
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 S u rfac tan ts
T h ere  w ere  th ree  ty p es  o f  su rfac tan ts  u sed  in  th is  re se a rch  w o rk  w h ich  

are  a lky l d ip h en y l o x id e  d isu lfo n a te  (A D P O D S  o r D o w fax  8390), d io c ty l so d iu m  
su lfo su cc in a te  (A e ro so l-O T  o r A O T ) and  so rb itan  m o n o o lea te  (S p an  80).

A lk y l d ip h en y l o x ide  d isu lfo n a te  (A D P O D S ) k n o w n  as D o w fax  8390  
in  36%  so lu tio n  u sed  in  th is  re sea rch  w as a  co m m erc ia l g rad e  an io n ic  su rfac tan t 
su p p lied  by  D o w  C h em ica l C o. (M id lan d , M I, U S A ).

D io c ty l so d iu m  su lfo su cc in a te  (A e ro so l-O T  o r A O T ) w ith  98%  p u rity  
w as p u rch ased  fro m  F lu k a  C o m p an y . A O T  is a  h y d ro p h o b ic  an io n ic  su rfac tan t w ith  
a  n eg a tiv e ly  ch a rg ed  su lfo su cc in a te  h ead  g ro u p  an d  an  alky l ch a in  le n g th  o f  tw en ty  
ca rb o n  u n its

S o rb itan  m o n o o lea te  (S p an  80) in  100%  so lu tio n  w as o b ta in ed  fro m  
IC I U n iq u e m a  C o. (W ilm in g to n , D E , U S A ). S p an 8 0  is a  n o n io n ic  su rfac tan t. 
P ro p ertie s  an d  se lec ted  ch a rac te ris tic s  o f  th e  su rfac tan ts  s tu d ied  a re  sh o w n  in T ab le  
3.1.

3 .1 .2  S tu d ied  O il
M o to r o il w h ich  is co m m erc ia lly  av a ilab le  fo r u se  in  g a so lin e  en g in es , 

ty p e  S A E  10W -30  (C astro l G T X ) u sed  as m o d e l o ily  so il. S ince  th e  m o to r  o il u sed  in  
th is  re sea rch  is a  co m m erc ia l p ro d u c t an d  can  v ary  in  co m p o sitio n , a  sin g le  b a tch  o f  
o il w as  u sed  th ro u g h o u t th is  research . T h e  o il w as k ep t in  a  re fr ig e ra to r  a t 4 ๐c  u n til 
u sed .

3.1.3 Water
Distilled water was used throughout this research for preparing

aqueous surfactant solutions, as rinsing water and cleaning glassware. It was
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p u rch ased  fro m  G o v e rn m en t P h arm aceu tica l O rg an iza tio n , B an g k o k , T ha iland .

Table 3.1 P ro p e rtie s  o f  su rfac tan ts  u sed  in  th e  s tu d y  (T o n g cu m p o u  et a l ,  2003)

Chemical name Chemical structure MW HLB
* A lk y l d ip h en y l ox id e  

d isu lfo n a te  
(D o w fax  8390) S03Na

ร / 642 + 40

B is (2 -e ty lh ex y l) < v ° 444 1 0 . 2

su lfo su cc in a te  ac id / ' V ' N / S q '
A

S o d iu m  sa lt (A O T ) S S s O T  Na+

S o rb itan  m o n o o lea te ท 428 .6 4.3
(S p an 8 0 ) I— n - V

HOVi
HO OH

*
3 .1 .4  E lec tro ly te

S o d iu m  ch lo rid e  (N aC l), an a ly tica l p u rity  g rade , w as  u sed  as an  
e lec tro ly te  an d  p u rch ased  fro m  L ab S can  A s ia  C o, L td.

3 .1 .5  D y ed  O il
O il red  o  (so lv en t R ed  27 , CL N o . 2 6 1 2 5 ) w as p u rch ased  from  

A ld rich  C h em ica l C o m p an y , Inc. It w as  u sed  fo r p re p a rin g  d y ed  o il so lu tio n  b efo re  
b e in g  ap p lied  o n  fab ric  sam ples.

3 .1 .6  F ab ric s
T h ree  ty p es  o f  fab ric  fo r d e te rg en cy  te s ts , a  s tan d ard  u n so iled  p u re  

p o ly este r, p u re  co tto n  an d  p o ly es te r/co tto n  b len d  (6 5 /3 5 ), w ere  p u rc h a se d  fro m  T est 
F ab ric s  Co. (M id d le sex , N J , U S A ).
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3.1.7 Other Chemicals
Dichloromethane, analytical reagent grade, was used for diluting dyed 

oil before applied on fabrics. It was purchased from Italmar (Thailand) CO., Ltd.
2 -propanol, analytical grade, was used to extract the oil from fabric in 

detergency tests for determining the oil removal from fabrics after washing.

3.2 Experimental Procedure

4 The experiment of this research was divided into two parts. The first part 
was to study the phase behavior and microemulsion formation of mixed surfactant 
system with motor oil and another part was detergency experiment. All of the 
experiments, the concentration of surfactant and electrolyte concentration were 
expressed in weight percent of the aqueous solution.

3.2.1 Phase Behavior and Microemulsion Formation
Phase studies were carried out by first adding an aqueous surfactant 

solution to flat-bottom-screw cap-tubes. Then the oil was added at a water to oil 
volumetric ratio of unity. Aqueous surfactant solutions were prepared with different 
concentrations of three surfactants. Each of mixture (surfactant solution and motor 
oil) was well shaken for 3 min and left in an incubator for equilibration at 30 °c 
Figure 3.1 illustrates how to carry out the phase studies.

4 The equilibrium of the system means the volume of each phase does
not change. For the studied system in this research, it took about 1 month to reach 
equilibrium. The volumes of all phases of microemulsion were measured by using a 
cathetometer, consisting of a telescope (model TC-II, Titan) and a digimatic height 
gauge (model 192-631, Mitutoyo) with 0.01 mm accuracy. The solubilization 
capacities were determined in terms of solubilization parameter as ml of motor oil 
dissolved per gram of surfactants. The Interfacial tension between equilibrated 
phases (water excess phase and middle phase or middle phase and oil excess phase) 
were measured by a Spinning drop tensiometer (SITE 04, Kriiss GmbH, Hamberg).
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Figure 3.1 Schematic experiment of microemulsion formation.

3.2.2 Detergency Experiment
In detergency test, there were several steps as followings:
3.2.2.1 Fabric Preparation

Before soiling, the fabric was pre-washed to eliminate 
residues of mill finishing agents which might influence oil removal results. The pre
washing method was followed according to the ASTM standard guide D4265-98 
(Annual Book of ASTM Standards, 2000).

3.2.2.2 Soiling Procedure
The tested oil, motor oil was dyed by an oil soluble Oil-Red- 

o  dye using the standard method (Goel, 1998), before being applied on the fabric. 
Approximately 0.1 g of the oil-soluble dye was added to 100 mL of the oil. The 
colored oil was filtered until clear. The soiling procedure was done by diluting 10 
mL of the clear dyed oil with dichloromethane to 100 mL. The fabric was folded and 
put in a glass container, and then the dyed oil solution was poured until the fabric
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was completely submerged. It was left for 1 min and then rinsed to remove the 
adhered solution. The soiled fabric was then unfolded and lay on a flat plate in a 
ventilated hood to dry at room temperature over night. After that the fabric was cut 
into 3x4 inch swatches in a wrap and weft directions. All soiled swatches were kept 
in a sealed glass container until use. All swatches were freshly prepared for each 
batch of laundry experiment. By this soiling method, the average weight ratio of oil 
to fabric was approximately 0.21.

3.2.2.3 Laundry Procedure
Washing experiments were carried out by using a Terg-O- 

Tometer (Copley, model DIS 8000). The Terg-O-Tometer simulates home washing- 
machine action in a bench scale unit. It consists of 8 vessels with individual paddles 
for using. These vessels are arranged in water bath for controlling the washing 
temperature. It has an external thermo-circulator water heater with overtemperature 
cut-out. The temperature measurement by the thermocouple (PtlOO probe) mounted 
on the water bath connected to a temperature controller and there also has a cooling 
coil for cooling down water. The agitator of each bucket is similar to a top-loading 
home washing machine.

The washing experiments were performed in 1000 ml, 500 ml 
and 333.33 ml washing solution for the same washing and rinsing times, of 20 min 
wash, 3 min first rinse and 2 min second rinse with distilled water. Temperatures of 
both washing solution and rinse water were kept constant at 30°c. Three swatches 
were washed in each bucket for on cycle as replication. In order to examine the 
correlation between phase behavior and detergency performance, salt was added to 
washing solutions so that the salinity corresponding to the microemulsion 
composition were simulated.

3.2.2.4 Detergency Measurement
Detergency performance was determined by reflectance 

measurement of pre-wash and post-wash swatches. Reflectance measurements of the 
unsoiled swatches, the pre-wash soiled swatches and post-wash soiled swatches were 
conducted by a colormetric spectrophotometer (Hunter Lab, ColorFlex). The 
percentage of detergency was calculated by the following equation:
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% Detergency = [(A-B)/(Co-B)]xlOO (3.1)
where A is the average reflectance of the soiled swatches after washing, B is the 
average reflectance of the soiled swatches before washing and Co is the average 
reflectance of the unsoiled swatches before washing.

3.2.2.5 Oil Removal Measurement
Oil removal was determined from the quantity of strained oil

on' the swatches to be washed out during the detergency process. The quantities of
the strained oil before washing and the residual oil after washing were extracted from *
the fabric with 2-propanol by submerging a swatch in 2- propanol overnight at room 
temperature and the extracted solution was measured the absorbance at 520 nm by a 
UV/VIS Spectrophotometer (Hewlett Packard, 8452A). The residual concentration 
of oil was calculated from the calibration curve of the prepared oil solutions. This 
method was represented that the dye and the oil were removed by the surfactant 
solution in the same proportion which they were loaded on the fabric (Goel, 1998).

3.2.2.6 Dynamic Interfacial Tension Measurement
Dynamic interfacial tension was measured by using a spinning drop 

tensiometer (SITE 04, Kriiss GmbH, Hamberg) and a contact angle measurement 
instrument (DSA10 Mk2, Kriiss GmbH, Hamberg). The heavy phase of surfactant 
mixture was the washing solution and the light oil phase was the dyed oil. A ratio of 
surfactant solution to oil of 100:1 was used to measure interfacial tension.
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