CHAPTER IV
RESULTS AND DISCUSSION OF SURFACTANT BILAYER ADSORPTION

4.1 Abstract

The adsorption isotherms of hexadecylpyridinium chloride monohydrate
(CPC, cationic surfactant), dodecylbenzenesulfonic acid sodium salt (DBSA, anionic
surfactant), 3-(4-Heptyl)phenyl-3-hydroxypropyl)dimethylammoniopropanesulfonate
(C7Bz0, zwitterionic surfactant) and polyoxyethylene nonylphenol, (NP30, nonionic
surfactant) on natural rubber latex particles (NR) were investigated by varied the
substrate concentrations (5, 10 and 20 % wiv of NR) and pH of the solution. The
isotherms of surfactant were examined to find a suitable condition for surfactant
adsorption in admicellar polymerization. The concentrations of filtrates or equilibrium
surfactant concentration (equilibrium concentration) were determined by using the
uv visible spectroscopy measurement technique. The plot of equilibrium
concentration versus the amount of adsorbed surfactant was made yield the surfactant
adsorption isotherm. From the results of adsorption isotherms exhibited that the
Substrate content, the surfactant chain length, the head group size and the pH of
solution affected the amount of surfactant adsorption on the NR particles.
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4.2 Introduction

Admicellar polymerization is an innovative technique used to modify the
material surface by using an ultra-thin polymeric film coating. Admicellar is a term
derived from “adsorption” and “micelle” and it defines a type of polymerization
taking place inside an adsorbed surfactant bilayer on a substrate at a surfactant
concentration just below the critical micelle concentration (CMC). According to this
technique. Surfactant adsorption at the solid-liquid interface is a phenomenon of
significant importance for many industrial processes. The adsorption process is a
result of two mechanisms. First, the electrostatic interaction between the surface and
the fonic surfactant head groups give rise to an adsorption characterized by the lack
of any particular configuration of the surfactant molecules at the solid-liquid
interface. Subsequently, following the attainment of a critical concentration, lateral
hydrophobic  interactions among the hydrocarbon chains bring about the
reorganization and the aggregation of the adsorbed surfactant molecules at the
substrate surface (Aloulou et al., 2004.). In this research, scope of this work is to
study surfactant bilayer adsorption by varying the concentrations of 4 different types
of surfactant; CPC (cationic surfactant), DBSA (anionic surfactant), C7BzO
(zwitterionic surfactant) and NP30 (nonionic surfactant) adsorbed on the surface of
the substrate (natural rubber latex particles, NR) and varying the substrate
concentration (5, 10 and 20 % wiv of NR) on adsorption isotherm and pH of the
solution.
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4.3 Experimental

431 Materials

Natural rubber (60 wt% dry rubber content) (Rubber Research
Institute of Thailand), Hexadecylpyridinium chloride monohydrate (CPC) (99%
purity) (Sigma), Dodecylbenzenesulfonic acid sodium salt (DBSA) (Fluka), 3-(4-
Heptyl)phenyl-3-hydroxypropyl)dimethylammoniopropanesulfonate (C7Bz0) (98%
purity) (Sigma), Polyoxyethylene nonylphenol (Synperonic® NP30) (Aldrich),
Sodium hydroxide (NaOH) (MERCK), Hydrochloric acid (HC1) (37%) (Carlo Erba
Reagent Company). All materials were used without further purification.

432 Equipments
The instruments are shown in fable 4.1
Table 4.1 Parameters to be measured for adsorption isotherms
Parameters Instrument/Technique
Prepared  and  Centrifuge, KUBOTA 5922 (at 10,000 rpm/20 min)
purified  natural (ASTM 1076-02)
rubber - Hot plate and magnetic stirrer

Particle ~ size - Particle size analyzer, MALVERN Mastersizer X Ver.2.18
measurement

Adsorption - Shaking bath (MEMMERT)
Isotherms - pH meter, Eutech instruments pH 510
- Microcentrifuge, Sartorius GIBTHAI Co., Ltd
- UV visible spectrophotometer (UV-1800), SHIMADZU uv 1800

4.3.3 Natural Rubber Latex Preparation
Natural rubber latex particles were purified by centrifugation (at 20°c,
10000 Ipm, 20 min) and were redispersed in distilled water 2 times to remove
dissolved impurities and to reduce the particle size distribution. The resulting
particles were considered to be clean. After washing, the particles were resuspended
In water at suitable pH that depending on type of surfactant.
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434 Particle Size Measurement

The size of NR latex purification was measured using a particle size
analyzer according to instructions provided with the instrument and using a 45 mm
lens. The results were measured by the principle of beam obscuration (beam length
24 mm). The instrument yielded the average particle size, the standard size
distribution and the specific surface area. The specific surface area was calculated
from the particle diameter with the assumption of spherical particles of constant
volume.

435 Surfactant Adsorption Isotherm Measurements

4.35.1 Surfactant Adsorption Isotherm for cationic Surfactant
(hexadecylpyridinium chloride monohyarate, CPC)

Solutions of  various initial surfactant concentrations were
prepared in water at pH s. The concentration of surfactant prepared from 1to 30
mM. Then, 19 ml of each of the surfactant solutions was added into a vial screw cap
test tube containing NR solution 5, 10 and 20 %wiv (1,2 and 4 g dry rubber content)
and was adjusted to pH s then make volume to 20 ml. The tubes were agitated in a
shaking bath at 30°c for a period of equilibrium surfactant adsorption (4 hrs). The
NR particles were separated from the mixture by filtering the mixture through a
cellulose acetate membrane. The concentrations of filtrates or equilibrium surfactant
concentration (equilibrium concentration) were determined by using the uv visible
spectroscopy measurement technique. The measurements were carried out at the
wavelength of 214 nm. The plot of equilibrium concentration versus the amount of
adsorbed surfactant was made yield the surfactant adsorption isotherm.

4.35.2 Surfactant Adsorption Isotherm for anionic  surfactant
(dodecylbenzenesulfonic acid sodium salt, DBSA)

Solutions of various initial surfactant concentrations were

prepared in water at pH 3. The concentration of surfactant prepared from 1to 30

mM. Then, 19 ml of each of the surfactant solutions was added into a vial screw cap

test tube containing NR solution 5, 10 and 20 %wiv (1,2 and 4 ¢ dry rubber content)



and was adjusted to pH 3 then make volume to 20 ml. The tubes were agitated in a
shaking bath at 30°c for a period of equilibrium surfactant adsorption (4 hrs). The
NR particles were separated from the mixture by filtering the mixture through a
cellulose acetate membrane. The concentrations of filtrates or equilibrium surfactant
concentration (equilibrium concentration) were determined by using the uv visible
spectroscopy measurement technique. The measurements were carried out at the
wavelength of 223 nm. The plot of equilibrium concentration versus the amount of
adsorbed surfactant was made Yield the surfactant adsorption isotherm.

4.35.3 Surfactant Adsorption Isotherm for zwitterionic surfactant (3-

(4-heptvl)phenvl-3-hydroxypropyl) dimethylammoniopropanesulfonate, C7Bz0)

Solutions of various initial surfactant concentrations were
prepared in water at pH 3 and s. The concentration of surfactant prepared from 1to
30 mM. Then, 9 ml of each of the surfactant solutions was added into a vial screw
cap test tube containing NR solution 5, 10 and 20 %wi/v (0.5, 1and 2 g dry rubber
content) and was adjusted to pH 3 and s then make volume to 10 ml. The tubes were
agitated in a shaking bath at 30°c for a period of equilibrium surfactant adsorption (4
hrs). The NR particles were separated from the mixture by filtering the mixture
through a cellulose acetate membrane. The concentrations of filtrates or equilibrium
surfactant concentration (gquilibrium concentration) were determined by using the
UV visible spectroscopy measurement technique. The measurements were carried
out at the wavelength of 195 nm. The plot of equilibrium concentration versus the
amount of adsorbed surfactant was made yield the surfactant adsorption isotherm,

4.35.4 Surfactant  Adsorption  Isotherm  for  nonionic  surfactant
(polyoxyethylene nonylphenol, NP30)
Solutions of various initial surfactant concentrations were
prepared in water at pH 3, 3.9 and s. The concentration of surfactant prepared from 1
to 30 mM. Then, 19 ml of each of the surfactant solutions was added into a vial
screw cap test tube containing NR solution 5, 10 and 20 %wiv (1, 2 and 4 g dry
rubber content) and was adjusted to pH 3, 3.9 and s then make volume to 20 ml. The
tubes were agitated in a shaking bath at 30°c for a period of equilibrium surfactant
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adsorption (4 hrs). The NR particles were separated from the mixture by filtering the
mixture through a cellulose acetate membrane. The concentrations of filtrates or
equilibrium surfactant concentration (equilibrium concentration) were determined by
using the uv visible spectroscopy measurement technique. The measurements were
carried out at the wavelength of 195 nm. The plot of equilibrium concentration
versus the amount of adsorbed surfactant was made yield the surfactant adsorption
isotherm.

4.4 Results and discussion

4.4.1 Particle size measurement
From the histogram in Figure 4.1, it shows that particle diameter of NR
covered a wide range. The diameter of NR was in the range of 0.28 - 2.83 pm,
confirming that the particle size of NR was naturally polydisperse. The mean
diameter of NR was 0.81 pm by volume average. This result compares well to values
from Bunsomsit et al., 2002. This specific surface area of NR was 9.5201 mafg. The
particle size of NR was measured after purification.

4.4.2 Surfactant adsorption isotherms
4421 Surfactant  Adsorption Isotherms of cationic  surfact:
(hexadecylpyridinium chloride monohvdrate, CPC)

The adsorption isotherms of CPC surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. CPC adsorption was measured with various NR concentrations as
shown in Figure 4.1 The adsorption isotherms of CPC on NR particles illustrated the
region of surfactant bilayer formation (fast adsorption) starting from the equilibrium
concentration of CPC about s6 pM until 891 pM which was below the critical
micelle concentration of CPC = 900 pM (Rosen et al., 2012). Beyond this region,
there was a slow adsorption region followed by a plateau region (no more
adsorption), which was the region where micelles could be formed. At NR 5 % wiv,
the amount of CPC adsorption at plateau region was 70.29 pmol/g rubber. If we
assume a bilayer adsorption, the surface area occupied by one surfactant molecule
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would be 46 A2 versus 23 A2 while NR 10 % wiv, the amount of CPC adsorption at
plateau region was 73.71 pmol/g rubber, the surface area occupied by one surfactant
molecule would be 44 Az versus 22 A2 and for NR 20% wiv, the amount of CPC
adsorption at plateau region was 64.90 pmol/g rubber, the surface area occupied by
one surfactant molecule would be 50 A2 versus 25 A2 for a monolayer adsorption.
For the NR surface area of 9.5201 mz/g. At 5, 10 and 20 % wiv of NR, the head
group area values were smaller than the calculated head group area of CPC, 80 Az or
40 Az for the admicelles (bilayer coverage) which is typically achieved for the
adsorption on solid particles e.q., glass fiber (Sakhalkar et al., 1995). According to
the rubber is a soft matter, it can be expanded in the presence of good solvent or
when having good interaction with the neighboring molecules (Magaraphan et al.,
2009), thus the amount of adsorbed CPC on the surface of NR could be higher than
that of stiff material. The adsorption of CPC molecules was slightly decreased when
the substrate was increased according to the steric effect from the chain length of
surfactant.

« 5%w/vNR
10%w/v NR
& 1 20%w/vNR

0 100 1000 10000

Equilibrium surfactant concentration (|jM)

Figure 4.1 Adsorption isotherms of CPC at various NR concentrations.
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4422 Surfactant - Adsorption Isotherms of anionic ~ surfact
(dodecylbenzenesulfonic acid sodium salt, DBSA)

The adsorption isotherms of DBSA surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. DBSA adsorption was measured with various NR concentrations as
shown in Figure 4.2. The adsorption isotherms of DBSA on NR particles illustrated
the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of DBSA about 261 pM until 1,189 pM which was below
the critical micelle concentration of DBSA = 1,200 pM (Rosen et al., 2012). Beyond
this region, there was a slow adsorption region followed by a plateau region (no more
adsorption), which is the region where micelles could be formed. AtNR 5 % wiv, the
amount of DBSA adsorption at plateau region was 259.12 pmol/g rubber. If we
assume a bilayer adsorption, the surface area occupied by one surfactant molecule
would be 12 Az versus 6 A2 while NR 10 % wiv, the amount of DBSA adsorption at
plateau region was 256.56 pmol/g rubber, the surface area occupied by one
surfactant molecule would be 12 A2 versus s Az and for NR 20% wiv, the amount of
DBSA adsorption at plateau region was 14126 pmol/g rubber, the surface area
occupied by one surfactant molecule would be 22 A2 versus 11 A2 for a monolayer
adsorption. For the NR surface area of 9.5201 ma/g. For 5, 10 and 20 % wiv 0f NR,
the head group area values were smaller than the calculated head group area of
DBSA, 64 Az or 32 Az for the admicelles (bilayer coverage) which is typically
achieved for the adsorption on solid particles e.g., cotton (Tragoonwichian et al.,
2009). According to the rubber is a soft matter, it can be expanded in the presence of
good solvent or when having good interaction with the neighboring molecules
(Magaraphan et al., 2009), thus the amount of adsorbed DBSA on the surface of NR
could be higher than that of stiff material. The adsorption of DBSA molecules was
slightly decreased when the substrate was increased according to the steric effect
from the chain length of surfactant.
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Figure 4.2 Adsorption isotherms of DBSA at various NR concentrations.

4423 Surfactant Adsorption Isotherms of zwitterionic surfactant:

(4-heptvl)phenvl-3-hvdroxypropyl) dimethylammoniopropanesulfonate, C7Bz0)
at pH 3

The adsorption isotherms of C7BzO surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. C7BzO adsorption was measured with various NR concentrations as
shown in Figure 4.3. The adsorption isotherms of C7BzO on NR particles illustrated
the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of C7BzO about 1,000 pM until 4281 pM which was
below the critical micelle concentration of C7BzO = 4,600 pM (Rosen et al., 2012).
Beyond this region, there was a slow adsorption region followed by a plateau region
(no more adsorption), which is the region where micelles could be formed. At NR
5 % wiv, the amount of C7BzO adsorption at plateau region was 452.61 pmol/g
rubber. If we assume a hilayer adsorption, the surface area occupied by one
surfactant molecule would be s Az versus 4 A2 while NR 10 % wiv, the amount of
C7BzO adsorption at plateau region was 240.15 pmol/g rubber, the surface area
occupied by one surfactant molecule would be 14 Az versus 7 Az and for NR 20%
wiv, the amount of C7BzO adsorption at plateau region was 148.27 pmol/g rubber,
the surface area occupied by one surfactant molecule would be 22 Az versus 11 Az
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for a monolayer adsorption. For the NR surface area of 9.5201 ma/g. For 5, 10 and
20 % wiv of NR, the head group area values were bigger than the calculated head
group area of C7BzO, s Az or 3 Az for the admicelles (bilayer coverage). The
adsorbed amount at saturation mainly depends on the chain length and on the nature
of the solid substrate on which adsorption is taking place (Lima-Xavier et al., 2002),
the chain of the surfactant is long when the substrate increased in the system,
surfactant needed space to form a hilayer so it could be harder to form a bilayer
adsorption then the amount of surfactant adsorbed decreased resulting the head group
area increased compared to the bilayer coverage. Moreover the steric effect from the
head group leading to the decreasing on adsorption of surfactant.

g "Yw

+  5%wiv NR
10%wiv NR
20%wiv NR

10000

L 1w lm .
Eopilioriumsurfactant conoentration (V)
Figure 4.3 Adsorption isotherms of C7BzO, pH 3 at various NR concentrations.

4424 Surfactant Adsorption Isotherms of zwitterionic surfactant
(4-heptvl)phenyl-3-hydroxypropyl) dimethylammoniopropanesulfonate, C7Bz0)
atpH s
The adsorption isotherms of C7BzO surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. C7BzO adsorption was measured with various NR concentrations as
shown in Figure 4.4. The adsorption isotherms of C7BzO on NR particles illustrated
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the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of C7BzO about 1,059 pM until 3,703 pM which was
below the critical micelle concentration of C7BzO = 4,600 pM (Rosen et al, 2012).
Beyond this region, there was a slow adsorption region followed by a plateau region
(no more adsorption), which is the region where micelles could be formed. At NR
5 % wiv, the amount of C7BzO adsorption at plateau region was 435.99 pmol/g
rubber. If we assume a bilayer adsorption, the surface area occupied by one
surfactant molecule would be & Az versus 4 A2 while NR 10 % wiv, the amount of
C7BzO adsorption at plateau region was 235.88 pmolfg rubber, the surface area
occupied by one surfactant molecule would be 14 Az versus 7 Az and for NR 20%
wiv, the amount of C7BzO adsorption at plateau region was 135.19 pmol/g rubber,
the surface area occupied by one surfactant molecule would be 24 A: versus 12 A;
for a monolayer adsorption. For the NR surface area of 95201 mafg. For 5, 10 and
20 % wiv of NR, the head group area values were bigger than the calculated head
group area of C7Bz0, 4 Az or 2 As for the admicelles (bilayer coverage). The
adsorbed amount at saturation mainly depends on the chain length and on the nature
of the solid substrate on which adsorption is taking place (Luna-Xavier et al., 2002),
the chain of the surfactant is long when the Substrate increased in the system,
surfactant needed space to form a bilayer so it could be harder to form a bilayer
adsorption then the amount of surfactant adsorbed decreased resulting the head group
area increased compared to the bilayer coverage. Moreover the steric effect from the
head group leading to the decreasing on adsorption of surfactant.



40

.0/\' n

5%w/v NR
10%w/v NR
| 20%w/v NR

Eoplityiumsurfactant concertration (o)
Figure 4.4 Adsorption isotherms of C7BzO, pH s at various NR concentrations.

4425 Surfactant Adsorption Isotherms of nonionic surfac

(polyoxyethylene nonylphenoh NP30) at pH 3

The adsorption isotherms of NP30 surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. NP30 adsorption was measured with various NR concentrations as
shown in Figure 4.5. The adsorption isotherms of NP30 on NR particles illustrated
the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of NP30 about 40 pM until 138 pM which was below the
critical micelle concentration of NP30 = 140 pM (Luna-Xavier et al., 2002). Beyond
this region, there was a slow adsorption region followed by a plateau region (no more
adsorption), which is the region where micelles could be formed. At NR 5% wiv, the
amount ofNP30 adsorption at plateau region was 161.97 pmol/g rubber. The surface
area occupied by one surfactant molecule would be 9 A2 while NR 10 % wiv, the
amount of NP30 adsorption at plateau region was 48.30 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 33 Az and for NR 20% wiv, the
amount of NP30 adsorption at plateau region was 32.40 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 49 Az for a monolayer
adsorption. For the NR surface area of 9.5201 ma/g. At 5 % wiv of NR, the head
group area value was equal with the calculated head group area of NP30, 9 A: for the
monolayer coverage which is typically achieved for the adsorption on solid particles
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e.0., silicaand at 10and 20 % /Vof NR, the head group area value was bigger than
the calculated head group area of NP30. The surfactant molecule occupied the area
more than silica, the adsorbed amount at saturation mainly depends on the
oxyethylenic chain length and on the nature of the solid substrate on which
adsorption s taking place (Luna-Xavier et al., 2002), the chain of the surfactant is
long when the substrate increased in the system, surfactant needed space to form a
bilayer so it could be harder to form a bilayer adsorption then the bilayer adsorption
could not be formed and the amount of surfactant adsorbed decreased resulting from
the steric effect.
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Figure 4.5 Adsorption isotherms of NP30, pH 3 at various NR concentrations.

44.2.6 Surfactant  Adsorption Isotherms of nonionic surfac

(polyoxyethylene nonviphenoh NP3Q) at pH 3.9

The adsorption isotherms of NP30 surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. NP30 adsorption was measured with various NR concentrations as
shown in Figure 4.6. The adsorption isotherms of NP30 on NR particles illustrated
the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of NP30 about 47 pM until 138 pM which was below the
critical micelle concentration of NP30 = 140 pM (Luna-Xavier et al., 2002). Beyond
this region, there was a slow adsorption region followed by a plateau region (no more
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adsorption), which is the region where micelles could be formed. AtNR 5 % wiv, the
amount of NP30 adsorption at plateau region was 176.12 pmol/g rubber. The surface
area occupied by one surfactant molecule would be 9 A2 while NR 10 % wiv, the
amount of NP30 adsorption at plateau region was 90.05 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 18 Az and for NR 20% wi, the
amount of NP30 adsorption at plateau region was 46.53 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 34 Az for a monolayer
adsorption. For the NR surface area of 9.5201 ma/g. At 5 % wiv of NR, the head
group area value was equal with the calculated head group area of NP30, 9 Az for the
monolayer coverage which is typically achieved for the adsorption on solid particles
e.0,, silica and at 10 and 20 % wiv of NR, the head group area value was bigger than
the calculated head group area of NP30. The surfactant molecule occupied the area
more than silica, the adsorbed amount at saturation mainly depends on the
oxyethylenic chain length and on the nature of the solid substrate on which
adsorption is taking place (Tuna-Xavier et ai, 2002), the chain of the surfactant is
long when the substrate increased in the system, surfactant needed space to form a
bilayer so it could be harder to form a bilayer adsorption then the hilayer adsorption
could not be formed and the amount of surfactant adsorbed decreased resulting from
the steric effect.

¢« 5%wiv NR
10%wiv NR
1 20%wiv NR

0 100 1000
Eoualioriumsurfactant concentration (1)
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Figure 4.6 Adsorption isotherms of NP30, pH 3.9 at various NR concentrations.
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4427 Surfactant Adsorption Isotherm of nonionic surfac

(polyoxyethylene nonylphenol, NP30) at pH s

The adsorption isotherms of NP30 surfactant onto the NR
particle surfaces showed the characteristic of surfactant adsorbed on non-highly
charged surface. NP30 adsorption was measured with various NR concentrations as
shown in Figure 4.7. The adsorption isotherms of NP30 on NR particles illustrated
the region of surfactant bilayer formation (fast adsorption) starting from the
equilibrium concentration of NP30 about 85 pM until 136 pM which was below the
critical micelle concentration of NP30 = 140 pM (Luna-Xavier et al., 2002). Beyond
this region, there was a slow adsorption region followed by a plateau region (no more
adsorption), which is the region where micelles could be formed. At NR 5% wiv, the
amount of NP30 adsorption at plateau region was 130.14 pmol/g rubber. The surface
area occupied by one surfactant molecule would be 12 A2 while NR 10 % wiv, the
amount of NP30 adsorption at plateau region was 50.60 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 31 Az and for NR 20% wiv, the
amount of NP30 adsorption at plateau region was 43.82 pmol/g rubber, the surface
area occupied by one surfactant molecule would be 36 Az for a monolayer
adsorption. For the NR surface area of 95201 ma/g. At 5, 10 and 20 % wiv of NR,
the head group area value was bigger than the calculated head group area of NP30, 9
Az for the monolayer coverage which is typically achieved for the adsorption on
solid particles e.g., silica. The surfactant molecule occupied the area more than silica,
the adsorbed amount at saturation mainly depends on the oxyethylenic chain length
and on the nature of the solid substrate on which adsorption is taking place (Luna-
Xavier et al., 2002). the chain of the surfactant is long when the substrate increased
in the system, surfactant needed space to form a bilayer so it could be harder to form
a bilayer adsorption then the bilayer adsorption could not be formed and the amount
of surfactant adsorbed decreased resulting from the steric effect.
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Figure 4.7 Adsorption isotherms of NP30, pH 8 at various NR concentrations.

45 Conclusions

In this research, the adsorption isotherms of CPC, DBSA and C7BzO
exposed bilayer adsorption which could be formed to allow admicellar
polymerization while NP30 revealed the forming of monolayer adsorption for all NR
content and the amount of surfactant adsorption was decreased with NR content
according to the occupied volume of surfactant resulting from the steric effect of the
chain length.. The adsorption isotherm of C7BzO at pH 3 was higher than pH 8 at all
NR content resulting from the steric effect from the head group of surfactant.
Altering on the pH value revealed a significant changing on the adsorption of the
surfactant on the surface of NR particles for NP30, at pH 3.9 exhibited the highest
amount of surfactant adsorption and at 5 %w/v of NR provided better adsorption

compare to 10 and 20 %w/v of NR.
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