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ABTRACT 

This work is aimed to determine whether scaffold architectures and physical 

properties are affected by using different forms of chitosan in chitosan-polycaprolactone 

microspheres (PCL-microspheres)-bioceramic blends. Chitosan microspheres are prepared by 

cross-linking the polymer with sodium tripolyphosphate by which the polymer matrix was 

formed. The matrix is dried and grinded until obtaining micro-particles. In contrast, chitosan 

polymers are revealed by blending chitosan solution with the remaining components followed by 

cross-linking and freeze-drying. Scaffolds containing PCL-microspheres / chitosan microspheres 

and bioceramic are prepared by the compression method. The ratios of PCL-microspheres and the 

mixed hydrophilic ingredient, e.g., bioceramic plus chitosan, are varied in order to obtain suitable 

surface. The morphologies and structures of both scaffold types are observed by SEM. Surface 

hydrophobic/hydrophilic property is determined by using contact angle. The bioactivity of the 

scaffolds is evaluated after soaking in phosphate buffer saline (PBS) for 1, 2, 3 and 4 weeks. 

Apatite layers that form following the immersion are destined as the scaffolds are bioactive. The 

results imply that particular scaffold combinations are valuable for subjecting to the next in vivo 

experiments prior they can be applied in bone tissue engineering. 
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1.1  

 ( , 2537) 

 ( , 2550) 
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852,209,666 ( , 2546) ( tissue engineering) 
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1.2  

1.2.1 (bone) 
1.2.1.1 (Baron et al., 1999) 

 
(skeletal system ) 3  

1.  

2.  

3. 

 

 
1.2.1.2 (bone as an organ) 

2

(flat bone) (long bone) 2

 (intramembranous ossification) 
(endochondral ossification) 

2 epiphysis 

metaphysis ( ossification center) 2
epiphyseal plate  growth plate 

(cortical compact bone) diaphysis 

( medullary cavity) 

metaphysic epiphysis cortex

(calcified trabeculae)  (trabecular cancellous bone) 
( cortical) ( trabecular bone) ( 1.1) 

80

cortical bone 20 trabecular bone 

cortical bone 
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 trabecula bone (Baron et al., 1999; 

Buckwalter et al., 1995) 

 

 

 

 

 

 
 
 
 

1.1  (http://en.wikipedia.org/wiki/bone) 

 
1.2.1.3 (bone as a tissue) 

 (hydroxyapatite) [Ca10 (PO4)6 (OH)2] 

glycoprotein  proteoglycan 

 ( 1.2 ) 

(osteoblast) osteocalcin, osteopontin, fibronectin growth factor 

 lamellar bone (  1.2 ., .) 

lamellae

trabecular bone 

 haversian system cortical bone 

( callus) 

 woven bone ( , 2550) 
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1.2 . 

70 5-8 . 

. 

lamellar bone ( , 2550) 

 

1.2.1.4  (composite material) 

 
 ( lamellae) 

90  

anisotropy 

lamellae 

80 (bending)  

 (Oxlund et al., 1996) 
 
 

1.2.1.5  
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( osteocyte) ( lacuna) 
 

canaliculi

  
 (osteoblast) ( bone lining 

cell) ( collagen precursor) 
(stromal cell precursor) ( bone marrow stem cell) 

(connective tissue mesenchymal stem cell) 
  (differentiate) 

 growth factor growth factor 
insulin-like growth factors (IGFs), fibroblast 

growth factors (FGFs) transforming growth factor beta (TGF- ) bone 

motphognetic proteins (BMPs)   ( , 2550) 
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1.3  osteoblast, osteocyte, osteoclast 

mesenchyme 

(http://202.28.95.5/11department/anatomy/Profile/Yanyong/bone48MD/bone48MD.files/frame.ht

m#slide0030.htm) 

1.2.1.6  ( , 2526) 

  

1. (congenital anomalies)

  

2. (infection) 

 

3. (metabolic disorders) 

 

4. (neoplasm) 

 (benign) (malignant) 
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5. (endocrine disorders) 

 

 

6. (circulatory disorders) 

  

7. (neurologic disorders)

  

8. (psychologic disorders)

 

          9.    

1.2.1.7  

2  

 
1.  

  

 

1. 

 

2. 

 

3. 

 

4. 
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5. 

 

 (stem cell) (bone marrow adult stem 

cell) 

 
  

 
 

 ( - , 2550) 

 
2.  

8  
 ( , 2554) 

 
 ( , 2526) 

1. 
 

2.  
 

3. 
  

4. 
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5.    

 
6. 

 
7. 

 
7.1 Autogenous bone grafting 

 

 

  

 

 (Hollinger and 

Battisan, 1986) 

7.2 Allogenous bone grafting 

 

 
 (Hollinger and Battisan, 1986) 

7.3 Xenogenous bone grafting 

 
( , 2548) 

 

1.2.2  

( bone graft) 
( autograft bone) ( allograft bone) 

(xenograft bone)



10 
 

 ( , 2548) 
4  ( 1.4) 

1.   
 

  

 
 

  

  

 

 

  
  

 

 

 20 

  ( , 2550) 

( joint replacements) 
(dental root implacements) (bone plates and screws)  

2.  
   (aluminium oxide) ( calcium 

phosphate)  (hydroxyapatite) (bioglass)

(joint replacements)
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3. (composite) 

ceramics-coated metal, carbon-coated material 

(joint replacements)  (artificial 

heart valve)  

4. 

nano HA/collagen cellular 

 (biocompatibility) 

(osteoinductive capabilities) 

(biodegradability)  

(Stylios et al., 2007) 
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1.4  (Stylios et al., 2007) 

 

1.2.3 (tissue engineering) 

  

autogenous bone grafting 

 3

 (scaffolds) ( , 2547) 

(tissue engineering) 

(tissue function) 1930 Bisceglie 

(polymer membrane) 

 
 (cell encapsuiation)
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(cell membrane) 

(immune Cell) (antibody)  

 1970  
(collagen-glycosanimoglycan (GAGs) composite) 

2   

3 (Langer, 2000) 
1. 

 

2. 

 

3. (seed) 

(differentiate) 

(bioreactor) 

  

 

 

1.2.4 (scaffolds) 
bone tissue engineering 

 

growth factors 

(Hollinger and Battisan, 1986) 

 

1. Biocompatibility 
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 (http://en.wikipedia.org/wiki/Biocompatible) 

2. Biodegradability  

 

 

3. Bioresorbable 

(Hutmacher, 

2000) 

4. Osteoinductive capabilities 

 

5. Bioinert  

6. 

growth factors 

( 1.1) 

7. 

(hydrophilicity)  

8. 
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 /

100 

 (Humacher, 2000; 

( ), 2535) 

 
1.1 (Humacher, 

2000) 

  
1.2.4.1  

 (inorganic filler) 

 

1. 

(polysaccharide) (polyesters) 

 

glucosidic (alginate) (brown alginate) 

(hydrogel)

(Eiselt, et al., 2000) 

 (µm)  (%) 
(solvent casting) 

 (membrane 

lamination) 
(melt-molding) 

(extrusion) 
 (freeze dry) 

 (supercritical-fluid) 

30-300 

30-300 

 

50-500 

< 100 

< 200 

<100 

20-50 

< 85 

 

< 80 

< 84 

< 97 

10-30 
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(Kuo Ma, 2001) 

(Shapiro Cohen, 1997) 

  

 

2 (aliphatic) (aromatic) 

 
 ( , 2550) 

(PCL)  

(PGA)  (PLLA)   (Lu et al., 2001) 

 

 

(Iwasaki et al., 2002)  
2. 

 
(collagen) (chitosan) 

(hyaluronic acid) - (fibrinogen-fibrin)  

3.  

50%  

( calcium silicate) 
 (Best, et al., 
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2008) (tricalcium phosphate)  

 
 ( , 2550)  

 
 ( , 2548) 

 

1.2.4.2  (polycaprolactone scaffold) 
 (

1.5)  2-methylene-1, 3-dioxepane (Elfick, 2002)
(polymerization) 80  diethyl-zinc 

(Corden et al., 2000) 

 
1.5  

 

25,000-75,000 

 ( Tm) 50-60   
(heat of fusion) 135.4-135.6  (fully 

crystalline) 
 62.2-73.2  (Corden et al.,2000; Hutmacher et al., 2001; Kweon et 

al.,2003)  
( 1.2) 

24-36 fibroblast (Hutmacher, 2000)
 

Poly-D,L-Lactide 3  
(Gunatillake Adhikari, 2003)
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1.2.4.3 (chitosan-based scaffold)  
-1,4-2-amino-2 deoxy-D-glucopyranose 

(deacetylation)  
(-NHCOCH3) 2

(-NH2) 

(  1.6) ( , 2542)  

1.6  

(%DAC)  

N-acetyl-D-glucosamine D-glucosamine 

%DAC 

%DAC (Pillai 

et al., 2009) 

(food grade) % DAC (Percent of Deacetylated)  0% 95% 
50,000-1,000,000 

 pH 

 6 pH  7 

pH (pH-dependent soluble) (Francis-Suh  Matthew, 

2000) 
( 1.3) 
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1.3 (1 

100 ) ( , 2549) 

Acid concentration 1% 5% 10% 

Acetic + + + 

Citric - - - 

Formic + + + 

Lactic + + + 

Malic + + + 

Tartaric - - + 

Hydrochloric + - - 

  + : , - :  

 

( freeze 

dry) -20 -78  

100 230  

(bioactivity) 

glycosaminoglycan  

(Madihally  Matthew, 1999) 
 
1.3  

Lin et al. (2007) 

 (freeze-drying) sodium 
triphosphate penta-basic (Na5P3O10 ) 

-20 1 2  
5% Na5P3O10 4 

1 1  
 phosphate-buffered saline (PBS) 30 

76% 
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46% 3  

  
10  

12  
, (2547) 

(PCL) (casting) 

20, 25  30% (w/v) 

  7.5:7.5:1 

15:1 

0.0147-0.0784 MPa 

105-205 78.44-85.72% 

phosphate-buffered saline (PBS) 0.28% ( )  

30 U/l 1.68% ( )  

53.29% ( ) 3 

 1 

6

Lakanaporn, (2006) -

(freeze drying) 
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Shanmugasundaram et al., (2001) 

glutaraldehyde

 6:4  human 

epidermoid carcinoma cells 

 

Park et al. (2002)  hyaluronic acid 

8:2  1-ethyl-3-(3-dimethyl aminopropyl)carbodiimide (EDC) 
 1-100 mM. (freeze-drying) 

-20, -70  -196  
  -70 -196 

 -20  

 

(collagenase) EDC 

glutaraldehyde 0.625%  
EDC  (L929) 

 
Tangsadthakun et al. (2007) 

 
  dehydrothemal 

treatment  
compressive modulus compressive 

modulus  70:30 30 %wt 

  (L929) 

  30 %wt 
Ratanavaraporn, (2009)  
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( 1,000 ) 
 

 (1.4 ) 
 

 

1.4  

1.  
   

2. 

 

 

1.5  
1. 

2. 

 

3. 
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1.6  
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2 

 

2.1  
1.  
2. (polycaprolactone) 14,000 (Aldrich, Japan) 

3. (chitosan; middle-viscous) (Sigma, Japan) 

4. ( ) (poly (vinyl alcohol)) 85,000-124,000 

    (Aldrich, USA) 

5. (hydroxyapatite) (Fluka, United Kingdom) 

6. (menthol crystal) (Vidhyasom, Thailand)  

7. (chloroform; CHCl3) (Merck, Germany) 

8. (tricalcium phosphate) (Fluka, Germany) 

9. (sodiumtripolyphosphate; Na5P3O10) (Sigma-Aldrich) 

10. (acetic acid; C2H4O2) (Merck, Germany) 
11. 80 (tween 80) (Vidhyasom, Thailand) 

12. (sodium hydroxide; NaOH) (Merck, Germany) 

2.2  

1. 4 (4-digit balance) CP224S Sartorius 
2. (magnetic stirrer) MGS-1001  Lab Tech  

3. (centrifuge) Z206A  Labor Technik 

4. (oven) 37  

5. (refrigerator) -40 ± 2  

6. (vacuum filter) WJ-20  Sibata  

7. (freeze dryer) FlexiDry  FTS Systems  

8. (micropipette) 10-100 Discovery comfort  
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 HTL Lab Solutions 

9. (hydraulic presses) HP T.M.C. manufacturing     

    Co., Ltd 

10. (mold) 1  

2.3  

4  

1  

2.1 

 

Bioceramics Chitosan (CS) Polycaprolactone (PCL)

HA/TCP (2:1)
Bicalcium phosphate (BCP)

PCL-microspheres

Cross- linked CS
polymer

Cross- linked CS 
microspheres

Freeze-dryingCompression method 

SEM, Contact angle, porosity Bioactivity

 
2.1  

 
2
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3 

  
 4 (bioactivity) 

  
 
2.3.1  

1. (PCL) 1  (CHCl3) 20 

 5% PCL CHCl3  

2. 0.5% PVA (

) 100  24  

6,000  5  

3. 2  5  PVA 

 -48  24 

 

4. 

1% (w/v)  (3% v/v) 1 

  
5. -48  24 

 (0.1% w/v) 24  

6.  5 

-48  24   

7.  

(SEM) 

contact angle 
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2.3.2 
 

(2:1 (BCP)) 

1. 2  40 5% 

PCL CHCl3  

2. 0.5%, 1% 2% PVA 0.5%, 1% 

2% Tween 80 ( ) 200 

24   6,000  

5   
3.  5  -48  

24   
4.

 1:1 1% w/v 

(3% v/v) 2  

5. -48  

24   

6. (0.1% w/v) 
24   

7. 5 -48

 24  

8.  

 

(Laser Particle Size Analyzer) 

0.5%, 1% 2% PVA 1% 

Tween 80  
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2.3.3 
  

2.3.3.1 

2.3.3.1.1 

1. 0.5% (w/v) 

0.1  pH 4  

2. 0.5% (w/v) 50 

 0.4% (w/v) 

50    

3.   

4.  5  
37  2   

5.  

 

 

2.3.3.1.2 

1. 

( 3.4) 

  

2. 

 

3. 37  2 

1 (

2.2) ( 2.3) 1

 

4. 37  5  
 

5.  
(bioactivity)  
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2.2 1 

 

 

 
 

2.3  
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2.3.3.2  

1.

1% (w/v) 3% 

(v/v) ( 3.5)  

2. -48 
 24   

3. 2

( 0.1% w/v) 24   

4.  5  -48 

 24  

5.  
 

 
2.4  

 1. (Scanning 

Electron Microscope SEM) 

(FEL Quanta 400) 

3000,000  

1 40 (gold coating) Ion Sputtering (INC 

STI)  

 

2. 

(Laser Particle Size Analyzer) 

(Beckman Coulter LS 230) 

0.04-2000 
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3.  

( -physics) 

3 1 

 

4. (Porosity) 

Archimedes 

(m1) 

(m2) 

(m3)  

Porosity     =     (m2-m1)/(m2-m3) x 100% 

 

5.  

PBS 20 

1, 7, 14, 21 28  5  
37  3 

 
 

6. 

Fourier Transform Infrared 

Spectrometry (Spectrum One FT-IR Spectrometer (Perkin Elmer)) 

IR 
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3 

 

3.1  

0.5% PVA 1% (w/v) 

3% (v/v) 1

 0.1% (w/v) 

( 3.1)

( 3.2) 

3 

( 3.3)  126.8 ± 1.3  

90  

(hydrophilicity) 90 

(hydrophobicity) 

  

High Pressure Homogenizer (Microfluidics, M110P) 500, 700, 1000 

1500 bar  High Pressure Homogenizer

High Pressure Homogenizer
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3.1  0.5% PVA 

 

    

( )                                                                  ( ) 

3.2  

0.5% 

PVA 1% (w/v) 

 ( ) 150  ( ) 500  
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3.3 3.2 

( -physics) 

 

3.2 

 

 % 

0.5%, 1% 2% PVA 0.5%, 1% 2% Tween 80 

6,000  5   5 0.5% 2% 

Tween 80  
( CHCl3 

Tween 80) 0.5%, 1% 2% PVA 1% Tween 80  

 

( 3.4) 1% Tween 80 

 ( 3.4 ) 0.5%, 1% 2% PVA 

( 3.4 , )
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0.5%, 

1%,  2% PVA 

 0.5% PVA 

33.37 ± 35.22  1% PVA 22.37 ± 18.87 2% 

PVA 36.75 ± 30.12 

0.5%, 1%,  2% PVA

1% 2% PVA 

0.5% PVA ( 3.6 3.7) 0.5% 

PVA  3.5

0.5% PVA 

0.5% PVA 

(%yield) 0.5%, 1%,  2% PVA

74, 39 36% 0.5% PVA  

 

2:1 ( )

1:1 

1% (w/v) 3% (v/v) 2

 0.1% (w/v) 

(  3.4 ) 3 



39 

 

  

 

 

    

( )                                                                            ( ) 

    

( )                                                                           ( ) 

3.4 

 1:1 1% (w/v) 

3  ( ) 0.5% PVA  ( ) 1% PVA 

 ( ) 2% PVA ( ) 1% Tween 80  
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3.5  

0.5% PVA  

 

3.1 0.5% 

PVA 

Volume: 100% 

Mean: 53.37 µm 

Median: 50.75 µm 

Mean/Median ratio: 1.052 

Mode: 72.94 µm 

S.D.: 35.22 µm 

Variance: 1240 µm2 

<10%                       <25%                       <50%                       <75%                        <90%         

8.437 µm                  23.54 µm                 50.75 µm                  78.07 µm                  102.8 µm 
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3.6  

1% PVA  

 

3.2 1% 

PVA 

Volume: 100% 

Mean: 22.37 µm 

Median: 15.51 µm 

Mean/Median ratio: 1.442 

Mode: 14.94 µm 

S.D.: 19.87 µm 

Variance: 394.7 µm2 

<10%                       <25%                       <50%                       <75%                        <90%         

3.055 µm                  7.170 µm                  15.51 µm                  32.30 µm                  55.01 µm 
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3.7  

2% PVA  

 

3.3 2% 

PVA 

Volume: 100% 

Mean: 36.75 µm 

Median: 28.54 µm 

Mean/Median ratio: 1.288 

Mode: 45.76 µm 

S.D.: 30.12 µm 

Variance: 906.9 µm2 

<10%                       <25%                       <50%                       <75%                        <90%         

4.680 µm                  12.89 µm                  28.54 µm                  53.36 µm                  84.08 µm 



43 

 

  

3.3 

 
 

3.3.1  

 ( 3.4) 

hydrophobic hydrophilic 

 

hydrophobic

 60% C7, 

C8 C9 71-74 

60% 

60% 

79.57 ± 2.98%, 79.78 ± 2.29%  83.00 ± 1.26% C7, C8 C9 

 

(cell-cell interaction)

70% 

20-93% (Hutmacher, 2000; Lanza 

et al., 2000 and Pego et al., 2003) 79-

83% 

60% C2 C5 

( 3.9) 

60% C7  C8 

( 3.10) 
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57

.0
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2.
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- 
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7 
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15
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15
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.1
9 

± 
6.

07
 

79
.5
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± 

2.
98

 

C8
 

0.
8 
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1 

0.
1 

0.
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± 
1.

12
 

79
.7

8 
± 

2.
29
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9 

0.
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26
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± 
2.

94
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.0
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1.
26
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( )                                                                            ( ) 

 

     
 

( )                                                                            ( ) 

3.9 

60% ( ) C2 1,000  ( ) C2 

3,000  ( ) C5 1,000  ( ) C5 4,000  
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( )                                                                            ( ) 

 

     
                                        

( )                                                                            ( ) 

3.10 

 

60% ( ) C7 500  ( ) C7 

1,000  ( ) C8 500  ( ) C8 1,000  
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3.3.2   

 1% (w/v)

3% (v/v) ( 3.5)

60% F5, F7  F9

F9 ( 3.11  , ) 

79.93 ± 1.02, 89.39 ± 1.85 89.83 ± 1.66 F5, F7  F9 

 

90-99% (Mao, et al., 2003) 

 

40.35 ± 

8.98, 49.67 ± 11.30 57.05 ± 6.01 F5, F7  F9  

 

 F7 F9 

F7 

PBS  



  

  3.5
 

 
 

 

 

 

(
) 

 

(
) 

  

(
)  

wt
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(
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(
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00
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.1
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00
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94

.3
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.0
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± 

6.
01
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3 

± 
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                                             ( )                                                           ( ) 

     
                                             ( )                                                           ( ) 

     
                                        ( )                                                    ( ) 

3.11 

 

1% (w/v) 3% (v/v)

 ( ) F5 1,000  ( ) F5 3,000  ( ) F7 

1,000  ( ) F7 3,000  ( ) F9 1,000  ( ) F9 

3,000  
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3.4  

 Fourier Transform Infrared Spectrometry 

 

3.4.1 

C7 F7 PBS pH  7.4 37   1, 

2, 3 4  PBS

(Campbell et al., 1999) 3.12 

(C7) PBS 2  (

3.12 ) 3 ( 3.12 ) 
4  

( 3.12 ) 3.13 

F7  PBS 

1 2, 3 4 ( 3.13) 

4

C7 F7 F7 
C7 (  3.12 3.13 ) F7

 1  C7 2 

F7 C7 ( 3.12  

3.13 ) F7 C7 

PBS
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( )                                                                            ( ) 

              

    
 

( )                                                                            ( ) 

3.12 

( ) C7 PBS 1 1,000  

( ) C7 PBS 2 1,000  

( ) C7 PBS 3 20,000  

( ) C7 PBS 4 20,000  
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( )                                                                  ( ) 

 

    
 

( )                                                                  ( ) 

3.13 

( ) F7 PBS 1 20,000  

( ) F7 PBS 2 20,000  

( ) F7 PBS 3 20,000  

( ) F7 PBS 4 20,000  
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3.4.2 Fourier Transform Infrared 

Spectrometry (FT-IR) 

                       FTIR C7 F7 

 ( 3.14) alkyl C-

H carbonyl (C=O)O 3060 cm-1  

( 3.14 1  ) 

C7  F7 O-H 3572 632 cm-1  (Mohamed Mostafa, 2008) 

1089, 1045 960 cm-1 

 C7 F7

601  571 cm-1 ( 3.14 2  ) C7  F7 

( 3.14 3  4  

) NH2 O-H 3466 cm-1 

amide I 1640 cm-1 

1640 cm-1 1638 1537 cm-1 

P=O 1278 cm-1 (Xu et al., 2003; Knaul et al., 1999 

Wang et al., 2001) C7 

F7 

( 5 ) 

1181, 1084, 1044 973 cm-1 

604 549 cm-1 (Habelitz, 2001)

 C7 ( 3.14 6  )

3.6  
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3.6 C7 F7 

Fourier Transform Infrared Spectrometry (FT-IR) 

 

 

 

 

 

 

C7  F7 

 

  

(cm-1) 

 

 

 C-H 3060 

(C=O)O 3060 

 

O-H 3572  632 

 1089, 1045 

960 

 601  571 

 

 

NH2 O-H 3466 

amide I 1638 1537 

P=O 1278 

 

 

 1181, 1084, 1044 

973 

 604 549 

 - - 
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 3
.1

4 F
TI

R 
C7

 
F7
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4 

 

4.1  

90  
 

4.2 

 ( : 2:1 ) 

 
 

0.5, 1 2% Tween 80 

1  2% PVA 

0.5% PVA 

0.5% PVA 

 

 

4.3 

 

 

 

 60% C7, C8  C9 79.57 ± 2.98, 79.78 ± 2.29 

 83.00 ± 1.26 C7, C8 C9 

C7 
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PBS  
F5, F7 F9 

 

 F7 F9 

F7 

PBS 

  
4.4 

C7 F7 PBS pH  7.4 37 

 1, 2, 3 4 F7 

C7  

 

4.5 Fourier Transform Infrared 

Spectrometry 

C7  F7 FTIR C7 F7

  

  

C7 F7 

 

4.6  

1. 

0.5% PVA 

( )
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2. 

osteoinduction 

 3. 

 

4. 
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High Pressure Homogenizer 

 
 

 
600 1,000  

 
1    5  

100  5% PCL CHCl3 0.5% PVA 
500 24

600 1,000  6,000  
 5  5  PVA 

  -48 24 
 

1% (w/v) 3% (v/v) 5 
-48  24 

0.1% (w/v) 24 
 5  -48  

24  
 ( 2 ) 

600 
1,000 

600 1,000
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600 1,000  24  
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( )                                                                           ( ) 

   
( )                                                                           ( ) 

2   
600 1,000 

1% (w/v)  
( ) 600 700  
( ) 600 1,000  
( ) 1,000 700  
( ) 1,000 1,000  
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High Pressure Homogenizer 
 High Pressure Homogenizer hydraulic 

power single acting intensifier pump 
(working pressure level) 30,000 psi 

(suction stroke) intensifier pump inlet reservoir 
pressure chamber inlet check valve 

inlet reservoir 
interaction chamber 

2 shear impact  
( 3 ) 
 
 

 
 

3  High Pressure Homogenizer 
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4  High Pressure Homogenizer (Microfluidics,  M110P) 
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1  
 

 
 

( ) 
1 2 3 

         127.36 125.30 127.82 
 

126.83 ± 1.09 
C1 33.71 42.42 45.21 40.44 ± 5.99 
C2 41.87 40.49 39.80 40.72 ± 1.05 
C3 55.37 40.52 37.37 44.42 ± 9.61 
C4 50.37 46.71 47.60 48.23 ±1.91 
C5 48.21 55.12 50.98 51.44 ± 3.46 
C6 58.30 58.67 54.25 57.07 ± 2.45 
C7 74.04 64.22 75.32 71.19 ± 6.07 
C8 74.30 74.70 72.60 73.86 ± 1.12 
C9 72.29 78.05 74.20 74.85 ± 2.94 

 

2   
 

 ( ) 
1 2 3  

F5 42.57 30.46 48.01 40.35 ± 8.98 
F7 50.15 60.70 49.66 49.67 ± 11.30 
F9 50.98 57.17 63.01 57.05 ± 6.01 
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( )                                                                         ( ) 

 
( )                                                                        ( ) 

 
( )                                                                        ( ) 

1  
70% ( ) C1, ( ) C2, ( ) C3, ( ) 

C4, ( ) C5 ( ) C6 
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( )                                                                 ( )

 
( )                                                                        ( ) 

 
( )                                                                        ( ) 

2  
70%  ( ) C7, ( ) C8, ( ) C9, 

( ) F5, ( ) F7 ( ) F9 
 

 



74 
 

3  
24  

 % Yield 
0.5% PVA 74 
1% PVA 39 
2% PVA 36 

 

 4  
 

 
m1 

( ) 
m2 

( ) 
m3 

( ) 
 

(%) 
 

(%) 

 
C7 

1 0.7451 0.6126 0.7851 76.81  
79.57 ± 2.98 2 0.7662 0.6253 0.7956 82.74 

3 0.7332 0.5001 0.7946 79.15 
 

C8 
1 0.7591 0.6529 0.7901 77.41  

79.78 ± 2.29 2 0.7449 0.6385 0.7683 81.97 
3 0.7416 0.6110 0.7743 79.98 

 
C9 

1 0.7861 0.6489 0.8129 83.66  
83.00 ± 1.26 2 0.7829 0.7100 0.7994 81.54 

3 0.9382 0.7954 0.9658 83.80 
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 5  
 

 
m1 

( ) 
m2 

( ) 
m3 

( ) 
 

(%) 
 

(%) 

 
F5 

1  0.4566 0.3809 0.4763 79.35  
79.93 ± 1.02 2 0.4587 0.3763 0.4803 79.33 

3 0.4012 0.3200 0.4201 81.11 
 

F7 
1 0.6673 0.6059 0.6755 88.22  

89.39 ± 1.85 2 0.6607 0.6286 0.6649 88.43 
3 0.6698 0.6212 0.6743 91.53 

 
F9 

1 0.7601 0.7622 0.6601 88.60  
89.83 ± 1.66 2 0.7289 0.7301 0.6287 91.71 

3 0.7645 0.7651 0.6638 89.17 
         

m1 =  
m2=  
m3 =

 
C7  

Porosity  = (m2-m1)/(m2-m3) x 100% 

             = (0.61-0.75)/(0.61-0.79)x100 
             = 76.81% 
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 3  FTIR  
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 4  FTIR 
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 5  FTIR  
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