
CH APTER III

EXPERIMENTAL

3.1 Analytical instruments

Instrum ents used in this thesis are lis ted  in Table 3.1.

Table  3.1 List o f instrum ents

Instruments Model, Manufacturer

In d uctive ly  coup led  plasma o p tic a l em ission 

S pectrom eter (ICP-OES)

iCAP 6500, Therm o Scientific

CHNS/O analyzer PE2400 Series II, Perkin-Elm er

X-ray fluorescence Philips m o d e l PW2400

X-ray d iffraction spectrom eter DMAX 2200 U ltim a, Rigaku

Surface area analyzer (BET) A u to so rb -l, Q uantachrom e

pH m e te r Ultrabasic, DENVER

O verhead shaker Rotax 6 .8 , VELP scientifica

Stirrer MS101, GEM

O ven UM500, M em m ert

T ransferp ipe tte Brand

A na ly tica l balance SI-234, DENVER

Sonicator CREST

Centrifuge CENTAUR 2, Sanyo

V acuum  pum p Buchi, V-700

M anifo ld Supleco
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For ICP-OES, the  opera tiona l param eters are listed in Table 3.2

Table 3.2 O perational param eters fo r ICP-OES

Operation condition Arsenic (As)

Wave length (nm) 189.042

Radio frequency  pow er (พ) 1150

Auxiliary §as f lo w  (L/m in) 0.5

N ebulizer gas f lo w  (L/min) 0 . 6

C oolan t gas f lo w  (L/m in) 1 2

Plasma v iew Axial

R epeatability  (times) 3

3.2 Chemicals

A ll chem icals used in th is thesis are listed in Table  3.3. They are a n a ly tica l

grade and used w ith o u t purification. 

Table 3.3 List o f  chemicals

Chemical Supplier

The stock so lu tion  o f 1000 mg As(V)/L 

The stock so lu tion  o f 1000 mg As(lil)/L 

D im ethylarsen ic acid/Cacodylic acid 

H ydroch loric  acid 37%

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Merk

Nitric acid 65% 

Sodium  hydroxide

Merk

Merk

Na2 HP0 4  

Na2 SO4  

KNOj

Carlo Erba reagents 

Carlo Erba reagents 

VWR International Ltd.
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3.3 Preparation o f adsorbent

Sludge from  tap w ater p ro d u c tio n  (STWP) was obta ined from  M e tro p o lita n  

W aterw orks A u thority  (Bangkok, Thailand). The sludge was dried in an oven  fo r 24 

hours a t 105 °c. A fter tha t, dried sludge was crushed and sieved (<500 pm). F inally, 

th e  sludge adsorbent was kept in a desiccator to  p re ve n t the  m oisture fro m  th e  air.

3.4 Characterization o f sludge

The sludge adsorbent was requ ired  to  observe its properties includ ing surface 

area, to ta l pore vo lum e, average pore  d iam ete r, e lem e n ta l co m p o s itio n  and 

ch e m ica l s tructure. เท addition, th e  p o in t o f  zero  charge o f sludge was also exam ined. 

The a n a ly tica l techniques for characterization are lis ted  in Table 3.4

Table 3.4 The techniques for characterization o f  sludge adsorbent

Characteristic Techniques

Surface area, to ta l pore vo lum e, 

average pore  d iam eter

Surface area analyzer (BET)

E lem ent com position X-ray fluo rescence  spectrom etry & 

in d u c tive ly  co u p le d  p lasm a-optica l em ission 

sp e c tro m e te r

c , H, N c o n te n t CHNS/O analysis

C hem ica l s tructure X-ray d iffra c tio n  spectrom etry

pH o f  p o in t o f  zero charge (pHpZC) Mass titra tio n  m e thod

3.4.1 Elemental content using ICP-OES

Aqua regia is a h ighly corrosive m ix tu re  o f  acids. It was used to  digest 

dried  sludge before  analysis fo r e le m e n ta l c o n te n ts  by ICP-OES. The sludge was 

w eighed o f  1 g th e n  30 mL o f HCl and 10 m L o f  FINO3  w ere added and th e  co n ta in e r 

was p laced on a h o tp la te . A fter tha t, th e  m ix tu re  was stirred by a stirring rod  u n til th e  

reaction  was co m p le te  and th e n  it was d ilu te d  to  100 m L by deionized w a ter. This
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m e th o d  shou ld  be done in fum e hood  since th e  n itrogen d ioxide also occurred 

during experim en t [56].

3.4.2 M e a su re m e n t o f  p o in t  o f  z e ro  charge

The pHpzc or po in t o f zero charge was s tud ied  by mass titra tio n  m e th o d . 

D iffe rent masses o f sludge w ith in  th e  c o n te n t range o f  1-100 g/L w ere p u t in to  

co n ta c t w ith  a 0.03 M KN0 3  so lu tion . And th e n , aqueous suspensions w ere agitated 

fo r 24 hours in an overhead shaker or u n til its e q u ilib riu m  pH was reached. A fter th a t, 

th e  graph was established be tw een pH va lu e  and adsorben t mass in KNO3  (% w /v). 

The pHpzc is th e  va lue at which a p la teau  is ach ieved w hen p lo ttin g  equ ilib rium  pH 

versus th e  sorben t mass [57],

3.5 B atch  s tu d y

The batch study o f arsenite (As(lll)), arsenate (As(v)) and d im ethylarsen ic  acid 

(DMA) adsorp tion  was carried out. All experim en ts  w ere  perfo rm ed in tr ip lica te  using 

ba tch  m ethod .

3.5.1 E ffe c t o f  s o lu tio n  pH

The e ffec t o f  pH was investiga ted by  varing th e  pH values o f arsenic 

so lu tions. The pH ad justm en t was done by 1% HCl and 1% NaOH so lu tion  in th e  pH 

range o f  1-10. Next, 10 mL o f 10 m g/L  arsenic so lu tio n  and 0.05 g o f  STWP was 

shaken by m eans o f an overhead shaker a t ro o m  te m p e ra tu re  fo r 24 hours. Then, th e  

so lu tio n  was centrifuged at 3000 rpm  fo r  10 m inu tes. Then, the  pH o f so lu tion  was 

m easured. A fte r tha t, th e  retained arsenic so lu tio n  was filte re d  and analyzed by ICP- 

OES.

3.5.2 A d s o rp tio n  k ine tics

The e ffec t o f  adsorption tim e  o f  As(lll), As(v) and DMA was stud ied by 

varied co n ta c t tim es in the  range o f 0.5-24 hours. The so lu tio n  contain ing 10 m g/L  o f  

arsenic so lu tion  was prepared w ith  th e  o p tim a l pH va lu e  and adjusted it pH by HCl 

o r NaOH. Then, 10 m L o f  arsenic so lu tion  was added  in a te s t tu b e  containing 0.05 g
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o f  STWP and th e  m ixture  was shaken a t ro o m  te m p e ra tu re . The experim ents w ere  

p e rfo rm e d  fo r arsenic so lu tion  using d iffe re n t c o n ta c t tim es. A t th e  end. o f mixing, th e  

a d sorben t was separated from  so lu tion  using cen trifuga tion  a t 3000 rpm  fo r 10 

m inutes. Then, th e  pH o f so lu tion  was m easured. The rem aining arsenic in so lu tions 

was filtra te d  and de te rm ined  by ICP-OES.

3.5.3 Adsorption isotherms

The adsorption isotherm s w ere  s tu d ie d  a t ro o m  tem pera tu re  by varying 

th e  in itia l arsenic concentra tion  o f 1 to  100 m g/L. The results were treated w ith  

Langm uir or Frundlich adsorption m ode ls to  d e te rm in e  th e  m axim um  adsorption 

capacity  fo r arsenic on th e  sludge and th e  p h e n o m e n o n  o f  adsorp tion  on the surface 

o f  sludge.

An a m o u n t o f 0.05 g o f  STWP was shaken w ith  10 m L o f various in itia l 

co n ce n tra tions  o f arsenic so lu tion  in th e  range o f  1 to  100 m g/L using o p tim a l 

co n d itio n s  from  previous experim ents a t ro o m  te m p e ra tu re . The adsorbent was 

separated by centrifuga tion  at 3000 rpm  fo r 10 m inu tes. A fte r tha t, th e  pH o f so lu tio n  

was m easured. The residual arsenic in s o lu tio n  was de te rm in e d  by ICP-OES a fte r 

filtra tio n .

3.5.4 Effect o f competing ions

N ot o n ly  arsenic b u t o the r anions such as phosphate  (P 043) and su lphate  

(S 042 ) can be c o m m o n ly  found  in w astew ater. T here fo re , th e  in fluence o f phosphate 

and su lpha te  was evaluated in various m o le  ratios o f  such com peting  anions to  

arsenic o f  1:1, 5:1, 10:1 and 20:1. Then, 0.05 g o f  STWP was shaken w ith  10 m L o f  

b inary m ix tu re  so lu tions (10 mg As/L and P 043- o r S042-) using o p tim a l pH and tim e  

fro m  previous experim ents at room  te m p e ra tu re . A fte r th a t, th e  adsorbent was 

separated by centrifuga tion  a t 3000 rpm  fo r 10 m in . A fte r th a t, th e  pH o f so lu tion was 

m easured. The residual arsenic so lu tion  was filtra te d  and analyzed by ICP-OES.



35

3.6 Colum n study

This te ch n iq u e  is c o m m o n ly  applied to  ex trac t th e  co n ta m in a n t com pounds 

fro m  w astew ater. W astew ater is fed  con tinuously  th rough  a co lu m n  packed w ith  

appropria te  adsorben t. Hence, th is experim ent is in te resting  to  use a hom em ade 

cy linder c o lu m n  (Figure 3.1) fo r studying the  e ffic iency o f  arsenic rem oval in so lu tion 

under co n tin u o u s  f lo w  cond ition .

Figure 3.1 Photograph o f th e  h o m e m a d e  cy linder co lum n.

3.6.1 E ffect o f  flow  rate

A h o m e m a d e  cylinder co lum n (10 m L o f  d isposab le  syringe, NiPRO) was 

used to  s tudy  in c o lu m n  system. C otton ba ll was firs tly  p laced  at the  end o f the  

co lu m n  to  p re ve n t th e  loss o f  adsorbent. The co lu m n  was packed w ith  th e  sludge at 

th e  height 1 cm . The e ffe c t o f  f lo w  rate o f arsenic so lu tio n  was e luc ida ted  at 0.5, 1, 

2, 3 and 4 m Lym in th a t was pre-ca libra ted  w ith  de ion ize  w ater. Then, 25 mL o f 10 

m g/L arsenic so lu tio n  was passed through th e  c o lu m n . The so lu tion  was passed 

th rough  th e  syringe by  means o f a m anifo ld  co n n e c te d  to  a vacuum  pum p. A fter 

th a t, th e  filtra te  was kep t and subject to  the  de te rm in a tio n  o f  arsenic am oun t by ICP- 

OES.

3.6.2 E ffect o f adsorbent layer height

Firstly, c o tto n  b a ll was placed at th e  end o f  th e  c o lu m n  to  prevent the  

loss o f  adsorben t. The co lu m n  was packed w ith  th e  a dso rb e n t layer height 0.5, 1, 1.5 

and 2 cm . The o p tim a l f lo w  rate o f arsenic so lu tion  was 1 m lV m in  from  studying th e  

e ffec t o f  c o lu m n  height. Then, 25 mL o f 10 m g/L arsenic so lu tio n  was passed through
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th e  co lu m n . The filtra te  was co lle c te d  and th e  re ta ined  arsenic in so lu tion  was 

measured b y  ICP-OES.

3.6.3 Breakthrough curve

To estim ate  th e  sorp tion  capacity o f th is m e th o d , th e  p roper co lum n 

height and f lo w  rate w ere chosen from  the  p revious experim ent. Tw enty-five  

m illilite rs  o f  10 m g /L  arsenic so lu tion  was passed th rough  th is  co lu m n . Then, each 25 

mL o f arsenic so lu tio n  was added o n to  the  co lu m n  u n til th e  c o lu m n  was c o m p le te ly  

exhausted. Each vo lu m e  o f  25 mL was co lle c te d  and m easured th e  residual As 

concen tra tion  in so lu tion  using ICP-OES. Finally, th e  graph was p lo tte d  betw een C /C 0  

and th e  v o lu m e  fo r  th e  de te rm ina tion  o f the  breakthrough curve.

3.7 Application in real contam inated water samples

Real w astew a te r sam ples w ere  obtained fro m  a p e tro le u m  industry  (Thailand) 

fo r to ta l arsenic rem ova l in th e  batch and co lum n system . Firstly, th e  w astew ater was 

filte red  and ana lyzed  fo r to ta l arsenic concentra tion  by ICP-OES.

For th e  batch  system , 0.05 g o f sludge was shaken w ith  10 mL o f  w astew ater 

which was p rev ious ly  ad justed to  th e  suitable pH va lu e  be fo re  adsorption. Then, the  

so lu tion  was m ixed th o ro u g h ly  by an overhead shaker fo r 12 hours. Finally, the  

retained arsenic concen tra tion  in so lu tion  was d e te rm in e d  b y  ICP-OES after filtra tion .

For th e  c o lu m n  system , th e  adsorbent layer he ight a t 2 cm  was used. Then, the  

so lu tion  o f  25 m L o f  w a te r sam ple was passed th o u g h t th e  c o lu m n  at a f lo w  rate o f 

1 m L/m in . A fte r th a t, th e  a m o u n t o f  residual arsenic a fte r adso rp tio n  was de te rm ined  

by ICP-OES.

Furtherm ore , a surface w a te r sam ple was c o lle c te d  fro m  th e  C hulalongkorn 

University pond . The w a te r sam ple was spiked w ith  arsenate (As(v)) in a le v e l o f 10 

mg/L. The re m o va l o f  As(v) using th e  sludge so rb e n t in b o th  batch and co lum n 

m ethods was p e rfo rm ed  in th e  same m anner o f rea l w a s te w a te r samples.
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