
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 N onionic Surfactants
The hom ologous series o f  alcohol ethoxylate (A E) w ere selected to be a 

nonionic surfactant to study the effect o f  m olecu lar structure o f  surfactant on the 
cloud poin t extraction  efficiency by the variation o f  num ber o f  ethylene oxide (EO) 
and num ber o f  carbon in the alkyl chain. The m olecular structure o f  AE w as (CH 3),,,- 
0 - ( 0 C H 2C H 2 ),,OH , w here m  represents the num ber o f  carbon atom s in alkyl chain 
and ท represents the num ber o f  ethylene oxide in head group. P roperties o f  a series 
o f  A E studied  are show n in Table 3.1.

3.1.2 O rganic Solutes
T here w ere two types o f  organic so lu te used in th is work, w hich were 

phenol (C 6 H 5 O H ) 99.5%  purity  from  Penreac S intesis C om pany and p-cresol 
(C H 3C 6H4 O H ) 99%  purity  from  A ldrich C om pany, to study the effect o f  
hydrophobicity  o f  solute. Table 3.2 show s the properties o f  phenol and / 7-cresol.

3.1.3 E lectrolyte
Sodium  chloride (N aC l) 99%  purity  from  L ab-Scan C om pany w as utilized 

as an electro ly te  in this work.



T a b le  3 .1  Properties of the nonionic surfactants studied

Trade N am e C om pany Structure EO (ท) C ( m ) HLB
Surfonic L24-5 H untsm an C 12E O 5 5 1 2 -1 4 * 1 0 . 6

Surfonic L24-7 H untsm an c 12e o 7 7 12-14* 11.9
Surfonic L24-7.1 H untsm an C 12E O 7 1 7.1 12-14* 12.3
Surfonic L24-9 H untsm an c 12e o 9 9 12-14* 13.0
Surfonic L24-12 H untsm an C 12E 012 1 2 12-14* 14.4
Surfonic TDA5 H untsm an C 13E 0 5 5 13 10.5
Surfonic T D A 6 H untsm an C 13E O 6 6 13 11.4
Surfonic T D A 8 H untsm an CnEO g 8 13 1 2 . 8

Surfonic TD A 9 H untsm an C 13EO 9 9 13 13.3
Surfonic T D A 1 1 H untsm an C 13E O 11 1 1 13 14.2
Surfonic L I 2-8 H untsm an CnEO g 8 1 0 - 1 2 * 13.6
Surfonic D D A 8 H untsm an CnEO g 8 1 2 13.0
N eodol 91-5E Shell C 9 -11EO 5 5 9-11* 1 1 . 6

N eodol 91-6E Shell C 9-11EO 6 6 9-11* 12.5
N eodol 91-8 Shell C 9 -11E O 8 8 9-11* 13.7
N eodol 1-9 Shell C l  1E O 9 9 1 1 13.9
N eodol 25-9 Shell C 12-15EO 9 9 12-15* 13.2

* Commercial surfactants do not possess exact numbers o f carbon atoms in alkyl chain.
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Table 3.2 Physical and chem ical properties o f  phenol and p -c reso l (chem ical 
land2 1 .com)

Properties Phenol / 7-C resol

M olecular S tructure O H  y -  c h 3

Physical State C lear to light pink crystals.
C lear to sligh tly  am ber semi 
solid, phenolic  odor

M elting  Point (๐C) 41-43 33-34
B oiling  Point (๐C) 181 195-205
Specific G ravity 1.07 1.02-1.03
S olubility  in W ater 8  g / 1 0 0  ml 23 g/1
V apor D ensity 3.2 3.72
A uto-ign ition  (°C) N.A. 550
Flash  Poin t (°C) 7.9 86-87

Stability
Stable under ordinary 
conditions.

S table under ord inary  
conditions.

3.2 Experimental

3.2.1 C loud  Poin t D eterm ination
C loud po in t o f  the hom ologous series o f  nonionic  surfactant solution 

w ith  an organic so lu te at the initial condition  w as determ ined at each concentration 
o f  electrolyte. T ransfer the prepared solution in the test tube w ith  a therm om eter and 
then p lace it in the isotherm al w ater bath. The so lu tion  w as g radually  heated  until 
the tu rb id ity  behav io r w as observed, then the test tube o f  turbid  solu tion  w as taken 
up to allow  the tem perature to gradually  drop until the clear so lu tion  w as gained. At 
the tem perature that the turbid ity  behavior occurred , coacervate particles start to 
form  and as the tem perature decreased the solu tion  w as clear again, coacervate 
particles w ere m erged  together to form  a single phase. The cloud po in t tem perature
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w as taken as the tem perature at w hich the last coacervate particle  disappeared and 
the so lu tion  becam e clear again, w hich w as the sam e tem perature as the tem perature 
that the tu rb id ity  behavior w as obtained.

3.2,2 C loud Point Extraction Procedure
The w aste solution was hom ogeneously  prepared by m ixing nonionic 

surfactant, organic solute, and distilled w ater w ith  or w ithout electrolyte. The initial 
conditions w ere 100 ppm  for organic solute and 70 m M  for nonionic surfactant.

3 .2 .2 .1  E ffe c t o f  N u m b e r  o f  E th y le n e  O x id e  G r o u p
To exam ine the effect o f  num ber o f  ethylene oxide group, the 

variation  o f  ethylene oxide num bers (ท) w ith  constant alkyl chain  length were 
utilized. A t constan t num ber o f  carbon atom s 13, the num ber o f  ethylene oxide at 5, 
6 , 8 , 9, and 11 (C 13EO,,; ท =  5 , 6 ,  8 , 9, and 11) w ere varied.

In CPE, there w ere still m any factors affecting  cloud point 
w hich  w ere addition  o f  electrolyte, operating  tem perature, and the hydrophobicity  o f  
organic solute. To study the effect o f  electro ly te, variations o f  N aC l concentration  to 
0, 0.4 and 0.8 M  w ere selected. O perating tem peratures had very  strong effects on 
the cloud po in t extraction. To study this effect, variations o f  operating  tem perature 
to 60, 70, and, 80 °c  w ere selected. For the effect o f  hydrophobicity  o f  solute, two 
types o f  organic solutes w ere selected w hich  are phenol and / 7-cresol. In this 
experim ent, effects o f  these factors on the  m olecular structure w ere also notified.

3 .2 .2 .2  E ffe c t o f  A lk y l  C h a in  L e n g th
To investigate the effect o f  alkyl chain  length (m ), the various 

alkyl chain lengths at constant ethylene oxide num bers w ere utilized. A t the constant 
num ber o f  e thylene oxide head group o f  9, at num ber o f  carbon in alkyl chain was 
varied to 9-11, 1 2 , 12-14, 13 (C mE 0 9; m  =  9 -1 1 , 1 2 , 12-14, and 13).

Effects o f  addition  o f  electro ly te, operating  tem perature, and 
hydrophobicity  o f  solute on  the effect o f  num ber o f  ethylene oxide group on the 
cloud po in t ex traction  w ere also studied in the sam e conditions as they have already 
been m entioned.
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A fter m ixed solutions w ere prepared, they w ere filled in special designed 
glass bottles (about 95 m l) and sealed w ith rubber septa coated w ith  PT FE  to prevent 
the leakage. The solu tions w ere p laced in a circulating  w ater bath  system  at studied 
tem peratures until phase separation reached equilibrium . The equilibrium  time in 
th is w ork w as identified  w hen there w ere no changes in e ither phase height or 
concentration  o f  surfactant in the dilute phase. At tem peratures above the cloud 
point, the solu tions gradually  separated into coacervate and dilu te  phases. A fter the 
phase separation reached equilibrium , the concentrations o f  surfactant and organic 
solute in both tw o phases w ere analyzed to calculate the ex traction  efficiency.

The concentrations o f  surfactant in both coacervate and dilute phases were 
m easured by using  a Total O rganic C arbon A nalyzer (M ode: TO C  VcSH, 
Shim adzu). The concentrations o f  organic solutes, phenol and p-cresol, in both 
coacervate and dilute phases w ere m easured by using  a u v  Visible 
S pectrophotom eter at the w avelengths o f  270 nm  for phenol and 277 nm  for p-cresol. 
A  H igh Perform ance L iquid C hrom atography (H PL C ) w ith  a u v  detector was also 
utilized  for the d ispersed nonionic surfactants by using o f  acetonitrile  and water 
(40:60) as m obile phases.

In order to determ ine the surfactant and organic so lu te concentrations in 
both  tw o phases, the external standard  quantitative calibrations m ust be obtained. 
The calculations o f  surfactant and organic solute m aterial balances w ere perform ed 
to ensure that there w ere no surfactant and organic solute losses m ore than  1 0 %.

3.2.3 E quilib rium  Param eter C alculations
A fter the phase separation  reached the equilib rium , the deterrrÿnation 

o f  extraction  perform ance could be achieved. The ex traction  efficiencies were 
proposed as five im portant defin itions w hich are coacervate fractional volume, 
surfactant partition  ratio, organic solute partition  ratio , surfactant extraction 
percentage, and organic solute extraction  percentage could be defined as follow s:
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1. C oacervate Fractional V olum e
V olum es o f  both coacervate and dilute phases w ere obtained by 

m easuring the phase height o f  the solution. The phase volum e into a coacervate 
phase fractional volum e was determ ined as:

C o a c e r v a te  F r a c tio n a l  V o lu m e  = C o a c e r v a te  V o lu m e  
T o ta l  V o lu m e

C o a c e r v a te  H e ig h t  
T o ta l H e ig h t

2. Surfactant Partition Ratio
The concentrations o f  surfactant in tw o phases w ere com puted to 

perform  the separation  ability in term s o f  surfactant partition  ratio, w hich can be 
obtained by the follow ing equation:

โS u r fa c ta n t]S u r fa c ta n t P a r t i t io n  R a tio  = J - — f — ----ๅ—^ S u rfa c ta n t

w here [Surfactantjeoa is the concentration o f  surfactant in coacervate phase 
and [Surfactant]dii is the concentration o f  surfactant in dilu te  phase.

3. O rganic Solute Partition Ratio
The organic solute partition  ratio w as perform ed as the separation 

efficiency, w hich  is defined as:

O r g a n ic  S o lu te  P a r t i t io n  R a t io  - [O r g a n ic  S o lu te \M

w here [O rganic Solutejcoa is the concentration  o f  organic so lu te in coacervate phase 
and [O rganic Solute]dii is the concentration o f  organic solute in dilute phase
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4. Surfactant Extraction Percentage
The concentrations o f  surfactant in tw o phases w ere determ ined  to 

calculate the am ount o f  surfactant extracted, w hich is defined as:

W e ig h t o f  S u r fa c ta n t in  O .o a c e rv a te  P h a se
P e r c e n t a g e  o f  S u r fa c ta n t  E x tr a c t io n  = - g  i  „  X 1 0 0

T o ta l W e ig h t o f  S u r fa c ta n t

5. O rganic Solute E xtraction  Percentage
The concentrations o f  organic solute in tw o phases w ere determ ined  to 

calculate the am ount o f  organic solute rem oval, w hich is defined as:

P e r c e n ta g e  o f  O r g a n ic  S o lu te  E x tr a c t io n
_  W e ig h t o f  O r g a n ic  S o lu te  in  C o a c e r v a te  P h a s e  JQQ 

T o ta l  W e ig h t o f  O r g a n ic  S o lu te
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