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Abstract- Using the theory of turbulent migration of particles and boundary layer models, 
expressions for calculation of particle transport coefficients and of mass transfer within the 
continuous phase are obtained. Various cases of turbulent direct flow of particles through the 
carrier turbulent medium are considered: smooth and rough channel; channel filled with fine 
random packing and apparatuses with mechanical mixing. Examples of calculation of mass 
transfer from droplets and solid particles are included and their agreement with experimental 
data of other authors is demonstrated.
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МОДЕЛИ ТУРБУЛЕНТНОГО ПЕРЕНОСА И 
МАССООТДАЧИ ДИСПЕРСНОЙ ФАЗЫ В 

ЖИДКОСТЯХ  
Models of Turbulent Transport and Transfer of 

Disperse Phase Mass in Liquids 

Лаптев А. Г. α & Фарахов Т. М. σ 

Laptev A. G. α & Farakhov T. M. σ 

Abstract- На основе применения теории турбулентной 
миграции частиц и моделей пограничного слоя получены 
выражения для расчета коэффициентов переноса частиц и 
массоoтдачи в сплошной фазе. Рассмотрены различные 
случаи турбулентного прямотока частиц в несущей 
турбулентной среде: гладком и шероховатом канале; 
канале с мелкой неупорядоченной насадкой и аппаратах с 
механическим перемешиванием. Приведены результаты 
расчетов коэффициентов массоотдачи от капель и твердых 
частиц и показано согласование с экспериментальными 
данными различных авторов. 
Abstract- Using the theory of turbulent migration of particles 
and boundary layer models, expressions for calculation of 
particle transport coefficients and of mass transfer within the 
continuous phase are obtained. Various cases of turbulent 
direct flow of particles through the carrier turbulent medium 
are considered: smooth and rough channel; channel filled with 
fine random packing and apparatuses with mechanical mixing. 
Examples of calculation of mass transfer from droplets and 
solid particles are included and their agreement with 
experimental data of other authors is demonstrated. 
Ключевые слова: Турбулентность, прямоток, перенос 
импульса, массоотдача, перемешивание, экстракция, 
равстворение. 
Keywords: turbulence, direct flow, momentum transfer, 
mass transfer, mixing, extraction, dissolution. 

I. Введение 
ля более эффективного проведения процесса 
массообмена, например, при растворении частиц 
или экстрагировании каких либо компонентов, 
дисперсную       фазу       подают       в       несущий  

 
Author: ФГБОУ ВПО «Казанский Государственный 
Энергетический Университет», Казань Россия.                          

e-mail: tvt_kgeu@mail.ru 
Author: Инженерно-внедренческий центр «Инжехим», 
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Author
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e-mail: info@ingehim.ru 

 

турбулентный поток. Это может быть пустутелый канал 

 
или канал заполненный хаотичной насадкой или 
аппарат с механической мешалкой. Аналогично 
работают и проточные смесители. Определение аппарат 
с механической мешалкой. Аналогично работают и 
проточные смесители. Определение эффективности 
таких процессов возможно только при известных 
характеристиках переноса дисперсной фазы в объеме 
сплошной.

 
При теоретическом анализе всех форм 

движения частиц в турбулентном потоке обычно 
принимаются следующие предположения[14]. 

А.Диаметр частиц dч

 

мал по сравнению с 
масштабом несущих их пульсационных вихрей с 
масштабом ℓ: dч

 

<<

 

ℓ.

 
При таком предположении каждая частица 

совершает движение, оставаясь в пределах несущего 
вихря.

 
Отмеченному условию удовлетворяют частицы 

любой дисперсности т.е. высокодисперсные (dч<1 мкм); 
тонкодисперсные (1< dч

 

<20 мкм) и грубодисперсные 
(20< dч

 

<200 мкм).

 
Б. Частицы имеют форму близкой к 

сферической, а в случае сильного отклонения от сферы 
вводится коэффициент формы. Полидисперсность 
частиц рассматривается пофракционно.

 В. Кроме этого частицы

 
а) не стесняют движение друг друга в х оде взаимных 
перемещений;

 
б) не соударяются, не коагулируют друг с другом;

 
в) не оказывают ощутимого влияния на турбулентные 
характеристики среды.

 
Пределом концентраций частиц при 

выполнении данных условий, согласно 
экспериментальным данным Россетки и Пфефера, 
можно считать   С

 

≤ 200 г/м3. 
г) Электростатические и другие силы не 
гидродинамической природы отсутствуют.

 

Д 

© 2014   Global Journals Inc.  (US)
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II. Коэффициент Переноса Импульса 

Для определения скорости турбулентной 
миграции частиц (коэффициента переноса) 
первоначально рассмотрим процесс переноса импульса 
в однофазной турбулентной среде. 

Для проекции потока импульса (касательного 
напряжения трения) на ось оу в любой точке 
пограничного слоя справедливо следующее выражение: 

                  
,)()( ò dy

dUyv
dy
dUvy ρρτ −−= ,           (1) 

где ν, ν т(y) - коэффициенты кинематической 
молекулярной и турбулентной вязкости, м2/с; −y
поперечная координата,м; −ρ плотность среды, 

;êã/ì 3 −U скорость, ì/ñ . 
На поверхности стенок, т.е. при у = 0, этот же 

поток можно записать в виде [12]: ,γñò U∆= ρτ где 

−γ коэффициент переноса импульса, м/с; −∆U
движущая сила переноса, м/с. 

Введем относительный поток импульса τ * = 
τ(y)/τст. Тогда проведя соответствующую замену в 
уравнении (1), разделяя переменные, и записывая 
интеграл по толщине пограничного слоя, получим 
[7,12]: 

                         
∫∫ +

=
∞ δ τ
τ

ρ
0 ò

*

0 cò
,

)(yvv
dydU

   (2) 

где δ – толщина пристенного слоя, м. 
Из данных выражений запишем коэффициент 

импульсоотдачи 

                      

.
)(

1

0 ò

* −













+
= ∫

δ τγ
yvv

dy
    (3) 

Выражение (3) является достаточно общим и 
позволяет рассчитать коэффициент импульсоотдачи на 
основе коэффициентов молекулярной ν и турбулентной 
вязкости ν т(y), а также относительного касательного 
напряжения τ * (относительного потока импульса) в 
пристенном слое. 

В явном виде коэффициент переноса импульса 
можно получить путем интегрирования выражения (3) с 
различными функциями коэффициентов турбулентного 
обмена νт(y), используя полуэмпирические модели. 

В модели Ландау и Левича, подтвержденной 
Дайслером и Ханратти предполагается, что изменение 
турбулентной вязкости в вязком подслое 
пропорционально Dт ~ y4. На основании этого 
используются функции ν т(y) в форме 

 

 

                  

(4) 

 

где y+
 
= u* y/ν - безразмерная координата; χ=0.4 

– константа; −*u динамическая скорость, м/с.
 

После численного интегрирования (3) с 
функциями (4) получено [10] 

                    
,

)ln(5.2309.5
*

δ
γ

R
u

+
=

       
       (5) 

где vuR /*δδ = - безразмерная толщина 
пограничного слоя.

 

С функциями турбулентного обмена из 
двуслойной модели Прандтля

 

                            
,6.11,0ò ≤= +y

v
v

           
 
            (6) 

                 
,6.11,ò

δχ Ryy
v

v
≤<= ++                 (7)

 

после интегрирования (3) получено выражение
 

                     
( )

,
/ln1

11

*

RRR

u

δχ

γ
+

=

                     

(8) 

где R1

 
= *u δ1/ν – безразмерная толщина вязкого 

подслоя, в модели Прандтля R1 = 11.6; χ = 0.4 – 
константа турбулентности.

 

Выполним проверку выражений (5) и (8). Для 
этого на основе гидродинамической аналогии запишем 
связь между коэффициентами переноса импульса и 
теплоотдачи[7,10]

 

                                                          (9) 

где по Чилтону-Кольборну n
 
= 0,66. Однако, как 

известно, для пластины и трубы экспериментально 
установлено n

 
= 0,6-0,57.

 

Из выражений (5), (8) и (9) для пластины 
запишем число Нуссельта, учитывая, что 

2/f* CUu ∞= , Сf=0.074 Reпл
-0.2 – коэффициент 

трения; Reпл
 
= U∞L/ν – число Рейнольдса для пластины 

−∞U средняя скорость при −> Lñy ;/ì,δ длина 
пластины, м. Получим

 

( )44тν 0.01χ , 5,
ν

y y+ += <

тν 0.2 0.959, 5 30,
ν

y y+ += − < ≤

тν 0.4 1 при 30,
ν

y y+ += − >

α γρ / Pr ,n
рс=

© 2014  Global Journals Inc.  (US)
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МОДЕЛИ ТУРБУЛЕНТНОГО ПЕРЕНОСА И МАССООТДАЧИ ДИСПЕРСНОЙ ФАЗЫ В ЖИДКОСТЯХ



              
,

ln5.2309.5

Pr2/Re
Nu

43.0
ïë

ïë
δR

Ñ f

+
=

               
(10) 

                  
( )

.
/ln1

Pr2/Re
Nu

11

43.0
ïë

ïë
RRR

Ñ f

δχ
+

=              (11) 

Значение −δR найдем используя функцию для 

логарифмического  профиля    скорости  при δ=y [12] 

( )[ ].5,5/exp * −= ∞ uUR χδ  
Расчеты по выражениям (10) и (11) 

удовлетворительно согласуются с известными 
опытными данным для пластины (±2-6 %). Таким 
образом, проверена адекватность уравнений 
математической модели переноса импульса и тепла для 
плоского турбулентного пограничного слоя.  

Т.к. выражения (5), (8) дают одинаковые 
результаты, в дальнейших расчетах переноса импульса 
удобнее использовать выражение (8), т.к. оно содержит 
безразмерную толщину вязкого подслоя, которую 
можно корректировать при наличии возмущений в 
пограничном слое. 

Далее рассмотрим канал с хаотичной мелкой 
насадкой (элементами). Характеристики пограничного 
слоя на стенке канала с насадкой отличаются от 
характеристик плоского пограничного слоя без 
возмущений на пластине и поэтому значение R1 ≠ 11.6. 
Для таких случаев получено выражение[7]. 

                             

,2/6.11~
ïë

*
1 fC

u
UR ∞=             (12) 

где Cfпл - коэффициент трения при движении 

потока со скоростью ∞U вдоль плоской пластины; 
−*u динамическая скорость в канале с насадкой, ñ/ì

[13]. 
Для каналов известна связь Cfпл = λ/4, где λ - 

коэффициент трения в гладких пустотелых трубах; 
λ=0.316/Reэ

0.25; Reэ=Uсрdэ/ν (для эквивалентного канала 
d=dэ); ýd – эквивалентный диаметр насадки, м; 

−= ñâvñâ ;/4 εε àd ý удельный свободный объем,
33 ì/ì ; và – удельная поверхность насадки, 32 ì/ì . 

Из выражения (12) следует 

                 

,6.116.11~
ñò

ñòïë
1

*

*

τ
τ

==
u

u
R ïë

            (13) 

где u*пл и τ ст пл - динамическая скорость и 
касательное напряжение на пластине (в пустотелой 
трубе) при скорости среды U∞. 

Таким образом, корректировка 1
~R  

производится путем отношения потоков импульса в 
плоском и в возмущенном пограничном слое при 
одинаковой средней скорости движения среды. 

Среднюю толщину гидродинамического 
пограничного слоя на элементах насадки при условии 
стабилизированного течения найдем как δ = ε св/аν. 
Отсюда δ=0.25dэ и значение Rδ 

                               
.

25.0
*

v
ud

R ý
=δ                           (14) 

Приведенные выше выражения для 
коэффициентов переноса импульса справедливы для 
турбулентных однофазных сред или гетерогенных сред, 
когда плотности фаз практически одинаковые 
(например, две смешиваемые жидкости). 

III. Коэффициент Переноса Частиц 

Гидродинамические характеристики звешенных 
частиц в турбулентной среде отличаются гораздо 
большей сложностью и интенсивностью, чем в 
ламинарной. Расчеты показывают, что только 
достаточно крупные частицы в жидкостях (более 3-5 
мм, в зависимости от гидродинамических условий 
среды и плотностей взаимодействующих фаз) не 
участвуют в турбулентных пульсациях среды. Для более 
мелких частиц при моделировании гидродинамических 
процессов в многофазных системах турбулентное 
пульсационное движение частиц необходимо 
учитывать. 

В соответствии с теорией турбулентной 
миграции можно классифицировать частицы по группам 
на основании индекса инерционности ω Еτр, где ωЕ - 
угловая частота турбулентных низкочастотных 
пульсаций энергоемких вихрей, с-1, τр - время 
релаксации, с. По экспериментальным данным при 
значении ω Еτр < 0.01, степень увлечения частиц 
турбулентными пульсациями среды достигает 100% 
(µ2

p=1), µ2
p = (1-ωEτp)-1[14]. 

Поэтому для степени увлечения для частиц 
практически полностью увлекаемых турбулентными 
пульсациями среды можно записать условие: 

                     
.01.0

9 æ

2
<

∆
=

µ
ρπ

τω
fd÷

pE
             (15) 

Отсюдо получено [1] выражение для оценки 
диаметра частиц с учетом, что по Таунсенду ωE ≈ 
u*/(0.1R) и τр = ׀Δρ׀dч

2/(18µж), ׀Δρ0 ≠ ׀: 

         

,134.03.0
*

ææ

u
R

f
d÷ ρ

µ
ρπ

µ
∆

=
∆

<              (16) 

где ω Е= 2πf – угловая частота энергоемких 
пульсаций, с-1; f – частота турбулентных пульсаций 
среды, с-1; R -

 
радиус канала, м (для насадки R=dэ/2, м); 
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разностей плотностей; ρ - ׀ρж-ρч׀ = ׀Δρ׀ ч - плотность 
частицы, кг/м3; dч - диаметр частицы, м; µж - 
динамическая вязкость, Па∙с. 

При больших значениях индекса 
инерционности ω Еτр > 100 степень увлечения 
приближается к нулю (µ2

p ≈ 0). По аналогии с (15) и (16) 
получаем выражения для частиц, не увлекаемых 
турбулентными пульсациями 

                  
,100

9 æ

2
>

∆
=

µ
ρπ

τω
fd÷

pE
              (17) 

Отсюда имеем 

            

.4.1330
*

ææ
u

R
f

d÷ ρ
µ

ρπ
µ

∆
=

∆
>          (18) 

Из уравнений (16) и (18) следует, что частица, 
взвешенная в турбулентном потоке, тем точнее следует 
за пульсациями среды, чем меньше ее радиус и разность 
плотностей фаз, чем больше вязкость среды и ниже 
частота ее пульсаций. 

Коэффициент турбулентной диффузии частиц 

(при условии
*

æ

*

æ 4.13134.0
u

Rd
u

R
÷ ρ

µ
ρ
µ

∆
<<

∆
) 

можно определить по выражению[14] 

                                  

.
1

ò

p
÷

Å

vD
τω+

=                       (19) 

Коэффициент скорости переноса частиц β ч 
(турбулентной миграции) найдем путем интегрирования 
выражения (3) и аналогии βч = γ / (1+ ωEτp). 

Броуновская диффузия частиц не учитывается, 
т.к. ее влияние на перенос в турбулентном потоке очень 
незначительно. 
Получим  

          
( ) ( )

.
~/~ln1~1 11

*









++

=
RRR

u

pE

÷

δχ
τω

β        (20) 

С использованием известной зависимости для 
идеального вытеснения потока, которая соответствует 
энергетической модели, эффективность турбулентного 
переноса дисперсных частиц к стенке канала или к 
поверхности хаотичной насадки имеет вид. 

                          æ
1 exp ,÷F

V
βη  

= − − 
 

                (21) 

где −N число единиц переноса; −F
поверхность канала или насадочных элементов, 2ì ; 

−æV объемный расход сплошной среды, ñ/ì 3 . 

Для пустотелого канала расчет по выражению 
(2 1 ) дает долю частиц, котор ые за счет тур булентной 
миграции приблизились (осели) на стенки. Если в 
канале находится мелкая хаотичная насадка, то 
выражение (21) характеризует эффективность смешения 
сред, т.к. распределение дисперсной фазы у 
поверхности элементов обеспечит практически 
однородную концентрацию по поперечному сечению 
канала, если 1→η [13]. Задавая значение 

,v SHaF = можно выбрать длину зоны турбулентного 
смесителя, где −va удельная поверхность насадки, 

32 ì/ì ; S – площадь поперечного сечения канала, 2ì ; 
Н– длина зоны смешения с насадкой, м.

 
IV.

 
Коэффициент

 
Массоотдачи

 Рассмотрим процесс массоотдачи в сплошной 
фазе при движении капель или твердых частиц в 
турбулентном прямотоке.

 Экспериментальные исследования [3] методом 
голографической интерферометрии характеристик 
диффузионного пограничного слоя в случае 
массообмена мелкодисперсных твердых частиц в 
турбулентной жидкости, позволили установить 
автомодельность профиля концентрации, характерную 
для ламинарного пограничного слоя, и наличие 
логарифмического профиля концентрации, присущего 
турбулентным пограничным слоям. Пульсации 
турбулизированного внешнего течения, проникая в 
вязкий подслой частиц, вызывают усиление процессов 
массопереноса. Все вышеперечисленное позволяет 
рассматривать пограничный слой на частицах как 
«псевдоламинарный».

 В работах [5-8] предложены модели 
массопереноса, позволяющие учитывать влияние 
внешней турбулентности на поведение 
псевдоламинарного слоя.

 В системах жидкость-жидкость число Шмидта 
Sc >> 1  и тогда диффузионное сопротивление 
локализуется в подслое, который называют вязким. В 
вязком подслое сочетается молекулярный перенос с 
турбулентной затухающей диффузией. На границе 
диффузионного подслоя принимается Dт

 
≈ D, где D, Dт – 

коэффициенты молекулярной и турбулентной диффузии 
компонента, м2/с.

 Учитывая, что толщина вязкого подслоя на 
порядок меньше диаметра частицы (капли) примем 
модель плоского пограничного слоя.

 Сопротивление переносу массы компонента в 
вязком подслое на капле записывается в виде [6,7]. 

                                
,1 1

0 ò
∫ +

=
δ

β DD
dy

 
                 (22) 

где
 

β – коэффициент массоотдачи от капли                  
(к капле) в сплошной фазе, м/с;δ1 - толщина вязкого 
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4

подслоя на капле, м; y - поперечная координата в 
пограничном слое, м.

МОДЕЛИ ТУРБУЛЕНТНОГО ПЕРЕНОСА И МАССООТДАЧИ ДИСПЕРСНОЙ ФАЗЫ В ЖИДКОСТЯХ



 
После интегрирования (22) с функцией 

турбулентного обмена Левича Dт

 

= u*δ1(y/δ1)2, для 
капель с подвижной поверхностью раздела фаз (μ* ≤ 1), 
коэффициент массоотдачи получит вид [6]. 

                             

,2

1

*

ScR
u

π
β =

 

                     (23) 

и для капель с μ* > 1, а также твердых частиц 
при Dт

 
= u*δ1(y/δ1)3 имеем [6]. 

  

,

3
)2(6

1)1(
)1(ln3

36
2

*
2

π
β

+
−

+−
+

=

z
zarctg

zz
z

uz

    

(24) 

где R1 = u*δ1/ν - безразмерная толщина вязкого 
подслоя; *u  - динамическая скорость на межфазной 
поверхности капли, м/с; ν – коэффициент 
кинематической вязкости сплошной фазы, м2/с; z = 
(R1Sc)-0,333; Sc = ν/D – число Шмидта; μ* = μd /μc – 
отношение коэффициентов динамической вязкости 
дисперсной и сплошной фаз. 

Значение R1 для формулы (23) получено                     
в виде [6]. 

                
( ) 21

1*1 



∆=

−
RarctguuR ,                (25) 

а для формулы (24) 

            

( )
2/3

1
21

*
1

36








++

∆
= −πkk

u
uR ,            (26) 

где к1 = 3 ln
( )

1)1(
1 2

+−
+

ÂÂ
Â

; к2 = 6 arctg 

3
)2(

Â
Â−

; В = R1
-0,333; ãð0 uuu −=∆ ; −0u средняя 

скорость капли (частицы) относительно жидкости, м/с; 
−ãðu скорость на межфазной поверхности, м/с (для 

частицы )0ãð =u
.
 

Согласно правилу аддитивности среднее 
касательное напряжение на поверхности капли будет 
равно. 

                                   òτττ += ê ,                           (27) 

где τк - касательное напряжение при свободном 
движении капли, Па; τт - касательное напряжение на 
капле, вызванное турбулентными пульсациями из 
внешнего потока, Па. 

Из выражения (27) средняя динамическая 
скорость на капле. 

                      
( ) æò* / ρττ += ku ,                       (28) 

где æ
2
* ρτ uê =  и выражение для расчета 

имеет вид [9]. 

                       k
k d

u
6,14

64 æ +
∆

=
δ

νρτ ,                  (29) 

где −kd средний диаметр капли, м. 
Значение τт найдем, используя среднюю 

объемную скорость диссипации энергии, выраженную 
через перепад давления в канале [2,6,11]. 

          

2/1

æ
æ

2/1

æ
æò 44 







 ∆
=








=

H
PWñð

ρ
ν

ρ
ρ
νερτ ,    (30) 

где ε - средняя скорость диссипации энергии, 
Вт/м3; ΔP – перепад давления, Па;Wср - средняя скорость 
жидкости в канале, м/с; H - длина канала, м. 

Записывая Δ P по выражению Дарси-Вейсбаха 
из (30) получим. 

                          

2/13

æò 2
4 










=

d
Wñðνλ

ρτ ,                (31) 

где λ – коэффициент гидравлического 
сопротивления канала, λ = f (Red); d – диаметр канала, м; 
Red = Wср d/ν – число Рейнольдса. По формуле Блазиуса 
λ = 0,316 Red

-0,25 при      4000 < Red < 105.Приближенно в 
интервале 2,064 Re184,0,10Re10 −=<< dd λ . 

Среднюю cкорость движения капли 
относительно внешней среды в турбулентном несущем 
потоке запишем как результирующую. 

                                 
22

0 εuuu k += ,                       (32) 

где uk – скорость гравитационного движения, 
м/с; uε - средняя скорость, вызванная турбулентными 
пульсациями среды, м/с. 

Значение uε рассматривается как скорость 
обтекания частицы турбулентными пульсациями 
порядка диаметра частицы, выраженную через величину 
диссипации энергии в канале. 

                       

( )
3/13

3/1

2 









=≈

d
Wd

du ñðk
k

λ
εε            (33) 

Расчеты коэффициента массоотдачи (23) в 
турбулентном прямотоке в гладкой трубе при                         
Red = 104 ÷ 105 показывают, что по сравнению со                      
свободным гравитационным режимом [6] происходит 
незначительное повышение коэффициента массоотдачи 
β на 5-10%. Если в трубе имеются элементы 
интенсификации (например, кольцевая накатка), то 
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коэффициент массоотдачи повышается на 20-25 %. 
Значительное повышение коэффициентов массоотдачи 
(в 2 раза) наблюдается, если в трубу поместить мелкую 
нерегулярную насадку, например «Инжехим» [4]. 

Среднее касательное напряжение на 
поверхности нерегулярных насадочных элементов 
находится по выражению (Reэ>50) [11]. 

                ( ) ( ) 5,05,12
æò 2/Re/4 ξνρτ ýýd= ,          (34) 

где Reэ
 = Wсрdэ

 / ν – число Рейнольдса для 
насадки; dэ

 = 4εсв/аν – эквивалентный диаметр насадки, 
м; εсв – удельный свободный объем насадки, м3/м3; аν – 
удельная поверхность, м2/м3; ξ – коэффициент 
гидравлического сопротивления насадочного слоя [4]. 

При расчете коэффициента массоотдачи от 
капель в турбулентном прямотоке в канале с хаотичной 
насадкой предполагается, что дисперсная фаза не 
смачивает поверхность насадки. Если же дисперсная 
фаза хорошо смачивает поверхность элементов насадки, 
то необходимо учитывать дополнительную массоотдачу 
от пленки жидкости в прямотоке, что повысит 
эффективность экстракции.  

V. Массоотдача При Перемешивании 

Далее рассмотрим применение выше 
представленных уравнений для расчета массотдачи от 
капель и твердых частиц в аппарате с мешалкой при 
турбулентном режиме. 

Определение средней скорости относительного 
движения дисперсных частиц в перемешиваемой среде 
является сложной задачей, которая пока не имеет 
точного аналитического решения. В работе [15] 
предлагается среднюю скорость движения частиц 
представлять как результирующую скоростей 
(аналогично (32)): 

                       
2
îáò

22
0 uuuu k ++= ε ,                  (35) 

где uобт – скорость проскальзывания:

 

                        
ìê

ì

d
du

u
æ

ê
îáò 6 ρξ

ρπ ∆
= ,                         (36) 

где uм – скорость вращения конца лопасти 
мешалки, м/с: uм

 

= π n dм ,

 

n – частота вращения, с-1; dм - 
диаметр мешалки, м; ξ - коэффициент сопротивления 
при движении капли, ξk

 

= f(Reк).

 

Среднюю динамическую скорость на 
межфазной поверхности капли найдем по выражению 
[6,7] 

                               

4/1

æ

æ
* 2 








=

ρ
νεu ,                    (37) 

где ε – средняя массовая скорость диссипации 
энергии:

 

                        æ

53
æ

æ Q
dnK

Q
N ìN ρ

ε == ,                (38) 

где N – мощность потребляемая на 
перемешивание, Вт; KN - критерий мощности, 
зависящий от конструктивных характеристик мешалки и 
центробежного числа Рейнольдса; Qм

 

- объем жидкости 
в мешалке, м3. 

Расчет показывает, что значение параметра 1R

 

(25) для капель находится в пределах 1R

 

≈ 6-8. 
Результаты расчета коэффициента массоотдачи 

в сплошной фазе по уравнению (24) и сравнение с 
опытными данными [2] показано на рисунке 1. 
Эксперименты проводились в проточном смесителе 
диаметром D

 

= 38 мм при перемешивании 2-х 
лопастной мешалкой с соотношениями диаметра 
мешалки, ширины лопасти и диаметра аппарата, 
равными соответственно 1 : 2; 1 : 10.

 

Для твер дых частиц и капель с большой 
вязкостью, относительно сплошной среды, 
коэффициенты массоотдачи в сплошной фазе можно 
определить по уравнению (24) с параметром (26). 
Проведенные расчеты безразмерной толщины вязкого 
подслоя (26) показывают, что 1R

 

≈ 15-25.
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Рисунок 1: Зависимость коэффициентов массоотдачи β в сплошной фазе от комплекса ìnd  при 
экстракции различных систем: 1 – расчет по уравнению (23); 2 – экспериментальные данные,                                

обобщенные в работе [2]. 
 

Многие авторы изучают массоотдачу в 
сплошной фазе при растворении твердых частиц. 

На рисунке 2 показана корреляция расчетных и 
экспериментальных данных [15] при растворении 

анионообменной смолы в растворе соляной кислоты. 
Диаметр частиц анионообменной смолы – 30, 8⋅10–6; 
593⋅10–6, м. 

 

Рисунок 2 :
 
Корреляционная зависимость расчетных и экспериментальных значений коэффициента массоотдачи β

 

от диссипации энергии ε: 1, 2 – расчет по уравнению (24); 3, 4 – экспериментальные данные [14]. Диаметр частиц 
(м): 1, 3 – 30,8 ⋅ 10–6; 2, 4 – 593 ⋅ 10–6

На рисунке 3 приведено сравнение 
рассчитанных по уравнениям модели и 
экспериментальных данных различных авторов, 
обобщенных в работе [2], при растворении твердых 
взвешенных частиц в аппаратах с мешалками.
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Рисунок 3 : Зависимость комплекса  от диссипации энергии: 1 – расчет по уравнению (24);                                         
2 – экспериментальные данные [2]

Уравнения (23) и (24) проведены для аппаратов 
с механическим перемешиванием: Reц > 103, 10–

4 < dк < 10–3, 500 < Sc < 1700. Расхождение с 
экспериментальными данными %15± . 

VI. Основные Результаты и Выводы 

В статье рассмотрены процессы переноса 
частиц (< 10-3,м) в жидкостях при турбулентном 
пр ямотоке, а также массо отдачи в сплошной фазе. На 
основе исплользования моделей пограничного слоя 
получены выражения для коэффициентов переноса 
импульса, а с применением теории турбулентной 
миграции частиц коэффициенты переноса частиц 
(скорости турбулентной миграции). Полученные 
выражения могут использоваться для расчета 
турбулентных прямоточных смесителей. 

Далее рассмотрена массоотдача в сплошной 
фазе от капель и твер дых частиц в пр ямотоке. 
Приведены уравнения для расчета коэффициентов 
массоотдачи и выражения для вычисления их 
характеристик. Показано влияние на коэффициенты 
массоотдачи при прямотоке в канале кольцевых накаток 
и мелкой неупорядоченной насадки. Кроме этого 
выполнены расчеты массоотдачи в аппаратах с 
механическим перемешиванием. Показанно 
удовлетворенное согласование с экспериментальными 
данными различных исследователей.  

Полученные уравнения для коэффициентов 
турбулентного переноса и массоотдачи дисперсных 
частиц могут использоваться для расчетов широкого 
класса аппаратов химической технологии и энергетики. 
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Abstract- Because industrialization is increasing the number of manufacturing facilities in traditionally rural 
agricultural areas globally, ground and surface waters with mixed fertilizer and industry contaminants must be 
considered. This work characterizes the effect of nitrates, phosphates, and chromates on the removal of phosphates 
and chromates from contaminated water via ion exchange with calcined hydrotalcite, an inexpensive, synthetic 
double layer hydroxide. Isotherms for single ion removal are compared with those for multi-ion solutions at 
contaminant levels typical for contaminated ground and surface waters. In addition, fixed effects statistical analysis 
of variance, PROC GLM (SAS Version 9) was used to analyze main and interactive effects for target anion removal 
and Least Significance Difference t-test and Tukey’s studentized range honest significant difference at α = 0.05 were 
used a multiple comparison procedures to determine significant mean difference in treatments. 

It was found that in a binary phosphate-chromate system, phosphate removal was only significantly reduced 
by higher chromate levels and this effect was magnified at higher phosphate levels. Chromate removal, on the other 
hand, was reduced at all phosphate levels. For the ternary system, phosphate removal was reduced by chromates, 
but not nitrates. However, the chromate-nitrate interaction was significant, as was the ternary interaction, particularly 
at higher phosphate levels. Chromate removal in the ternary system was impacted by the main effects for chromate, 
phosphate, and nitrate and also by all of the interactive effects. Hence, a multi-step ion exchange process would be 
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Removal of Phosphates and Chromates in a 
Multi-ion System 

Patricia A. Terry α, David Dolan σ, Matthew J. Maccoux ρ & McKinley Meyer Ѡ 

Abstract- Because industrialization is increasing the number of 
manufacturing facilities in traditionally rural agricultural areas 
globally, ground and surface waters with mixed fertilizer and 
industry contaminants must be considered. This work 
characterizes the effect of nitrates, phosphates, and 
chromates on the removal of phosphates and chromates from 
contaminated water via ion exchange with calcined 
hydrotalcite, an inexpensive, synthetic double layer hydroxide. 
Isotherms for single ion removal are compared with those for 
multi-ion solutions at contaminant levels typical for 
contaminated ground and surface waters. In addition, fixed 
effects statistical analysis of variance, PROC GLM                        
(SAS Version 9) was used to analyze main and interactive 
effects for target anion removal and Least Significance 
Difference t-test and Tukey’s studentized range honest 
significant difference at α = 0.05 were used a multiple 
comparison procedures to determine significant mean 
difference in treatments. 

It was found that in a binary phosphate-chromate 
system, phosphate removal was only significantly reduced by 
higher chromate levels and this effect was magnified at higher 
phosphate levels. Chromate removal, on the other hand, was 
reduced at all phosphate levels. For the ternary system, 
phosphate removal was reduced by chromates, but not 
nitrates. However, the chromate-nitrate interaction was 
significant, as was the ternary interaction, particularly at higher 
phosphate levels. Chromate removal in the ternary system was 
impacted by the main effects for chromate, phosphate, and 
nitrate and also by all of the interactive effects. Hence, a multi-
step ion exchange process would be required to remove all 
anions of concern in a mixed contaminant system. 
Keywords: ion exchange, phosphate, chromate, nitrate, 
hydrotalcite, double layer hydroxide. 

I. Introduction 

s the rate of industrialization increases globally 
along with suburban growth bringing factories and 
industry to rural areas, the concern for water 

contaminated with a mixture of industrial and agricultural  
wastes  is  increasing. Many    people    in    these  
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rural areas rely on untreated well water for domestic use. 
In both the developed and developing worlds, 
phosphate and nitrate nutrient contamination from 
agricultural practices have rendered wells unsafe for 
consumption, primarily because the presence of nitrates 
above 10 mgL-1 in drinking water can lead to 
methemoglobinemia, or blue baby syndrome, which 
affects both humans and farm animals. Nitrates and, 
particularly, phosphates are both responsible for 
increased rates of eutrophic waters, which leads to 
potentially toxic algae blooms and reduced oxygen 
levels. These greatly reduce the health of aqueous 
ecosystems, creating dead zones in many waterways 
globally. Phosphate levels as low as 0.025 mgL-1 can 
accelerate eutrophication and, because it is the limiting 
factor for eutrophication, the United States 
Environmental Protection Agency, USEPA, recommends 
levels below 0.1 mgL-1 to preserve ecosystem integrity 
(U.S. E.P.A., 2002). Not just agricultural fertilizers cause 
eutrophication. Storm runoff, landfill leachate, and 
domestic and industrial effluents also contribute and 
have hindered the potential of water reuse                             
(Chang et al., 2010). 

In addition to nutrients, many heavy metals may 
occur naturally in groundwater supplies at levels 
exceeding maximum values for human health. Heavy 
metals may also be introduced by anthropogenic 
activities, such as mining, plating, and tanning 
industries. Globally, abandoned mines have 
contaminated ground and surface waters and the 
tanning industry has produced irreversible damage to 
aquatic environments (Shankar 2008). Chemical spills at 
industrial sites, improper disposal and storage of 
wastes, and leaking or abandoned underground storage 
tanks may all contribute to contamination (USEPA 
2002).Studies on urban watersheds in southeast 
Michigan, United States, for example, showed that 
current and past land use practices have resulted in 
groundwater and soil contaminated with chromium, 
copper, lead, nickel, and zinc (Murray et al. 2006). 
Hexavalent chromium, in particular, is used in tanning 
and plating industries, manufacture of dyes and 
pigments, and in circuit boards. It is on the USEPA list of 
top twenty total releases and is toxic, carcinogenic, and 
mutagenic such that the maximum acceptable level in 
drinking water is 0.1 mgL-1(USEPA 2003). It exists in 
aqueous solution as either the anion chromate (CrO4

2-) 
above a pH of 8 and as dichromate (Cr2O7

2-) below a pH 

A 
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of 6. At concentrations below 1.6 mgL-1, it may also 
appear as bichromate (HCrO4

-).  
Much work has focused on removal of anions 

from aqueous solution, usually as single ions, co-
removal of nutrients, or co-removal of heavy metals. 
Recent methods to remove phosphates include 
adsorption onto a zirconium sulfate surfactant micelle 
mesostructure (Pitakteeratham et al. 2013), recovery by 
a continuous struvite reaction crystallization process 
(Hutnik et al. 2013), immobilization using natural calcium 
rich sepiolite (Yin et al. 2103), adsorption onto 
biochar/MgAl-LDH ultra-fine composites (Zhang et al 
2013), and enhanced biological removal (Mielczarek et 
al. 2013).Co-removal of phosphorus and nitrate nutrients 
has been performed via adsorption onto ceramsite 
material made from coal ash and metallic iron (Ji et al. 
2010), use of plant-microorganism combined systems 
(Li et al. 2011), and in membrane biological reactors 
(Galil et al. 2009). Chromium removal has been 
investigated via integrated membrane bioreactor system 
(Vyrides and Stuckey 2011), adsorption onto magnetic 
hydrogel (Yin and Lo 2010), sorption onto animated 
polyacrylonitrile fibers (Wang et al 2011), adsorption by 
UV-active functionalized graphene oxide (Dinda et al. 
2013), biological reactors (Tekerlekopoulou et al. 2013), 
and reduction to Cr(III) mediated by zero-valent 
magnesium (Lee et al. 2013). 

In the past decade, the use of naturally 
occurring or synthetically made clay mineral based 
layered double hydroxides, LDHs, has been widely 
investigated as an inexpensive ion exchange media for 
removal of anions from aqueous solution. This class of 
materials has become increasing researched and 
utilized due to ease of synthesis and low cost compared 
to resin based ion exchange media. Phosphorus and 
nitrate removal via super paramagnetic particles 
modified with LDH was performed by Mandel et al. 
(2012). Removal of Cr(VI), zinc, and cadmium in a multi-
ion solution (Terry et al. 2010) and removal of nutrients 
by hydrotalcite, a synthetically made aluminum-
magnesium based double layer hydroxide, Terry (2009) 
have been characterized. Phosphorus sorption and 
recovery using mineral based materials has been 
investigated by Wending et al. (2006) and Reitzel et al. 
(2013) have investigated phosphate removal by 
modified bentonite clay.  

This work furthers previous work by Terry et al. 
(2009, 2010) and investigates the effect of nitrates, 
phosphates and chromates on the removal of 
phosphates and chromates via ion exchange with 
calcined hydrotalcite, HTC in a multi-ion solution. These 
three were chosen because of the global concern for 
nutrient contamination of water and the growing concern 
that industrialization moving into rural and suburban 
areas will possibly add industrial waste contamination to 
the same surface and ground water sources. Because it 
is toxic, carcinogenic, and mutagenic at very low levels, 

industrial releases of and water contamination by 
chromium (VI) is of particular concern. Nitrate removal is 
not considered in this work because previous work has 
shown that, while nitrates are removed via ion exchange 
with hydrotalcite in a single ion solution, removal is 
significantly diminished in the presence of even low 
phosphate levels. Phosphate removal, on the other 
hand, is high in a single ion solution and remains so 
even when up to 30 mgL-1 nitrate is present.  

In this study, first the two ion phosphate-
chromate system is characterized including both the 
effect of chromate on phosphate removal and the effect 
of phosphate on chromate removal. Next the three ion 
system is investigated including the effect of chromate 
and nitrate on phosphate removal and the effect of 
phosphate and nitrate on chromate removal. In all 
experiments, concentrations were used that correspond 
with those typically found in contaminated surface and 
ground waters, ranging from zero to 6.13 mgL-1 
phosphate (2 mgL-1 P), 30 mgL-1 nitrate, and 20 mgL-1 
chromate.  

II. Experimental Protocols 

Hydrotalcite, [Mg2Al(OH)6]2CO3
.3H20, ion 

exchange media used in these experiments was 
purchased from Sigma-Aldrich chemicals. It was 
calcined by heating at 450oC for several hours.  Nitrates 
were added as sodium nitrate, NaNO3, phosphates as 
sodium dihydrogen phosphate, NaH2PO4, and 
chromium (VI) as chromium trioxide anhydrous, CrO3, all 
research grade from Fisher Chemicals. Nitrate and 
phosphate levels were measured using a calibrated 
Shimadzu UV-1601, UV-visible spectrophotometer. An 
ascorbic acid soluble reactive phosphorus procedure, 
HACH standard procedure 8048, using HACH Phosver 
3 reagent powder was used for phosphate analysis. The 
test measurement range was 0 to 0.82 mgL-1

 P, reported 
as 0 to 2.52 mgL-1

 PO4
3-. Chromium (VI) was measured 

using a Perkin-Elmer 2280 atomic absorbance 
spectrophotometer.  
 All experiments were performed in triplicate in 
batch mode with 100 ml samples in acid washed high 
density polyethylene bottles. Samples were prepared by 
adding the appropriate quantity of nitrates, phosphates 
and chromate, then adding the hydrotalcite. The alkaline 
nature of the hydrotalcite caused a pH shift from that of 
deionized water to about 8.2 + 0.2.Hydrotalcite, HTC, 
0.2 gL-1, was added to each solution, which were then 
shaken for twenty minutes with a NBS gyratory shaker 
on high speed. Following ion exchange, the HTC was 
separated from suspension by vacuum filtration though 
Whatman 0.7 um glass fiber filters and residual 
concentrations in the aqueous solution were analyzed. 

First, the binary system of chromate-
phosphates was characterized. Following the binary 
system analysis, the ternary system was characterized. 
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All experiments were performed with phosphate ranges 
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between 0 and 6.13 mgL-1

 
phosphate (1 to 2 mgL-1

 
P), 0

 to 30 mgL-1

 
nitrate, and 0 to 20 mgL-1

 
Cr(VI). Both 

Freundlich and Langmiur isotherms, typically used to 
model both ion exchange and adsorption processes,

 were used to characterize the ion exchange 
effectiveness, assessing by comparison the effect of 
other anions in a binary or ternary system on ion 
exchange removal of the target anion. The Freundlich 
isotherm,

 
Y = CXeq

m, 

Where
 

Y = mg of target anion exchanged per 
unit mass (g) hydrotalcite,

 
Xeq 

= residual target anion in solution following 
ion exchange (mgL-1), and

 
C, m = Freundlich model constants

 
is typically 

used for dilute solutions.
 

The Langmuir isotherm model    

Y =  bXeq/(1 + KXeq) 

 Y = mg of target anion exchanged per 
unit mass (g) hydrotalcite, 

Xeq = residual target anion in solution following 
ion exchange (mgL-1), and 

b, K = Langmiur model constants is more often 
used and a system is considered favorable when                
KXeq> 1.  

In addition, fixed effects statistical analysis of 
variance, PROC GLM (SAS Version 9) was used to 
analyze main and interactive effects for target anion 
removal and Least Significance Difference t-test and 
Tukey’s studentized range honest significant difference 
at α=0.05 were used a multiple comparison procedures 
to determine significant mean difference in treatments. 
This was performed to analyze any main and interactive 
effects of, first, phosphate and chromate concentrations 
on phosphate removal and, second, phosphate and 
chromate concentrations on chromate removal. The 
ternary system analysis investigated any main and 
interactive effects of phosphate, chromate, and nitrate 
concentrations on first phosphateand then chromate 
removal. 

III. Results and Discussion 

Results are presented in the form of residual 
concentrations and isotherms for the target species. For 
each isotherm, constants for both Freundlich and 
Langmiur models are presented with R2 values showing 
strength of fit.Also, as described above, fixed effects 
analysis of variance was used to determine the effect of 
the target species and non-target species on removal of 
the target species.  

 
a)

 
Binary System

 First, the effect of Cr(VI) on ion exchange 
removal of phosphate was measured for low, 0.613 
mgL-1, and high, 6.13 mgL-1, phosphate initial 
concentrations. Cr(VI) ranged from zero to 20 mgL-1. 
Figure 1 shows residual phosphate as a function of 
Cr(VI) for both high and low phosphate and Figure 2 
gives the comparative isotherms. Langmuir and 
Freundlich model

 
constants are found in Table 1. 

                   Figure 1 shows that at phosphate levels of 0.613 mgL-1, 
addition of even 1 mgL-1Cr

 
(VI) resulted in a slightly 

diminished phosphate removal, from 99.5% to 95.2%, 
respectively. Increasing Cr

 
(CI) concentration caused a 

continued reduction of phosphate removal to only 88.9% 
for 20 mgL-1

 
Cr(VI). For an initial phosphate 

                            of 6.13 mgL-1, the presence of Cr(VI) above 
                                    2 mgL-1 affected phosphate residuals, but removal 

remained high. Percent phosphate removal was 99.5% 
when no Cr(VI) was

 
present and remained above 98.5% 

up to 15 mgL-1

 
Cr(VI). Only at 20 mgL-1Cr

 
(VI) did 

phosphate removal decrease to a still high 96.9%. The 
three isotherms, each measured over a range of zero to 
6.13 mgL-1

 
phosphate, in Figure 2 verify the result. 

These were
 
obtained at both low, 2 mgL-1Cr

 
(VI), and 

high, 20 mgL-1

 
(Cr

 
(VI), and compared to the isotherm 

for phosphate alone. The isotherms for just phosphate 
and phosphate with low Cr

 
(VI) show that low Cr

 
(VI) 

concentrations did not significantly affect phosphate 
removal. The isotherm for phosphate in the presence of 
high Cr

 
(VI), on the other hand, showed that higher 

                  Cr
 
(VI) levels do impair phosphate removal.

 

Table 1 : Freundlich and Langmuir model parameters for the effect of Cr(VI) on phosphate ion exchange 

Cr (VI) Freundlich Langmuir 

mg L-1 C m R2 b K R2 

0 253.2 0.7868 0.9996 665.6 7.395 0.9990 

2 279 0.8352 0.9993 578.2 4.987 0.9997 

20 197.6 0.8123 0.9985 451.7 5.615 0.9991 

Fixed effects analysis of variance was used to 
analyze the effects of phosphate and Cr(VI) on 
phosphate removal and the Least Significant Difference 
t-test and Tukey’s

 
studentized range honest significant 

difference at α
 

= 0.05 were used as multiple 
comparison  procedures to determine significant mean 
difference in treatments. The main effect from 
phosphate was significant (p < 0.02) as was the main 
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Where



effect from Cr(VI) (p < 0.04), but to a lesser degree, 
especially for low Cr(VI). The interaction between 
phosphate and Cr(VI) was also significant (p < 0.03), 
but again less so than the phosphate main effect 
because only higher Cr(VI) levels affected phosphate 
removal significantly. 

Next the effect of phosphate on the removal of 
Cr (VI) was measured for low, 2 mgL-1, and high, 20 
mgL-1, Cr (VI) with phosphate varied from zero to 6.13 
mgL-1. Figure 3 has residual Cr (VI) as a function of 
phosphate and Figure 4 shows the Cr (VI) isotherms 
with low, 0.613 mgL-1, and high, 6.13 mgL-1, phosphate 
compared to single ion Cr (VI) ion exchange isotherm. 
Both Freundlich and Langmuir model constants are 
presented in Table 2.Figure 3 shows that for both                          
2 mgL-1 and 20 mgL-1 initial Cr (VI), Cr (VI) removal via 
ion exchange is significantly reduced compared to 

single ion removal by the presence of even low 
phosphate levels. Ion exchange removal of Cr (VI) in a 
single ion solution was 95% for both high and low initial 
Cr (VI), but in a binary solution with 0.31 mgL-1 
phosphate, removal of 2 mgL-1 Cr(VI) was reduced to 
63.5% and that of 20 mgL-1 Cr(VI) was reduced to 69%. 
For 2 mgL-1 initial Cr(VI), percent removal decreased to 
about 54% at 0.613 mgL-1 phosphate and remained at 
that level for higher phosphate concentrations. At 20 
mgL-1 initial Cr (VI), removal continued to decrease to 
only 37% at an initial phosphate concentration of 6.13 
mgL-1. The isotherm in Figure 4 also verifies this result. 
At even low phosphate levels, Cr (VI) ion exchange was 
reduced greatly across the spectrum of Cr(VI) initial 
values. This effect was magnified at higher phosphate 
levels. 

Table 2 : Freundlich and Langmuir model parameters for the effect of phosphate on Cr(VI) ion exchange 

PO4
3- Freundlich

 
Langmuir

 

mg L-1 C m R2 b K R2 

0 28.28 0.5366 0.9783 34.54 0.2999 0.9983 

0.613 15.84 0.499 0.9478 17.18 0.257 0.9858 

6.13 8.194 0.6626 0.9795 7.675 0.1075 0.9936 
 

Fixed effects analysis of variance, the Least 
Significant Difference t-test, and Tukey’s studentized 
range honest significant difference at α = 0.05 showed 
the main effect from Cr(VI) was significant (p < 0.02) as 
was the main effect from phosphate (p < 0.01). The 
interaction between phosphate and Cr(VI) was also 
significant (p < 0.01), again showing that both Cr(VI) 
and phosphate initial concentrations significantly reduce 
Cr(VI) removal. 

b) Ternary System 
Once the effects of phosphate and Cr (VI) on 

each one’s respective removal in a binary system was 
characterized, the ternary system of phosphate, nitrate 
and chromate was investigated. First, the interactive 
effect of nitrate, phosphate and Cr (VI) on phosphate 
removal was determined, then the effect of nitrate, 
phosphate, and Cr (VI) on Cr (VI) removal was tested. 
Nitrate removal, as stated, was not considered because 
previous experiments showed that even low levels of 
phosphate result in significantly reduced nitrate removal. 
Nitrate was included in the ternary systems, however, 
because it is usually present in ground and surface 
waters contaminated with phosphate and, therefore, 
may participate in interactive effects. 

Figure 5 shows residual phosphate as a 
function of initial phosphate, Cr(VI), and nitrates. Initial 
phosphate concentrations ranged between zero and 
6.13 mgL-1. Low and high Cr(VI) levels were 2 mgL-1 and 
20 mgL-1 and low and high nitrates were 3 mgL-1 and 30 
mgL-1. As the figure displays, phosphate removal was 

affected by the presence of both Cr (VI) and nitrate, with 
the effect increasing at higher initial phosphate levels. 
There was no significant difference between the 
reduction in phosphate removal when both low Cr (VI) 
and either low or high nitrates were present, leading to 
the observation that nitrates, when Cr (VI) was low did 
not significantly affect phosphate removal. In both 
cases, phosphate removal decreased from over 99% for 
the single ion phosphate system to a minimum of 93.1% 
for 6.13 mgL-1 initial phosphate, 2 mgL-1Cr (VI) and both 
3 and 30 mgL-1 nitrate. As would be expected from the 
binary system results, for the ternary system of 
phosphate with 20 mgL-1 Cr(VI) and both 3 mgL-1 and 30 
mgL-1 nitrate, there was a greater reduction in 
phosphate removal. This effect was amplified at                       
30 mgL-1 nitrate compared to 3 mgL-1 nitrate, showing a 
greater interactive effect. For the high Cr (VI), low nitrate 
system, phosphate removal decreased from 95.2% to 
85.2% with increasing initial phosphate, while for the 
high Cr (VI), high nitrate system, it decreased from 
92.3% to 75% with increasing initial phosphate. The 
isotherms for this system, shown in Figure 6, and the 
isotherm model constants in Table 3 confirm this result. 
Greatest phosphate removal occurred in the single ion 
system, after which it decreased a small amount with 
addition of 2 mgL-1Cr (VI) at both high and low nitrate 
levels. For these latter two, the isotherms are identical. 
Declining isotherms for high Cr (VI) and either low or 
high nitrate show the worst phosphate removal was 
observed at both high Cr (VI) and high nitrate. 
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Table 3 : Freundlich and Langmuir model parameters for the effect of Cr(v1)                                                                               
and nitrate on phosphate ion exchange 

Cr (v1) NO3
- Freundlich Langmuir 

mg L-1 mg L-1 C m R2 b K R2 

0 0 253.2 0.7868 0.9996 665.6 7.395 0.9990 

2 3 255.9 0.8096 0.9981 601.2 6.22 0.9996 

2 30 259.8 0.8145 0.9981 599.2 6.138 0.9998 

20 3 243.9 0.9044 0.9992 359.0 1.997 0.9985 

20 30 260.8 0.9849 0.9999 277.1 0.286 0.9999 
 

Fixed effects analysis of variance, the Least 
Significant Difference t-test, and Tukey’s studentized 
range honest significant difference at α = 0.05 showed 
the main effect from Cr(VI) was significant (p < 0.02) as 
was the main effect from phosphate (p < 0.01), but the 
main effect from nitrate was not significant (p < 0.08). 
As was observed in the binary system, the interaction 
between phosphate and Cr (VI) was also significant                    
(p < 0.01), again showing that both Cr (VI) and 
phosphate initial concentrations significantly reduce 
phosphate removal. The interaction between Cr(VI) and 
nitrate was also significant (p < 0.03), as is observed by 
a reduction in phosphate removal between the high               
Cr (VI) and low nitrate system compared to the high                  
Cr (VI) and high nitrate system. Finally, the interaction 
between Cr (VI), nitrate and phosphate was determined 
to be significant (p < 0.03) as would be expected from 
the binary interactions.  

Figure 7 shows residual Cr (VI) as a function of 
initial phosphate, Cr (VI), and nitrates. Initial Cr (VI) 
concentrations ranged between zero and 20 mgL-1. Low 
and high phosphate levels were 0.613 mgL-1 and 6.13 
mgL-1 and low and high nitrates were 3 mgL-1 and 30 

mgL-1. As the figure displays, Cr

 

(VI) removal was 
affected by the presence of both phosphate and nitrate, 
with the effect increasing at higher initial Cr

 
(VI) levels. In 

a single ion system, Cr
 
(VI) removal was above 95% for 

all initial Cr
 
(VI) concentrations. As with the binary Cr

 
(VI) 

and phosphate system, even low phosphate levels 
reduced Cr

 
(VI) removal and this effect was amplified at 

higher phosphate levels. For the low phosphate and low 
nitrate system, Cr

 
(VI) removal fell from a maximum of 

85% at 1 mgL-1
 
initial Cr

 
(VI) to only 46% for 20 mgL-1

 

initial Cr
 

(VI) and for the high phosphate-low nitrate 
system, this was reduced further to only 60% and 35% 
for initial Cr

 
(VI) concentrations of 1 and 20 mgL-1, 

respectively. The presence of nitrate also interacted to 
reduce Cr

 
(VI) ion exchange. For the high phosphate-

high nitrate system, Cr
 
(VI) removal fell from only 40% for 

1 mgL-1
 
initial Cr

 
(VI) to 20% for 20 mgL-1

 
initial Cr

 
(VI). 

The isotherms, presented in Figure 8 and the model 
constants, given in Table 4, reinforce this result. The 
isotherm for the single ion system shows significantly 
greater removal than the isotherms for any of the ternary 
systems. Increasing either phosphate or nitrate results in 
a diminished isotherm.

 
 

Table 4
 
:
 
Freundlich

 
and Langmuir model parameters for the effect of phosphate                       

                              and nitrate on Cr
 
(v1)

 
ion exchange

 
PO4

3-

 
NO3

-

 
Freundlich

 
Langmuir

 mg L-1

 
mg L-1

 
C

 
m

 
R2

 
b

 
K

 
R2

 
0 0 28.6

 
0.5313

 
0.9709

 
35.52

 
0.3098

 
0.9946

 
0.613

 
3
 

14.7
 

0.533
 

0.9613
 

15.86
 

0.229
 

0.9904
 

0.613
 

3
 

14.58
 

0.536
 

0.9615
 

15.69
 

0.226
 

0.9903
 

6.13
 

30
 

7.689
 

0.6786
 

0.981
 

7.12
 

0.0969
 

0.9936
 

6.13
 

30
 

6.371
 

0.6763
 

0.9651
 

5.714
 

0.0882
 

0.9832
 

Fixed effects analysis of variance, the Least 
Significant Difference t-test, and Tukey’s studentized 
range honest significant difference at α = 0.05 showed 
the main effect from Cr(VI) was significant (p < 0.01) as 
was the main effect from phosphate (p < 0.01)and the 
main effect from nitrate (p < 0.02). As was observed in 
the binary system, the interaction between phosphate 
and Cr (VI) was also significant (p < 0.01), again 

showing that both Cr (VI) and phosphate initial 
concentrations significantly reduce Cr (VI) removal. The 
interaction between Cr (VI) and nitrate was also 
significant (p < 0.02), as is observed by a reduction in 
Cr (VI) removal between the high phosphate-low nitrate 
system compared to the high phosphate-high nitrate 
system. Also, the interaction between phosphate and 
nitrate was significant, resulting in the lowest Cr (VI) 
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removal under high phosphate-high nitrate conditions. 
Finally, the interaction between Cr(VI), nitrate and 
phosphate was determined to be significant (p < 0.02) 
as would be expected from the binary interactions and 
the lowest measured Cr(VI) removal at high initial 
concentrations of all three.  

IV. Summary 

Experiments were performed to determine the 
effect of nitrates, chromates (Cr (VI)), and phosphates 
on the removal of either chromates or phosphates in 
multi-ion solutions via ion exchange with calcined 
hydrotalcite, a synthetically made double layer 
hydroxide. Levels of each anion associated with 
contaminated ground or surface waters were 
considered. Both Langmiur and Freundlich isotherm 
models were applied to characterize and compare each 
system. Fixed effects analysis of variance was used to 
analyze both main and interactive effects and the Least 
Significant Difference t-test and Tukey’s studentized 
range honest significant difference at α = 0.05 were 
used as multiple comparison  procedures to determine 
significant mean difference in treatments. 

First, the binary chromate-phosphate system 
was characterized. It was found that while low Cr (VI) 
concentrations did not significantly affect phosphate 
removal, higher Cr (VI) levels did have a negative 
impact, especially at higher phosphate initial 
concentrations. The main effects for initial phosphate 
and Cr (VI) and the phosphate-Cr (VI) interaction were 
all found to be significant (α< 0.05). On the other hand, 
Cr (VI) ion exchange was significantly reduced by 
phosphate at both high and low phosphate levels. Both 
the main effect for Cr (VI) initial concentration and 
phosphate were significant as was the interaction 
between the two. At higher Cr (VI) levels, the negative 
effect of phosphate became intensified. 

Characterization of the ternary system showed 
that the main effects for phosphate initial concentration 
and Cr(VI) did affect phosphate removal, while the 
nitrate main effect did not. Isotherms show that 
phosphate exchange did decrease with increasing Cr 
(VI), but the effect was greater at higher Cr (VI) initial 
concentration. The interactions between Cr (VI)-
phosphate and Cr (VI)-nitrate were also significant, as 
can be observed by a lowered isotherm capacity as Cr 
(VI) and nitrates both increased. The lowest phosphate 
removal isotherm capacity was recorded for the high 
nitrate-high Cr (VI) case. The ternary interaction was also 
significant. Finally, Cr (VI) ion exchange was negatively 
impacted by the presence of phosphates and nitrates to 
a greater degree than phosphates were affected in the 
ternary system. The main effects of Cr (VI), phosphate 
and nitrate and the interactive effects of Cr (VI)-
phosphate, Cr (VI)-nitrate, nitrate-phosphate, and                     
Cr (VI)-phosphate-nitrate were all significant. Even small 

quantities of phosphate or nitrate greatly reduced Cr (VI) 
removal, with the lowest removal capacity occurring at 
the highest concentrations of the three anions. 

As industrial effluents begin to be introduced 
into rural areas that already experience nutrient 
contamination of surface and ground waters, removal of 
anions in aqueous solution via ion exchange should 
consider the effect of non-target anions competing for 
exchange sites with the target anion.  Presence of even 
small amounts of some competing species may 
significantly reduce the effectiveness of removing target 
contaminants. In these cases, if it is desired to remove 
all contaminants, multi-step separation processes 
removing the most competitive anions first and the least 
competitive anion last may be required. 
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Figure 1 : Residual phosphate as function of Cr(VI) 
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Figure 2 : Phosphate ion exchange isotherms as a function of Cr(VI) 

 

Figure 3 : Residual Cr(VI) as a function of phosphate 

 

Figure 4 : Cr(VI) ion exchange isotherms as a function of phosphate 
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Figure 5 : Residual phosphate as a function of Cr(VI) and nitrate 

 

Figure 6 : Phosphate ion exchange isotherms as a function of Cr(VI) and nitrate 

 

Figure 7 : Residual Cr(VI) as a function of phosphate and nitrate 
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Figure 8 : Cr(VI) ion exchange isotherms as a function of phosphate and nitrate 
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Streptoquin and Septazole: Antibiotic Drugs as 
Corrosion Inhibitors for Copper in  Aqueous 

Solutions 

A. S. Fouda α & H. E. Gadow σ

Abstract- The inhibiting effect of streptoquin and septazole 
towards the corrosion of the copper in 0.1M of HCl solution 
has been studied by potentiodynamic polarization 
measurements, electrochemical impedance spectroscopy 
(EIS) and Electrochemical frequency modulation technique 
(EFM). Potentiodynamic polarization curves indicted that these 
compounds behave as mixed-type inhibitors. These drugs 
were adsorbed on copper surface follow Langmuir adsorption 
isotherm.  The results obtained from EIS and EFM are in good 
agreement with potentiodynamic polarization measurements. 
Some quantum chemical parameters were calculated and 
compared with the experimental data. 
Keywords: copper; HCL; streptoquin and septazole 
drugs; corrosion inhibition. 

I. Introduction 

cid solutions are widely used in different 
industries. The most important fields of 
application are acid pickling, industrial acid 

cleaning, acid descaling [1]. copper is a metal that has 
been widely used in different types of industries, 
including electronics due to its relatively high corrosion 
resistance. Its protection against corrosion saves large 
costs on repairs and equipment replacements. In spite 
of copper being a relatively noble metal, it reacts easily 
in a medium containing oxygen. It has long been known 
that when copper corrodes in aerated, chloride 
containing solutions, a layer of Cu2O is formed on the 
surface of the metal. In addition, copper is dissolved by 
reactions which can be summarized as follows [2] : 

                      Anodic: Cu ------ Cu+ + e                    (1) 

            Cathodic : 1
2
O2 + 2H+ + 2eـ --------- H2O       (2) 

Then in solution: 

       2Cu+ + 1
2
O2 + 2H+ 2Cu+ +H2O      (3) 

At chloride concentrations lower than 1 M, the 
copper dissolution occurs through the formation of 
CuCl, which is not protective enough and is converted to 
soluble CuCl2

 .by reacting with excess chloride [3] ـ
According   to  Bacarella  and  Griess  [4],   the   anodic 
dissolution  of  copper  is  under  mixed  control  by   the 
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electrodissolution of copper and the diffusion of soluble 
CuCl-2 from the Helmholtz plane into the bulk solution. 
On the other hand-higher chloride complexes such as 
CuCl32- and CuCl43- are formed in addition to CuCl and 
CuCl2- at chloride concentrations higher than 1M [5].    
One of the most important methods in the protection of 
copper against corrosion is the use of organic inhibitors. 
Organic compound containing polar groups including 
nitrogen, sulfur and oxygen[6-18] have been reported to 
inhibit copper corrosion. The inhibiting action of these 
organic compounds is usually attributed to their 
interactions with the copper surface via their adsorption. 
Polar functions groups are regarded as the reaction 
center that stabilizes the adsorption process[19]. In 
general, the adsorption of an inhibitor on a metal surface 
depends on the nature and the surface charge of the 
metal, the adsorption mode, its chemical structure and 
the type of the electrolyte solution[20]. Also, heterocyclic 
compounds containing nitrogen are known to be good 
inhibitors of copper and alloys [21]. As the awareness of 
environment protection, the research is oriented to the 
development of environmental-friendly corrosion 
inhibitors[22-25]. Seeking for alternatives of toxic 
inhibitors is under consideration. Some studies used 
drugs as green corrosion inhibitors for various metals 
and alloys[26-30].The use of environmental friendly 
pharmaceutical compounds (streptoquin and septazole) 
as corrosion inhibitors for copper has not been reported 
before. So, our aim is to study the inhibiting effect of 
these drugs on copper corrosion in HCl solution using 
various electrochemical techniques. 

II. Experimental 

a) Materials and Solutions  
Copper was used as the metal electrode for 

corrosion studies and its chemical composition As 
follows (weight %): Ni 0.54, Fe 0.066 other impurities 
0.76% and Cu 98.04 %. The investigated compounds 
are belonged to the sulfa group (streptoquin & 
septazole). As shown in Table 1. These drugs were 
obtained from Glaxo SmithKline, Medical Union 
Pharmaceuticals, Alexandria Co. for Pharmaceuticals, 
Egypt.  Analytical grade HCl (37 %) was used as 
corrosive solution. Double distilled water was used 
throughout experiments for the preparation of solutions. 

A 
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Table 1 : Names, structural and molecular formulas and molecular weights for of the investigated drugs 

Names
 

Structures,
 Mol.formulas 

& Mol. Wt.
 

Streptoquin
 

Benzenesulfonamide,                            
4-amino-N-2-thiazolyl-. 

N1-2-Thiazolylsulfanilamide
 

 

C9H9N3O2S2

 

255.32
 

Septazole 

N1-(5-methyl-3-isoxazolyl) 

sulfanilamide 
 

C10H11N3O3S 
268.28 

b)
 

Methods and Techniques
 

Polarization experiments were carried out in a 
conventional three-electrode cell with a platinum counter 
electrode and a saturated calomel electrode (SCE) 
coupled to a fine Luggin capillary as the reference 
electrode. The working electrode was in the form of disc 
cut from copper with dimension 1x1 cm which 
embedded in epoxy with resin of polytetrafluoroethylene. 
Before measurement, the exposed surface was wet-
polished with silicon carbide abrasive paper (800, 1000, 
1200 grit), then the electrode was immersed in solution 
at natural potential until a steady state was reached. All 
experiments were carried out in freshly prepared 
solutions and results were always repeated at least three 
times to check the reproducibility.  

 

Polarization measurements performed at 
potentials in the range from -450 mV to -150 mV (SCE) 
at a scan rate of 0.33 mVs-1. All measurements were 
carried out in aerated solution of 0.1 M of HCl in the 
absence and presence of different concentrations of 
inhibitors. The Tafel plots of the anodic and cathodic 
curves were extrapolated to obtain the corrosion 
potential (Ecorr.) and corrosion current density (icorr.).

 

Electrochemical impedance spectroscopy were 
performed at corrosion potentials, Ecorr, over a frequency 
range of  105 Hz to 0.5 Hz  with a signal amplitude 
perturbation of 10 mV,  using potentiostat/galvanostat 
(Gamry PCI 300/4) and personal computer with EIS300 
software for calculations. Data were presented as 
Nyqusit and Bode plots. Experiments were always 
repeated at least three times.

 

The electrochemical frequency modulation 
technique (EFM) provides a new tool for electrochemical 
corrosion monitoring. EFM experiments were performed 
with applying potential perturbation signal with 
amplitude 10 mV with two sine waves of 2 and 5 Hz. The 
choice for the frequencies of

 
2 and 5 Hz was based on 

three arguments [31].
 
The larger peaks were used to 

calculate the corrosion current density (icorr), the Tafel 
slopes (βc

 

and βa) and the causality factors CF2 and 
CF3 [32&33].

 
All electrochemical measurements were 

performed using Gamry Instrument (PCI 300/4) 
Potentiostat / Galvanostat /ZRA. This includes a Gamry 
framework system based on the ESA 400. Gamry 
applications include DC105 software for 
potentiodynamic polarization measurements, EIS300 
software for electrochemical impedance spectroscopy 
and EFM 140 software for electrochemical frequency 
modulation measurements along with a computer for 
collecting data. Echem Analyst 6.03 software was used 
for plotting, graphing, and fitting data.

 III.

 

Results

 

and

 

Discussion 

a)

 

Potentiodynamic Polarization Measurements

 
Potentiodynamic polarization curves of copper 

electrode in 0.1 M HCl solution without and with various 
concentrations (100,

 

300, 500, 700, 900 ppm) of 
streptoquin and septazole at

 

25°C were recorded. The 
polarization curves of copper in 0.1 M HCl at 25°C in the 
presence and absence of different concentrations of 
streptoquin and septazole are shown in Figs.1 & 2.

 
Electrochemical parameters such as corrosion current 
density (icorr), corrosion potential (Ecorr), anodic (βa),

 
cathodic (βc) Tafel slopes and inhibition efficiency (η%) 
were calculated and are listed in Table 2. The inhibition 
efficiency (η%) and the corrosion rate (Rcorr.) were 
calculated using Eqs.1&2:

                 η

 

(%) = (icorr.-icorr.(inh.)

  

/ icorr) x

 

100                  (1)                    

           
                                                                                       Rcorr.(mm

 

/year)= 3270x( icorr x EW/D)

 

               

 

(2)                    

                                   
                                              where icorr. is the corrosion current density  

                                      

(A cm-2), EW the equivalent weight of copper (g) and D 
the density of Cu (g cm-3).
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Figure 1 :

 

Potentiodynamic polarization curves of copper in 0.1 M HCl at different

                                                    

concentrations of streptoquin at 25°C
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Figure 2 :

 

Potentiodynamic polarization curves of copper in 0.1 M HCl at different

                                                      

concentrations

 

of septazole at 25°C
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The presence of increasing amounts of 
septazole and streptoquin led to a decrease in both the 
cathodic and anodic current density. It is clear from 
these data that the inhibitors may affect either the 
anodic or the cathodic reaction, or both [34].  Since the 

anodic (βa) and cathodic (βc) Tafel slopes of streptoquin 
and septazole were found to change slightly with 
inhibitor concentration, this indicates that these 
inhibitors affected both of these reactions i.e. these 
drugs act as mixed type inhibitors [35].

Streptoquin and Septazole: Antibiotic Drugs as Corrosion Inhibitors for Copper in Aqueous
Solutions



 

 

Table 3 :

 

Electrochemical parameters obtained from potentiodynamic polarization measurements of copper in

 

0.1 M 
HCl in the absence and presence of different concentrations of streptoquine and septazole at 25°C

 

 

The addition of streptoquine and septazole shift 
the Ecorr

 

values towards the negative. A compound can 
be classified as an anodic-or cathodic-type inhibitor 
when the change in Ecorr

 

value is larger than 85 mV [36].

 

Since the largest displacement exhibited by 
streptoquine and septazole was about 71 mV as shown 
in Table 3, it may be concluded that these molecules 
should considered as a mixed-type inhibitor,

 

meaning 
that the addition of these drugs to 0.1 M HCl solution 
both reduces the anodic dissolution of copper and also 
retards the cathodic hydrogen evolution reactions. From

 

the calculated values of (η%) as shown in Table 3,

 

the 
order of decreasing inhibition efficiency is as follows: 
streptoquin > septazole. 

b)

 

Effect of Temperature  
From

 

Table 4 we found that the corrosion rate 
increases with the rise of temperature and the inhibition 

efficiency decreases with increasing temperature. This 
can be attributed to the shift of the adsorption–
desorption equilibrium towards desorption. Such 
behaviour suggests that investigated compounds were 
physically adsorbed on copper surface. The activation 
energy (E*

a) of the corrosion process was calculated 
using Arrhenius eq. (3):

 

                           icorr =A exp (-E*
a/RT)                     (3

Where A is Arrhenius constant, R is the gas 
constant and T is the absolute temperature. Figures 
(3&4) show the Arrhenius plot (log icorr

 

vs. 1/T) in the 
presence and absence of streptoquin and septazole. 
The values of activation energies E*

a

 

can be obtained 
from the slopes of the straight lines and are given in 
Table (5).

 

Table 4 :

 

Electrochemical parameters obtained from potentiodynamic polarization measurements of copper in 0.1 M 
HCl in presence of 500 ppm from streptoquine and septazole at different temperature

 

Rcorr.

 

mmy-1 η% θ

 

RP 

Ohm 
cm2

 

βa 

mV 
dec-1 

βc,

 

mV 
dec-1 

icorr

 

μA cm-2 

-Ecorr

 

mV vs 
SCE

 

Conc.

 

Ppm

 

Comp

 

3.294

 

---- ----

 

352

 

351

 

670

 

284.10

 

144

 

Blank

 

 

Streptoquin

 

1.181

 

64.2

 

0.642

 

786

 

258

 

650

 

101.80

 

154

 

100

 

0.901

 

72.7

 

0.727

 

1058

 

258

 

708

 

77.68

 

180

 

300

 

0.715

 

78.3

 

0.783

 

1206 234

 

639

 

61.63

 

195

 

500

 

0.630

 

80.9

 

0.809

 

1313

 

231

 

568

 

54.29

 

215

 

700

 

0.556

 

83.1

 

0.831

 

1442

 

233

 

501

 

47.93

 

212

 

900

 

0.624

 

81.3

 

0.813

 

1590

 

247

 

985

 

53.84

 

153

 

100

 

 

Septazole

 

0.505

 

84.7

 

0.847

 

1942

 

246

 

936

 

43.58

 

164

 

300

 

0.401

 

87.8

 

0.878

 

2296

 

237

 

765

 

34.58

 

178

 

500

 

0.378

 

88.6

 

0.886

 

2362

 

232

 

713

 

32.55

 

187

 

700

 

0.286

 

91.3

 

0.913

 

2840

 

225

 

566

 

24.66

 

197

 

900

 

Rcorr.

 

mmy-1 η% θ

 

RP 

Ohm cm2

 

βa ,

 

mV dec-1 
βc,

 

mV dec-1 
icorr

 

μA cm-2 

-Ecorr

 

mV vs 
SCE

 

 

TempK

 

Comp

 

1.150

 

73.6

 

0.736

 

803

 

269

 

578

 

99.16

 

173

 

308

 

Streptoquin

 

0.675

 

84.6

 

0.846

 

1140

 

217

 

516

 

58.16

 

119

 

Septazole

 

1.491

 

67.1

 

0.671

 

577

 

239

 

600

 

128.6

 

148

 

318

 

Streptoquin
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)

1.19673.60.736749252606103.1166Septazole

1.78663.60.636517151499154.00182
328

Streptoquin

1.47370.00.700579185430127.00165Septazole
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Figure 3 :

 

Log icorr

 

vs. (1/T) curves for the corrosion of copper in 0.1 M HCl in the absence and presence of different 
concentrations of streptoquine at different temperatures
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)
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Figure 4 :

 

log (icorr /T) vs. (1/T) curves for the corrosion of copper in 0.1 M HCl in the absence and presence of 
different concentrations of streptoquine at different temperatures

 

It is noted that the values of activation energy is 
higher in the presence of drugs than in

 

their absence 
indicating that inhibitors exhibit low η% at elevated 
temperatures [37]

 

and also, due to the film formation on 
copper surface. An alternative formulation of the 
Arrhenius equation is the transition state equation [38]:

 

                   

 

           
icorr = RT/Nh exp(ΔS*/R)exp(-ΔH*/RT)               (4)

 

where h is Planck’s constant, N is Avogadro’s 
number, ΔS*

 

is the entropy of activation and ΔH*

 

is the 
enthalpy of activation. Figures )5&6)

 

show a plot of log 
(icorr/T) vs. (1/T). Straight lines were obtained with slopes 

of (ΔH*/2.303R) and intercepts of (log R/ Nh 
+ΔS*/2.303R)  
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Table 5 : Kinetic-thermodynamic corrosion parameters for copper corrosion in the absence                                                          

and presence of various concentrations of streptoquin and septazole 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The values of ΔH* and ΔS* were calculated and 
listed in Table (5). The negative values of ΔH* reflect that 
the process of corrosion is an exothermic one. The 
negative values of ΔS* implies that the activation 
complex is the rate determining step that represents an 
association rather than dissociation step [39]. This 
means that the activated molecules are in higher order 
state than that the initial state. 

c) Adsorption Isotherm 
In order to get a better understanding of the 

electrochemical process on the metal surface, 
adsorption was studied. For determining the related 
mechanism, adsorption isotherms were drawn. A 
number of mathematical relationships for the adsorption 
isotherms have been suggested to fit the experimental 
data of the present work. The simplest equation is that 
due to  Langmuir which is given by the general 
relation:  

                            C/Ө = 1/Kads
 + C                       (5) 

where Kads
 is the equilibrium constant for the 

adsorption/desorption process, C is the inhibitor 
concentration in the bulk of the solution in mol L-1. From 
the intercepts of the straight lines on the C/Ө axis, one 
can calculate Kads

 values that relate the standard free 
energy of adsorption, (∆G°ads), as given by this Eq. :   

 

                   Kads=1/55.5 exp (-∆G°ads) / RT                (6) 

The value of 55.5 is the concentration of water 
in the bulk solution in mol L-1. Free energy, ∆G° ads, 
values were calculated and are given in Table (6), the 
negative values of ∆G°ads

 indicate spontaneous 
adsorption of inhibitors on copper surface [42]. 

Generally, values of ∆G°ads
 up to -20 kJ mol-1 are 

consistent with physisorption, while those around -40 kJ 
mol-1 or higher are associated with chemisorptions as a 
result of the sharing or transfer of electrons from inhibitor 
molecules to the metal surface to form co-ordinate bond 
[43]. the calculated ∆G°ads values are 22-36 kJ mol-1 

indicating that the adsorption mechanism of septazole 
and streptoquin in 0.1 M HCl solution at the studied 
temperatures is mixed one (physisorption and 
chemisorption). Figs. (7&8) show that the plot of C/θ vs. 
C for streptoquin and septazole are linear plots which 
obtained for the different temperatures and inhibitors, 
indicating that the adsorption of these compounds 
followed Langmuir adsorption isotherms. The various 
adsorption parameters obtained from this isotherm are 
listed in Table (6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-Δ S* 
J mol-1 K-1 

-ΔH*              kJ 
mol-1 

Ea
* 

kJ mol-1
 

Conc. 
ppm 

Inhibitors 
 

226.3 19.1 9.40 Blank 

Streptoquin 

209.7 22.1 23.4 100 

205.5 23.9 24.7 300 

203.6 24.7 25.1 500 

201.7 25.7 25.3 700 

200.4 26.6 25.7 900 

192.4 22.9 37.9 100 

Septazole 
190.5 24.9 38.3 300 

188.6 26.8 39.1 500 

186.7 28.7 40.2 700 

184.7 30.6 40.8 900 
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Figure 7 :

 

The linear form of Langmuir adsorption isotherm of streptoquine on copper surface in 0.1 M HCl solution
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Figure 8 :

 

The linear form of Langmuir adsorption isotherm of septazole on copper surface in 0.1 M HCl solution

Thermodynamic adsorption parameters such as 
enthalpy of adsorption ∆H °

ads

 

and entropy of adsorption 
∆S°

ads

 

can be deduced from integrated version of the 
Vant’t Hoff equation expressed by

 

[44]:
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Table 6 : Thermodynamic parameters for the adsorption of streptoquine and septazole on copper in 0.1 M HCl at 
different temperature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

       lnKads=(-∆H°
ads/RT)+(∆S°

ads/R)+ln(1/55.5)          (7) 

Figure 9 shows the plot of ln Kads. Vs. 1/T which 
gives straight lines with slopes (-∆H°

ads/2.303R) and 

intercepts [(∆S°
ads/2.303R) + ln (1/55.5)]. Calculated 

values of ∆H °
ads and ∆S°

ads using the Van’t Hoff equation 
are listed in Table 6.    

3.05 3.10 3.15 3.20 3.25 3.30 3.35

-0.45

-0.40

-0.35

-0.30

-0.25

-0.20

-0.15

-0.10

 R2=0.9999
 R2=0.9998

log
 K

ad
s

(1000/T) K-1

 Streptoquine.
 Septazole.

 Figure 9 :
 
Log Kads

 

vs. (1/T) curves for the corrosion of copper in 0.1 M HCl in the absence and presence 

                                 
of different concentrations of septazole and streptoquine at different temperatures

Negative sign of ∆H °
ads indicates that the 

adsorption of septazole and streptoquine on copper 
surface is an exothermic process. ∆H° ads is about 31.2-
45 kJ mol-1 which is larger than the common physical 
adsorption heat (40 kJ mol-1), but smaller than the 
common chemical adsorption heat (100 kJ mol-1) [45], 
probably meaning that both physical and chemical 
adsorption take place (i.e. comprehensive adsorption). 
The negative ΔS°ads values are accompanied with 

exothermic adsorption process. This is agrees with the 
expected, when the adsorption is an exothermic 
process, it must be accompanied by a decrease in the 
entropy change and vice versa [46].  

d) Electrochemical Impedance Spectroscopy 
Electrochemical impedance is a powerful tool in 

the investigation of the corrosion and adsorption 
phenomena [47 ] . The correlation of the experimental 

-ΔSº
ads

 

J mol-1 K-1 
-ΔHº

ads
 

kJ mol-1 
-ΔGº

ads
 

kJ mol-1
 Kads

 x10-4         
M-1 

Temp.,      
K Inhibitors 

 
 
 

107.6 

 
 
 

31.2 

30.7 0.72 298 

Streptoquin 28.1 0.53 308 

23.4 0.30 318 

21.9 0.25 328 

 
 

147.6 

 
 

45.0 
36.4 1.44 298 

Septazole 34.3 1.11 308 

24.9 0.36 318 

24.4 0.35 328 
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impedance plot to an equivalent circuit enables the 
verification of the mechanistic model for the system. 
Such a correlation leads to the calculation of the 
numerical values corresponding to physical and/or 
chemical properties of the electrochemical system [48, 
49]The impedance data of Cu, recorded after 30 min 
immersion in 0.1 M HCl are presented as Nyquist and 
Bode plots in presence and absence of various 
concentrations of streptoquin and septazole are shown 
in Figures (10&11), respectively. The Nyquist plots show 

a single semi-circle shifted along the real impedance (Zr) 
axis, single capacitive loop, which is attributed to charge 
transfer of the corrosion process, and the diameters of 
the loops increase with the increase in the concentration 
of the drugs. The Bode plots show resistive region at 
high frequencies and capacitive region at intermediate 
frequencies but do not show a clear resistive region 
(horizontal line and a phase angle = 0) at low 
frequencies. These plots show two overlapped phase 
maxima at intermediate and low frequencies. 
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Figure 10 : The Nyquist (a) and Bode (b) plots for corrosion of copper in 0.1 M HCl in the absence                                        
and presence of different concentrations of streptoquin 
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Figure 11 :

 

The Nyquist (a) and Bode (b) plots for corrosion of copper in 0.1 M HCl in the absence                              

               
and presence of different concentrations of septazole

 

The impedance data of the copper electrode in 
the presence of different inhibitors concentrations were 
analyzed using the equivalent circuit shown in Figure 12.

 

This circuit includes constant phase elements (CPE) in 
place of capacitors to represent various types of non 
homogeneities typical of corroding electrodes such as 
surface roughness, insufficient polishing, grain 
boundaries and surface impurities [50].

 

The impedance 
of this element

 

is frequency dependent, and can be 
mathematically expressed using two parameters, Yο

 

and 
n as:

 

                              ZCPE

 

= Yο
-1(j

 

ω) n-1                             (8)

 

where Yο

 

is the CPE coefficient, ω

 

the angular 
frequency (ω

 

= 2πf , where f is the AC fr

 

According to 
the value of n, Eq. (8)

 

accounts for an inductance                 

       

(n = -1), a resistance (n = 0), a Warburg impedance                 

               

(n = 0.5) or a capacitance (n = 1). A Warburg element 

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

C
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
I 
 V

er
si
on

 I
  

  
  
 

  
Y
e
a
r

20
14

30

Streptoquin and Septazole: Antibiotic Drugs as Corrosion Inhibitors for Copper in Aqueous
Solutions



occurs when charge carriers diffuse through a material. 
A rough or porous surface can cause a double layer 
capacitance to appear as a constant phase element 
with n varying between 0.5 and 1. This circuit is typical of 
oxide-coated metals and has been used before by other 
authors in relation to copper corrosion in potable water 
[51]. Rs represents the solution resistance between the 
electrode surface and the tip of the Luggin capillary, 
ZCPEo a constant related to the surface oxide, Ro the 
resistance to current flow through defects in the surface 
oxide, ZCPEdl a constant related to the double layer and 
Rdl the double layer resistance.  From these Nyquist 
plots, the difference in real impedance at lower and 
higher frequencies is generally considered as charge-
transfer resistance. The resistances between the metal 
and outer Helmholtz plane (OHP) must be equal to the 
Rct. The adsorption of inhibitor molecules on the metal 
surface decreases its electrical capacity because they 
displace the water molecules and other ions originally 
adsorbed on the metal surface. This modification results 
in an increase of charge-transfer resistance. The Rct 

values increased with inhibitors concentrations may 
suggest the formation of a protective layer on the 
copper surface. This layer makes a barrier for mass and 
charge-transfer. The values of the charge-transfer 
resistance (Rct) were obtained from the difference in real 
component (Z\) of impedance at lower frequencies. Also 
the double layer capacitances (Cdl) were calculated by 
the Eq. (9) [31]. 

                                 Cdl = (2πfmaxRct)−1                          (9) 

where fmax is the frequency value at which the 
imaginary component  (Z”) of impedance is maximum. 
The calculated values of Rct and Cdl are listed in Tables 
(7). The data obtained from fitted spectra are listed in 
Table 7.The degree of surface coverage (θ) and %η 
were calculated from the EIS data using following 
equation: 

                   %η = θ x 100 = [1-(Rct
*/Rct)] x 100         (10) 

where Rct and Rct
*are the charge-transfer 

resistances with and without the inhibitors, respectively. 
θ and η are also listed in Table 7, and also show that the 
Rs values are very small compared to the Rct values. By 
increasing the inhibitor concentrations, the Rct values 
increase and the calculated Cdl values decrease, which 
causes an increase of θ and η%, the  Rct are obtained by 
septazole at all concentrations is higher than that 
obtained by streptoquin. The order of the IE obtained 
from the Rct values is: septazole > streptoquin. 

As it can be seen from Tables 7, the Cdl values 
tend to decrease with the increase of the concentration 
of the surfactants in 0.1 M HCl solution. The decrease in 
the Cdl, which can result from a decrease in local 
dielectric constant and/or an increase in the thickness of 
the electrical double layer, suggests that surfactants 
molecules function by adsorption at the metal/solution 

interface. The inhibition efficiencies calculated from 
impedance data are closed to those obtained from 
potentiodynamic polarization measurements. The results 
show the good agreement between measurements 
obtained from both techniques. 

 

 Equivalent circuit proposed to fit the 
experimental data when two time constants are present 

 Electrochemical  kinetic parameters obtained 
by EIS technique for copper in 0.1 M HCl in the absence 
and presence of different concentrations of streptoquin 

and septazole 

e) Electrochemical Frequency Modulation (EFM) 
Electrochemical frequency modulation (EFM) 

technique is a new tool for monitoring the 
electrochemical corrosion. EFM is non–destructive 
technique, rapid test, gives directly values of the 
corrosion current without a prior knowledge of Tafel 
constants and has also great strength due to the 
causality factor, which serve as an internal check on the 
validity of the EFM measurements Table 8 shows the 
corrosion kinetic parameters such as inhibition efficiency 
(EEFM %), corrosion current density ( 𝜇𝜇 Acm-2), Tafel 
constants (βa &

 βc) and causality factors (CF-2, CF-3) at 
different concentrations of drugs at 25°C. Figures 13-15 
represent the EFM intermodulation spectra of copper in 
0.1 M HCl devoid of and containing 500 ppm 
concentrations of streptoquin and septazole, 
respectively. The inhibition efficiency, EEFM% of 

streptoquin and septazole was calculated using eq. (1). 
As can be seen from Table 8, the corrosion current 
densities decrease with increase in streptoquin and 

ɳ%  Ө  
Cdl  

μFcm-2

 

Rp  
ohm  
cm2  

Conc.  
ppm  Comp.  

----  ----  2640  172.7  Blank  

Streptoquin  
 

10.7  0.107  1079  193.4  100  
29.9  0.299  1013  246.4  300  
35.9  0.359  633  268.0  500  

36.6  0.366  520  269.4  700  

43.2  0.432  1980  304.1  100 

Septazole  
58.8  0.588  1910  418.8  300  
61.4  0.614  1590  447.4  500  
64.9  0.649  1560  491.9  700  
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septazole concentrations. The causality factors indicate 
that the measured data are of good quality. If the 
causality factors differ significantly from the theoretical 
values of 2.0 and 3.0 then it can be deduced that the 
measurements are influenced by noise. If the causality 
factors are approximately the predicted values of 2.0 

and 3.0, there is a causal relationship between the 
perturbation signal and the response signal. Then the 
data are assumed to be reliable [32]. The calculated 
inhibition efficiency EEFM

 % enhances with increasing 
streptoquin and septazole concentration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 : Intermodulation spectra recorded for copper electrode in 0.1 M HCl solutions 

 

Figure 14 :
 
Intermodulation spectra recorded for copper electrode in 0.1 M HCl solutions in the absence and 

presence 500 ppm of streptoquin
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Figure 15 :
 
Intermodulation spectra recorded for copper electrode in 0.1 M HCl solutions in the 

                                  

presence 500 ppm of septazole
 

Table 8 :
 
Electrochemical kinetic parameters obtained from EFM technique for copper in 0.1 M HCl in the

 
absence 

and presence of different concentrations of streptoquin and septazole
 

 

f) Quantum Chemical Calculation 
Over the past decades the semi empirical 

molecular orbital methods have been widely used in 
computational studies. Semi empirical methods serve 
as efficient computational tools which can yield fast 
quantitative estimates for a number of properties [52]. 
MNDO (modified neglect of differential overlap) is a 
semiempirical methods based on the NDDO (neglect of 
diatomic differential overlap) approximation. The 
quantum chemical calculations were employed to give 
further insight into the mechanism of inhibition action of 
streptoquin and septazole. For this purpose the highest 
occupied molecular orbital EHOMO, energy of the lowest 
unoccupied molecular orbital (ELUMO), energy gap (∆E) 
between LUMO and HOMO and Mulliken charges on 
charge we can observe the presence of excess of 
negative charge on nitrogen, oxygen and sulfur atoms 
can be adsorbed on the copper surface using these 
active centres leading to the corrosion inhibition action. 

The calculated parameters such as EHOMO, ELUMO and the 
dipole moment (µ) of the two inhibitors were shown in 
Table 9, the dipole moment (µ) is an indicator of the 
electronic distribution in a 1molecule and is one of the 
properties used to discuss and to rationalize the 
structure. Low value of the dipole moment (µ) will favour 
the accumulation of inhibitor molecules on the metallic 
surface. The comparison between the calculated dipole 
moments of inhibitors reveals that the lower septazole 
has better inhibition efficiency. EHOMO often indicates the 
electron donating ability of the molecule and the 
inhibition efficiency increases with increasing EHOMO 
values. High EHOMO values indicate that the molecule has 
a tendency to donate electrons to appropriate acceptor 
molecules with low energy empty molecular orbitals. 
Increasing of the values of the EHOMO facilitates 
adsorption (and therefore inhibition) by influencing on 
the transport process through the adsorbed layer. 
HOMO and LUMO electronic density distribution of 

CF-3
 

CF-2
 CR

 

mpy
 

EEFM%
 βc

 

mVdec-1
 βa

 

mVdec-1
 icorr

 

μA cm-2

 Conc.
 

ppm
 Comp.

 

3.845
 

1.828
 

34.66
 

-------
 

57
 

40
 

135.00
 

Blank
 

Streptoquin
 3.361

 
2.093

 
33.98

 
0.52

 
61

 
42

 
134.30

 
100

 

3.781
 

1.997
 

32.00
 

9.4
 

50
 

37
 

122.30
 

300
 

3.250
 

2.167
 

25.03
 

29.13
 

55
 

37
 

95.68
 

500
 

3.938
 

1.908
 

20.23
 

42.70
 

39
 

28
 

77.35
 

700
 

3.843
 

1.976
 

20.23
 

42.70
 

65
 

40
 

77.34
 

100
 

Septazole
 3.644

 
2.001

 
12.64

 
57.40

 
59

 
36

 
57.55

 
300

 

3.130
 

1.942
 

13.05
 

63.10
 

67
 

41
 

49.88
 

500
 

3.308
 

2.062
 

15.05
 

64.21
 

81
 

45
 

48.31
 

700
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streptoquin and septazole were plotted in Figure 15. 
There is a general consensus by several authors that the 
more negatively charged heteroatom, the more it can be 
adsorbed on the metal surface through donor-acceptor 
type reaction [53]. From the values of Mulliken charge 
we can observe the presence of excess of negative 
charge on nitrogen, oxygen and sulphur atoms can be 
adsorbed on the copper surface using these active 
centres leading to the corrosion inhibition action. Table 9 
shows the quantum chemical calculation parameters 

(EHOMO,
 ELUMO, ΔE= (ELUMO

 - EHOMO), dipole moment (µ), 
heat of formation and ionization potential) for 
streptoquin and septazole. From these tables the less 
negative EHOMO

 and the smaller ΔE reflect a great 
inhibition efficiency of the inhibitors [54]. From the 
energy of highest occupied molecular orbital (EHOMO), 
the order of inhibiting efficiency is as follow: septazole > 
streptoquin. This is a good agreement with the 
experimental data obtained by potentiodynamic 
polarization, EIS and EFM techniques. 

 

Figure 15 : Molecular orbital plots and Mulliken charge of streptoquin and septazole using MNDO 

 Table 9 :

 

The calculated quantum chemical parameters 
of streptoquin and septazole

 

IV.
 

Conclusions 

The corrosion resistance of copper increases 
with the increasing concentration of streptoquin and 
septazole and decreases with increasing temperature

 indicating that the inhibition occurs through mainly 
physical adsorption of the investigated drugs on copper 
surface.

 
These drugs act as mixed-type inhibitors, 

suppressing the corrosion reactions by forming a 
protective adsorption film on copper surface.

 
Adsorption 

 
Streptoquin Septazole

 

HOMO
 

  

LUMO
 

  

Mulliken charge
 

  

Parameters

 

streptoquin

 

Septazole

 EHOMO (ev)

 

-9.27

 

-9.19

 ELUMO  (ev)

 

-0.71

 

-0.94

 ΔE(ev) 8.56

 

8.25

 
Dipole moment   

(µ) (debye)

 

6.23

 

4.44

 Surface area Å2

 

252.88

 

263.80
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of these inhibitors on copper surface obeys Langmuir 
isotherm. The increase in concentration of the 
investigated drugs leads to increase in the values of the 
charge transfer resistance (Rct) and a decrease in the 
values of double layer capacitance (Cdl). The results 
obtained using these different techniques were in good 
agreement verifying the validity of data obtained by 
these techniques. Comparison of quantum chemical 
calculations and experimental data exhibit good 
correlation confirming the reliability of the methods 
employed here. 
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experimental results were shown that bubble diameter in SDS/water system is larger than other 
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Experimental Determination of Bubble Size in 
Solution of Surfactants of the Bubble Column 

Maedeh Asari α & Faramarz Hormozi σ 

Abstract- This paper focuses on the effect of surfactants on 
the bubble size. Bubble size in SDS/water system were 
investigated at various superficial gas velocities (0.13, 0.26 
and 0.5 cm/s). On the other hands, Bubble diameter were 
determined for different values of SDS surfactant 
concentration. Surfactant concentration in water were 0.05, 
0.02 and 0.1 vol.%. Tap water and aqueous solutions with 
surfactants (anionic, non-ionic and zwitterionic) are used as 
liquid phases. The bubbles size in this phase is determined at 
Cs =0.05%vol and ug=0.13cm/s. The bubbles are generated 
into a small-scale bubble column making of Plexiglas with 
height of 1.2m. High speed photography techniques are used 
to measure the bubble size. The experimental results were 
shown that bubble diameter in SDS/water system is larger 
than other systems. In solution of SDS, Sauter mean bubble 
diameter (Location A and D) decreases when superficial gas 
velocity increased.  
Keywords: bubble column, surfactant, bubble size.  

i. Introduction 

ubble column reactors are widely used                               
in chemical and biochemical processes                      
such  as oxidation, chlorination, polymerization, 

hydrogenation, synthetic fuels by gas conversion 
processes, fermentation and wastewater treatment. 
Bubble columns can be employed in many mass 
transfer processes[3].However, the lack of a more 
complete knowledge on the bubble column fluid 
dynamic behavior in its various regimes causes several 
operational difficulties and design uncertainties, which 
include poor predictions of the mean bubble diameter, 
gas hold up and interfacial area[2, 14]. A bubble column 
reactor is basically a cylindrical vessel with a gas 
distributor at the bottom [12]. The interfacial area 
available for mass transfer is the most important design 
parameter defined by gas holdup and bubble size which 
in turn are affected by the operating conditions, the 
physic-chemical properties of the two phases, the gas 
sparger type and the column geometry [5]. Bubble 
column are preferred to be two-phase contactors for 
their ease of operation, maintenance and absence of 
moving parts, yet they have complex hydrodynamics 
characteristics [21]. Knut [13] studied dynamic 
simulation of 2D bubble column and shown that          
two dimensional  dynamic simulation  of the  flat  bubble 
 
Author α: Faculty of Engineering- Dempartment of Chemical 
Engineering, Islamic Azad University, Shahrood Branch, Shahrood, 
Iran. e-mail: maedeh_asari@yahoo.com  
Author σ: Faculty of Chemical, Gas and Petroleum Engineering, 
Semnan University, Semnan, Iran.  e-mail: fhormozi@semnan.ac.ir.  

column is feasible, applying state-of the art dynamic 
turbulence models. Surfactant designates a substance 
that exhibits some superficial or interfacial activity. 
Different methods have been employed for bubble 
dimension evaluation [9]. Gas bubbles in transparent 
fluids can be photographed and measured, usually 
using image-analysis [16]. This is the simplest technique 
but cannot be used with opaque media 2 such as those 
found in fermentation systems. Statistical models [6] are 
required to calculate bubble –size distributions from the 
measured chord lengths. Several authors studied 
bubble size and interfacial phenomena in different types 
of bubble column reactors. Colella et al.[7] studied the 
interfacial mechanisms focusing on the coalescence 
and breakage phenomena of bubbles in three different 
bubble columns. They investigated the influences of gas 
superficial velocity and different hydrodynamic 
configurations on bubble size distribution in the bubble 
columns. Lehr and Mewes [15] evaluated the bubble 
sizes in two-phase flows. They predicted the bubble size 
distribution in bubble columns including the formation of 
large bubbles at high superficial gas velocities. Schäfer 
et al. [20] discussed the influence of operating 
conditions and physical properties of gas and liquid 
phase on initial and stable bubble sizes in a bubble 
column reactor under industrial conditions. Akita and 
Yoshida [1] determined the bubble size distribution 
using a photographic technique. The gas was sparged 
through perforated plates and single-orifice using 
various liquids (water, aqueous and pure glycol, 
methanol, and carbon tetrachloride). It has been 
reported in the literature [11] that with increase in 
surfactant concentration, coalescence time increases. 
Sardeing et al. [19] reported that in superficial gas 
velocities between 1.5×10-4-2×10-4 m/s, bubble 
diameter was in surfactant solutions between 1mm-
8mm. In these studies we have also analysed the 
influence of SDS surfactant concentration and the gas 
flow-rate upon the bubble diameter in bubble column. 
On the other hand, the bubble size distribution has been 
studied in ionic, nonionic and zwitterionic surfactants on 
the bubble column.  

ii. Experimental Setup and Technique 

The schematic diagram of the modified bubble 
column is shown in Fig.1. It consists of an air 
compressor, (1), a rotameter, (2), an halegon lamp, (3), 
etc. Four different surfactant (Tween20, [CAS                   

B 
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No:9005-64-5], Triton X

-

100, [CAS No:9002-93-1], 
Cocoamidopropy Betaine, [CAS No:61789-40-0], SDS, 
[CAS No:151-21-3]) have been used in the present 
work. All of surfactants were purchased from Merck 
company (Germany). Bubble size is reported at ambient 
conditions [                                                    ]. The gas 
from the compressed air line passed through calibrated 
rotameter. The photographic method, used in this study 
to determine the bubble size of the two-phase mixture, 
has been developed using a rectangular bubble column 
(20cm× 5cm× 120cm). The liquid column heights 
during the operation were 45cm. To determine profiles 
of ellipsoid, bubble was monitored over distance ca. 1m 
and was using professional video recorder. The 
photographs were taken by a digital camera (Casio 
Exilim (EX-F1)) taken along the height of the column, 
from bottom to top. The digital photographs were 
processed and enhanced by using Image Processing 
MATLAB Software that enabled to distinguish clearly the 
bubble boundaries. The diameters of the bubbles were 
determined from photographs of the operating column, 
5, 20, 30 and 40 cm above the gas distributor. The 
images were taken at three axial positions for different 
operating conditions. The 2d picture shapes of the 
bubbles were approximated by ellipsoid [17, 18] whose 
maximum and minimum axes were automatically 
computed by the software program used for image 
analysis. The third dimension was calculated with the 

assumption that the bubbles are symmetric around the 
minimum axes. From the known values of maximum and 
minimum axes, an equivalent ellipsoid bubble diameter 
was calculated by the following equation [8]:  
                                                                                       

(1)
 

 
  

Where db, max and db, min are the maximum and 
minimum bubble diameter of bubble. The distributions 
were obtained by sorting the equivalent diameters of 
bubbles into different uniform classes. At a particular 
operating condition, the bubble picture taken from 
different locations of the column are shown in                  
Fig. 2. The Sauter mean bubble diameter (dvs) is        
defined as the volume-to-surface mean bubble                             
diameter [4]:  

                                                                                      

(2)

 
 
 
 
 

  
Where ni

 
is the number of bubbles of 

                 

diameter dBi. 
 

Between 1000 and 3000 bubbles were counted 
for determination of the size distribution, using 30 
photographs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 :

 

Gas-liquid experimental set-up. (1): Air compressor;(2): Rotameter; (3): Halogen lamp; (4): Plexiglas plate; 
(5): Bubble column; (6):

 

Camera; (7): Image processing

 

iii.

 

Bubble

 

Size Distribution

 

Bubble coalescence and breakup play a 
significant role in determining bubble size distribution. 
Coalescence was found to take place when more than 
about a half of the projected area of the following 
bubble was overlapped with that of the leading bubble 
at the critical distance. In contrast, the breakup occurred 
in the case the overlapping was less than about a half of 
the projected area of the following bubble. Thus, when 
the leading bubble is larger than the following one, the 
latter has a tendency to coalesce. In contrast, in the 
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dbe =  d
2
b, maxdb, min 








N

i

Bii

N

i

Bii

vs

dn

dn

d

1

2

1

3

case of the smaller size of the leading bubble, the 
following bubble tends to breakup. Coalescence is 
significantly influenced by the physical properties of the 

liquid. Analysis of bubble size in bubble columns must 
distinguish between bubble-size distribution just after 
bubble formation at the sparger and size distribution 
further away from the distributor [17]. Two basic 
methods – photography and probe techniques – exist 
for determining bubble size, however; they do not lead 
to identical results. Both methods are subject to certain 
limitations in view of the marked bubble selection that 
may occur (i.e., not all bubble sizes can be detected). In 
particular, any measurement method only leads to 
realistic results if the flow is homogeneous (i.e., a narrow 
bubble-size distribution is found). As yet, no method can 
be recommended for the measurement of large bubbles 
in the heterogeneous flow regime. 

  atmospheric pressure 25 (  0.5) C-- 0
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iv.    Results and Discussion

a) Effect of superficial gas velocity upon bubble size in 
SDS +water system 

First, there is general observation that applies to 
all solutions. For example, regardless of type and 
presence of chemical added, the average bubble radius 
decreases as gas flow rate. Fig. 3 show bubble size 
distribution for SDS-water system in regions A and D. As 
the gas flow rate increases the gas holdup and kinetic 
energy increases which increase turbulent intensity, 
bubble- bubble interactions, velocity of bubbles and the 
probability of coalescence which is because of as 
increasing collision frequency between bubbles with 
increase in gas flow rate. 

Fig 2 : Photograph taken from different location of 
column in Tween20/water system at Cs=0.05%vol 

                            

and ug=0.13cm/s Location A , B , C and D

The probability of coalescence is higher in 
region D but the bubble size decreases with increasing 
superficial gas velocity in A and D location. This is due 
to bubble break- up with increasing gas flow rate. Also 
as the superficial gas velocity increases, the Sauter 
mean bubble diameter decreases (Fig. 4). For ug greater 
than 0.13 cm/s smallest bubbles are obtained in solution 
of lowest static surface tension. The rate of coalescence 
decreases with the gas flow rate increasing. 

Fig 3 : Effect of gas flow rate upon bubble size in 
SDS/water system at Cs=0.02%vol. (a) Location A; (b)

                    

Location D

Fig 4 : Influence of gas flow rate upon Sauter mean bubble diameter in SDS/water system at Cs=0.02%vol
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b) Effect of SDS concentration upon bubble size 
One of the parameters that effect bubble size, is 

surfactant concentration. Effect of various SDS 
concentrations (0.02, 0.05 and 0.1%vol) at ug=0.13cm/s 
on bubbles diameter is shown in Figure 5. SDS addition 
to pour water decreased the bubbles diameter. Further, 
surfactant concentration enhancement decreased the of 
bubbles diameters by decreasing the surface tension 
and buoyancy force. Sardeing et al. [19] used various 
surfactants and investigated that bubbles diameter 
decreased about 30% (as an average value). The 
bubble size distribution in an emulsification processes is 

a result of the competition between opposite processes, 
bubble breakage and bubble-bubble coalescence. It 
was shown experimentally that the bubble size rapidly 
decreases with an increase of SDS concentration [10]. 
Sample photographs of the bubble populations shown 
in Fig. 6. They clearly showed that as the SDS 
concentration increases, the bubble populations will 
become smaller in size. Sauter mean bubble diameter              
(dvs) decreases due to SDS concentration increasing          
(Fig.7). 

Fig 5 : Influence of SDS concentration upon bubble diameter at ug=o.13cm/s; (a) Location A. (b) Location D 6 

Fig 6 : Example of photograph of bubbles at ug=0.13cm/s for SDS/water system; (a) Cs=0.02%vol; (b)                          
Cs= 0.05%vol; (c) Cs= 0.1%vol
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Fig 7 : Effect of SDS concentration upon sauter mean diameter at ug=0.13cm/s

c) Effect of ionic, non-ionic and zwitterionic surfactants 
on bubble size 

Presence of surfactants has a great effect on 
the bubble diameters. The bubble size distribution was 
obtained in four axial locations A (of height 0.05 m), B 
(of height 0.2 m), C (of height 0.3m) and D (of height 
0.4m) from the bottom of the column (Fig. 2). Typical 
results for these four locations are presented in Fig. 8. It 
is seen that the bubble size in location D are greater 
than location A , B and C ( Fig. 2). The average bubble 
size in location C and B are almost the same. All 
calculations regarding goodness of fit have been 
performed by MATLAB software. Bubble diameter 

increased with increasing the distance from the bottom 
of the column due to the coalescence of smaller 
bubbles. The coalescence bubbles of location A go up 
due to their buoyancy and accumulate in location B, C 
and D. Also the bubble number flux varies in different 
locations due to the same reason. That bubble number 
flux decreases in location C and D over location A and B 
is result of an increase in bubble size due to 
coalescence. As shown in Fig. 8, there is no significant 
variation of bubble size in location B and C. The bubble 
size in location A is much smaller than other locations 
due to a break- up. 
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Fig 8 : Bubble size distribution for solution surfactant with water location of (a) h=5cm; (b) h=20cm; (c) h=30cm;           
(d) h=40cm at Cs=0.05%vol and ug=0.013cm/s

Fig 8. Shows the relation between the detached 
bubble diameter and fraction of bubbles for the different 
surfactants. whatever the liquid properties are, the 
bubble diameters vary between 0.2 and 0.8 for                    
ug= 0.13cm/s (d<0.2cm, effective force is surface 
tension and bubbles are spherical). For this gas flow 
rate, the order below is observed: 

Sauter mean bubble diameter was investigated 
in four different axial positions (A, B, C and D). Typical 

profile of dvs as a function of height above sparger are 
show in Fig. 9. The sauter mean bubble diameter varies 
with axial location due to coalescence effect whereas 
the variation of gas holdup is due to variation of bubble 
number flux. The values of dvs obtained in the range of 
0.4-0.65. Increasing in height increases dvs at all type of 
surfactants. The value of dvs in SDS + water system is 
more than other systems. 
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iv. Conclusion

Effect of surfactant on the bubble size in 
rectangular bubble column has been studied. In order to 
obtain bubble size distribution about 1000-3000 bubbles 
were analyzed. The evaluation of bubble size distribution 
in different location of the column and the influence gas 
flow rate and SDS concentration were pointed out. The 
measurements were done using photographic 
techniques. The bubble size in bubble column increased 
with increasing distance from the bottom of the column 
due to coalescence. The bubble diameter in SDS+ 
water system were bigger than other system. When gas 
flow rate increase (SDS +water system), an increase in 
the number of small bubbles was also observed, and 
Sauter mean bubble diameter also decreased due to 
breakage bubbles. The Sauter mean bubble diameter 
decreases, when SDS concentration increasing. 

v. Nomenclature

db,max       major axis of the projected ellipsoid(m) 9 
db,min        minor axis of the projected ellipsoid(m) 

dvs           sautor mean diameter bubble(m) 
ug             superficial gas velocity (m/s) 
h              distance from gas distributor(m) 

d              diameter(m) 
Cs             surfactant concentration 
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                                                          
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    

© Copyright by Global Journals Inc.(US) | Guidelines Handbook

XXI



 

Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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