
MATERIALS AND METHODOLOGY

This chapter describes the properties of the materials that are used in all the 
present experiments. It also describes the procedures employed in each experiment and 
all the apparatus used in this work. In addition, the analytical methods, in particular 
the determination of the swelling of adsorbents, the humidity of adsorbents and heat of 
combustion measurements are considered in this part. Furthermore, the measurements 
of surface area, pore diameter, contact angle, Zeta potential, Fourier transform infra
red spectroscopy (FT-IR), Heat of combustion, CHN and Scanning electron 
microscope (SEM) are described.

3.1. Materials
Materials used through out this present study are summarized in Table 3.1. 

Table 3.1 General properties of materials used in this study.
Name Chemical

formula

Molecular weight 

(g/mol)

Purity

(Percent)

Company (country product)

1. A c e tic  a c id C H iC O O H 6 0 .0 5 9 9 .8 B D H  (E n g la n d )

2. A c e to n e C H jC O C H , 5 8 .0 8 > 9 9 .5 B D H  (E n g la n d )

3 . B e n z o ic  a n h y d r id e C 14H 10O 3 2 2 6 .2 3 > 9 5 . 0 F lu k a  (U S A )

4 . C a lc iu m  c h lo r id e  d ih y d ra te C a C I2 .2 H 20 147 .02 9 8 -1 0 3 A ja x  F in e c h e m  (A u s tra lia )

5. C a lc iu m  su lfa te  d id y d ra te C a S 0 4 .2 H 20 172 .10 > 9 9 F lu k a  (S w itz e r la n d )

6 . C h ito s a n  f lak e (C (, H „ N 0 4)„ 7 0 0 ,0 0 0 D D  >  95 S e a  F resh  (T h a ila n d )

7. E th a n o l C H jC H 2O H 4 6 .0 7 9 9 .9 9 C a r lo  E rb a  (F ra n c e )

8 . E th y le n e  g ly c o l d ig ly c id y l

e th e r  (E G D E ) c «h I4o 4 174 .20 =  50 F lu k a  (U S A )

O H C (C H ,) i

9 . G lu ta ra ld e h y d e  (G L A ) C H O 1 0 0 . 1 2 25 A ja x  F in e c h e m  (A u s tra lia )
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Table 3.1 General properties of materials used in this study. (Continued)

Name Chemical

formula

Molecular weight 

(g/mol)

Purity

(Percent)

Company (country product)

10. H e x a d e c y ltr im e th y l

a m m o n iu m  b ro m id e  (C -T a b ) C „ H 42B rN 3 6 4 ,4 6 > 9 6 F lu k a  (S w itz e r la n d )

11. Iro n  ( II I )  n i tra te  n o n a h y d ra te F e ( N 0 , ) , .9 H 20 4 0 4 .0 0 > 9 9 .0 F lu k a  (S w itz e r la n d )

12. Iro n  ( II )  s u lf a te  h e p ta h y d ra te F e S 0 4.7 H 20 2 7 8 .0 2 9 9 .0 A ja x  F in e c h e m  (A u s tra lia )

13. L ith iu m  c h lo r id e L iC l 4 2 .4 0 9 9 A P S  (A u s tra lia )

14. M e th a n o l C H iO H 3 2 .0 4 9 9 .9 9 F re sh e r  S c ie n tif ic  U K  (U K )

15. N , N  d im e th y la c e ta m id e C 4H „N O 87 .1 2 9 8 .0 F lu k a  (S w itz e r la n d )

16. P o ly v in y l a lc o h o l (C 2h 40 )„ 7 2 0 0 0 8 6 .5 -8 9 .0 B D H  (E n g la n d )

17. P o ly o x y e th y le n e  

S o rb ita n m o n o o le a te

(T w e e n  8 0 ) C ,2แ 1,,C IN O , 2 5 1 .7 0 C o m m e rc ia l H o n g h u a t (T h a ila n d )

18. S o d iu m  c h lo r id e N aC I 58 .4 4 9 9 .5 C a r lo  E rb a  (F ra n ce )

19. S o d iu m  la u ry l su lp h a te C H i(C H  2) u O S O iN a  2 8 8 .3 8 > 9 7 A ja x  F in e c h e m  (A u s tra l ia )

2 0 . S o d iu m  s u lf a te  a n h y d ro u s N a 2ร 0  4 142 .04 >  9 9 .5 0 F re sh e r  S c ie n tif ic  U K  (U K )

2 1 . S o d iu m  tr ip o ly p h o h p h a te N a jP iO io 3 6 7 .8 6 85 S ig n a -A ld r ic h  (G e rm a n y )

2 2 . C u t t in g  f lu id s - - C o m m e rc ia l R ifle  B ra n d  (T h a ila n d )

3.2. Preparation adsorbents
In order to study the efficiency of the adsorbents on adsorbing the cutting 

fluids, two types of adsorbents were employed, i.e. chitin and chitosan beads prepared 
in the laboratory and chitosan purchased from Sea Fresh Co., Ltd. Furthermore, each 
group was divided into subgroup depend on the concentration of chitosan solution, the 
modified chemical chitosan and the modified surfactant chitosan in which each 
adsorbent was prepared in the form of beads. For a clear presentation, the full list of 
adsorbents prepared and used in the present study is summarized in Table 3.2 and in 
the following sections.
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Table 3.2 Adsorbents of cutting fluids

a) Chitosan bead prepared from laboratory 
i. Chitosan bead
ii. Modified chitosan bead

- Crosslinking chitosan with glutaraldehyde
- Blended chitosan/PVA 1:1

b) Chitosan bead prepared from Sea Fresh Co. Ltd. 
i. Chitosan bead

- 1.20 % w/v of chitosan solution
- 1.70 % w/v of chitosan solution
- 2.00 % w/v of chitosan solution
- 2.20 % w/v of chitosan solution

ii. Modified chemical chitosan bead
- Crosslinking chitosan with glutaraldehyde
- Blended chitosan/PVA 1:1
- Blended chitosan/PVA 1:2
- Crosslinking blended chitosan/PVA 1:1 with glutaraldehyde
- Crosslinking blended chitosan/PVA 1:2 with glutaraldehyde
- Benzoyl chitosan
- Quateraminated chitosan 

iii. Modified surfactant chitosan bead
- Chitosan-sodium lauryl sulfate
- Chitosan-hexadecyltrimethyl ammonium bromide
- Chitosan- polyoxyethylene sorbitanmonooleate
- Blended chitosan/PVA-sodium lauryl sulfate
- Blended chitosan/PVA-hexadecyltrimethyl ammonium bromide
- Blended chitosan/PVA-polyoxyethylene sorbitanmonooleate
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3.2.1. Preparation of chitin and chitosan from laboratory
The chitin was prepared from the fresh shell of black tiger shrimp. The fresh 

shrimp was washed by water to eliminate scraps of meat from the shell. After that the 
shell was dried in the รนท and incubated by oven at a temperature 60 to 70 °c for 6 h 
(see Figure 3.1a). Then the shells of black tiger shrimp was reduced in size by blender 
(see Figure 3.1b). 20 g of dry shells black tiger shrimp were then demineralized by 
soaking in 300 cm3 of 1.25 M hydrochloric acid for 2 h. The mixture was stirred by 
magnetic stirrer (Schott model SLR, Germany) at a speed of 300 rpm at room 
temperature. The shells of black tiger shrimp were then washed by water several 
times until pH of the solution became the same as that of the fresh water. Then the 
shells were deproteined by boiling in 300 cm3 of 1 M sodium hydroxide for 2 h. The 
mixture was stirred by magnetic stirrer at a speed of 300 rpm at 80 to 90 °c. The shells 
were then washed by water several times until pH of the solution became the same as 
that of the fresh water. The product was flake chitin (see Figure 3.1c)

After obtaining the flake chitin, the chitosan was prepared by the following 
procedures. 20 g of flake chitin were deacetylated by 400 cm3 of 50 % w/v of sodium 
hydroxide for 2 h. The mixture was stirred by magnetic stirrer at a speed of 300 rpm at 
110 to 120 °c. The chitosan was then washed by water several times until pH of the 
solution became the same as that of the fresh water. The product was flake chitosan 
(see Figure 3.Id)
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(a) dried shell of black tiger shrimp (b) blended shell of black tiger shrimp

(c) flake chitin (d) flake chitosan
Figure 3.1 Chitin and chitosan from shells of black tiger shrimp

3.2.1.1. Preparation of chitosan beads
2.0 g of chitosan flake was dissolved into 100 cm3 of 2 % v/v aqueous acetic 

acid solution. The mixture was mixed by motor stirrer (IKA Labortechnik model RW 
at 20.ท, Malaysia) 300 rpm for 24 h at room temperature to obtain a clear yellow 
solution. White hydrogel beads were formed when dropping the solution into 300 cm3 
of a 1 M NaOH solution through a needle (0  1.2 mm.) by a peristaltic pump. The 
hydrogel beads were allowed to soak in the NaOH solution for 12 h and then washed 
by deionized water (Elga model OS007BPM1, UK) several times until pH of the
solution became the same as that of the fresh deionized water. The chitosan beads
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were stored in deionized water for further use. Figure 3.2 shows chitosan beads 
prepared from shells of black tiger shrimp.

Figure 3.2 Chitosan beads from shells of black tiger shrimp
3.2.1.3. Modified chemical chitosan beads
Two modified chemical chitosan were used in the first group of adsorbent as 

follows:
a) Crosslinking chitosan with glutaraldehyde beads
To crosslink amino groups of chitosan, 1 g of chitosan beads were soaked in 15 

cm3 0.05 % v/v of glutaraldehyde solution. The mixture was stirred by a magnetic 
stirrer at 100 rpm for 12 h at room temperature. The beads was washed using 
deionized water for 3 times to eliminate the excess glutaraldehy. The crosslinking 
chitosan with glutaraldehyde beads were stored in deionized water for further use (see 
Figure 3.3 a).

b) Blended chitosan/polyvinyl alcohol beads ratio 1:1
4.0 g of powder polyvinyl alcohol was dissolved in 100 cm3 of deionized water 

at 500 rpm, 70 0 c with a contact time of 4 h. The solution was released at room 
temperature and then 200 cm3 of chitosan solution was blended with 100 cm3 of 
polyvinyl alcohol solution. These mixtures were stirred by magnetic stirrer at 500 rpm, 
70 0 c and contact time of 6 h. The blended solution was released at room
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temperature. The solution was then dropped into 300 cm3 of a 1 M NaOH solution to 
form hydrogel beads through a needle (0  1.2 mm.) by a peristaltic pump. The 
hydrogel beads were allowed to sink in the NaOH solution 12 h for hardening. The 
hydrogel beads were then washed by deionized water several times until the solution 
pH became the same as that of the fresh deionized water. The blended 
chitosan/polyvinyl alcohol beads ratio 1:1 were stored in deionized water for further 
use (see Figure 3.3b).

Figure 3.3 Adsorbent beads
(a) crosslinking chitosan with glutaraldehyde beads and
(b) blended chitosan/polyvinyl alcohol beads ratio 1 ะ 1

3.2.2. Preparation adsorbents from chitosan of Sea Fresh CO., LTD.
3.2.2.1. Preparation chitosan beads
1.2 g of chitosan flake was dissolved into 100 cm3 of 2 % v/v aqueous acetic 

acid solution. The mixture was mixed by motor stirrer (IKA Labortechnik model RW 
20.ท, Malaysia) at room temperature and 300 rpm for 24 h. The solution was clear 
yellow colour and had viscosity. The solution was then dropped into 300 cm3 of a 1 M 
NaOH solution to form hydrogel beads through a needle (0  1.2 mm.) by a peristaltic 
pump. The hydrogel beads were allowed to sink in the NaOH solution for 12 h for

(a) (b)
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hardening. The hydrogel beads had a white colour. The hydrogel beads were then 
washed by deionized water several times until pH of the solution became the same as 
that of the fresh deionized water. The chitosan beads were stored in deionized water 
for further use (see Figure 3.4a).

In addition, effect of the amount of chitosan in chitosan beads was also 
investigated in this study. The 1.7 g, 2.0 g and 2.2 g of chitosan flake were prepared 
following the above method. Figure 3.4 b, c and d show chitosan beads prepared from 
chitosan solution 1.7 g, 2.0 g and 2.2 g, respectively.

Figure 3.4 Morphological of chitosan beads prepared from chitosan solution 
(a) 1.2 g, (b) 1.7 g, (c) 2.0 g and (d) 2.2 g
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3 2 .2 .2 .  Modified chemical chitosan beads
Seven modified chemical chitosan beads were prepared and investigated in this 

study. The details of each preparation were summarized below;
a) . Crosslinking chitosan with glutaraldehyde beads
0.1 % v/v of glutaraldehyde solution was prepared from 25 % v/v concentrated 

glutaraldehyde solution. The ratio of chitosan to glutaraldehyde solution was 1 g of 
chitosan beads to 15 cm3 of glutaraldehyde solution. This method was done at room 
temperature with a magnetic stirrer at 100 rpm and contact time of 12 h. After that 
deionized water was used to wash the excess glutaraldehy. Finally, the crosslinking 
chitosan with glutaraldehyde beads were stored in deionized water for further use.

In order to investigate the effects of glutaraldehyde concentration, the 
crosslinking of chitosan with the variation of glutaraldehyde concentration between 
0.5 and 2.5 % v/v were also studied.

b) . Blended chitosan/polyvinyl alcohol beads ratio 1:1
4.0 g of powder polyvinyl alcohol were dissolved in 100 cm3 of deionized at 

500 rpm, 70 0 c  with a contact time of 4 h. The solution was released at room 
temperature and then 200 cm3 of chitosan solution was blended with 100 cm3 of 
polyvinyl alcohol solution. These mixtures were stirred by magnetic stirrer at 500 rpm, 
70 0 c  and contact time of 6 h. The blended solution was released at room 
temperature. It appeared clear yellow solution and had little viscosity. The solution 
was then dropped into 300 cm3 of a 1 M NaOH solution to fonn hydrogel beads 
through a needle (0  1.2 mm.) by a peristaltic pump. The hydrogel beads were allowed 
to sink in the NaOH solution 12 h for hardening. The hydrogel beads were then 
washed by deionized water several times until pH of the solution became the same as 
that of the fresh deionized water. The blended chitosan/polyvinyl alcohol beads ratio
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1:1 were stored in deionized water for further use. Figure 3.5 shows blended
chitosan/polyvinyl alcohol beads ratio 1:1.

Figure 3.5 Blended chitosan/polyvinyl alcohol beads ratio 1:1 
c). Blended chitosan/polyvinyl alcohol beads ratio 1:2
To study the effect of the amount of polyvinyl alcohol, 8 g of powder 

polyvinyl alcohol were dissolved in 100 cm3 of deionized at 500 rpm, 70 0 c with a 
contact time of 4 h. The solution was released at room temperature. Then 200 cm3 of 
chitosan solution was blended with 100 cm3 of polyvinyl alcohol solution. These 
mixtures were stirred by magnetic stirrer at 500 rpm, 70 0 c with a contact time of 6 h. 
The blended solution was released at room temperature. After that, the solution was 
dropped into 300 cm3 of 1 M NaOH solution to form hydrogel beads through a needle 
(0  1.2 mm.) by a peristaltic pump. The hydrogel beads were allowed to sink in the 
NaOH solution 12 h for hardening. The hydrogel beads were then washed by 
deionized water several times until pH of the solution became the same as that of the 
fresh deionized water. Finally, the blended chitosan/polyvinyl alcohol beads ratio 1:2 
were stored in deionized water for further use. Figure 3.6 shows blended 
chitosan/polyvinyl alcohol beads ratio 1:2.
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Figure 3.6 Blended chitosan/polyvinyl alcohol beads ratio 1:2
d) . Crosslinking blended chitosan/polyvinyl alcohol 1:1 and 1:2 with

glutaraldehyde beads
1.5 % v/v of glutaraldehyde solution were prepared from 25 % v/v 

concentrated glutaraldehyde solution. Then mixed 1 g of blended chitosan/polyvinyl 
alcohol ratio 1:1 beads into 15 cm3 of glutaraldehyde solution. This method was done 
at room temperature with a magnetic stirrer 100 rpm for 12 h. After that deionized 
water was used to wash the excess glutaraldehyde. Finally, the crosslinking blended 
chitosan/polyvinyl alcohol ratio 1:1 with glutaraldehyde beads were stored in 
deionized water for further use.

e) . Crosslinking blended chitosan/polyvinyl alcohol 1:2 with
glutaraldehyde beads

The crosslinking of blended chitosan/polyvinyl alcohol ratio 1:2 with 
glutaraldehyde concentration of 1.5 % v/v was also prepared using above method (e).

f) . Quateramminated chitosan beads
The quateramminated chitosan beads were prepared by dropping 100 cm3 of 

chitosan solution into 300 cm3 of 8.0 % w/v sodium tripoly phosphate solution (TPP) 
through a needle (0 1.2 mm.) by a peristaltic pump and the gelled spheres formed 
instantaneously. The formed chitosan beads remained in TPP solution for 12 h. The
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beads were washed with deionized water several times and then 500 cm3 of beads 
were crosslinked with 5.0 % v/v of ethylene glycol diglycidyl ether (EGDE) for 12 h 
in a water-ethanol mixing solution. The crosslinked chitosan beads were washed with 
deionized water repeatedly. The quatermary ammonium group of beads prepared from 
500 cm3 of the crosslinked beads were modified with 94 g of 3-chloro-2- 
hydroxypropyltrimethylammonium chloride in 500 cm3 dioxane at 70 0 c for 3 h to 
obtain quateramminated chitosan beads. The quatermary ammonium modified 
chitosan beads were rinsed with acetone and deionized water to eliminate residue 
reagents. The quateramminated chitosan beads were stored in deionized water for 
further use. Figure 3.7 shows quateramminated chitosan beads.

Figure 3.7 Quateramminated chitosan beads 
g). Benzoyl chitosan beads
The benzoyl chitosan beads were prepared by dropping 100 cm3 of chitosan 

solution into 300 cm3 of 8.0 % w/v sodium tripoly phosphate solution (TPP) through a 
needle (0 1.2 mm.) by a peristaltic pump and the gelled spheres formed 
instantaneously. The formed chitosan beads remained in TPP solution for 12 h. The 
beads were washed with deionized water 2 to 3 times. 500 cm3 of beads were then 
crosslinked with 5.0 % v/v of ethylene glycol diglycidyl ether (EGDE) for 12 h in a 
water-ethanol mixing solution. 500 cm3 of crosslinked beads were modified with 55 g
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of benzoic anhydride in 500 cm3 of ethanol at room temperature for 12 h to obtain 
benzoyl chitosan beads. The benzoyl modified chitosan beads were rinsed with 
acetone and deionized water to eliminate residue reagents. The benzoyl chitosan beads 
were stored in deionized water for further use. Figure 3.8 shows benzoyl chitosan 
beads.

Figure 3.8 Benzoyl chitosan beads
3.2.3. Modified surfactant chitosan
Six modified surfactant chitosan were used in this research as follows:

3.2.3.1. Modified chitosan sodium lauryl sulfate
2.0 g of chitosan flake were dissolved into 100 cm3 of 2 % v/v aqueous acetic 

acid solution. The chitosan and solvent were mixed by motor stirrer at room 
temperature and 300 rpm for 24 h to form a chitosan solution. A 20 critical micelle 
concentration (cmc) of sodium lauryl sulfate was prepared from about 5.0 g of sodium 
lauryl sulfate dissolved in 100 cm3 of deionized water.

The modified chitosan sodium lauryl sulfate fibers were prepared from 
injection 20.0 cm3 of sodium lauryl sulfate solution passing syringe and needle (0 1.2 
mm.) into 100 cm3 of chitosan solution. The mixture was stirred for 10 min at room 
temperature and 150 rpm by motor stirrer to form fibers. The fibers were washed by 
deionized water several times to eliminate sodium lauryl sulfate and acetic acid. The
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modified chitosan sodium lauryl sulfate fibers were stored in deionized water for
further use. Figure 3.9 shows modified chitosan sodium lauryl sulfate fibers.

Figure 3.9 Modified chitosan sodium lauryl sulfate fiber
3.2.3.2. Modified blended chitosan/PVA sodium lauryl sulfate
2.0 g of chitosan flake were dissolved in 100 cm3 of 2 % v/v aqueous acetic 

acid solution. The mixture was mixed by motor stirrer at room temperature and 300 
rpm for 24 h to form a chitosan solution. 4.0 g of polyvinyl alcohol powder (PVA) 
were dissolved in deionized water. A magnetic stirrer was used at 70 °c and 500 rpm 
for 6 h to form a polyvinyl alcohol solution. The blended chitosan/PVA was prepared 
by a mixture of 200 cm3 of chitosan solution and 100 cm3 of PVA solution. The 
mixture was blended by magnetic stirrer at 70 °c and 500 rpm for 6 h to form blended 
chitosan/PVA solution. A 20 cmc of sodium lauryl sulfate was prepared from 5.0 g of 
sodium lauryl sulfate dissolved in 100 cm3 of deionized water.

The modified blended chitosan/PVA sodium lauryl sulfate fibers were 
prepared from injection 20.0 cm3 of sodium lauryl sulfate solution passing syringe and 
needle (0 1.2 mm.) into 100 cm3 of blended chitosan/PVA solution. The mixing was 
stirred for 10 min at room temperature and 150 rpm by motor stirrer to form fibers. 
The fibers were washed by deionized water several times to eliminate sodium lauryl
sulfate and acetic acid. The modified blended chitosan/PVA fibers were stored in
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deionized w ater for further use. Figure 3.10 show s m odified b lended chitosan/PV A

sodium  lauryl sulfate fibers.

Figure 3.10 M o d if ie d  b le n d e d  c h i to s a n /P V A  s o d iu m  la u ry l  s u lf a te  f ib e rs

3.2.3.3. Modified chitosan hexadecyl trimethyl ammonium bromide
2 .0  g  o f  c h i to s a n  f la k e  w e re  d is s o lv e d  in  1 00  c m 3 o f  2 %  v /v  a q u e o u s  a c e tic  

a c id  s o lu t io n .  T h e  m ix tu r e  w a s  m ix e d  b y  m o to r  s t i r r e r  a t  ro o m  te m p e r a tu r e  a n d  3 0 0  

rp m  fo r  2 4  h  to  f o r m  a  c h i to s a n  s o lu t io n .  A  2 0  c m c  o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b r o m id e  s o lu t io n  w a s  p re p a re d  f r o m  0 .7 0 4  g  o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e  d is s o lv e d  in  1 00  c m 3 o f  d e io n iz e d  w a te r .

T h e  m o d i f ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e  b e a d s  w e re  

p re p a re d  f ro m  m ix tu r e  2 0 .0  c m 3 o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e  s o lu t io n  

in to  1 0 0  c m 3 o f  c h i to s a n  s o lu t io n . T h e  m ix tu r e  w a s  s t i r re d  fo r  6  h  a t  ro o m  te m p e ra tu re  

a n d  3 0 0  rp m  b y  m o to r  s t i r r e r  to  fo rm  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e  s o lu t io n . T h is  s o lu t io n  w a s  d r o p p e d  in to  a  3 0 0  c m 3 o f  1 M  N a O H  s o lu t io n  to  

fo rm  h y d r o g e l  b e a d s  th r o u g h  a  n e e d le  ( 0  1 .2  m m .)  b y  a  p e r i s ta l t ic  p u m p . T h e  

h y d r o g e l  b e a d s  w e re  a l lo w e d  to  s in k  in  th e  N a O H  s o lu t io n  12 h  fo r  h a rd e n in g . T h e  

h y d r o g e l  b e a d s  w e re  w a s h e d  b y  d e io n iz e d  w a te r  s e v e ra l  t im e s  u n ti l  p H  o f  th e  s o lu t io n  

b e c a m e  th e  s a m e  a s  th a t  o f  th e  f r e s h  d e io n iz e d  w a te r . T h e  m o d if ie d  c h i to s a n

h e x a d e c y l  t r im e th y l  a m m o n iu m  b r o m id e  b e a d s  w e re  s to re d  in  d e io n iz e d  w a te r  fo r



48

further use. F igure 3.11 show s m odified  chitosan hexadecyl trim ethyl am m onium

brom ide beads.

Figure 3.11 M o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e  b e a d s  

3.2.3.4. Modified blended chitosan/PVA hexadecyl trimethyl ammonium 
bromide

2 .0  g  o f  c h i to s a n  f la k e  w e r e  d is s o lv e d  in to  1 0 0  c m 3 o f  2  %  v /v  a q u e o u s  a c e tic  

a c id  s o lu t io n .  T h e  m ix tu r e  w a s  m ix e d  b y  m o to r  s t i r r e r  a t  r o o m  te m p e r a tu r e  a n d  300 

rp m  fo r  24 h  to  fo rm  a  c h i to s a n  s o lu t io n .  4.0 g  o f  p o ly v in y l  a lc o h o l  w e re  d is s o lv e d  in  

d e io n iz e d  w a te r .  A  m a g n e t ic  s t i r r e r  w a s  u s e d  a t  70 0 c  a n d  500 rp m  fo r  4 h  to  fo rm  

p o ly v in y l  a lc o h o l  s o lu t io n .  T h e  b le n d e d  c h i to s a n /P V A  w a s  p r e p a r e d  b y  a  m ix tu r e  o f  

200 c m 3 o f  c h i to s a n  s o lu t io n  a n d  100 c m 3 o f  P V A  s o lu t io n .  T h e  m ix tu r e  w a s  b le n d e d  

b y  m a g n e t ic  s t i r r e r  a t  70 0 c  a n d  500 rp m  f o r  6 h  to  fo rm  b le n d e d  c h i to s a n /P V A  

s o lu t io n .  A  20 c m c  o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  b r o m id e  w a s  p re p a re d  f ro m  

a b o u t  0.704 g  o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  b r o m id e  d is s o lv e d  in  100 c m 3 o f  

d e io n iz e d  w a te r .

T h e  m o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e  

b e a d s  w e re  p re p a re d  f r o m  a  m ix tu r e  o f  2 0 .0  c m 3 o f  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e  s o lu t io n  in to  1 00  c m 3 o f  b le n d e d  c h i to s a n /P V A  s o lu t io n .  T h e  m ix tu r e  w a s  

s t i r r e d  fo r  6 h  a t  ro o m  te m p e r a tu r e  a n d  3 0 0  rp m  b y  m o to r  s t i r r e r  to  fo rm  b le n d e d
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c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b r o m id e  s o lu t io n .  T h e  s o lu t io n  w a s  

d ro p p e d  in to  3 0 0  c m 3 o f  1 M  N a O H  s o lu t io n  to  fo rm  h y d r o g e l  b e a d s  th r o u g h  a  n e e d le  

( 0  1.2 m m .)  b y  a  p e r i s ta l t ic  p u m p . T h e  h y d r o g e l  b e a d s  w e re  a l lo w e d  to  s in k  in  th e  

N a O H  s o lu t io n  fo r  12 h  fo r  h a rd e n in g . T h e  h y d r o g e l  b e a d s  w e re  w a s h e d  b y  d e io n iz e d  

w a te r  s e v e ra l  t im e s  u n ti l  p H  o f  th e  s o lu t io n  b e c a m e  th e  s a m e  a s  th a t  o f  th e  f re s h  

d e io n iz e d  w a te r .  T h e  m o d i f ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e  b e a d s  w e r e  s to re d  in  d e io n iz e d  w a te r  f o r  f u r th e r  u se . F ig u re  3 .1 2  s h o w s  

m o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e  b e a d s .

Figure 3.12 M o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  

t r im e th y l  a m m o n iu m  b r o m id e  b e a d s

3.2.3.5. Modified chitosan polyoxyethylene sorbetanmonooleate
2 .0  g  o f  c h i to s a n  f la k e  w e re  d is s o lv e d  in to  1 0 0  c m 3 o f  2  %  v /v  a q u e o u s  a c e tic  

a c id  s o lu t io n . T h e  m ix tu r e  w a s  m ix e d  b y  m o to r  s t i r r e r  a t r o o m  te m p e r a tu r e  a n d  3 0 0  

rp m  fo r  2 4  h  to  fo rm  a  c h i to s a n  s o lu t io n . A  2 0  c r i t ic a l  m ic e l le  c o n c e n t r a t io n  (c m c )  o f  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  s o lu t io n  w a s  p r e p a r e d  f ro m  0 .0 3 3  g  o f  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  d is s o lv e d  in  1 0 0  c m 3 o f  d e io n iz e d  w a te r .

T h e  m o d i f ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  b e a d s  w e re  

p re p a re d  f ro m  a  m ix tu r e  2 0 .0  c m 3 o f  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  s o lu t io n  

in to  100  c m 3 o f  c h i to s a n  s o lu t io n . T h e  m ix tu r e  w a s  s t i r r e d  fo r  6  h  a t r o o m  te m p e ra tu re
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a n d  3 0 0  rp m  b y  m o to r  s t i r r e r  to  fo rm  c h i to s a n  p o ly o x y e th y le n e  s o rb e ta n m o n o o le a te  

s o lu t io n . T h e  s o lu t io n  w a s  d ro p p e d  in to  3 0 0  c m 3 o f  1 M  N a O H  s o lu t io n  to  fo rm  

h y d r o g e l  b e a d s  th r o u g h  a  n e e d le  ( 0  1.2 m m .)  b y  a  p e r is ta l t ic  p u m p . T h e  h y d ro g e l  

b e a d s  w e re  a l lo w e d  to  s in k  in  th e  N a O H  s o lu t io n  12 h  fo r  h a rd e n in g .  T h e  h y d ro g e l  

b e a d s  w e re  th e n  w a s h e d  b y  d e io n iz e d  w a te r  s e v e ra l  t im e s  u n ti l  p H  o f  th e  s o lu t io n  

b e c a m e  th e  s a m e  a s  th a t  o f  th e  f re s h  d e io n iz e d  w a te r .  T h e  m o d if ie d  c h ito s a n  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  b e a d s  w e r e  s to re d  in  d e io n iz e d  w a te r  fo r  fu r th e r  

u se . F ig u re  3 .1 3  s h o w s  m o d if ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  b e a d s .

Figure 3.13 M o d if ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  b e a d s  

3.2.3.6. Modified blended chitosan/PVA polyoxythylene 
sorbetanmonooleate

2 .0  g  o f  c h i to s a n  f la k e  w e re  d is s o lv e d  in to  100  c m 3 o f  2 %  v /v  a q u e o u s  a c e tic  

a c id  s o lu t io n . T h e  m ix tu r e  w a s  m ix e d  b y  m o to r  s t i r r e r  a t  ro o m  te m p e r a tu r e  a n d  300 

rp m  fo r  24 h  to  fo rm  a  c h i to s a n  s o lu t io n . 4.0 g  o f  p o ly v in y l  a lc o h o l  w a s  d is s o lv e d  

d e io n iz e d  w a te r .  A  m a g n e t ic  s t i r r e r  w a s  u s e d  a t  70 0 c  a n d  500 rp m  fo r  4 h  to  fo rm  

p o ly v in y l  a lc o h o l  s o lu t io n . T h e  b le n d e d  c h i to s a n /P V A  w a s  p r e p a r e d  b y  a  m ix tu r e  o f  

200 c m 3 o f  c h i to s a n  s o lu t io n  a n d  100 c m 3 o f  P V A  s o lu t io n .  T h e  m ix tu re s  w e re  

b le n d e d  b y  m a g n e t ic  s t i r r e r  a t 70 0 c  a n d  500 rp m  fo r  6 h  to  fo rm  b le n d e d  

c h i to s a n /P V A  s o lu t io n .  A  20 c m c  o f  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w a s
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p r e p a r e d  f r o m  a b o u t  0 .0 3 3  g  o f  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  d is s o lv e d  in  100  

c m 3 o f  d e io n iz e d  w a te r .

T h e  m o d i f ie d  b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  s o rb e ta n m o n o o le a te  

b e a d s  w e r e  p r e p a r e d  f ro m  a  m ix tu r e  o f  2 0 .0  c m 3 o f  p o ly o x y e th y le n e  

s o r b e ta n m o n o o le a te  s o lu t io n  in to  100  c m 3 o f  b le n d e d  c h i to s a n /P V A  s o lu t io n . T h e  

m ix tu r e  w a s  s t i r r e d  fo r  6  h  a t  ro o m  te m p e r a tu r e  a n d  3 0 0  rp m  b y  m o to r  s t i r re r  to  fo rm  

b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  s o lu t io n .  T h e  s o lu t io n  

w a s  d r o p p e d  in to  3 0 0  c m 3 o f  1 M  N a O H  s o lu t io n  to  f o r m  h y d r o g e l  b e a d s  th r o u g h  a  

n e e d le  ( 0  1 .2  m m .)  b y  a  p e r is ta l t ic  p u m p . T h e  h y d r o g e l  b e a d s  w e r e  a l lo w e d  to  s in k  in  

th e  N a O H  s o lu t io n  12 h  fo r  h a rd e n in g .  T h e  h y d r o g e l  b e a d s  w e r e  w a s h e d  b y  d e io n iz e d  

w a te r  s e v e ra l  t im e s  u n ti l  p H  o f  th e  s o lu t io n  b e c a m e  th e  s a m e  a s  th a t  o f  th e  f re sh  

d e io n iz e d  w a te r .  T h e  m o d if ie d  b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  

s o r b e ta n m o n o o le a te  b e a d s  w e re  s to re d  in  d e io n iz e d  w a te r  fo r  f u r th e r  u s e . F ig u re  3 .1 4  

s h o w s  m o d i f ie d  b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  b e a d s .

Figure 3.14 M o d if ie d  b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e

s o r b e ta n m o n o o le a te  b e a d s
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3.3. Research methodology
3.3.1 Cutting fluids adsorption studies

3.3.1.1 Batch adsorption
3 0  g  o f  c o m m e r c ia l  c u t t in g  f lu id s  w e re  lo a d e d  in  1 0 0 0  c m 3 o f  d e io n iz e d  w a te r . 

T h e  e m u ls io n s  w e r e  s t i r r e d  a t  6 0 0  to  2 0 0 0  rp m  b y  m o to r  s t i r r e r  fo r  10 m in  a t ro o m  

te m p e r a tu r e  a n d  s t i r r e d  b y  b le n d e r  fo r  3 m in  a t  ro o m  te m p e r a tu r e  a t  2 1 0 0 0  rp m . T h e  

r a n g e  o f  in i t ia l  c o n c e n t r a t io n  o f  c u t t in g  f lu id s  w a s  c h o s e n  b e tw e e n  0 .1  -  3 .0  %  w /v  fo r  

th e s e  e x p e r im e n ts .  T h e  p H  v a lu e s  o f  e m u ls io n  w e re  a d ju s te d  to  a  r a n g e  o f  p H  3 to  11 

w ith  0 .1  M  H C1 a n d  0.1 M  N a O H . A  c e r ta in  a m o u n t  o f  a d s o r b e n ts  w a s  ta k e n  a n d  

p la c e d  o n  f i l te r  p a p e r  f o r  a  f e w  m in u te s  to  r e m o v e  th e  s u r f a c e  w a te r .  T h e  0.1  to  6 .0  g  

w e ig h t  o f  a d s o r b e n ts  w e r e  u s e d .

T h e  e m u ls io n s  a n d  b e a d s  w e re  s h a k e n  u s in g  a n  o rb i ta l  s h a k e r  (P N P  m o d e l  O S  3) 

a t  1 20  rp m  a n d  r o o m  te m p e ra tu re .  A f te r  e q u i l ib r iu m , th e  s a m p le s  w e re  ta k e n  to  

d e te rm in e  th e  r e s id u a l  c u t t in g  f lu id s  in  th e  e m u ls io n .  T h e  c u t t in g  f lu id s  c o n c e n t r a t io n  

in  th e  s a m p le s  w e re  a n a ly z e d  u s in g  a  v is ib le  s p e c t r o p h o to m e te r  (W T W , m o d e l  P h o to  

L a b  S p e k tra l ,  G e r m a n y )  a t  w a v e le n g th  3 9 5  n m . T h e  p e r c e n t  r e m o v a l  o f  c u t t in g  f lu id s  

w a s  c a lc u la te d  a c c o r d in g  to :

P e rc e n t r e m o v a l  =  X 1 0 0  (3 .1  )
Q

T h e  a d s o r p t io n  c a p a c i ty  w a s  c a lc u la te d  a c c o rd in g  to :

( Q - c j r (3 .2 )
m

w h e re  qe is  th e  a d s o r p t io n  c a p a c i ty  (m g /g ) ,  Co is  th e  in i t ia l  c u t t in g  f lu id  c o n c e n t r a t io n  

(m g/1 ), Cg is  th e  f in a l  o r  e q u i l ib r iu m  s y n th e t ic  c u t t in g  f lu id  c o n c e n t r a t io n  (m g /1 ), V  is 

th e  v o lu m e  o f  w a s te w a te r  (1) a n d  m  is th e  w e ig h t  o f  a d s o r b e n ts  (g ).
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T o  s tu d y  th e  io n ic  s tr e n g th  e f f e c t ,  s o d iu m  c h lo r id e ,  s o d iu m  s u lf a te ,  c a lc iu m  

c h lo r id e , c a lc iu m  s u lf a te ,  i ro n  ( I I I )  n i t r a te  a n d  iro n  ( I I )  s u lf a te  c o n c e n t r a t io n  w e re  

v a r ie d  f ro m  0 .0 1  to  0 .0 5  M . T h e  e f f e c t  o f  s a l ts  o n  a d s o r p t io n  w a s  te s te d  in  te rm s  o f  

t im e  to  r e a c h  m a x im u m  a d s o r p t io n  c a p a c ity .  T h e  te m p e r a tu r e  r a n g e  o f  a d s o r p t io n  w a s  

s tu d ie d  f ro m  33 to  4 8  0 c. T h e  r e s u lt  o f  te m p e ra tu re  c a n  b e  u s e d  to  c a lc u la te  e n th a lp y  

(A H ), e n t r o p y  (A S ), G ib b s  f re e  e n e rg y  (A G ) a n d  a c t iv a t io n  e n e r g y  (E a) o f  th e  

a d s o rp tio n .

3.3.1.2. Continuous adsorption
10 g  o f  c o m m e r c ia l  c u t t in g  f lu id s  w e re  lo a d e d  in  1 0 0 0  c m 3 o f  d e io n iz e d  w a te r . 

T h e  e m u ls io n s  w e r e  s t i r r e d  b y  m o to r  s t i r r e r  a t  ro o m  te m p e r a tu r e  f o r  10 m in . T h e  p H  

v a lu e s  o f  e m u l s io n  w e r e  a d ju s te d  to  p H  3 u s in g  0.1 M  H C 1. A  c e r ta in  a m o u n t  o f  

a d s o rb e n ts  w a s  t a k e n  a n d  p la c e d  o n  f i l te r  p a p e r  fo r  a  f e w  m in u te s  to  re m o v e  th e  

s u r fa c e  w a te r .  F o r  th is  in v e s t ig a t io n ,  tw o  a r r a n g e m e n ts ,  i .e . s in g le  c o lu m n  a n d  tw o  

c o lu m n s  w e re  s e t  in  o r d e r  to  c o m p a r e  th e  p e rc e n t  r e m o v a l  o f  c u t t in g  f lu id s .  T h e  d e ta i ls  

o f  e a c h  a r r a n g e m e n t  w e r e  s u m m a r iz e d  b e lo w ;

• The single column
T h e  s in g le  c o lu m n  s tu d ie s  w e re  c o n d u c te d  in  a  2 5  m m  d ia m e te r ,  2 0 0  m m  lo n g  

c o lu m n . 100  g  o f  c h i to s a n  b e a d s  w e re  p la c e d  in  th e  s in g le  c o lu m n  a t  h e ig h t  1 80  m m  

(f re e  b o a rd  a b o u t  2 0  m m ) . A  3 0  m m  th ic k  p la s t ic  l id  w a s  p la c e d  o n  th e  to p  o f  th e  

c h i to s a n  b e a d s . F ig u r e  3 .1 5  s h o w s  s in g le  c o lu m n  fo r  a d s o r p t io n  c u t t in g  f lu id s  

c o n tin u o u s  m o d e . T h e  c u t t in g  f lu id s  w a s  k e p t  in  a  fe e d  t a n k  w h e re  th e y  w e re  

c o n tin u o u s ly  m ix e d  u s in g  a  m o to r  s t i r r e r  a t  4 0 0  rp m  to  m a in ta in  h o m o g e n e i ty  o f  th e  

c u t tin g  f lu id s  b e in g  fe d . F r o m  th is  fe e d  ta n k , th e  c u t t in g  f lu id s  w a s  p u m p e d  a n d  fe d  

in to  th e  c o lu m n  a t  a  f lo w  ra te  o f  0 .5  c n rV m in  in  u p - f lo w  m o d e  u s in g  a  p e r is ta l t ic
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p u m p . T h e  p e r c e n t  r e m o v a l  o f  c u t t in g  f lu id s  w a s  c a lc u la te d  a c c o r d in g  to  E q u a tio n  

3 .1 .

T h e  e x p e r im e n t  o f  o th e r  a d s o r b e n ts  in c lu d in g  b le n d e d  c h i to s a n /P V A  ra t io  1 :1 , 

q u a te r a m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n ,  m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  

a m m o n iu m  b r o m id e ,  m o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e ,  m o d i f i e d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  

b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e r e  a ls o  c a r r ie d  o u t  

u s in g  th e  a b o v e  m e th o d .

1
Column

Motor stirrer

Effluent

Peristaltic pump
Feed tank

Figure 3.15 S in g le  c o lu m n

• Two columns
T w o  c o lu m n  s tu d ie s  w e re  c o n d u c te d  in  a  25  m m  d ia m e te r ,  2 0 0  m m  lo n g  c o lu m n . 

5 0  g  o f  c h i to s a n  b e a d s  w e re  p la c e d  in  e a c h  c o lu m n  a t a  h e ig h t  1 0 0  m m  (f re e  b o a rd  

a b o u t  1 0 0  m m ) . A  3 0  m m  th ic k  p la s t ic  lid  w a s  p la c e d  o n  th e  to p  o f  th e  c h i to s a n  b e a d s . 

F ig u re  3 .1 6  s h o w s  a  tw o  c o lu m n  fo r  a d s o r p t io n  c u t t in g  f lu id s  c o n t in u o u s  m o d e . T h e  

c u t t in g  f lu id s  w a s  k e p t  in  a  fe e d  ta n k  w h e re  it w a s  c o n t in u o u s ly  m ix e d  b y  u s in g  a  

m o to r  s t i r r e r  a t 4 0 0  rp m  to  m a in ta in  h o m o g e n e i ty  o f  th e  c u t t in g  f lu id s  b e in g  fed . F ro m  

th is  f e e d  ta n k ,  th e  c u t t in g  f lu id s  w a s  p u m p e d  a n d  fe d  in to  th e  c o lu m n  a t a  f lo w  ra te  o f
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0 .5  c m 3/m in  in  u p - f lo w  m o d e  u s in g  a  p e r is ta l t ic  p u m p . T h e  p e r c e n t  r e m o v a l  o f  c u t t in g  

f lu id s  w a s  c a l c u la te d  a c c o r d in g  to  E q u a tio n  3 .1 .

Column 1

M otor s tirre r

Peristaltic pump
Feed tank

Column 2

Figure 3.16 T w o  c o lu m n s

3.3.2 Measurement of the swelling of adsorbents
T h e  a d s o r b e n ts  w e r e  la id  o n  f i l te r  p a p e r  n u m b e r  1 to  r e m o v e  w a te r  a t  th e  s u r fa c e  

o f  a d s o rb e n ts .  O n e  g r a m  o f  a d s o rb e n ts  w a s  w e ig h e d  b y  e l e c t r o n ic  b a la n c e  o n  a  w a tc h  

g la s s .  D e io n iz e d  w a te r  o f  a b o u t  3 to  5 c m 3 w e re  a d d e d  in to  a  w a tc h  g la s s .  A f te r  th a t  

th e  a d s o r b e n ts  w e re  la id  o u t  fo r  a b o u t  12 h  a n d  th e n  s c re e n e d .  T h e  a d s o rb e n ts  w e re  

w e ig h e d  b y  e le c t r o n ic  b a la n c e . T h e  s w e l l in g  o f  a d s o r b e n ts  w a s  c a lc u la te d  a s  fo l lo w e d .

ร  = w xi oo (3.3)

w h e re  ร  is  th e  p e r c e n t  s w e l l in g  o f  a d s o rb e n t ,  พ 1 is  a n  in i t ia l  w e ig h t  o f  a d s o rb e n t  a n d  

พ 2 is  th e  w e ig h t  o f  a d s o r b e n t  a f te r  s o a k in g  in  d e io n iz e d  w a te r  (g ) .

3.3.3. Measurement of the moisture content of adsorbents
T h e  w a tc h  g la s s  w a s  in c u b a te d  in  a n  o v e n  a t  105  0 c  fo r  1 h  a n d  th e n  c o o l d o w n  

in  a  d e s ic c a to r .  A f te r  th a t  th e  w a tc h  g la s s  w a s  w e ig h e d  b y  e le c t r o n ic  b a la n c e . T h e
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a d s o rb e n ts  w e r e  l a id  o n  f i l t e r  p a p e r  N o . 1 to  r e m o v e  w a te r  a t  th e  s u r f a c e  o f  a d s o rb e n ts .  

A f te r  th a t ,  1 g  o f  a d s o r b e n ts  w a s  m e a s u r e d  a n d  p u t  o n  a  w a tc h  g la s s . T h e y  w e re  th e n  

in c u b a te d  a t  5 0  0 c f o r  3 to  5 h  a n d  c o o l d o w n  in  a  d e s ic c a to r .  F in a l ly ,  th e  m o is tu re  

c o n te n t  o f  a d s o r b e n ts  w a s  c a lc u la te d  by :

H  = — L ÿ ^ - x l O O  (3 .4 )M,

w h e re  H  is  th e  m o is tu r e  o f  a d s o rb e n t ,  M l  is  w e ig h t  o f  a d s o r b e n t  b e fo re  in c u b a te d  (g )  

a n d  M 2 is  th e  w e ig h t  o f  a d s o r b e n t  a f te r  in c u b a te d  (g ).

3.3.4. Surface area and pore diameter measurement
1 0 0  c m 3 o f  c h i to s a n  b e a d s  w e re  ta k e n  in  f i l te r  p a p e r  n u m b e r  1 to  r e m o v e  w a te r  a t  

th e  s u r fa c e  o f  a d s o r b e n ts  a n d  th e n  la id  o n  s ta in le s s  s te e l  t ra y . T h e  c h i to s a n  b e a d s  w e re  

f ro z e n  b y  th e  U l t r a  C o ld  F r e e z e r  m o d e l  C T L  4 0 7  (C T L  c o m p a n y ,  S p a in )  a t  

t e m p e ra tu re  -2 0  °c fo r  a b o u t  12 h , a f te r  th a t  d r ie d  a t  te m p e r a tu r e  -4 0  0 c a t  p r e s s u r e  1 

m m  b a r  b y  f r e e z e r  d r y e r  m o d e l  L y o  A lfa  6  (T e l s ta r  c o m p a n y ,  S p a in )  fo r  a b o u t  6  h . 

T h e  f ro z e n  c h i to s a n  b e a d s  w e r e  s to re d  in  a  d ry  b o t t le  c o v e r  w i th  a  p la s t ic  l id  a n d  k e p t  

in  d e s ic c a to r .

0 .1  g  o f  f r o z e n  c h i to s a n  b e a d s  w a s  w e ig h e d  in  a  b u lb  b y  e le c t r o n ic  b a la n c e .  T h e  

B E T  s u r fa c e  a n d  p o r e  d ia m e te r  w e re  m e a s u r e d  u s in g  N 2 a d s o rp t io n  is o th e r m s  w i th  

B e ls o rp  m in i ,  ( J a p a n )  a n d  p r e h e a te d  a t  120  0 c fo r  6  h  w i th  B e lp re p  f lo w , ( J a p a n ) .

T h e  m e a s u r e m e n t  o f  o th e r  a d s o rb e n ts  in c lu d e d  b le n d e d  c h i to s a n /P V A  ra t io  1 :1 , 

b le n d e d  c h i to s a n /P V A  ra t io  1 :2 , q u a te ra m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n ,  

m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e , m o d if ie d  b le n d e d  

c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  m o d i f ie d  c h i to s a n  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  b le n d e d  c h i to s a n /P V A  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e re  a ls o  c a r r ie d  o u t  u s in g  th e  a b o v e  m e th o d .
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3.3.5. Contact angle measurement
100 c m 3 o f  c h i to s a n  s o lu t io n  w e re  ta k e n  in  a  b e a k e r .  G la s s  p la te s  w e re  c le a n e d  b y  

a c e to n e  a n d  im m e r s e d  in  c h i to s a n  s o lu t io n . T h e  c h i to s a n  s o lu t io n  a t t a c h e d  o n  th e  

s u r fa c e  o f  g la s s  p la te  a n d  w a s  im m e rs e d  in  1 M  N a O H . U p  to  th is  p o in t ,  th e  h y d ro g e l  

w a s  fo rm e d . T h e  h y d r o g e l  w a s  w a s h e d  b y  d e io n iz e d  w a te r  s e v e ra l  t im e s  u n ti l  p H  o f  

th e  s o lu t io n  b e c a m e  th e  s a m e  a s  th a t  o f  th e  f re s h  d e io n iz e d  w a te r .

C o n ta c t  a n g le  w a s  d e te rm in e d  u s in g  a  F T A  200 c o n ta c t  a n g le  in s t r u m e n t ,  s c  A  

2 0  fo r  O C A  15 p lu s  ( G e rm a n y )  a n d  P C A  w e re  u s e d  to  p ro c e s s  th e  d a ta .  C o n ta c t  a n g le  

w a s  m e a s u r e d  b y  t h e  s e s s i le  d ro p  m e th o d  u s in g  c u t t in g  f lu id . E a c h  c o n ta c t  a n g le  w a s  

re p o r te d  w i th  th e  m e a n  v a lu e  o f  s e v e n  m e a s u r e m e n ts  ta k e n  a t  d i f f e r e n t  p o s i t io n s  o n  

th e  g la s s  c o a te d  w i th  a ll  a d s o rb e n ts .

T h e  m e a s u r e m e n t  o f  o th e r  a d s o rb e n ts  in c lu d e d  b le n d e d  c h i to s a n /P V A  ra t io  1 :1 , 

b le n d e d  c h i to s a n /P V A  ra t io  1 :2 , q u a te r a m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n , 

m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  m o d i f ie d  b le n d e d  

c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  m o d i f ie d  c h i to s a n  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  b le n d e d  c h i to s a n /P V A  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e re  a ls o  c a r r ie d  o u t  u s in g  th e  a b o v e  m e th o d .

T h e  m o d i f ie d  c h i to s a n  s o d iu m  la u ry l s u lfa te  a n d  m o d if ie d  b le n d e d  c h i to s a n /P V A  

s o d iu m  la u ry l  s u lf a te  w e r e  p re p a re d  in  f ib e r s  fo rm  a n d  f ix e d  o n  th e  s u r f a c e  o f  a  g la s s  

p la te  fo r  m e a s u r in g  c o n ta c t  a n g le .

3.3.6. Zeta potential measurement
0.2 g o f  dried chitosan beads w as grounded into pow der and poured into 200 cm 3

o f deionized w ater. The m ixture was stirred at 300 rpm for 24 h and then filtrated

through filter paper N o 1. The supernatant was used for zeta potential m easurem ent.
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T h e  m e a s u r e m e n t  o f  o th e r  a d s o r b e n ts  in c lu d e d  b le n d e d  c h i to s a n /P V A  ra t io  1:1 , 

b le n d e d  c h i to s a n /P V A  ra t io  1 :2 , q u a te ra m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n , 

m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  m o d if ie d  b le n d e d  

c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  m o d if ie d  c h i to s a n  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  b le n d e d  c h i to s a n /P V A  

p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e re  a ls o  c a r r ie d  o u t  u s in g  th e  a b o v e  m e th o d .

F o r  z e ta  p o te n t ia l  m e a s u r e m e n t  o f  c u t t in g  f lu id s ,  0 .01  g  o f  c u t t in g  f lu id s  w a s  

s u s p e n d e d  in  2 0 0  c m 3 o f  d e io n iz e d  w a te r . T h e  e m u ls io n  w a s  s t i r r e d  b y  m o to r  s t i r r e r  a t  

ro o m  te m p e r a tu r e  a n d  1 2 0 0  rp m  fo r  10 m in . T h e  s e t t in g  t im e  o f  e m u ls io n  w a s  3 0  m in . 

T h e  p H  o f  a ll  a d s o r b e n ts  a n d  s y n th e t ic  c u t t in g  f lu id s  w e re  a d ju s te d  w i th  0.1  M  H C1 o r  

0.1 M  N a O H  s o lu t io n s  to  th e  d e s ir e d  le v e l. A  M a lv e r n  Z e ta s iz e r  3 0 0 0  H S a  (M a lv e rn  

c o rp .,  E n g la n d )  w a s  u s e d  to  d e te r m in e  th e  z e ta  p o te n t ia ls .

3.3.7. Fourier Transform Infra-Red spectroscopy (FT-IR)
F u n c t io n a l  g r o u p s  o f  c h i to s a n  a d s o rb e n t  w e re  a n a ly z e d  u s in g  F T - I R  s p e c tra . 3 g  

o f  d r ie d  c h i to s a n  a d s o r b e n t  w e re  g ro u n d e d  in to  p o w d e r  a n d  m ix e d  w i th  100  m g  o f  

K B r  in  a n  a g a te  m o r ta r .  T h e  m ix tu r e  w a s  th e n  p re s s e d  to  fo rm  a  ta b le t .  S p e c tr a  w a s  

a n a ly z e d  u s in g  F T - I R  ( P e r k in - E lm e r  m o d e l  2 0 0 0 , (U S A ) ) .  T h e  s p e c t r u m  o f  a n  e m p ty  

c e l l  w a s  u s e d  a s  th e  b a c k g r o u n d .  IR  s p e c t r a  in  th e  r a n g e  4 0 0 0  to  4 0 0  c m -1 w e re  

s c a n n e d  in  S p e c tru m  to  p r o c e s s  th e  d a ta . A n  a v e ra g e  o f  10 s c a n s  w a s  m a d e  fo r  e a c h  

c h i to s a n  s a m p le  a t  a  r e s o lu t io n  o f  4  c m "1.

T h e  o th e r  a d s o r b e n ts  in c lu d e d  b le n d e d  c h i to s a n /P V A  ra t io  1 :1 , q u a te ra m m in a te d  

c h i to s a n , b e n z o y l  c h i to s a n ,  m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b ro m id e , m o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e ,  

m o d if ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  b le n d e d
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c h i to s a n /P V A  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e re  a ls o  a n a ly z e d  u s in g  th e  

s a m e  m e th o d ,  ร m e n t io n e d  a b o v e .

3.3.8. Heating value measurement
B o m b  c a lo r im e te r  w a s  u s e d  to  m e a s u r e  th e  h e a t in g  v a lu e  o f  a d s o r b e n ts  b e fo re  a n d  

a f te r  a d s o r p t io n  c u t t in g  f lu id s  o f  c h i to s a n  b e a d s . T h e  P a r r  m o d e l  1341  o x y g e n  b o m b  

c a lo r im e te r  ( P a r r  I n s t r u m e n t  C o m p a n y  (U S A ) )  w a s  u s e d  to  d e te rm in e  h e a t  o f  

c o m b u s t io n  o f  e a c h  a d s o r b e n t .  T h e  s a m p le  w a s  w e ig h e d  a b o u t  1 g  in  a  s m a ll  c u p  u s in g  

e le c t ro n ic  b a la n c e  a n d  th e n  th e  fu s e  w ire  w i th  a  l e n g th  o f  a b o u t  10 c m  w a s  f ix e d  o n to  

tw o  e le c tro d e s .  1 c m 3 o f  d e io n iz e d  w a te r  w a s  a d d e d  to  th e  b o m b  c a lo r im e te r .  T h e  

b o m b  c a lo r im e te r  w a s  th e n  c lo s e d  b y  a  s ta in le s s  s te e l  lid . O x y g e n  g a s  w a s  f lo w e d  to  

b o m b  c a lo r im e te r  u n ti l  th e  p re s s u r e  r e a c h e d  3 0  a tm . D e io n iz e d  w a te r  w a s  a d d e d  to  a  

v e s s e l  o f  th e  e q u ip m e n t .  T h e  b o m b  c a lo r im e te r  w a s  th e n  p la c e d  to  th e  v e s s e l  a n d  th e n  

c o n n e c te d  to  th e  e l e c t r o ig n i t io n  a n d  s ti r re r . T h e  te m p e r a tu r e  o f  th e  d e io n iz e d  w a te r  

w a s  r e c o rd e d  u n ti l  i t  r e a c h e d  a  c o n s ta n t .  T h e  s t i r r e r  w a s  c lo s e d  a n d  b o m b  c a lo r im e te r  

w a s  ta k e n  o u t  f ro m  th e  v e s s e l.  T h e  p re s s u r e  in  th e  b o m b  c a lo r im e te r  w a s  re le a s e d  

s lo w ly . In n e r  p a r t  o f  th e  b o m b  c a lo r im e te r  w a s  w a s h e d  b y  m e th y l  o ra n g e .  T h e  s o lu t io n  

w a s  t i t r a te d  b y  s o d iu m  c a r b o n a te  s o lu t io n . T h e  v o lu m e  o f  s o d iu m  c a rb o n a te  s o lu t io n  

a n d  le n g th  o f  fu s e  w ire  w e re  re c o rd . T h e  v a lu e  o f  h e a t  o f  c o m b u s t io n  w a s  c a lc u la te d  

b a s e d  o n  th e  g ro s s  h e a t  o f  c o m b u s t io n  a c c o rd in g  to

H* -------
(3 .5 )

w h e re  Hg is  th e  g ro s s  h e a t  o f  c o m b u s t io n  (J /g ) ,  T  is  th e  n e t  c o r r e c te d  te m p e ra tu re  r is e  

(K ) , พ  is  a n  e n e rg y  e q u iv a le n t  o f  c a lo r im e te r  ( J /K ) ,  ๕1 is a  c o r r e c t io n  in  c a lo r ie s  fo r  

h e a t  o f  f o rm a t io n  o f  n i t r ic  a c id  ( J ) , ๕2 is  a  c o r r e c t io n  in  c a lo r ie s  fo r  h e a t  o f  fo rm a tio n
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H e a t  o f  c o m b u s t io n  o f  th e  o th e r s  a d s o rb e n ts  in c lu d in g  b le n d e d  c h i to s a n /P V A  

ra t io  1 :1 , q u a te r a m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n ,  m o d i f ie d  c h i to s a n  h e x a d e c y l  

t r im e th y l  a m m o n iu m  b r o m id e ,  m o d if ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  

a m m o n iu m  b r o m id e ,  m o d if ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  

m o d i f ie d  b le n d e d  c h i to s a n /P V A  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  w e re  a ls o  

d e te r m in e d ,  a s  m e n t io n e d  a b o v e .

3.3.9. CHN measurement
C H N  o f  0 .1  g  o f  d r ie d  c h i to s a n  b e fo re  a n d  a f te r  a d s o r p t io n  o f  c u t t in g  f lu id  w a s  

a n a ly z e d  u s in g  L e c o  C H N  2 0 0 0  (U S A ) .

T h e  o th e r  a d s o r b e n ts  in c lu d in g  b le n d e d  c h i to s a n /P V A  r a t io  1 :1 , q u a te ra m m in a te d  

c h i to s a n ,  b e n z o y l  c h i to s a n ,  m o d if ie d  c h i to s a n  h e x a d e c y l  t r im e th y l  a m m o n iu m  

b r o m id e ,  m o d i f ie d  b le n d e d  c h i to s a n /P V A  h e x a d e c y l  t r im e th y l  a m m o n iu m  b ro m id e , 

m o d i f ie d  c h i to s a n  p o ly o x y e th y le n e  s o r b e ta n m o n o o le a te  a n d  m o d if ie d  b le n d e d  

c h i to s a n /P V A  p o ly o x y e th y le n e  s o rb e ta n m o n o o le a te  w e re  a ls o  d e te rm in e d ,  a s  

m e n t io n e d  a b o v e .

3.3.10. Scanning electron microscope (SEM)
T h e  c h i to s a n  b e a d s  w e re  d r ie d  a t  a m b ie n t  a tm o s p h e re .  T h r e e  s p e c im e n s  o f  

c h i to s a n  b e a d s  w e re  f ix e d  o n  th e  s tu b  b ra s s  a n d  th e n  c o a te d  w i th  a  c o n d u c tiv e  la y e r  

(4 0 0  A) o f  s p u t te r e d  g o ld . T h e  s u r fa c e  o f  c h i to s a n  b e a d s  b e fo re  a n d  a f te r  a d s o rp t io n  o f  

c u t t in g  f lu id s  w a s  a n a ly z e d  u s in g  a  s c a n n in g  e le c t ro n  m ic r o s c o p e  ( S E M , J E O L , M o d e l  

J S M - 5 4 1 0  L V , J a p a n )  to  in v e s t ig a te  th e  s u r fa c e  a t  15 k v .

o f  sulfuric acid  (J), e 3 is a correction in calories for heat o f  form ation o f  fuse wire (J)

and M  is a w eight o f  sam ple (g).
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S u r f a c e  o f  o th e r  a d s o r b e n ts  in c lu d e d  b le n d e d  c h i to s a n /P V A  ra t io  1 :1 , 

q u a te r a m m in a te d  c h i to s a n ,  b e n z o y l  c h i to s a n , C H -S D S  a n d  B C H -S D S  w e re  a lso  

d e te rm in e d  u s in g  S E M , a s  m e n t io n e d  a b o v e .
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