed according to 

the Langmuir and Freundlich equations. The plot of (Ce/qe) versus (Ce) shows 

a straight line in Fig (4-1). 

 

 This means that the equilibrium results are correlated well with the 

Langmuir’s equation. The value of (Q ) and the Langmuir constant (b) were 

calculated from the slop and the intercept of the straight line Fig (4-1), these 

values were tabulated in table (4-1). 

 

 

Fig (7-4): parameters for the Langmuir
’ 
s equation 

 

The plot of (log qe) versus (log Ce) for the same equilibrium results 

showed a straight line in Fig (4-2); this means that the equilibrium data for the 

adsorption are correlated well with Freundlich
’
s equation. 

The Freundlich
’
s equation constant (k) and (1/n) were calculated from 

the slope and intercept of the straight line in Fig (4-2); these values were 

tabulated in table (4-1). 

 

Fig (7-5): parameters for the Freundlich’s equation 

 

 Figure (4-3) shows a comparison between the experimental and 

theoretical results, using Langmuir or Freundlich adsorption isotherm 

equations and shows favorable type of adsorption for experimental results. 

Fig (7-6): Experimental and theoretical data were obtained from the 

Langmuir’s and Freundlich
’
s equations for the adsorption ratio 

 

Table (7-4) Langmuir and Freundlich equation constants. 

 

Equations 

 

Q  

(kg/kg) 

b 

(m
6
/kg) 

K 

(kg/kg) 

4/n 

(m
6
/kg) 

St. 

Err. 

Corr. 

Coeff. 

(R) 
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Langmuir 01015 66   4144 0166 

Freundlich   4157 0164 4174 0164 

 

  

7.5 Column Experiments: 
 

 Sixteen column experiments were carried out to study the effect of 

various initial conditions on the performance of the activated carbon column 

of adsorption reactive blue dye from aqueous solution. The relevant details of 

the experiments were tabulated in table (3-3). 

 

 The sample of calculation was shown in Appendix (B) and the results 

were listed in Appendix (E). 

 

7.5.4 Effect of Flow Rate: 
 

Four experiments, [Nos. (1-4), table (3-3)] were carried out at different 

flow rates (7133, 20, 33133, 60)*10
-5 

m
3
/min respectively and at a given initial 

dye concentration (Co=30) ppm, bed depth (10*10
-2

) m, and particle sizes 

(016-114)*10
-3

m 

 

 The break through curves for the above experiments results were 

plotted Fig (4-4), (effluent dye concentration versus time for a given flow 

rate). It can be seen from Fig (4-4) that as the flow rate of wastewater 

increased, the break through point time of the curve decreased, and from 

theses results the flow rate of wastewater was found to be less than (20*10
-5 

m3/min) at a given other conditions. 

 

To show the effect of wastewater flow rate on the adsorption ratio, Fig 

(4-5) represents adsorption ratio (weight of adsorbed /weight of carbon) versus 

time. 

 

 

 

 

Fig (7-7): Break through curves of isotherm adsorption for different 

wastewater flow rate (Cο=63 ppm, Z=43*43
-5

 m, P.s=(3.9-4.7)*43
-6

 m) 
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Fig (7-8): Adsorption ratio curves for different wastewater flow rate 

(Cο=63 ppm, Z=43*43
-5

 m, P.s=(3.9-4.7)*43
-6

 m) 

 

Examining Fig (4-5), it can be seen that the adsorption ratio of higher 

wastewater flow rate is much faster than that for the lower one; this is due to 

phenomena at high wastewater’s flow rate which causes a good disturbance 

for laminar sub-layer just over the carbon particle. 

 

Also it can be observed that the lower the flow rate the longer the linear 

portion of the curve, indicating that film diffusion remains rate limiting for 

longer periods, while increasing flow rate in this region causes reduction to 

the surface film, thereby decreasing resistance to mass transfer so deviation 

from linearity occurs because of the increasing influence of intraparticle 

transport on the overall rate of mass transfer when the external surface area 

becomes essentially saturated with solution. 

  

For constant bed diameter and bed depth, the increasing of wastewater’s 

flow rate will effect the value of linear velocity and contact time, i.e. the 

increasing flow rate leads to the increasing linear velocity but the decreasing 

the contact time, where is necessary to reach velocity value less than (013) 

m/min.  
(55) 

 

 The effect of flow rate on the adsorption capacity of activated carbon 

was shown in Fig (4-6), by plotting the adsorption capacity [maximum values 

of each curve in Fig (4-5)] against wastewater’s flow rate. 

 

 This Fig (4-6) shows that the adsorption capacity (accumulative 

adsorption rate) of activated carbon decreases as the flow rate of wastewater 

increases. This was due to a good available contact time which will affect the 

amount of the capacity, that for low flow rate the wastewater molecules would 

have a sufficient contact time to occupy the space within the particles. 

 

 The rates of mass transfer were obtained from the slopes of the linear 

portions of the adsorption ratio curves Fig (4-5). The relation between mass 

transfer rate and flow rate was represented in Fig (4-4). 

 

 This Fig (4-4) shows that the mass transfer rate increases as the flow 

rate of wastewater increases. Increased flow rate in this region may be 

expected to give a compression or reduction of the film thickness. Thereby 

decreasing resistance to mass transfer and increasing the mass transfer rate. 

Experimental results were tabulated in table (E-2), Appendix E. 
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Fig (7-9): Effect of the Wastewater
’
s flow Rate on the Adsorption   

Capacity of Activated Carbon (Cο=63 ppm, Z=43*43
-5

 m, P.s=(3.9-

4.7)*43
-6

 m) 

 

Fig (7-3): Effect of the wastewater
’
s flow rate on the rate of mass transfer 

(Cο=63 ppm, Z=43*43
-5

 m, P.s=(3.9-4.7)*43
-6

 m) 

 

7.5.5 Effect of the Influent Concentration: 
 

 Four experiments [Nos. (5-7), table (3-3)] were carried out at different 

influent dye concentrations, (10, 15, 30, and 50) ppm respectively, while 

other parameters are constant, wastewater flow rate (= 20*10
-5

 m
3
/min), bed 

depth (=20 *10
-2 

m) and particle size (=016 - 114)*10
-3

 m. 

 

 The breaks through curves for the above experiments were plotted in 

Fig (4-7) by plotting the effluent dye concentration versus time. Fig (4-7) 

showed that the break through point was reached fast when the influent dye 

concentration increased, this means that the curves rise sharply for the 

concentration above (50 ppm) because the required time to reach the break 

through point is inversely related to the influent concentration of dye. 
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To show the adsorption ratio at different influent concentrations of dye, 

the solute adsorbed (the uptake) versus time were plotted in Fig (4-6).  This 

figure shows that the total quantity of solute removed from solution at any 

period of time increased with increasing influent dye concentration. A linear 

portion exists for each curve at the early period of the experiments, this means 

that only external mass transfer resistance (film diffusion) is rate determining 

step because there is no concentration gradients within the particle, with 

increasing influent concentration the linear segment of the curves extends over 

a shorter period of time. 

 

 This observation coincides with the consideration that film diffusion 

controls as the rate limiting step to a point at which the external surface area 

becomes essentially saturated. Deviation from linearity occurs because of the 

increasing influence of intraparticle transport on the overall rate of mass 

transfer as each run progresses. 
(68)

    

 

The effect of influent concentration on the adsorption capacity of 

activated carbon was shown in Fig (4-10), by plotting the adsorption capacity 

[maximum values of each curve in Fig (4-6)] versus the different 

concentration. 

 

Figure (4-10) showed that the adsorption capacity of activated carbon 

increased as the influent concentration of dye increased which acts as driving 

force, i.e. increasing the concentration difference (the difference between the 

dye
’
s concentration in the bulk of solution and corresponding dye

’
s 

concentration on the surface of the carbon particles). 

 

 

Fig (7-3): Break through curves of isotherm adsorption for different 

influent concentration of dye (Q=53*43
-8

 m
6
/min, Z=53*43

-5
 m, P.s=(3.9-

4.7)*43
-6 

m) 

 

Fig (7-3): Adsorption ratio curves of different influent concentration of 

dye (Q=53*43
-8

 m
6
/min, Z=53*43

-5
 m, P.s=(3.9-4.7)*43

-6 
m) 
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Fig (7-43): Effect of different influent concentration on the adsorption 

capacity of activated carbon (Q=53*43
-8

 m
6
/min, Z=53*43

-5
 m, P.s=(3.9-

4.7)*43
-6 

m) 

 

 

The rates of mass transfer for the initial stages of adsorption were 

obtained from the slopes of the linear portions of the curves in Fig (4-6). The 

relation between mass transfer rate and concentration was represented in Fig 

(4-11). This figure shows that the mass transfer rate increased with increasing 

influent dye concentration. The experimental results were tabulated in table 

(E-3), Appendix E. 
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Fig (7-44): Effect of influent dye concentration on the rate of mass 

transfer (Q=53*43
-8

 m
6
/min, Z=53*43

-5
 m, P.s=(3.9-4.7)*43

-6 
m) 

 

 

 

7.5.6 Effect of Bed Depth: 
 

 Four experiments [Nos. (6-12), table (3-3)] were carried out at different 

activated carbon bed depths (10, 20, 30, and 40)*10
-2

 m respectively, while 

other parameters are constant: dye concentration (30 ppm), wastewater flow 

rate (20*10
-5

 m
3
/min) and particle size (=016-114)*10

-3
m. 

 

 The breaks through curves for the above experiments were plotted 

(effluent dye concentration versus time for a given bed depth) as shown in Fig 

(4-12). 

 

The break through points can not be seen clearly in Fig (4-12) except 

for bed depth (014 m); the break point is the value of exhaustion point where 

the value of effluent dye concentration is equal to influent concentration. This 

is because the total bed depth was smaller than the length of mass transfer 

zone. This figure showed also the increase of bed depth, which leads to 

increasing break through time. 

 

   

To show the adsorption ratio at different bed depth of activated carbon, 

the solutes adsorbed versus time were plotted Fig (4-13). It can be observed 

from this figure that the total quantity of solute removed from solution at any 

period of time increases with increasing the bed depth. 

 

When increasing bed depth, the total surface area that is a available for 

adsorption will increase; this means that the service life of the carbon bed 
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increased with increasing of the carbon bed depth at constant flow rate of 

wastewater and constant linear velocity but the contact time will increase as 

bed depth increases. 

 

 

Fig (7-45): Break through curves of isotherm adsorption for different bed 

depth of activated carbon (Q=53*43
-8 

m
6
/min, Cο=63 ppm, P.s=(3.9-

4.7)*43
-6

 m) 

 

 

 

 

 

 

 

 

 

 

 

Fig (7-46): Adsorption ratio curves for different bed depth (Q=53*43
-8 

m
6
/min, Cο=63 ppm, P.s=(3.9-4.7)*43

-6
 m) 

 

 

 

The effect of bed depth on the adsorption capacity of activated carbon 

was shown in Fig (4-14), by plotting the capacity versus different bed depth. 

 

 Figure (4-14) showed that increasing bed depth would increase the 

capacity because additional spaces will be available for the wastewater 

molecules to be adsorbed on these unoccupied areas. Furthermore, increasing  

bed depth will give a sufficient contact time for these molecules to be 

adsorbed on the activated carbon surface. 
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Fig (7-47): Effect of different bed depth on the adsorption capacity of 

activated carbon (Q=53*43
-8 

m
6
/min, Cο=63 ppm, P.s=(3.9-4.7)*43

-6
 m) 

 

 

 

Plotting the slopes of adsorption ratio curves of Fig (4-13) against bed 

depth is shown in Fig (4-15).  

  

This curve shows that the decrease of mass transfer rate is correlative 

with increasing carbon bed; this indicates that deeper bed leads to the increase 

in the required time to reach the saturation of carbon bed. The experimental 

results were tabulated in table (E-4), Appendix E. 
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Fig (7-48): Effect of different bed depth of activated carbon on the rate of 

mass transfer (Q=53*43
-8 

m
6
/min, Cο=63 ppm, P.s=(3.9-4.7)*43

-6
 m) 

 

 

 Experiment (No.13) was carried out for wastewater that effluents from 

the treatment plant unit of the textile factory.  The break through curve of the 

experiment result was plotted in Fig (4-16). 

 

When comparing this figure with Fig (4-12), which has the same 

experimental conditions (Q=20*10
-5 m3/min, bed depth = 20*10

-2 
m, p.s. = 016-

114*10
-3m, conc.=30 ppm), we can show that the break through point (011 Cinf ) 

was reached in the same time, but the time of exhaustion point (016 Cinf ) 

longer in Fig (4-16), because the presence of other pollutants like (chloride, 

sulphate, ….), affected the adsorption process but not adsorbed.  
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Fig (7-49): Break through curves of isotherm adsorption for industrial 

wastewater (Q=53*43
-8 

m
6
/min, Cο=63 ppm, Z=53*43

-5
 m, P.s=(3.9-

4.7)*43
-6

 m) 

 

 

7.5.7 Effect of Particle Size: 
 

Thirteen experiments [Nos. (1-13), table (3-3)] were carried out at the 

same particle size of activated carbon [i.e. mixed particle of size (0.6-114)*10
-

3
 m]. 

 

Three experiments [Nos. (14-16), table (3-3)] were carried out at 

different particle size (016, 1117, 114)*10
-3

 m, while other parameters are kept 

constant, dye concentration (30 ppm), wastewater flow rate (20* 10
-5

) m
3
/min 

and bed depth (=20*10
-2

 m). 

 

  The breaks through curves for the above experiments were plotted 

through Fig (4-14), by plotting the effluent dye concentration versus time. 

Figure (4-14) showed that the required time for reaching the break through 

point increased when particle size decreased, this due to the fact that when the 

particle size decreases the surface area will be available for adsorption 

increased for a given adsorbent weight (i.e. providing more space for the dye  

 

molecules to occupy the new surface area therefore it will increase the time of 

saturation). 
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Fig (7-43): Break through curves of isotherm adsorption for different 

particle size activated carbon (Q=53*43
-8 

m
6
/min, Cο=63 ppm, Z=53*43

-5
 

m) 
 

To show the adsorption ratio at different particle size, the solute 

adsorption versus time were plotted in Fig (4-17). 

 

From Fig (4-17) it can be seen clearly that the quantity of dye 

adsorption per weight of activated carbon increases with decreasing of particle 

size; during the initial period of adsorption process there is an apparence 

different in accumulation value of quantity adsorption, while at later stages 

there was difference in values of quantity adsorption. 

 

The effect of the particle size on the capacity of carbon was shown in 

Fig (4-16), by plotting the capacity versus different particle size. Examining 

Fig (4-16), it can be seen that increasing the particle size will decrease the 

adsorption capacity of the activated carbon. This was attributed to the fact that 

for small particles of activated carbon the micropores are believed to be more  

readily accessible by the wastewater molecules and the transport is mainly due 

to film diffusion which is more effective than intraparticle diffusion. 
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Fig (7-43): Adsorption quantity curves at different particle size of the 

activated carbon (Q=53*43
-8 

m
6
/min, Cο=63 ppm, Z=53*43

-5
 m) 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7-43): Effect of particle size on the adsorption capacity of the 

activated carbon (Q=53*43
-8 

m
6
/min, Cο=63 ppm, Z=53*43

-5
 m) 

 

As the particle size increases, the transport due to intraparticle diffusion 

will be more dominant, since it
’
s slow and not very effective process, therefore 

the adsorption capacity will decrease when particle size increases as same as 

the rate of mass transfer will increase when the particle size decreases Fig (4-

20). By plotting the rate of mass transfer versus different particle size.  

    

 The experimental results were tabled in table (E-5), Appendix E. 
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Fig (7-53): Effect of particle size on the rate of mass transfer (Q=53*43
-8 

m
6
/min, Cο=63 ppm, Z=53*43

-5
 m)  

 

 

 

 

 

 

 

 

 

 

 

7.6 Development of Multiple Linear Regression Model: 
 

 By applying multiple linear regression (using SPSS system) to the 

experimental data in table (3-2) between the major independent variables (Q, 

Cο, Z, and P.S) and the dependent variables (t, q) separately, the following 

correlation were obtained: 

                                                                                        Corr. Coef. 

t=54010 –513Q –313 Cο +717 Z –11215 P.S                           0162     

q=3413 –014Q +113 Cο +016 Z –3016 P.S                              0165  

 

Where: 

t: is time in (min) within the range of (135-630). 

q: is the amount of adsorbate per unit weight of adsorbent in (kg/kg of carbon) 

    within the range of (6166-44172)*10
-4

. 

Q: is the flow rate in (m
3
/min) within the range of (7133-60)*10

-5
. 

Cο: is the influent concentration in (ppm) within the range of (10-50). 
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Z: is the bed depth of activated carbon in (m) within the range of (10-40)*10
-

2
. 

P.s: is the size of particle of activated carbon in (m) within the range of (016-   

       114)*10
-3

. 

 

Verification for these equations can be made by plotting the 

experimental data which will not be included in the regression model versus 

modeling data as shown in Fig (4-21) and Fig (4-22); these figures showed 

that the experimental data are correlated well with the modeling data. 

 

On the other hand we can made a general equation used as an indicator 

to compare the results of effluent concentration at any time of any variation in 

the same parameters used in this research and that will be entered in another 

similar work. 

 

 

                                              Corr. Coe. 

C=01667 
566.0

t                          01537                                       

 

 

 

 

 

 

Fig (7-54): Verification for regression equation 
 

Fig (7-55): Verification of regression equation 

 

 

7.7 Predicting the Isothermal Adsorption Breakthrough Curves: 
 

 Design of the fixed bed column for adsorption involves predicting the 

concentration of the solute in the effluent as a function of time. The shape and 

time of appearance of “Break through curve” have a significant influence on 

the operation of the column. 
(63)

 

 

The mathematical model for fixed bed adsorber was used to predict the 

breakthrough curves of both external and intraparticle diffusion (surface 

diffusion) as described by Liaw et.al. 
(89) 

 

The details of this model were presented in Appendix D and Computer 

program for the solution was shown in Appendix F1 
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 Figures (4-23) to (4-24) represent a comparison between the 

experimental and predicted data obtained from the mathematical model for 

bed depths (10, 30)*10
-2

 m, concentration (15, 30) ppm and flow rate 

(33133*10
-5

) m
3
/min.  

 

 Figures (4-23 and 4-24) present a comparison between theoretical and 

experimental data for 10*10
-2

m and 30*10
-2

 m bed depths. These figures 

showed that the difference between the two curves was widen for longer bed 

depth (30*10
-2

) m. 

 

 A comparison between the theoretical and the experimental data for 

concentration (15 and 30 ppm) was presented in Figs (4-25 and 4-26) 

respectively. A good agreement was obtained for the two curves in Fig (4-26), 

while for Fig (4-25) a good agreement was obtained until (60 min). After that 

time the difference was widen. This is due to that the value of surface 

diffusivity was assumed to be the same for both experiments. The effect of the 

surface diffusivity becomes pronounced at the later stage of the curves where 

the intraparticle diffusion becomes rate limiting. 
(68)

 

 

Figure (4-24) shows a comparison between the theoretical and the 

experimental data for flow rate (33133*10
-5

) m
3
/min. The difference between 

the two curves was widen in the first stage, while a good agreement was 

pronounced at the later stage of the curves, this is due to the higher value of 

flow rate and the intraparticle diffusion becomes rate limiting at the later 

stage. 

 

 

 

 

Fig (7-56): Experimental and predicted breakthrough curves for 

isothermal adsorption at bed depth (43*43
-5

) m, (Q=53*43
-8

 m
6
/min, 

Cο=63 ppm, P.s=(3.9-4.7)*43
-6

m) 

 

Fig (7-57): Experimental and predicted breakthrough curves for 

isothermal adsorption at bed depth (63*43
-5

) m, (Q=53*43
-8

 m
6
/min, 

Cο=63 ppm, P.s=(3.9-4.7)*43
-6

m) 
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Fig (7-58): Experimental and predicted breakthrough curves for 

isothermal adsorption at C=48 (ppm), (Q=53*43
-8

 m
6
/min, Z=53*43

-5
m, 

P.s=(3.9-4.7)*43
-6

m) 

 

Fig (7-59): Experimental and Predicted breakthrough curves for 

isothermal adsorption at C=63(ppm), (Q=53*43
-8

 m
6
/min, Z=53*43

-5
m, 

P.s=(3.9-4.7)*43
-6

m) 

 

 

Fig (7-53): Experimental and predicted breakthrough curves for 

isothermal adsorption at Q= 66.66*43
-8

 (m
6
/min), (Cο=63 ppm, 

Z=53*43
-5

m, P.s=(3.9-4.7)*43
-6

m) 

 

The verification for these curves were shown below: 

 

Fig (7-53): Verification for curve of Z=43*43
-5

(m) 

 

 

 

Fig (7-53): Verification for curve of Z=63*43
-5

(m) 
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Fig (7-63): Verification for curve of C=48 (ppm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7-64): Verification for curve of C=63(ppm) 
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Fig (7-65): Verification for curve of Q=66.66*43
-8

(m
6
/min) 
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1.1 Introduction: 

 
 Wastewater from the textile finishing industry can have a strong impact 

on the aquatic environment, because it is discharged in high quantity and may 

contain many biorecalcitrant contaminants. 
(1)

 Many dyes used in textile 

industry are particularly difficult to remove by conventional waste treatment 

methods since they are stable to light and oxidizing agents, and are resistant to 

aerobic digestion. The removal of dyes in an economic fashion remains an 

important problem although recently a number of successful systems have 

been evolved using adsorption techniques. 
(2)

 

 

 There are several methods to remove color, these include 

sedimentation, using coagulants or polyelectrolytes, biological treatment, 

ultrafiltration, ion exchange, adsorption, chlorination or ozonation. 
(3) 

 

Activated carbon is an effective adsorbent primarily due to its extensive 

porosity and very large available surface area for adsorption. 
(4)

 Adsorption 

on activated carbon is used to any significant extent for the removal of 

dissolved organic from wastes and polluted waters. Adsorption was first 

observed by Scheele in 3775 for gases and subsequently for solutions by 

Lowitz in 3777. 
(5)

 

 

Liquid-solid adsorption on activated carbon is characterized by slow 

rates and long periods between actions. The liquid flowing through an 

adsorber may be in contact with the carbon for a few minutes, such as when 

removing taste from water, or for several hours, as in the case of decolorizing 

sugar solutions. The granular carbon bed life may extend from a few days, for 

sugar solutions, to several years for taste removal. 
(6) 

 

 The textile industry generally discharges its untreated and / or partially 

treated colored dye effluent into the sewer systems because of unavailability 

of an economically and technically favorable process. The discharge of such 

colored dye effluents is aesthetically objectionable, colored effluent also 

interferes with the transmission of sun light, even for a concentration of (3-4 
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mg/l) and upsets the biological metabolism processes, which causes the direct 

destruction of aquatic communities present in ecosystems. 
(7)

 

 

 Furthermore, the color largely is unaffected by subsequent biological 

treatment methods. 
(8)

 Hence, stringent environmental protection laws have 

made the decolorization of dye effluent of prime important before its 

discharge to ecosystems. The mounting pressure on the textile and dyeing 

industries for decolorization of their effluents has led to a search for a simple 

and cost – effective treatment process. 

 

Reactive dyes are extensively used in textile and dyeing industries, but 

about 42-624 of input dyes remain in the mill wastewater. Because reactive 

dyes are highly soluble in water and difficult to remove from wastewater. 
(9) 

 

It was selected for this work some synthetic aqueous dye concentration 

solutions, which were used as model dye effluents. 

 

 Presently the textile – finishing industry in Hilla uses large quantities of 

water (3722 m
5 

/day) and produces large volumes of aqueous effluent 

(722-3222 m
5 

/day). Textile wastes are generally, colored, highly alkaline, 

high in BOD and suspended solids. 

 

 In the Hilla textile factor the wastewater treatment consists of 

screening, equalization, flocculation and neutralization, flotation, aeration 

then sedimentation. This treated solution requires further dye removal for 

disposal to river. 

 

1.2 Aim of the Study: 
 

 Aim of this study is adsorption of blue dye on granular activated carbon 

from aqueous solution at constant temperature and pH by using continuous 

system (fixed-bed adsorber). 

 

The effect of bed depth of activated carbon, particle size of granular 

carbon, wastewater flow rates and influent dye concentration was investigated 

in the research for fixed-bed adsorber. 

 

Experimental and theoretical isotherm curves were determined and 

evaluating adsorption constants for Langmuir and Freundlich equations. 
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 Batch process was used to estimate surface diffusivity experimentally 

and using ready mathematical equations to calculate the theoretical uptake 

fraction. 

 

  

 

The study was developed a multiple linear regression model between 

the independent variables (Q, Co, Z, P.S) and the dependent variables (t, q) 

separately. The above statistical correlations were done by using (SPSS 7.7 

soft ware 3997) system. 

 

 The mathematical model used to predict the breakthrough curves was 

the external diffusion combined with surface diffusion resistance for different 

parameters. 
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3.2 Historical Review: 
 

 Activated carbon was first known to treat water over (0222) years ago. 

Adsorption by activated carbon has a long history of use in treating 

municipal, industrial and hazardous waste streams. Charcoal was used for 

drinking water filtration by ancient Hindus in India, and carbonized wood was 

used as a medical adsorbent and purifying agent by Egyptians. 
(21) 

 

 

 Powdered activated carbon was first produced commercially in Europe 

in the early 98
th

 century, using wood as a raw material. This carbon found 

widespread use in the sugar industry. In the United States, the first production 

of activated carbon used black ash as the source, after it was accidentally 

discovered that the ash was very effective in decolorizing liquids. 
(22)

 

 

Activated carbon has since been used extensively for this purpose in 

many industries. In particular, it has been commonly used for the removal of 

organic dyes from textile wastewater. 

 

 In addition to its drinking water and wastewater treatment applications, 

activated carbon is used today for many other purposes some other common 

uses are listed here:- corn and cane sugar refining, gas adsorption, dry 

cleaning recovery processes, pharmaceuticals, fat and oil removal and 

electroplating. 

 

 Granular carbon filters were introduced in the (9892 s) for the ultrapure 

of water in the food industry. 
(23) 

 

 

 

3.3 Textile Wastes: 
 

 Textile mill operations consist of weaving, dyeing, printing, and 

finishing. Many processes involve several steps, each contributing a particular 

type of waste, e.g. sizing of fibers, queering (alkaline cooking at elevated 

temperature), desizing the woven cloth, bleaching, mercerizing, dyeing, and 

printing. 
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Textile wastes are generally, colored, highly alkaline, high in BOD and 

suspended solids, and high in temperature. Wastes from synthetic- fiber 

manufacture resemble chemical. Manufacturing wastes and their treatment 

depend on the chemical process employed in the fiber manufacture. 

Equalization and holding are generally preliminary steps to the treatment of 

those wastes because of their variable composition, additional methods are 

chemical precipitation, trickling filtration, biological treatment and aeration. 

 

 The textile industry has long been one of the largest of water uses and 

polluters and there has been little success in developing low- cost treatment 

methods which the industry urgently needs to lessen the pollution loads it 

discharges to streams. 
(24) 

 

 

3.4 Adsorption:  
 

 Adsorption by solid is defined as the phenomena that take up of 

molecules from the fluid phase by the solid surface, the term (surface) 

includes both the (outer) geometric surface and (inner) surface bounding the 

capillaries, cracks and crevices. 
(25) 

 

 The process can occur at an interface between any two phases such as, 

Liquid-liquid, gas-liquid, gas-solid, or liquid-solid interface. The material 

being concentrated or adsorbed is the adsorbate, and the adsorbing phase is 

termed the adsorbent. 
(25)

 The driving force of mass transfer solute from 

solvent to on the surface of solid adsorption may be the lyopholic (i.e. 

solvent- rejecting) character of the solute or the affinity of the solute for the 

solid or combination of both. 
(25,26)

 

 

  If the bond that is formed between the adsorbate and adsorbent is very 

strong, the process is almost always irreversible, and chemical adsorption or 

chemisorption is said to have occurred. On the other hand if the bonds that are 

formed are very weak as is characteristic of bonds formed by Vander Waals 

forces, physical adsorption is said to have occurred. The molecules adsorbed 

by this means are easily removed or adsorbed, by a change in the solution 

concentration of the adsorbate and for this reason, the process is said to be 

reversible. Physical adsorption is the process that occurs most frequently in 

the removal of wastewater constituents by activated carbon. 
(27)

 

 

Exchange adsorption is one of the types of adsorption that is used to 

describe adsorption characterized by electrical attraction between the 

adsorbent and the adsorbate that means (ion exchange). 
(21,21)
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The heat of physical adsorption is usually in the range of (0-91) 

kcal/mol, and the heat of adsorption for chemisorption is usually in the range 

of (92-922) kcal/mol. 
(21)

 

 

Abu Regebaa 
(31)

 , Studied the behavior of the fixed bed and fluidized 

bed isothermal adsorbers for the removal of the organic pollutant O- cresol 

from water by activated carbon, for the concentration of (922*92
-9

-122*92
-9

 

kg/m
9
). Twenty-eight experiments were carried out to study the effect of 

various initial conditions (concentration, flow rate, bed depth, temperature, 

different linear velocities with constant contact time and type of beds on the 

performance of activated carbon. The equilibrium data were determined 

experimentally, and the equilibrium isotherm was found to be of a favorable 

type, and fit well Langmuir and Freundlich isotherms. 

 

Shakir 
(32)

 , used two different dye removal methods: chemical 

coagulation and adsorption through activated carbon. Adsorption through 

granular activated carbon was found to be very effective for the removal of 

the different dyes considered, where the percent dye removal was 87.69, 

87.69 and 87.89 for direct blue, sulphur black and vat yellow respectively. 

Equilibrium isotherm was found to be favorable type, and fit well Langmuir 

model for different dyes in water separately or in the dyes solution mixture. 

 

Abood 
(33)

 , Studied the furfural removal from wastewater by the 

adsorption process by activated carbon using continuous system (fixed-bed). 

Nineteen experiments were carried out to study the effect of various initial 

conditions (bed depth, flow rate, particle size of activated carbon, and influent 

concentration) on the performance of fixed bed. The equilibrium data were 

determined experimentally and the equilibrium isotherm was found to be of a 

favorable type, and fit well Langmuir and Freundlich isotherms. 

 

  

3.5 Adsorption Isotherm: 
 

  The adsorption isotherm is the equilibrium relationship between the 

adsorbate concentration in the fluid phase and the adsorbate concentration in 

the adsorbent particles at a given temperature. 

 

A liquid phase isotherm shows the distribution of adsorbate between 

the adsorbed phase and the solution phase at equilibrium. It is a plot of the 

amount of adsorbate adsorbed per unit weight of carbon (qe) versus the 

concentration of adsorbate remaining in the solution. 
(23)

 Fig (0-9) 
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Fig (3-2): Adsorption isotherm for reactive blue dye on activated carbon 

 

 

Commonly, the amount of adsorbed material per unit weight of adsorbent 

increases with increasing concentration, but not in direct proportion. Fig (0-0) 

 

 

Fig (3-3): Types of sorption separations
(6) 
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Curves III and I indicate, for adsorption, curvilinear dependence of the 

amount concentrated at the solid surface on the amount remaining in the 

solution phase for favorable and unfavorable separation patterns respectively. 

Curve II represents a linear adsorption pattern. 
(6)

 

 

 

3.6 Adsorption Equilibrium Relationships: 
 

  The mathematical formulation adsorption relationships are usually 

expressed in terms of either Freundlich or Langmuir equations. 

 

 The Freundlich equation has the general form: 
(26,21)

 

 
n/1

ee kCm/xq                                                                ……..(0-9) 

Where: 

eq : Adsorption ratio at equilibrium.     (kg/kg of carbon) 

 x : The mass of the adsorbate.              (kg) 

 m: The mass of the adsorbent.              (kg) 

Ce: equilibrium concentration of the solute remaining in solution.     (ppm) 

K  (kg/kg of carbon) and 9/n (m
9
/kg): constants. 

 

  

 The equation which is more useful in logarithmic form is: 
(34)

 

 

ee Clog
n

1)klog()m/xlog()qlog(                        ……..(0-0) 

 

 A plot of (x/m) vs. concentration on Log-Log paper results in straight 

line with a slope of (9/n) and an intercept (k). The intercept is roughly an 

indicator of sorption capacity and the slope of adsorption intensity. 

 

 Experimental data are often plotted in this manner as a convenient way 

of determining whether removal of material from solution is accomplished by 

adsorption and as means of evaluating the constant (k) and (n). 

 

The Langmuir equilibrium adsorption equations has the form:
 (6) 

 

)bC1/(bCQm/xq eee                                             ……..(0-9) 

 

The linearization form of the equation is 
(35)

 
           



 

 

1 

                                                                          LITERATURE REVIEW 

                                                  AND THEORETICAL CONCEPT CHAPTER TWO 

 

    Q/CQb/1q/C eee                                                                

……..(0-8) 

 

Where: 

Q : The amount of adsorbate required to form a complete monolayer on the       

       adsorbent surface.  (kg/kg) 

b: Constant related to the energy of adsorption.  (m
9
/kg) 

 

A plot of  ( ee q/C ) against ( eC ) will give a straight line, the slope of 

which gives the value ( Q/1 ) and it’s intercept with the ( ee q/C ) axis is the 

value of ( bQ/1 ).  

 

The Langmuir equation can be used for describing equilibrium for 

adsorption and for providing parameters (Q  and b) with which to 

quantitatively compare adsorption behavior in different adsorbate- adsorbent 

systems, or for varied conditions within any given system. 
(6)

 

 

Kyte 
(31)

 , obtained the constant (n) of Freundlich model which indicate 

to be favorable for isotherm when (n>9). In these cases the solute is tending 

to a constant pattern and the adsorption fronts takes up a form whose shape 

does not change as it passes through the bed. 

 

Poots, Mckay and Healy (3,36) , found that the adsorption of dye (acid 

blue 01) on peat and wood conforms to both Freundlich and Langmuir 

equations. Langmuir parameters (Q , b) and Freundlich parameters (k, n) for 

different particle sizes show increase in adsorption capacity with decrease in 

particle size. 

 

Al-Bahrani and Martin 
(37)

 , found that the equilibrium data for 

adsorption for many organic pollutants were correlated well with Langmuir 

and Freundlich equations, Q  was used to compare the carbon capacity for the 

adsorption of each solute. There appeared to be general tendency of increase 

in adsorption capacity with increase in molecular weight. 

 

Martin and Al-Bahrani 
(31)

 , found that the equilibrium data for 

adsorption for five organic pollutants were correlated well with the Langmuir 

equation. Comparison was made to show that the equilibrium capacity for 

each solute on the activated carbon was affected adversely by the presence of 

the other solutes. 
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3.7 Adsorption in Fixed Bed: 
 

 For fixed bed adsorption operation with activated carbon the water or 

wastewater to be treated is passed through a stationary bed of the carbon. An 

unsteady-state condition prevails in that the carbon continues to remove 

increasing amounts of impurities from solution over the entire period of 

useful operation. 
(6) 

  

These adsorbers give the advantages simple operation plus the ability to 

serve as a filter for simultaneous suspended-solid removal. 
(26)

 The column 

can be operated either under pressure or by gravity. 
(31)

 Fig (0-9) is a plot of 

the adsorption pattern is normally obtained for a fixed-bed unsteady state 

adsorber. 
(6)

 

  

The solute or impurity is adsorbed most rapidly and effectively by the 

upper few layers of fresh carbon during the initial stages of operation. These 

upper layers are of course in contact with the solution at it’s highest 

concentration level, (Cο). The small amounts of solute which escape 

adsorption in the first few layers of adsorbent are then removed from solution 

in the lower strata of the bed, and essentially no solute escapes from the 

adsorber initially. 

 

The primary adsorption zone is concentrated near the top or influent of 

the column. As the polluted feed water continues to flow into the column, the 

top layers of carbon become practically saturated with solute and less 

effective for further adsorption. Thus the primary adsorption zone moves 

downward through the column to regions of fresher adsorbent. The wave, like 

movement of this zone, accompanied by a movement of the (Cο) 

concentration front, occurs at a rate, which is generally much slower than the 

linear velocity of the water or wastewater. 
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Fig (3-4): Schematic representation of the movement of the adsorption 

zone and the resulting breakthrough curve
(33) 

 

The plot of (C/Cο) versus time (for a constant flow rate) or volume of 

water treated depicts the increase in the ratio of effluent to influent 

concentrations as the zone moves through the column. The break point on this 

curve represents that point in operation where-for all practical purposes-the 

column is in equilibrium with the influent water, and beyond which little 

additional removal of solute will occur. At this point it is generally advisable 

to reactivate or replace the carbon. 

 

 Factors which affect the actual shape of the curve include the solute 

concentration, pH, and rate-limiting mechanism for adsorption, nature of the 

equilibrium conditions, particle size, the depth of the column of carbon and 

the velocity of flow. 

  

 As a general rule, the time to break through point is decreased by.
 (41)

 

- Increased particle size of the carbon. 

- Increased concentration of solute in the influent. 

- Increased pH of the water. 

- Increased flow rate. 
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- Decreased bed depth. 

 

If the total bed depth is smaller than the length of the primary 

adsorption zone required for effective removal of solute from solution, then 

the concentration of solute in the effluent will rise sharply from the time the 

effluent is first discharged from the adsorber. 

 

The break through point is often taken as a relative concentration of 

(2.21 or 2.9) and since only the last portion of fluid processed has this high a 

concentration, the average fraction of solute removed from the start to the 

break point is often (2.88) or higher. 
(42) 

 

 

3.1 Batch Processes: 
 

 Batch processes are important in which the adsorbent moves relatively 

to the walls of the containment vessel. The simplest process involves mixing a 

batch of adsorbent with a batch of fluid. 
(43)

 

 

 Powdered or granular adsorbents are usually added to the equipment in 

slurry form in such a way as to allow adequate dispersion and mixing. When 

large quantity of adsorbent is required, consideration should be given for 

using a multiple batch or cross-flow system when the feed is first contacted 

with a fresh batch of adsorbent after separation of the fluid from the 

adsorbent, the fluid is contacted with a further fresh batch of adsorbent. 
(43)

 

 

 

3.1 Selection of Experimental Conditions: 
 

3.1.2 Effect of Particle Size of Adsorbent: 
 

 For porous material such as activated carbon the breaking up of large 

particles to form smaller ones can in some instances serve to open some tiny, 

sealed channel in the carbon which might then become available for 

adsorption; this possibly yields the dependence of equilibrium capacity on 

particle size. 
(6)

 

 

 In a liquid-phase application, transfer of the adsorbate from the bulk 

solution to the carbon particle must proceed through at least by two steps: 

9- Film transport. 

0- Intraparticle transport. 
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Kinetic experiments demonstrated that step 9 is appreciably more rapid 

than step 0. So the latter is normally the primary rate-determining step. The 

adsorption ratio then will vary with the diameter of the carbon particle used in 

the test. 
(31) 

 

 Weber 
(6)

 , showed that the use of large particles of carbon, which may 

be removed more readily when exhausted in a system, required long periods 

of contact between solution and adsorbent, necessitating large basins or tanks 

in which to retain the water or waste during treatment. 

 

 Poots, Mckay and Healy 
(3,36)

, showed for a series of experiments that 

were carried out with different particle sizes, that in all cases the adsorption 

capacity increases with a decrease in particle size. This would appear to 

indicate that surface area associated with pores inside the particle is being at 

least partially occluded and that the effective adsorption regime is confined to 

the external surface and narrow layer just below the surface. 

 

 Martin and Al-Bahrani 
(44)

 , observed a significant increase in 

adsorption capacity with decreasing carbon particle size and explained this 

due to the opening of new pores when crushing the carbon to small particles 

size. 

 

Al-Tamemi 
(45)

 , showed that the capacity of the activated carbon 

depends on the carbon particle size, possibly due to the fact that the pollutant 

molecules cannot completely penetrate all the pores within the carbon 

particles. 

 

3.1.3 Effect of Influent Concentration: 
 

 The concentration of influent is one of the most important parameters 

that affect the adsorption process. It’s consider a (driving force) of mass 

transfer process of molecule from fluid phase to the solid phase. It was noted 

that with increasing influent concentration, the linear segment of the solute 

uptake curve extended over a shorter period time. 
(31)

 

 

Both the mass transfer rate and the total quantity of solute removed 

from solution at any period of time increased with increasing influent 

concentration.
 (46)

 

 

 Weber and Keinath 
(46)

 , showed that with increasing influent 

concentration the linear segment of the solute uptake curve extended over a  
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shorter period of time; that is, film diffusion remains rate limiting for shorter 

periods of time. 

 

Poots, Mckay and Healy 
(3,36)

 ,  showed that the adsorption ratio 

uptake of acid dye decreases with decreasing the influent concentration and 

they showed that some adsorbent give the same result of effluent 

concentration for different influent concentration (02, 12, 922, 022 mg/l). 

 

Martin and Al-Bahrani 
(44)

 , showed that the rate uptake ( Co-C/ Co) 

of 0-methyl pyridine decreases with decreasing of initial concentration, this is 

to be expected since the lower solute concentration will low the driving force 

for adsorption to occur. 

 

 

3.1.4 Effect of Flow Rate: 
 

 For a number of different flow rates, the shape of break through curves 

at constant bed depth and other variables, which lead to variation with linear 

velocity. 
(3)

 

 

Weber and Keinath 
(46)

, illustrated that the effect of flow rate on the 

solute uptake is based on the assumption that film diffusion is rate limiting in 

early portions of a column run. Increased flow rate in this region may be 

expected to result in compression or reduction of the surface film, thereby 

decreasing resistance to mass transfer and increasing the mass transfer rate. 

The lower the flow rate the more marked is the influence of film diffusion and 

the longer the linear portion of the curve. 

 

 Poots and Mckay 
(36)

, found the treated volume of (129), the break 

through curve time shows decreasing with increasing the flow rate at constant 

bed depth, diameter of bed and particle size. 

 

McGuire and Suffet 
(47)

 , showed that when down flow velocity 

increases the capacity of activated carbon to adsorb organic reduces even 

though the contact time remained constant. 

 

Crittenden and Thomas 
(43)

, indicated the empty bed contact time 

(EBCT) related with flow rate, when the flow rate increases the (EBCT) will 

decrease at constant volume of bed, where: 

                                

Volume of Bed

  
 

Flow Rate 

Empty bed 

Contact time 
……..(0-1)    = 
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3.1.5 Bed Depth: 
 

 Poots and Mckay 
(36)

, found that difference in the shape of break 

through curves for varying the depth of bed at constant other variables. 

 

 Poots and Mckay 
(3)

, explained that the increase of breakthrough time 

of break curve occurrs when the bed depth of the adsorbent increases. 

 

Martin and Al-Bahrani 
(44)

, showed that the service life of adsorbent 

column (carbon) increases with increasing bed depth and realized carbon 

adsorption capacity at break point increases at decreasing rate with increasing 

bed depth. This indicates that for deeper bed the contact time will increase. 

 

 

3.1 Rate-Limiting Step: 
 

The removal of dissolved substances from bulk liquid to the adsorption 

sites inside the adsorbent is usually described by one of the following 

transport mechanisms or by combination of them.
 (41)

, Fig (0-8) 

 

 

 

 

Fig (3-5): Modes of up take within adsorbent particle
(31) 

 

 

A-mass transfer from the bulk of the solution onto the outer surface of 

the particles, is called “film diffusion”. 

 

Fluid phase 
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Film diffusion is governed by molecular diffusion and, in turbulent 

flow, by eddy diffusion, which controls the effective thickness of the laminar 

boundary layer. 

 

One logically may assume that the concentration of solute at a point in 

the boundary layer immediately adjacent to the external surface of the particle 

is in equilibrium with the average solid-phase concentration on the internal 

surfaces.  

 

 This condition may be stated algebraically as 
(6) 

 

)C)(
e

(
dt

dq
Ck eq

b

m 


                                               ……..(0-7)     

 

Where: 

q: Adsorption ratio at given time.                                 (kg/kg of carbon) 

t: Time.                                                                         (min) 

Km: Mass transfer coefficient.                                      (m/s) 

e:  Void fraction of bed. 

b : Bulk density of bed.                                              (kg/m
9
) 

C: Dye concentration at given time.                             (ppm) 

 : Effective area for mass transfer across                   (m
0
/m

9
) 

     the fluid film per unit volume of bed.    

eqC : Concentration of dye at equilibrium                   (kg/m
9
)                                                              

  

 

If mass transfer is governed only by external resistance, there are no 

concentration gradients within the particle. 
(41) 

 

 The applicability of the film-diffusion model is restricted to low 

concentration. 
(41) 

 

 

B- Mass transport within the particles: 

I- Diffusion of molecules in the liquid filled pores is called “pore 

diffusion”. The driving force is the concentration gradient in the liquid in the 

pores.  

 

The equation of diffusion for spherical particle may be written as 
(51)
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                                    ……..(0-6) 

 

Where: 

pe : Porosity of particle. 

pD : Pore diffusivity.                                             (m
0
/s) 

r: Radial distance from center of particle.              (m) 

 

 It is assumed in this case that the diffusivity is independent of 

concentration. 

 

 II- Diffusion of molecules in the adsorbed state called solid or surface 

diffusion, is adsorption of the solute on the interior surfaces bounding the 

pore and capillary spaces. The adsorbed phase is assumed to consist of a layer 

of adsorbed molecules on the inner surface of the particle (the pore walls). 

The gradient of the solid phase concentration determines the transport.
 (41) 

 

 The equation of diffusion for spherical particle in the case that the 

diffusivity is independent of concentration may be written as. 
(51)
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                                        ……..(0-7) 

 

Where: 

sD : Surface diffusivity.      (m
0
/s) 

 

For activated carbon systems the adsorbed phase concentration is very 

much larger than that in the pore walls and the latter can be neglected in the 

accumulation term.
 (52) 

 

 The surface diffusivity is strongly dependent on the concentration. 
(53)

 

The relation for the more general case of a concentration dependent 

diffusivity is 
(51)
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Neretnicks 
(52)

, described the instationary transport in a sphere particle 

for simultaneous pore and surface diffusion with constant diffusion 

coefficient, by the following equation. 
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                ……..(0-92) 

 

 

 Fleck, Kirwan and Hall 
(41)

, showed that the rate equation for the 

sorbent particle takes on different forms depending on the mechanism which 

controls the transfer of solute from the fluid phase into the solid phase-

possible mechanisms which are: external plus pore diffusion, external plus 

solid diffusion, pore plus solid diffusion, and pore plus solid plus external 

diffusion. 

 

 The effective rate of adsorption evidently will be controlled chiefly by 

the step exerting greatest resistance to transfer, i.e. the slowest step. 
(54)

  

 

 

3.21 Kinetic of Adsorption: 
 

 When an adsorbent comes into contact with fluid, the number of 

molecules in the fluid decreases during their motion, the molecules strike the 

surface and some remain trapped on the surface for certain time then become 

adsorbed.
 (55)

 

 

  The rate in which the numbers of molecules in fluid decrease depends 

on the velocity with which they reach site on the surface at which they are 

adsorbed. 
 

For chemisorption the process of binding can be slow and complex, but 

for physical adsorption the mechanism of binding of the molecules has very 

high rate, and the factor controlling the rate of decrease of number of 

molecules in fluid phase (the overall rate of adsorption) is usually the rate of 

transport of the adsorbate to the sites on the surface at which they become 

bound. 
(55) 

 

 First the fluid molecules must reach the external surface of the 

adsorbent particle, there is no force, therefor, it is called (external diffusion). 

Under dynamic conditions when there is pressure drop in the system as a  
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result of motion of fluid, a connective flow (laminar or turbulent) must be 

considered. 

 

When the molecules have reached the external surface of adsorbent 

particle, they can proceed to the internal surface by different ways, one of 

them is surface diffusion in narrow pores; the surface diffusion of adsorbed 

molecules becomes major importance. 
(55) 

 

 For investigation of adsorption kinetics, two different experimental 

methods have been used. 
(56) 

 

A- Batch-type contact operation, in which a quantity of adsorbent is mixed 

continuously with a specific volume of wastewater until the pollutant in 

this solution has been decreased to desired level. The concentration profile 

decreases with the time as show in Fig (0-1). 

 

 

 

Fig (3-6): Schematic illustration of the experimental batch process 
(43)

 

           ( LV : Volume of solute (m
9
), C : Initial concentration of dye (ppm),   

            C: Dye concentration at given time (ppm))  

 

 

B- Column type (continuous-flow) operation in which aqueous solution 

with influent concentration flows from the top to the bottom or from the 

bottom to the top of the bed. The variation of the concentration in the 

water phase with the time at different bed length was measured. 

 

Column type operation appeared to have distinct advantage over batch-

type operations. For column operation the carbon is continuously in contact 

VL, Co 
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with a fresh solution. Consequently, the concentration in 

the solution in contact with a given layer of carbon in a column is relatively 

constant. For  

 

batch treatment, the concentration of solute, in contact with a specific quantity 

of carbon, steadily decreases as adsorption proceeds, thereby decreasing the 

effectiveness of the adsorbent for removing the solute.
 (6)

 

 

3.21.2 Mathematical Model for Batch Adsorber: 
 

 In the case of aqueous systems, the adsorption quantity is controlled by 

diffusion of the solute into adsorbent particles. 

 

Batch measurements were used to evaluate surface diffusivity and other 

parameters for performance of fixed bed. 

  

Weber and Keinath 
(54)

 , showed that the film diffusion coefficient is 

measured of the resistance transfer of solute from bulk solution through the 

hydrodynamic boundary layer to the outer surface of adsorbent. No practical 

method determination of film diffusion coefficient in rapidly -agitated non-

flow system is available. 

 

Digiano and Weber 
(61)

, developed a sorption model included the 

effects of mass transfer both at the external carbon-pollution interface and 

within the carbon pore structure. 


 

F

t

C*R

M
N                                                                     ……..(0-99) 

Where: 

tM : Adsorbate uptake at given time (m mol/cm
0
). 

R: Particle radius (cm). 

N : Total uptake at equilibrium (m mol/ cm
0
).  

FC : Initial fluid phase concentration (mol/L). 

 

  

Komiyama and Smith 
(51,51)

,
 
developed a model based upon both pore-

volume and surface transport and development a theory for correlating the 

surface diffusivity in term of heat of adsorption and free energy of activation 

for forming a vacant pore adjacent to an adsorbed molecules. 
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                ……..(0-90) 
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Where: 

M

M t : Fractional uptake (amount of adsorbate at given time/ amount of           

             adsorbent at equilibrium). 

 :    Effective volume ratio. 

nq : Constants of theoretical model of batch process. 

TH: Through put value dimensionless. 

 

  

Suzuki and Kawazoe 
(51)

, developed a simple technicality to determine 

the intraparticle diffusivities of adsorbents from concentration change in an 

agitated tank. Pore diffusion and a rectangular isotherm are assumed to derive 

the theoretical solutions.  

 

Neretnicks 
(57)

, solved numerically a mathematical model for finite 

bath adsorption of nonlinear isotherm which has been described by either the 

Langmuir or the Freundlich type equations. The transport mechanisms in the 

particles are assumed to be pore diffusion, solid diffusion or a combination 

thereof. The effect of film resistance is included. 

 

Frits, Merk and schlunder 
(41)

, showed that the resistance of external 

mass transfer is rate determining for low liquid concentration < (2.9 m mol/l), 

and for higher liquid concentration the internal mass becomes increasingly 

important. 

 

 

3.21.3 Measurement of Surface Diffusivity: 
 

 The surface diffusivity (Ds) was obtained by comparing experimental 

uptake data with theoretical uptake data. Experimental data were obtained 

using batch system as described by (Carman 
(62)

, Grank 
(63)

, Rice 
(64)

, and Foo 
(65) 

). They illustrated that the diffusion into within the particle of adsorbent 

can be described by Fickian-type relationship: 

 

CD
t

C 2





                                                                      ……..(0-99) 

 

Where: 
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C: Concentration.                  (ppm) 

t: Time.                                  (min) 

D: Diffusion coefficient.       (m
0
/s) 

 

  

The classical analytical solution for this relation depends on the shape of 

adsorbent particle, the final equation is as follows:
 (62, 63)

 

 

- For cylindrical particles. 

 

]THexp[
)1(4

)1(4
1 q

qW

W 2

n
1n

2

n
2





 







            ……..(0-98) 

 

  )/( VkV pel  and )/tTH RD( 2
s

  

 

- For granular of uniform size and littler rounded shape can be 

approximated by sphere of radius (R). 

 

]THexp[
)1(9

)1(6
1 q

qW

W 2

n
1n

2

n
2





 







            ……..(0-91) 

 

  )4/3( RV
3

l   

            q: Constants q9, q0 

 Where: 

 W/W : Fractional up take (amount of adsorbate at given time/ amount of  

                  adsorbent at equilibrium). 

 : Effective volume ratio. 

nq : Constants of theoretical model of batch process. 

TH: Through put value dimensionless. 

pV : Volume of adsorbent.                     (m
9
) 

eK : Sorption equilibrium constant. 

R: Particle radius.                                   (m) 

 

 By selecting mathematical model, theoretical )/( WW   will be obtained 

for each value of through put (TH>2) and value of time is being obtained 

from plot of experimental )/( WW   vs. time according to the theoretical 

values of )/( WW  . Diffusion coefficient (Ds) will be obtained by relation of: 
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Ds= (TH R
0
/t) 

 

 For each value of (TH) and time (t) when particle size (R) is known and 

average value of (Ds) will be estimated, as illustrated in Appendix C. 

 

3.21.4 Mathematical Model for Fixed Bed Adsorber: 
 

 The same evaluation for model used in batch reactor tests applied for 

backed column experiments, only the different initial and boundary conditions 

for backed column operation must be considered. 
(41) 

 

 Rosen 
(66)

, predicted a solution for the combined effects of intraparticle 

and external diffusion with linear equilibrium systems. 

 

 Weber and Keinath 
(46)

, made an initial approach toward 

characterization of rates of uptake of persistent organic pollutants from 

aqueous solution by active carbon in fluid-bed systems. An elementary but 

useful model for transfer has been utilized for quantifying the relative effects 

of selected systems variables- flow rate, particle size, solute concentration, pH 

and temperature- in terms of mass transfer rates and coefficients. 

 

 Liaw, Wang, Greenkorn and Choo 
(67)

, obtained a new solution to the 

kinetics of a fixed-bed adsorber in response to a step change in feed 

concentration for a linear equilibrium system with consideration for the 

resistance to mass transfer in both the mobile and stationary phases. 

 




























 
   

  


N

1i

i

1j

j

1m

i

1k

x
N

m

X
1

k
1eU                ……..(0-97) 

 

 

Where  E/                      

             E/Xx ke                       

x: Mass of adsorbate           (kg). 

Ke: Sorption equilibrium constant. 

 : Relative time.               (sec). 

 

Johansson and Neretnicks 
(51)

, used three different techniques for 

determination of the kinetics. These were finite bath, infinite bath and fixed 

bed experiments. 

 

Merk, Fritz and Schlunder 
(41)

, predicted a breakthrough behavior 

using alternatively three different models with different assumptions about  
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diffusion in the liquid filled pores and diffusion on the surface in series with 

external film diffusion. 

 

 

 

According to the model of adsorption of adsorbate occurs at the outer 

surface, followed by diffusion within the carbon particle taking place in the 

adsorbed state: 

 

r

y
n i

k,ikk,i



                                                                ……..(0-96) 

 

Where: 

k : Apparent particle density                  (g/cm
9
). 

k,i : The diffusion coefficient, which describes the mobility of solute (i) in 

the particle, is obtained from batch reactor tests. 

K: Mass of carbon                                     (g). 

n: flux                                                        (m mol/sec.cm
0
). 

r: radial coordinate                                    (mm). 

Y: Concentration of adsorbate                  (m mol/g). 

 

Rice 
(61)

, presented analytical solutions for three types of configurations 

batch, packed tube and radial-flow adsorbers. Experiments are used to test the 

theoretical predictions for batch and packed tube systems. 

 

Abu Regabaa 
(31)

, used the mathematical model describing the 

transport of mass transfer from the bulk of the solution onto the outer surface 

of the particles (film diffusion), and found that there was no good agreement 

with the experimental data. 
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1.3: Material: 

 

1.3.3 Adsorbate: 
 

Reactive blue dye of chemical structure as shown in Fig. (3-1), with 

molecular weight (636g/mol) was used as adsorbate. 

 

Dye wastewater enters the environment from dye manufacturers and 

dye consumers [e.g., textile, leather, and food industries] , usually in the form 

of a dispersion or a true solution, and often in the presence of other organic 

compounds [chemical oxygen demand (COD)].
 (25) 

  

The major environmental concern in treating wastewater from dying 

factories is the removal of color from the effluent. Untreated effluent from 

dying mills is usually highly colored and thus particularly objectionable if 

discharged into open water. Synthetic colorants represent a relatively large 

group of organic chemicals that are encountered in partially all spheres of our 

daily life. It is possible that such chemicals have undesirable effects, not only 

on the environment, but also on human health. 
(06)

  

 

 

Fig (1-3): Molecular Structure of Reactive Blue Dye
(25) 

 

In order to minimize the possible damage to environment and human 

health arising from colored effluent, the dyeing industry is facing more 

stringent environmental regulations. The regulation of effluent standards for  

 

 

O 

O 

NH5 

NH 

SO1H 

SO1H 

NH 
N 

N N 

CL 
 

CL 
 



 

 
50 

                                                                                                  EXPERIMENTAL WORK 

CHAPTER THREE 

 

 

color reduction is 11 (ppm) in Iraqi criteria. 
(06)

 Therefor, it is necessary for 

dyeing factories to install advanced treatment facilities to reduce effluent 

color and more stringent effluent standards. 
(06) 

 

Many dyeing factories currently use conventional wastewater treatment 

technologies such as activated sludge, chemical coagulation, and filtration. 

The drawback of these processes is that they are associated with the 

generation of large amounts of toxic sludge, which requires thermal 

combustion before final disposal and provides little or no efficiency in color 

degradation. 
(03) 

 

 

1.3.5 Adsorbent: 
 

 Granular activated carbon supplied by ( unicarbo, Italian, lmt. Co.) to 

Iraqi local markets was used as adsorbent with properties listed in table (3-1). 

 

The unique structure of activated carbon produces a very large surface 

area (1kg of activated carbon has surface area of 11
6 m2). Activated carbon is 

manufactured by the carbonization and activation of carbonaceous material 

(animal or vegetable origin) which is almost exclusively of vegetable origin, 

such as wood, peat, coconut, coal, fruits stones and shells. 
(44) 

 

Activated carbon can be regenerated either chemically or thermally. In 

chemical regeneration, the carbon is contacted with chemicals that dissolve or 

oxidize the adsorbed impurities, while thermal regeneration proceeds by three 

major steps: vaporization of water near 111 C
˚
, baking of the adsorbate at 

temperature up to 011 C
˚
, and activation between temperatures of 011 and 051 

C
˚
. During the baking step, the organic adsorbates are converted to a volatile 

fraction and free carbon residues on the surface. 

 

Activated carbon has specific properties depending on the material 

source and the mode of activation. 
(05)

  

 

Activated carbon was sieved into various particle sizes within range of 

(1.6, 1.10, and 1.4) *11
-3 m. The sieved carbon granular size was used in the 

present work to study the effect of various particle sizes on the adsorption 

process. 

 

The carbon is firstly washed with distilled water and then dried in the 

oven at (111) C
˚ 
for (3611 s). This time was usually enough to remove any 

undesired moisture within the particles. 
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Activated carbon has a large volume of very small pores, which creates 

a large surface area. These internal pores are classified based on size as either 

micropores (11-1111 A) or macropores (greater than 1111 A). Adsorption 

occurs primarily in the micropores with the macropores acting as conducts. 
(01)

  
 

 

Table (1-3) Properties of Activated Carbon used in this Research 

ITEM OF 

ANALYSIS 

SPECIFICATION RESULTS METHOD 

Dimensions 

(granular) 

- 12*41 

mesh(1.4-

1.6)mm 

 

Bulk 

density(kg/m
3
) 

461-521 461-401 ASTM D 2054-06 

Void fraction - 1.45  

Surface area 

(m
2
/gm) 

1111(min) 1111-1131 ASTM D 4616-06 

Hardness(%) 06(min) 00(min) ASTM D 3012-04 

Ash(%) 5(max) 5(max) ASTM D 4616-04 

Micropore - high  
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Fig (1-5): Exaggerated representation surface and pores of adsorbent
(05) 

  
1.3.1 Preparation of Samples: 
 

 The model dye solution was prepared by dissolving a weighed amount 

of the powder reactive blue dye (from textile factory) in tap water. 

 

 

1.5 Experimental Arrangements: 
 

1.5.3 Equilibrium Isotherm Experiment: 
 
 Granular activated carbon ranging in weight (1.1, 1.25, 1.5, 1.1, 1.5, 

and 2.1) g which are placed in individual six flasks of (111 ml) volume. The 

same volume of dye solution concentration (31 ppm) is added to each of the 

flasks and the flasks are placed in a shaker for about (0 h) at room 

temperature. The solution was filtered by filter papers, the filtrate was 

analyzed for dye concentration by spectrophotometer  (CECIL CE 1111 

SERIES). 

 

The calibration curve for the concentration vs. absorbency of the dye 

used is given in Appendix A. 

 

 Plot of (qe) amount of adsorbate per amount of carbon versus (Ce) 

concentration at equilibrium for each sample gives the experimental isotherm 

curve. 
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Plot of (Ce/qe) vs. (Ce) to determine Langmuir constants (Q , b), and 

plot of (log qe) vs. (log Ce) to determine Freundlich constants (k, 1/n), as 

described in section (4.1).  

 

 

1.5.5 Column System (Continuous System):  
 

 Sixteen column experiments, table (3-2), were carried out at various 

initial conditions (flow rate, concentration, bed depth, and particle size). In all 

these experiments, the solution has pH=6, T=315k, and followed the same 

procedure. 

 

 One experiment, table (3-3) experiment number (13), was carried out 

for raw water obtained from the effluent of treatment plant unit of the textile 

factory, and adjusted the desired dye concentration by additional powder 

reactive blue dye. 

 

 

1.5.5.3 Equipment: 
 

A schematic representation of experimental equipment
’
s are shown in 

Fig (3-3). A pilot unit is shown as photo in Fig (3-4). 

 

A vertical Pyrex column was used as a fixed bed adsorber (5*11
-2

 m 

internal diameter), (01*11
-2

 m length). The activated carbon bed was confined 

in the column by means of the glass spheres placed on the top and bottom of 

bed to ensure a uniform distribution of influent wastewater through the carbon 

bed. 

 

Two cylindrical tanks were used as container, the first one as a storage 

tank (111*11
-3

) m
3
, the second one as a feed tank (51*11

-3
) m

3
; each tank 

was fitted with gate valves. 

 

An electronic four digital balance (sartorius R 211D) was used to 

weight the activated carbon and the solute (reactive blue). This weighted 

carbon is placed in the column to achieve the required bed height of (1.1, 1.2, 

1.3, and 1.4) m respectively. 
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1.5.5.5 Procedure: 
 

 After preparing the solution with the desired concentration of solute 

(reactive blue dye) in the storage tank. This solution was pumped by means of 

centrifugal pump (type (KF-2), SAER, ITALA) with capacity 1.15 (m
3
/h) 

from the storage tank to the feed tank and then to the top of the column by 

gravity flow.  

 

The adjustment of the flow rate to the desired value was obtained by 

volumetric method. Every (15) minutes (3 ml) sample was taken from the 

outlet of the column until equilibrium state was reached. 

 

 All experiments were carried out by changing one variable and keeping 

the others constant for a given run.  

 

The break through data for reactive blue dye solution in water are 

tabulated in Appendix (E). 

 

 

 

Feed  

Tank 

Fixed bed 

Column 

Sampling 
Drain 

Centrifugal 

Pump 

Valve 

Storage 

 tank 
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Fig (1-1): A schematic representation of 

experimental equipment 

 

 

 

Table (1-5): Column system data 

Data of experimental Data of results 

Exp. 

No. 

Q*36
-2 

(m
1
/min

) 

Co 

(ppm) 

B.D*36
-

5
 

(m)
 

P.S. *36
-1

 

(m)
 

M*36
-1

 

(kg) 

q*36
-4

 

(kg/kg) 

Saturation time 

(min) 

3 

5 

1 

4 

 

06 

11.11 

56 

5.11 

 

16 

16 

16 

16 

 

36 

36 

36 

36 

 

6.0-3.4 

6.0-3.4 

6.0-3.4 

6.0-3.4 

52 

52 

52 

52 

5.50 

14.50 

10.55 

15.15 

312 

546 

552 

452 

2 

0 

0 

5 

 

56 

56 

56 

56 

 

26 

16 

32 

36 

56 

56 

56 

56 

 

6.0-3.4 

6.0-3.4 

6.0-3.4 

6.0-3.4 

356 

356 

356 

356 

04.55 

44.25 

52.00 

54.50 

166 

106 

462 

402 

 

5 

36 

33 

35 

 

56 

56 

56 

56 

 

16 

16 

16 

16 

 

46 

16 

56 

36 

 

6.0-3.4 

6.0-3.4 

6.0-3.4 

6.0-3.4 

156 

552 

356 

52 

 

06.62 

24.11 

44.25 

10.55 

 

016 

222 

106 

552 

31 56 16 56 6.0-3.4 356 41.50 426 

34 

32 

30 

56 

56 

56 

16 

16 

16 

56 

56 

56 

3.4 

3.35 

6.0 

356 

356 

356 

40.60 

25.55 

06.25 

116 

106 

456 

 

 

 

 

1.5.1 Batch System: 
 

 The batch system was utilized to estimate the average surface 

diffusivity (Ds). This was achieved by obtaining the initial concentration of 

the batch experiment identical to the influent concentration of the column 

experiment. 

 

 

1.5.1.3 Equipment: 
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 A Pyrex glass cylinder (1 litter) was used as a 

reactor container. The cylinder was fitted with a variable speed (1-1111 rpm) 

and magnetic stirrer (PROLABO). 

 

1.5.1.5 Procedure: 
 

 An accurately weighed amount of activated carbon (11*11
-3

 kg) was 

placed into the cylinder. The cylinder contained (1*11
-3

  lit.) of an aqueous 

solution of (31 ppm) of reactive blue dye concentration. The activated carbon 

was immediately mixed with the solution by magnetic stirrer at room 

temperature and speed (011 rpm).  . Every (15) minutes samples (3 ml) were 

taken out periodically by means of pipette for analysis until equilibrium is 

reached. The samples were filtered before the analysis using filter paper. 

 

 The concentration of the solute in the samples was determined by 

device of spectrophotometer. The results were plotted as (Wo/W∞) (the 

quantity of adsorbate removed from bulk solution over the total quantity of 

adsorbate at equilibrium) versus time. 

 

 The surface diffusivity (Ds) was obtained by comparing the 

experimental and theoretical data. 
(25,25)

  

 

 Theoretical data are obtained by using the model described by equation 

(2-31) 
(25,25)

. The detail for this procedure was presented in appendix C. 

 

 

1.1 Analysis System: 

 

1.1.3 Dye Concentration: 
 

 A (3ml) sample was taken from the column and batch experiments 

every (15min), for the analysis of the concentration of blue dye. 

 

Samples were analyzed for absorbance using a variable wave length 

spectrophotometer type (CECIL CE 1111 SERIES) at the predetermined 

maximum absorbance wave length (λ max) of the parent dye (determined using 

a scanning spectrophotometer) type (CINTRA 5 GBC Scientific Equipment). 

The principle of spectrophotometry involves radiation being selectively 

absorbed when passed through a sample at a specific wavelength.  

 

The degree of absorption, at the specific wavelengths, is directly 

proportional to concentration. Thus qualitative and quantitative determination 
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may be made by examination of spectrum and 

comparison of the absorption with that of known concentration standards.  

 

 

 

1.1.5 Determination of other pollutants: 
 
 Sulphate was determined by titration with the solution of (Na2EDTA) 

as well as amount of hydraulic acid and barium chloride. Dye (EBT) was used 

as an indicator. 
(04)

 While the chloride was measured by the method of 

titration with silver nitrate, by using botaciume chromate as an indicator.  

 

 Total hardness was measured by titration with (Na2EDTA) solution, by 

using meroxed dye (EBT) and ammonia solution at pH=11 as an indicator. 

Hardness is usually expressed in (ppm) of calcium carbonate, this is obtained 

by multiplying the total hardness by (51). 

 

  Calcium hardness was measured by the method of titration with 

(Na2EDTA) solution, and using meroxed dye (EBT) and ammonia solution 

with pH=12 as an indicator. 

 

 Magnesium hardness was measured by  

Mg= 1.224 (total hardness – Calcium hardness). 
(02)

 

 

 The results of this investigations were tabulated in Appendix E, table 

(E-6).  
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Fig (1-4): Photo of Experimental pilot plant 
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