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Abstract: Adsorption is a fundamental process in the physicochemical treatment of wastewaters. The
coal fly ash is a waste material that generate from industrial processes. It is a cheap, eco-friendly and bio
degradable material. Long term exposure of human bodies to heavy metals susceptible to receives various
infection and diseases from an environmental and economic perspective. Adsorption is acceptable process
that can be applied in wastewater treatment, these waste materials pollute our environment or ecosystem and
pose the problem of their disposal so “use waste to treat the water” is the concept to avoid the environment
pollution. The application of available adsorption models such as the isotherm, kinetics and thermodynamics
as well as the influence of parameter on metal adsorption by low cost adsorbent shall be reviewed to under-
stand the adsorption mechanism of low-cost adsorbent. In this review study the chemical composition of
different coal fly ash and fly ash for the removal of heavy metal ions are summarized.
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Introduction

Quality of water and management of waste is most important proposition in human life. Accretion
of technologies in industrialization and urbanization lead to increase in percentage accumulation of
waste all around the globe and release of heavy metal in the water streams from different activities
such as industrial, agricultural and domastic’.

Water is a basic source of life and thus is essential element to all living things on earth. Technolog-
ical development and industrial activities cause heavy metal pollution is posing significant threats to
the public health and environment because of its toxicity, non-biodegradability, bioaccumulation and
persistent tendency through food chain?.

Process of adsorption is operate in chemical, biological and physical system for the use of remov-
ing substances from any liquid or gaseous solution. Adsorption process involve separation of a sub-
stance from one phase accompanied by its concentration at the surface of another involves adsorption.
Adsorption efficiency depends on activated carbon, temperature, pH and adsorbate. Heavy metals
from industrial wastewater can be removed by adsorbent®. Heavy metals are toxic in nature therefore
it is essential to remove from wastewater. Adsorption is very common method for removal of heavy
metals from wastewater. So many researchers used fly ash as adsorbent for removal of organic materi-
al and heavy metals from wastewater*,

The aim and objective of this review paper is to provide fundamental information and litera-
ture in fly ash as a adsorbent for removal of heavy metals.

Composition of fly ash

Fly ash particles are generally spherical in shape and range in size from 0.5pum to 100pum?®. Fly ash mate-
rial solidifies while suspended in the exhaust gases and is collected by electrostatic precipitators or filter
bags. Table 1 showed the chemical composition of coal fly ashes.

IJRAR19J2070 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 835


http://www.ijrar.org/

© 2019 IJRAR February 2019, Volume 6, Issue 1

www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

Table-1: Chemical composition of coal fly ashes

Ref
Source of coal fly . TiO| Fez | Mn | Mg Ca Na: P.O er-
ash SiO2 | AlOs3 ) Os o o) SO3 o K20 o LOI ; Other er;c
Thermal power, 38-63 | 27-44 0.5- | 3.3- 0-0.5 0.01 ) 0.2- | 0.04- 0'97 0.2- ) ) 6
India 18 | 64 "~ |-05 8 0.9 34
0.43
Brasov CHP Plant | 5335 | 22,05 | 1.07 | 8.97 | 0.08 |2.44| 1.4 |524| 266 |063| 158 |0.12| - !
(CET), Romania
Thermal power, | e 75 | 4 |50 | 107 | |436| - |*L4| 016 |142| 220 | - : 8
Kosova 7 8
Geos Company, | gq 56 | 474 | - |a24| - |o13| - |oo1]| - - | 08 | - 0.52 9
Egypt
Thermal power, | 4e g3 | 259 062 | 896 | 019 |299| - |686| 256 [150| - |034 - 10
Macedonia
Electricity Genera- 1
tion Company, 615 | 22.0 | 0.72 | 8.00 - 3.70 | 0.84 | 190 | 140 - - - -
Tuncbilek, Turkey
Unchahar Thermal
Power Station, | 51 10 | 2502 | - | 692 | - |053| - |169| - | - | 26 | - | 494 | 12
Singrauli, MP, In-
dia
The”’l‘:éigo""e“ 62 | 26 | 18| 63 | - |049| - |113] 128 |028| - |040]| Sor0.36 | 13
Thermal Power 14
Plant Koradi, Nag- | 62.6 | 24.41 | 0.69 | 404 | 0.28 | 054 | 0.84 |0.35| 0.21 |0.27 | 1.27 | 0.03 -
pur, MH, India
BzOs.
0.05, 15
South Africa 37.81 | 2467 | 1.8 | 4.84 - 0.22 - 1.19 | 0.74 | 0.11 - - Cr05-
0.03,
Bao-0.14
Koradi Thermal 16
Power Plant, Nag- | 40.45 | 16.75 - 4,13 - 2.58 - 3.67 - - - - -
pur, MH, India
Koradi Thermal 17
Power Plant, Nag- | 65.01 | 24.41 | 0.69 | 404 | 0.28 | 055 | 0.15 |0.35| 0.21 | 0.22 | 2.04 | 0.03 -
pur, MH, India
Muja Power Sta- 18
tion, Collie, Aus- 55 29 - 8.8 - 1.0 - 1.6 - - - - -
tralia
Alborz-e-Sharghi
Coal Company, | 37.88 | 28673 | - | 0| _ |179| 038 |11%| 034 [020| - | - : 19
7 4
Shah Road, Iran
Thermal power, | ¢o 01 | 134 | 007|025 | - |239| - |577| 200 |076]|17.25 | 0.39| SO | 20
Egypt 1.44
Rzeszow-Zaleze 1
Electric Power Sta- | 50.3 32.6 - 5.13 - 1.46 - 1.30 | 2.79 | 0.56 - - -
tion, Poland
Zn0O-
0.05,
Cr203-
Thermal Power 0.03,
Plant Kozienice, 4878 | 22.2 | 124 | 871 | 008 | 196 | 1.02 | 410 | 3.31 | 2.96 - 0.86 NiO-
Poland 0.02, 22
CuO-
0.02,Bao
-0.07
Can Thermal Pow-
er Plant, NW, Tur- | 32.24 | 20.73 | 0.67 | 5,57 | 0.11 | 0.55 - 211'5 033 | 097 | 510 |1.21 %ré?)g 23
key ‘
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Steren Janakuasa
Electric Sultan Ab-

dul Aziz Shan, 59.00 | 21.00 | - | 370 | - |140| 1.00 |6.90| 090 | - 462 | - - ”
Kapar, Selangor,
Malaysia
Catalagzi, Turkey | 57.5 | 29.2 | 1.03 | 485 | - 22 | 028 [095| 3.44 | 05 - - - 25
Neyvelll, Tamil | 55 67 | 1881 |0.28 | 1€ | - |141| - |9.00| 023 |018| 260 | - . 26
nadu, India 1
Thermal Power 5.0- 10.0- 1.0- 3
Plant, Iran 20-60 | 55 i 40 ) ) ) 12 ) i 0-15 i i
Thermal Power 5782 | 22.10 i 833 ) ) ) ) ) ) ) ) ) 27
Plant, Egypt
Thermal Power- 28
Plant, Koradi, 65.01 | 24.41 | 0.69 | 404 | 0.28 | 055| 0.15 | 0.35| 0.21 |0.22 | 2.04 |0.03 -
Nagpur, MH, India
Cayirhan, Turkey | 5030 | 11.20 [0.50 | 805 | - |490| 525 | *¢°| 160 330| - |040| - 29
Vijayawada(VTPS) | 6314 | 2450 | - | 300 | - |165| 225 [215| - | - | 120 | - . 30
AP, India
CPHPIaNt CET | 5337 | 2205 | 1.07 | 897 | 008 | 244 | - |[524| 266 [063| 1.58 | - . 31
Bresov, Romania
Dirk India 3
PVT.LTD, Nashik, | 89.56 | 474 | - | 424 | - |013| - |o001| - - 0.8 - 0.52
India
Tanjung jati B 8%01
Thermal power | 36 47 | 1927 | - | 107 | 007 | 204 | 1.04 |656| 177 |1.76| - |025| AS,0s
Plant, 4 33
Indonesia 0.0, C-
19.11
Thermal power
Plant, Chachal, | gq 54 | 5700 | - | 487 | - |o040| - |201| - |1.00]|1200] - . 34
Anooppur, Sha-
hadol, India
Thermal power | oo o | 9441 | 0,69 | 4.04 | 0.28 | 054 | 084 | 035 | 021 | 027 | 1.27 |0.03 ; 35
Plant, India
Shenhua Guohua
e 03-| 08 |1.0-| 04- | O- 36
Jlnj!e Powe_r Sta- 33-54 | 18-56 - 2.0-7 - 17 18 13 38 11 - - -
tion, China
Thermal power 37
Plant, Bokaro, 60.25 | 28.79 | 2.41 | 5.5 - |027] 021 |064| 097 |032]| - 0.66 -
Jharkhand, India
Thermal power
Plant,
Tuticorin, Tamil | g6 67 | 5115 | . | 490 | - |o81| - |[44r| - | - | 041 | - . 38
Nadu, India
. C- 14.87,
lasi Thermal power | o7 11 | g3 | 140|252 | - |o78| - |769]| 072 | - - |o46| N-526, | 3
Plant, Romania
0- 20.58
Catalagzi, Zong- | 75 | 559 | . | 73 | - |18| 02 | 17| 48 |04 | 16 | - ; 40
wdak, Turkey
Delmarva Power 41
Plant, Wilmington | 43.6 | 314 - 8.2 - - - 6.9 4.5 - - - -
New Yark, USA
Thermal power,
United States, 45-65 | 20-45 | - 3.0- - 10-1 495 | 30 - - | 016 | - - 42
: 12 3 10
America
WSRA Shaanxi | 555 | 993 |101| 383 | 995 |073| - |490]| 187 |050]| - ; 558 | 43
Provinc- China 1
Thermal power, 0.06
BORA China 5.5 | 309 |110|488 | .  |061| - |7.18| 125 |056| - - 1.86
NTPC - Dadri, Dist . oC(:53 1
Gautambudh Na- | 51.98 | 2855 | - | 491 | - |154| 147 |867| 1.80 | 024 | 231 | - Fros |
gar, UP, India Lime
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0.64
NLC Power Plant 45
Neyveli, Tamil 1.86 | 24.87 | 254 | 1.14 - 5.53 - 10.9 - - - - -
Nadu, India
Thermal powver, 173 i
Kutch, Gujrat, | 22.74 | 17.80 | 5.44 | 33 | 0.98 | 280 | 817 | 100 | 1534 | o' | . |ooa| KeOs- | 46
) 3 2 ppm 37.60
India m
Thermal power, | go5 | 279 | - | 63 | - | 16| 079 [627] - | - | 501 | - : 47
Taiwan
Male Moh Electric
Power Plant, Thai- | 38.12 | 23.08 | - |872| - |200| - 12'9 - - - - - 48
land
Power Plant Soma, 33.7 Bao- 49
Turkey 33.41 | 16.13 | - 6.00 - 6.07 | 2.80 - 0.66 | 1.04 - - 0.15
Thermal power, i ) 235 i i Bao-
Yatagan, Turkey 36.43 | 16.13 1.77 8.80 | 6.83 1 0.77 | 1.05 015
Rutenberg Power
Plant Yenikoy, | 2079 | 1726 | - | 747 | - |466| 1280 |32 | 133 |219| - - Bao- | -
4 0.13
Turkey
South African 409 | 314 | 24 | 3.05 - 245 | 035 | 8.35 - 0.02 - - - T
Thermal power, | ge 19 | 3012 {296 | 462 | - |193| - |076| 140 |221| - - | Bao-1.30 | ¥
Rajasthan, India
Thermal power, Bao-
Rajasthan, India 58.32 | 28.69 | 3.20 | 4.42 - 2.10 - 0.60 | 0.80 | 1.88 - - 0.23
Bakreswar
Thermal power Sou
plant, West Bengal, 62 26 | 1.8 63 0.49 1.13 | 1.28 0.40 :
. 0.36
India 51
H.E.G. Thermal
power
plant,Mandideep, | 55.26 | 22.75 | 2.95 | 7.12 0.63| 158 | 410 | 214 | 123 | 4.10 | 1.65 52
MP, India
Thermal power
plant, Harbin No.3, | o5 7 | 959 | 07 | 33 0.3 37 | 24 | 02| 54 53
China
Thermal power
plant, Bryung, | 505 | 287 3.7 26 03 | 03 56 | 54
Chungnam, Korea

Toxicity and sources of Heavy metals in waste water

On the basis of health significance heavy metals are classified in to four major groups- Essential: Cu, CO,
Cr, Fe, Mn, Zn. Non-essential: Al, Ba, Li, Zr. Low toxic: Al , Sn. High toxic: Cd, Hg. Heavy metals due to
toxic effects in plants, human and food are kept under environmental pollutant category. Heavy metals like
Arsenic (As), Cadmium (Cd), Lead (Pb), Mercury (Hg) are cumulative poison. This heavy metals are persis-
tence, accumulate and not metabolized in other intermediate compounds and do not easily break in the envi-
ronment. These metals are accumulating in food chain through at primary producer level and then through
consumption at consumer level. Heavy metals like Cd, Ni, As, Pb are harmful to humans. These metals are
potent carcinogenic and mutagenic?.
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Table- 2: Effects of heavy metals

Heavy Metals Effects References
Chronic asthma, coughing, human carcinogen, leucopoenia and 53-54
Ni lymphopenia, skin dermatitis, nausea,
As Vascular disease, visceral cancers, skin manifestations 55

Diseases of the kidneys, circulatory system and nervous system, damage
Pb the fetal brain

Rheumatoid arthritis, diseases of the kidneys, circulatory system and -y

Hg nervous system

Renal disorder, human carcinogen, kidney damage, high blood pressure,

Cd destruction of testicular tissue and red blood cells 56

Lethargy, depression, neurological signs and increased thirst, stomach

Zn cramps, skin irritation vomiting and respiratory disorders

vomiting, abdominal cramps, diarrhea, difficulties in breathing, icreased
or decreased blood pressure, numbness around the face and muscle

Ba weakness, changes in heart rhythm or paralysis and possibly death S7
Nausia, lung cancer, skin uncertation, skin irritation and corrosion of

Cr skin, alcer formation, liver damage, respiratory tract infection, severe 58

diarrhea, epigastric pain, hemorrhage
Cancer, heart disease, anorexia, anemia and anxiety ,Wilson disease, in-

Cu somnia, liver damage 59
Change of hair colour, fatness, birth defects, neurological symptoms,

Mn glucose intolerance, skin problems, blood clotting, lowered cholesterol 60

levels, skeleton disorders

Source of heavy metals that penetrate in to the water system can derive from both natural and anthropogenic
sources. The main source of heavy metal contamination exists in aqueous wastes of many industries, such as
mining, operations, chloralkali, smelting, tanneries, metal plating, alloy industries, radiator manufacturing
and storage batteries industries.

Conventional process for heavy metal removal

Numerous treatments on the heavy metal removal from contaminated water have already been applied years
ago which can be divided in to physical, chemical and biological processes. However, in most treatments,
physical and chemical process is more pronounced. The conventional method for heavy metal removal in-
cludes metal precipitation, ultra filtration, biological systems, oxidation, solvent extraction, electrolytic pro-
cesses, ion exchange, membrane filtration and adsorption. Physical and chemical treatment is more costly
compared to biological treatment in removing metal however biological treatment are low effectiveness and
longer process®:.
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Adsorption

Adsorption is the surface phenomenon in which accumulation of atoms or molecules take place on the sur-
face of a material. Adsorption has two components adsorbent and adsorbate. Adsorbent is a substance on
which adsoption takes place. Adsorbate is the substance which gets adsorbed on surface. In general adsorp-
tion is a removal process where certain particles are bound to an adsorbent particle surface by either physi-
cal or chemical attraction. The process of adsorption arises due to presence of residual or unbalanced forces
that arise on the surface of material and these residual forces have tendency to attract and retain the species
or atoms with which it comes in contact with a surface. The reverse of this process is called desorption®?.

Adsorption can be categorized in to two types:

1. Physical adsorption

It is a general incident and occurs in any liquid/solid or gas/solid system. In which binding of adsorbate on
the adsorbent surface is caused by Vander Waals forces of attraction. The electronic structure of the atom or
molecule is hardly disturbed upon physical adsorption.

2. Chemical adsorption

It is a kind of adsorption which involves a chemical reaction between the adsorbent and the adsorbate. The
strong interaction between the adsorbate and the substrate surface creates new types of electronic bonds (co-
valent, ionic). The adsorbate can form a monolayer. It is utilized in catalytic operations®’.

Factors affecting the adsorption of heavy metals

Various factors influence the adsorption capacity of potential adsorbents during the adsorption process.

Effect of pH: pH is determination of adsorption in terms of hydrogen ion concentration. On increasing pH
of the sorption system, the adsorptive capacity of metal cations increases but not in linear relationship. Sorp-
tion not occurs at highly acidic and alkaline conditions because hydrogen ions and hydroxyl ions compete
for active sites on adsorbents surface?.

Effect of Adsorbent dosage: Dose of adsorbent also is one of the main points to determine the capacity up-
take of heavy metals. Generally, increase in the dose of adsorbents will increase in the adsorbed capacity
until its reach a limit. If further increase the dose, the adsorption capacity will be constant?.

Effect of initial concentration: Initial concentration of metal ions can alter the metal removal efficiency
through a combination of factors such as the availability of specific surface and the ability of surface func-
tional groups to bind metal ions. Initial concentration of solution can provide an important driving force to
overcome the mass transfer resistance of metal between the aqueous and solid phases®®.

Effect of contact time: More complete adsorption will be achieved if longer the contact time or retention
but as the equilibrium has been achieved there is no increase in % removal of metal ion?.

Effect of temperature: The nature of the process either endothermic or exothermic is depends on the ad-
sorption equilibrium that affected by the temperature used. The uptake capacity of the adsorbents increases
with the rises of the temperatures®.
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Table-3: Summary of fly ash for the removal of heavy metal ion

Heavy
Metal

Optimized Conditions

% Removal or Uptake
(MGLG)

E/K Model

Refer-
ences

Ni

pH - 0-14
Particle Size- 75um
Adsorbent Dose-3.5¢/1
Contact Time — 4-8h
Temp. - 0-100°c

98 %

39

Ni

pH - 3-9,
Adsorbent Dosage - 1-10 g/I
IMC - 350-650 mg/I
Contact Time - 300 min
Temp. - 20-40°C

Maximum Monolayer Adsorp-
tion Capacity of CFA was found
to be 294.00 mg/g

L and F, D-R
Dublin-Radush-
Kevich

40

Ni

pH-5.5-9.0
Particle Size below 75um
IMC - 20 mg/I
Contact Time - 3 hours

90-95 %

Pf, Ps, Land F

28

Ni

pH-6.9t07.9
Particle Size below 75um
IMC - 20mg/I
Contact Time - 3 hours

91.12 %

17

Cd, Zn

pH -5- 6,
Adsorbent Dosage - 10 gL*
IMC - 10 mg L™
Contact Time 120 min
Temp. - 30-50°C

86.9 % Zn,
81.8% Cd

Ps, Pf, L, F,
Temkin,

54

Cd

pH - 2.0-12.0
Adsorbent Dosage-5.0-25.0 g/L
IMC - 10.0-70.0 mg/I
Contact Time - 0-360 min
Temp. - 303k, 313k, 323k

80.27 %

L, F

12

Cd

pH - 2-12
Particle Size 75um,
IMC — 10- 100 mg L™
Contact Time 5-7 h,
Temp.- 25-45°

84 %

Ps, L, F

19

Cd, Ni

Particle Size 1 to 30um,
Contact Time 10-60 min

Cd-97%
Ni—98 %

PsL, F

Cr

pH - 8.0
Adsorbent Dosage 10g./25 ml
Contact Time - 48 h

92 %

63

Cr

pH - 9.0
Adsorbent Dosage-2-16 g/L
IMC - 50- 500 mg/I
Contact Time 20 h
Temp.- 150°

76.4-83 %

Pf, Ps, L, F

64

Cr

pH -3
Adsorbent Dosage-1.0 g
IMC — 50 mg/I
Contact Time 30 min

81.66 %

Pf,Ps, L, F

65
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pH - 6.0
Cr Adsorbent Dose 10 g L 77.4% Untreated Pf,Ps,L,F
IMC - 10 mg L™ 85.4% Treated 30
Temp. - 25°%
pH - 4-6
Cu Particle Size- 90y, 300 84.59% F 66
Contact Time - 60 min
Temp. - 30°%
pH -8
Cu, Zn | Adsorbent Dosage- 0.2 gm to 2.5¢g Cu—0.9932 F 15
Particle Size 50-150 pm Zn -0.9971
Contact Time Cu - 60 min, Zn -55
min
pH — 2-11
Cu, Zn IMC — 50 mg/I Cu-754 Pf,Ps,L,F 21
Particle Size 28.7 um Zn-56.8
Contact Time 2 h
Temp. -105°
pH — 4.5-5.0
Cu IMC - 100mg/L 75% L, F 16
Contact Time-2 h
pH -4
Fe Contact Time-60 min 88.55% L, F 66
Temp. -110°%
Adsorbent Dosage- 2.5 gm
Adsorbent Dosage- 15 gm /100
Hg, Pb Particle Size -149-250 pum Hg-80% Pf, Ps 67
Contact Time- 200 min-350min Pb-60%
Temp.-120°
Adsorbent Dosage-1.5 g/l
Pb Particle Size-52 pm 90.37 % L, F 68

Contact Time- 60 min
IMC — 20- 140 mg/I
Temp.- 300k

pH_5.82

Pb Particle Size-75 um 95.95 % Pf,Ps,L,F 35
IMC -20mgL

Contact Time-3h

pH - 5.89
Zn Particle Size-75 um 100% L, F 69
Contact Time- 1 h
IMC — 10gm/100ml

pH_6-75
Zn Particle Size- 75um 95-99 % L 41
Temp. -0-55°%

pH—8.0

Mn Particle Size-100-250 pum 74.2 % - 70

IMC — 1.5-5.0mg
Temp.-298k
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pH - 1.0-6.0

IMC — 3.06x10*t0 3.06x10°M - 71
Contact Time — 24 h 100 %
Adsorbent Dosage — 5-20 g/l

Zn

pH —3-10

Adsorbent Dosage-4g/I 69.44 % L 72
IMC — 80 mg/I

Contact Time-60 h
Temp. - 30°%

Cu

pH -6
Adsorbent Dosage-4g/I
Contact Time-1.15 h
Temp.-303k

7 73

S571.7%

pH - 3.0-8.0
Particle Size-0.075 mm 90 %
Adsorbent Dosage-10g/I
IMC — 50-100 mg/I
Contact Time-0-200 min
Temp. -25°, 45°c,60°C

74

Cu L, F

pH - 2-10
Particle Size- <300 um
Adsorbent Dose-0.2-1 g/l 76.24% L, F
IMC — 25-200 ppm
Contact Time — 5-60 min
Temp. — 28+5°%

Zn

75

pH - 5-12
Particle Size- 105.5 um
As Adsorbent Dose-0.25-2.5 g/l 95 % L, F

IMC - 500 mg/I
Contact Time — 24 h
Temp. — 25°%

76

pH —1-3
Adsorbent Dose-10 g/l 95 %
IMC — 100-400 mg/I
Contact Time —6 h
Temp. — 30°%

77

Cr L, F

Adsorption Isotherm: An adsorption isotherm equation is an expression of the relation between the amount
of solute adsorbed and the concentration of the solute in the fluid phase. Since the adsorption isotherms are
important to describe how adsorbates will interact with the adsorbents and so are critical for design purpos-
es; therefore, the correlation of equilibrium data using an equation is essential for practical adsorption opera-
tion®. Two isotherm equations were adopted in this study, as follows:

Langmuir isotherm equation: Based on Langmuir adsorption theory, molecules are adsorbed at a fixed
number of well-defined active sites which are homogeneously distributed over the surface of the adsorbent.
These active sites have the same affinity for adsorption of a mono molecular layer and there is no interaction
between the adsorbed molecules®.
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(e = Omax bCe
1 +bCe

Where: ge is equilibrium metal sorption capacity, ce is equilibrium solute concentration in solution, gmax and
b are Langmuir constants related to maximum sorption capacity (monolayer capacity) and bonding energy of
adsorption®.

Freundlich isotherm equation: Freundlich isotherm model interprets the adsorption on heterogeneous sur-
faces with interactions occurring between the adsorbed molecules and is not restricted to the formation of a
monolayer. This isotherm is commonly used to describe the adsorption of organic and inorganic compounds
on a wide variety of adsorbents’®,

The Freundlich isotherm is defined as

Qe = Kfcelln

Where: Ks is biosorption equilibrium constant, ge is the sorption capacity, and n is a constant indicative of
biosorption intensity.

Table-4 : Langmuir and Freundlich adsorption parameters for metal ion

Metal Langmuir isotherm Freundlich isotherm References
Qm(mg/g) b R? K1(mg/g) n R?

Cr 0.595 0.028 0.994 0.034 0.034 0.992 59
Cr 7.057 0.6512 0.9376 1.740 2.150 0.9745 62
Cr 55.24 0.0405 0.994 3.11 1.562 0.9815 61
Pb 5.5248 0.1865 0.986 1.6536 3.4013 0.992 35
Zn 0.4488 0.1246 0.994 0.1641 5.0761 0.982 67
Cu 0.1825 21.124 0.9899 3.629 3.94 0.9243 9

Zn 0.1806 7.0 0.9783 1.139 15.848 | 0.8982 o
Cd 6.0277 6835 9608 0.2344 1.6226 | 0.9336 12
Cu 0.041 0.117 0.946 1.009 1.039 0.959 79
Ni 3.2499 14.2454 0.9818 13.0828 | 4.1169 | 0.9595 80
Zn 15.06 0.3076 0.9957 24.67 0.1 0.9174 81
Ar 5.8 0.1813 0.99 1.656 3.58 0.9042 82
Cd 7.502 0.017 0.999 0.00006 2.06 0.972 83
Cu 7.236 0.015 0.917 0,002 5.201 0.903 o
Cr 3.13 0.049 0.972 15.5 1.22 0.945 84
Cd 18.87 0.05 0.997 0.98 1.27 0.999 85
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Adsroption Kinetics: In the past decades, many mathematical models have been proposed to describe ad-
sorption data, which can generally be classified as adsorption reaction models and adsorption diffusion mod-
els. Both models are applied to describe the kinetic process of adsorption. However, they are quite different
in nature®s,

At present, adsorption reaction models have been widely developed or employed to describe the adsorption
kinetics®. To develop sorption kinetics, knowledge of the rate low describing the sorption system, is re-
quired. The rate low is determined by experimentation and it cannot be inferred by more examination of the
overall chemical reaction equation®’.

The pseudo first-order kinetic equation is given as such equations®:

_dqt = ki (ge—a)
dt

Where: ge and gt are the amount of adsorbed waste (mg/g) at equilibrium and at any instant of time t (min),
respectively and ki is the rate constant of pseudo first order adsorption operation (min™)8°,

The pseudo second order Kkinetic equation is given as such equation:

dot =k (e — 0)°
dt

Where: ge and g: are the sorption capacity at equilibrium and at time t, k is the rate constant of pseudo sec-
ond.

Intraparticle Diffusion Model:

The adsorption process requires a multi-step approach involving the transport of solute molecules form the
aqueous phase to the surface of the solid particles, followed by diffusion of the solute molecules into the in-
terior of the pores, which is likely to be a slow process. The rate constant for intra-particle diffusion (kid) is
given by Weber and Morris®.

gt = Kia.t*2
Where: g is the amount adsorbed (mg g*) at time t (min), kiq is the intraparticle diffusion coefficient.

Conclusion

In recent years, increasing cost and environmental considerations associated with the use of commercial ad-
sorbents has lead to development of low cost adsorbents derived from renewable resources. A review of fly
ash as a adsorbent presented in this paper shown the chemical composition of coal fly ash, toxicity and
sources of heavy metals in wastewater. Summary of fly ash for the removal of heavy metal ion, batch studies
on the parameter that affects the adsorption, adsorption modeling such as isotherm, kinetics and thermody-
namics. The use of waste materials as low cost adsorbents for removing various pollutants from wastewater
presents many features especially their contribution in the reduction of cost for waste disposal, therefore con-
tributing to environmental protection. More studies should be carried out for a better understanding of the
process of low cost adsorption instead of promoting the use of non-conventional adsorbents on a large scale.
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