
CHAPTER 3

METHODOLOGY

3.1 Materials

3.1.1 Adsorbent

The different activated carbons, made from bituminous coal, coconut shell and 
palm shell were used in the experiment. The characteristics of the activated carbons 
are described in table 3.1. They were sieved with US standard screens to obtain 8-16 
mesh fraction (2.36-1.18 mm). The granules were washed with reverse osmosis water 
(RO), then dried at 105 °c for 12 hours and stored in dessiccator at room temperature.

Table 3.1 Characteristics o f  activated carbons from Carbokam CO, Ltd.

Parameter Bituminous coal Coconut shell Palm shell
1 .Moisture % 4.20 4.1 3.3
2 .Iodine number (mg/g) 983 995 971
3.BET surface area (m2/g) 1195 1230 1087
4.Total pore volume (cm3/g) 0.74 0.60 0.52
5.Pore diameter (Â) 18.38 14.75 14.59

3.1.2 Chemicals

4-Nitrophenol (C6H5NO3) was purchased from Carlo erba chemical. Ferrous 
sulfate (FeSCL.TFUO), Hydrogen peroxide (H2O2) (30% พ/พ), Sodium Sulfite 
(Na2SC>3), Sulfuric acid (H2SO4) and Sodium hydroxide (NaOH) were purchased from 
Merck chemical.
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3.2 Experimental

The experim ent is d iv id ed  into 3 parts :

1. Adso rp tion  and desorption o f  4 -N itropheno l by G A C .

2. Regeneration o f  spent G A C  by Fen ton ’ s reaction (in ad iabatic cond ition).

3. Reuse o f  G A C  after regeneration.

3.2.1 Adsorption and desorption of 4-NP by GAC

3.2.1.1 Adsorption Isotherm
Three types o f  G A C  w il l be tested by the same procedure as fo llow s.

3.2.1.1.1 Adsorption Kinetics

A dso rp tio n  k ine tics  o f  4-n itropheno l by G A C  was studied in batch 

experim ents by  va ry ing  G A C  mass. The G A C  mass o f  0.01, 0.1 and 0.4 g were used 

in th is experim ent. 4-n itropheno l o f  1 mmol/1 (139.11 mg/1) was sp iked  in R O  water 

and transferred to the 250 m l flask. The pH  o f  water was neutral. G A C  was added to 

each fla sk  con ta in ing  150 m l o f  sample. Im m ed iate ly  the flasks were sealed w ith 

parafilm  and protected from  the light. The flasks were covered to avo id  loss o f  4- 

n itrophenol due to vaporiza tion . The samples were shaken by  orb ita l shaker at 200 

rpm and room  temperature (30±1°C). The sample from  each fla sk  was ana lyzed fo r 4- 

n itropheno l concentration by spectrophotom eter at a w avelength o f  455 nm. Sam ples 

were co llected  at 0, 1, 2, 4, 6 , 10, 15, 20, 25, 30, 36, 42, 48, 60 and 72 hrs in  order to 

determ ine the equ ilib r iu m  tim e required fo r the m ax im um  adsorption o f  4-n itropheno l 

by the adsorbents.

3.2.1.1.2 Equilibrium Isotherm

The R O  water was sp iked w ith  approx im ate ly  1 mmol/1 (139.11 mg/1) 

o f  4-n itropheno l, us ing  the stock so lution. The pH  o f  wastewater was neutral. Va riou s 

amounts o f  G A C  (0.01, 0.02, 0.05, 0.1, 0.2 and 0.4 g) were added into the 250 m l 

flasks con ta in ing  150 m l o f  synthetic watersample. Im m ed iate ly  the flasks were
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sealed w ith  pa ra film  and protected from  the sun light. The  fla sks were covered to 

avo id  losses o f  4-n itropheno l due to vaporization . The sam ples w ere shaken at 200 

rpm  at room  temperature (30±1°C) to reach the equ ilib rium  state. The  4-n itrophenol 

rem ained in  so lu tion  was analyzed by spectrophotometer w ith  a w ave length o f  455 

nm  after equ ilib r iu m  was reached.

3.2.1.2 Desorption test

T w o  sets o f  desorption test were conducted w ith  d iffe ren t temperatures, w h ich  

were 30°c and 45°c, and the pH  was varied as 3, 5, 7. P re lim in a ry  tests o f  desorption 

at pH  7 and 45°c fo r a ll types o f  GAC were perform ed and the best desorption 

e ff ic ie n cy  o f  G A C  was selected fo r the subsequent tests. T he  desorp tion test was 

perform ed by  us ing  0.1 g o f  selected G A C ,  w h ich  has already adsorbed 1 mmol/1 o f  4- 

N P  from  iso therm  test. A fte r  that, th is G A C  was added in to  f la sk  con ta in ing  150 m l o f  

water and shaken in waterbath shaker to contro l temperature fo r each set. The flasks 

were sealed w ith  pa ra film  and protect from  sunlight. The sam ples w ere co llected  after 

0, 0.5, 1, 2 hr. The 4 -N P  from  each flask  was analyzed by  spectrophotom eter w ith  a 

w ave length o f  455 nm.

3.2.2 Regeneration of spent GAC by Fenton’s reaction

The Fen ton ’ s reaction were d iv ided  into 2 m ajor steps. The  firs t step was 

Fen ton ’ s reaction in  4 -N P  adsorbed G A C ,  and the second step was Fen ton ’ s reaction 

in  4 -N P  so lu tion . T h is  reaction was conducted under ad iabatic  cond ition  by  using 

vacuum  bottle  to prevent heat loss from  reactor.

3.2.2.i Optimal ratio for Fenton’s reaction in 4-NP adsorbed GAC

Eve ry  set o f  experim ent in th is part was done by  us ing  G A C ,  w h ich  has 

a lready adsorbed 0.0325 M  o f  4 -N P . The experim ents were done as in  the fo llo w in g  

steps.
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The firs t set o f  experim ent in th is part was done by va ry ing  Fe2+ concentration 

in the range o f  16-65 m M  and a constant o f  0.325 M  H 2O 2 . The in it ia l concentration 

o f  4 -N P  was constant and in it ia l pH  was contro lled  at 3. Thus, 4 -N P: H 2O 2 : Fe2+ 

m ola r ratio  was 1: 20 : (0.5-2). The second set o f  experim ent was done by va ry ing  the 

pH  values (3, 5, 7), w h ile  the ratio o f  4 -NP: H 2O 2 : Fe2+ obtained from  firs t set o f  

experim ent was fixed . Concentra tion  o f  Fe2+ varied w ith  a constant pH , w h ich  was 

derived from  the second set o f  experim ent. The last set o f  experim ent, concentration 

o f  H 2O 2 varied  w ith  a constant pH  derived from  the second set o f  experim ent, in 

w h ich  concentration o f  F e 2+ was obtained from  the th ird set o f  experim ent. Hence, the 

optim al ratio  fo r G A C  regeneration was obtained.

Experimental preparation: 15 g o f  4 -N P  adsorbed G A C  was f il le d  into 500 

m l vacuum  bottle. Ferrous so lu tion  from  stock so lu tion  was added. The samples were 

adjusted to the designated pH , us ing  0.1 and 1 N  so lu tion o f  H 2S O 4 or 0.1 and 1 N  

N aO H . H 2O 2 was then added into bottle based on the studied ratio. The entire vo lum e 

o f  so lu tion  in the vacuum  bottle was 300 m l fo r every sing le  set. The bottles were 

then shaken at 200 rpm  in  o rb ita l shaker. Sam ples were co llected  at 0.5, 1, 1.5 and 2 

hr. Tem perature and pH  were m onitered continuously. The H 2O 2 residue was 

measured by  the iodom etric  tritration method [47], A t  each in terva l o f  sam pling , 10 

m l o f  so lu tion  was taken from  vacuum  bottle and f il le d  into a beaker conta in ing  2  m l 

o f  6  N  N a O H  and 2 m l o f  10% N a 2S 0 3 , and d ilu ted  into a vo lum e o f  100 m l. Sod ium  

hyd rox ide  (N a O H ) was added to stop the reaction, due to prec ip ita tion  o f  catalyst at 

pH  > 10 [36]. The sod ium su lfite  (N a 2S Û 3) rem oves the rem ain ing  H 2O 2 very  qu ic k ly  

[48].Th is  d ilu ted  sam ple was ana lyzed fo r 4 -N P  by spectrophotom eter w ith  a 

w avelength o f  455 ททา. The o rgan ic carbon was analyzed by T O C  analyzer. G A C  

sample was taken and washed by water o f  pH  3. The washed G A C  was prepared for 

ana lyz ing  residua l adsorbate o f  4 -N P . The 4 -N P  adsorbed onto G A C  was extracted by 

son ic fica tion  w ith  150 m l o f  10% N a O H  and ana lyzed at a wavelength o f  462 nm.
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3.2.2.2 Fenton’s reaction in 4-nitrophenol solution

Fenton ’ s reaction  in so lu tion  was done to investigate the degradation o f  4 -N P  

com paring w ith  reaction in  G A C .  The concentration o f  4 -N P  in so lu tion  based on 

system vo lum e is the same as in  the set o f  experiment o f  Fen ton ’ s reaction in  G A C .

Experimental preparation: 200 m l o f  4 -N P  from  stock so lu tion  was added 

into 500 m l vacuum  bottle. Ferrous so lution from  stock so lu tion  was added and 

adjusted to designated pH  va lue  by  using 0.1 and 1 N  so lu tion o f  H 2S O 4 or 0.1 and 1 

N  N aO H . H 2O 2 w as then added into bottle based on studied ratio. The entire vo lum e 

o f  so lu tion  in  vacuum  bottle  was 300 m l fo r every sing le  set. The bottles were then 

shaken at 200 rpm  in  o rb ita l shaker. Samples were co llected  at 0.5, 1, 1.5 and 2 hr. 

Tem perature and p H  were m on itored continuously. The H 2O 2 residue was checked by 

iodom etric tritration . A t  each in terva l o f  sam pling 10 m l o f  so lu tion  was taken from  

vacuum  bottle and F ill in  beaker conta in ing 2 m l o f  6 N  N a O H  and 2 m l o f  10% 

N a 2S 0 3 , then adjusted to 100 m l as d ilu tion . Th is  d ilu tion  sample was analyzed fo r 4- 

N P  by  spectrophotom eter and organ ic carbon by T O C  analyzer.

3.2.2.3 The role of Fenton’s reaction to GAC

To  study the ro le  o f  Fen ton ’ s reaction to G A C ,  2 sets o f  experim ent were 

conducted. O ne is F e n to n ’ s reaction in regenerated G A C  and another in  fresh G A C  

respective ly  w ith  the same quantity o f  adsorbed 4 -N P . Regenerated G A C  sample 

w ou ld  be taken to ana lyze  total Fe by  X -ra y  fluorescence (X R F )  spectroscopy.

Bo th  sets w ere done by  adding 5g o f  GAC into reactor. 98 m l o f  water was 

added into reactor. T h is  reaction was done in pH  7. A fte r that, 2 m l o f  30% FI2O 2 was 

f il le d  and the tota l so lu tio n  vo lum e was 100 ml. Then, reactors were shaken in o rb ita l 

shaker at 200 rpm . G A C  from  both sets o f  experim ent o f  experim ent was taken out fo r 

extraction o f  4 -N P .
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3.2.3 Reuse of GAC after regeneration

3.2.3.1 Adsorption isotherm

The adsorption isotherm  o f  G A C  after one cyc le  o f  regeneration was 

determ ined and com pared w ith  the fresh one.
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3.3 Experimental Chart
Part 1 A d so rp tio n  and deso ip tion  o f  4 -N P  by G A C

Adsorption test

- K in e t ic  test

- Isotherm  test

Desorption test

- V a ry in g  p H  3, 5, 7 at 

30°c and 45°c

Se lect 1 type o f  G A C  w h ich  is p rov ided good adsoption and 
desorp tion fo r us ing in Fenton ’ s experim ent

Part 2 Fen ton ’ s reaction  in  ad iabatic cond ition

Regeneration G A C  by Fen ton ’ s reaction in
Fen ton ’ s reaction 4 -N P  so lu tion

First step

r

Second step

ไโ

Third step

ไโ

Fourth step

4NP: H20 2: Fe2+ at molar ratio of 
1: 20: [0.5,1,2] pH 3

Among 3 ratios, select the best 
one for second step

4NP: H20 2: Fe2+ at molar ratio of 
1: 20: [Unknown from first step] 
Varying pH 3, 5, 7

Obtain one optimal condition 
among 3 pH values

4NP: H20 2: Fe2+ at molar ratio of 
1: 20 : [unknown from the first step] 
pH from second step. Varying Fe2* in this 
step

Select the best ratio 
regeneration in this step

4NP: H20 2: Fe2+by mole 
1: [Varying ratio H20 2]: [unknown 
from the third step] 
pH from second step

Part 3 Reuse of GAC after regeneration

Fen ton ’ s reaction in  4 -N P  
so lu t io n  w ere  done by  
com paring  in  G A C .

► The best ratio  from  th is 
experim ent were used for 
regeneration G A C

Adsorption test The role of Fenton’s 
reaction to GAC

Isotherm  test b y  u s ing  regenerated G A C  
and com paring  iso therm  between fresh 
G A C  and regenerated G A C

Com paring  reaction o f  H 2O 2 in  fresh 
G A C  and regenerated G A C .  They  were 
adsorbed the same 4 -N P  concentration
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