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In this study, a woven PET fabric with antimicrobial property was prepared 
by coating the fabric’ร surface with chitosan. First, hydrophilic improvement of the 
woven PET surface was accomplished by plasma treatment using dielectric barrier 
discharge (DBD). The hydrophilicity of the woven PET surface was characterized by 
wickability measurements. The plasma-treated PET samples were further immersed in 
a chitosan acetate solution to achieve surface coating. The effects of chitosan 
concentration, temperature, and washing cycles on the amount of coated chitosan on 
the PET fabric were investigated. XPS analysis revealed an increment of polar 
functional groups, such as 0=C-0" and C-O', on the PET surface after plasma 
treatment. However, the appearance of these functional groups decreased after 
surface coating with chitosan, indicating the involvement of these functional groups in 
an interaction with chitosan. The chitosan-coated woven PET fabric exhibited 
antimicrobial activity against E. co li and ร. aureus.
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บทคัดย่อ

พรรณี โสกฌวชิราพร : การเคลือบไคโตชานบนพื้นผิวของผ้าโพลีเอทฑิลีนทาเรปทา 

เลทที่ถูกเปลี่ยนแปลงด้วยเทคนิคพลาสมาแบบไดอิเล็กทริคแบริเออร์ดิสชาร์จ เพื่อเพิ่มคุณสมบัติ 

การป้องกันแบคทีเรีย (Chitosan Coating on Woven PET Surface Modified by DBD  

Plasma Technique for Antimicrobial Property Improvement) อ.ทีปรึกษา: รศ. ดร.รัตนา 

รุจิรวนิช, รศ. ดร.สุเมธ ชวเดช, ดร.ธรรมนูญ ศรีทะวงศ์, และ ศ.ดร.เซอิจิ โทคุระ, 77 หน้า

งานวิจัยนี้เป็นการศึกษาปรับปรุงเปลี่ยนแปลงพื้นผิวของผ้าโพลีเอททิลีนทาเรปทาเลท 

เพื่อเพิ่มคุณสมบัติในการยับยั้งแบคทีเรียโดยการเคลือบไคโตซานบนพื้นผิวของผ้า โดยทำการ

เปลี่ยนแปลงโครงสร้างพื้นผิวของผ้าโพลีเอททิลีนทาเรปทาเลทเพื่อให้มีคุณสมบัติในการดูดซับนี้า 

ภายใต้สภาวะพลาสมาแบบไดอิเล็กฑริคแบริเออร์ดิสชาร์จ และทำการตรวจสอบคุณสมบัติด้วย

วิธีการดูดซับนำ (wickability measurement) หลังจากการเปลี่ยนแปลงโครงสร้างของผ้าโพลี 

เอททิลีนทาเรปทาเลทให้มีคุณสมบัติการดูดซับนํ้าเพิ่มขึ้นแล้ว ได้ทำการเคลือบไคโตชานโดยจุ่ม 

ผ้าโพลีเอททิลีนทาเรปทาเลทลงในสารละลายไคโตซานอะชีเตท ซึ่งทำการศึกษาผลกระทบของ

ความเข้มข้นของไคโตซาน, อุณหภูมิ, และจำนวนรอบในการซักล้างที่มีผลต่อปริมาณของไคโต 

ซานท่ีอยู่บนพื้นผิวของผ้าโพลีเอททิลีนทาเรปทาเลฑ จากการตรวจสอบด้วยเทคนิค X-ray

photoelectron spectroscopy (XPS) พบว่ามีหมู่ฟ้งก์ชัน 0 = C -0 ' และ C - 0 ' บนพื้นผิวของ 

ผ้าโพลีเอททิลีนทาเรปทาเลทเกิดข้ึน อย่างไรก็ตามพบว่าหมู,ฟิงชันศ์เหล่านี้ได้ลดลงหลังจากการ 

เคลือบพืนผิวของผ้าโพลีเอททิลีนทาเรปทาเลทด้วยไคโตซาน ซึ่งแสดงว่าหมู่ฟิงศ์ชันเหล่านี้ได้ทำ 

ปฏิกิริยากับไคโตซาน จากผลการการทดสอบการป้องกันแบคทีเรียพบว่าผ้าโพลีเอททิลีนทาเรปทา 

เลทที่ผ่านการเปลี่ยนแปลงโครงสร้างด้วยพลาสมาและเคลือบด้วยไคโตซานแล้วมีประสิทธิภาพ 

ในการยับยังแบคทีเรียชนิด E sch erich ia  co li และ S ta p h y lo co ccu s a u reu s ได้ดีมาก



V

ACKNOWLEDGEMENTS

I wish to thank many people who have contributed to my education over the 

past 2 years and specifically to this research work.

I would like to express my grateful appreciation to Assoc. Prof. Ratana 

Rujiravanit, Assoc. Prof. Sumaeth Chavadej, Dr. Thammanoon Sreethawong, and 

Prof. Seiichi Tokura, my thesis advisors, for their support and guidance through this

research work. It has been privileged to work with such a dedicated and resourceful 

people.

I would like to thank Thai Negoro Co., Ltd, Thailand; the Research Unit of 

Petrochemical and Environmental Catalysis under the Ratchadapisek Somphot 

Endowment Fund, Chulalongkom University, Thailand.

The author would like to thank the National Center o f Excellence for 

Petroleum, Petrochemicals, and Advanced Materials, Thailand, where the author has 

gained the invaluable knowledge in the Polymer Science program. The author also 

greatly appreciates all professors, lecturers, and staffs, who have provided knowledge 

and technical support during his study at this college.

I feel fortunate to have spent 2 years with collection o f graduated students, 

who not only made the experience bearable, but also quite pleasant. Therefore, I 

simply say thanks to friends who made the two years such a memorable experience.

I would like to express my special thanks to Mr. Hideaki Nagahama for his 

kindness in giving me useful XPS information and also to Faculty o f Chemistry, 

Materials and Bioengineering and High Technology Research Centre, Kansai 

University.

Finally, I would like to thank my family for their love, spirit, and 

understanding during my study and research work.



V I

TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables ix
List of Figures X

CHAPTER
I INTRODUCTION 1

II LITERATURE REVIEW 3

m  EXPERIMENTAL 28
3.1 Chemical and Materials 28

3.1.1 Materials 28
3.1.2 Chemicals 28
3.1.3 Air Gas for Reaction 28

3.2 Methodology 29
3.2.1 Preparation of Chitin 29
3.2.2 Preparation of Chitosan 29
3.2.3 Degree of Deacetylation of Chitosan 29
3.2.4 Viscosity-Average Molecular Weight of Chitosan 30

3.3 Characterizations 32
3.3.1 Capillary Viscometer 32
3.3.2 Wickability Measurement 32
3.3.3 Contact Angle Measurement 32



vil

3.3.4 Scanning Electron Microscopy (SEM) 32
3.3.5 X-ray Photoelectron Spectroscopy (XPS) 32
3.3.6 Fourier Transformed Infrared Spectroscopy (FTIR) 32
3.3.7 Amido Black 10B 33
3.3.8 Kjeldahl Method 33

3.4 Power Supply Unit 34
3.5 Experimental Setup 35
3.6 Antimicrobial Activity Testing 36

3.6.1 The Agar Diffusion Test 36
3.6.2 The Colony Counting Method 36

IV RESULTS AND DISCUSSION 38
4.1 Preparation and Characterization of Chitosan 38

4.1.1 Chitosan Production 38
4.1.2 Determination of the Degree of Deacetylation (%DD)

of Chitosan 39
4.1.3 Determination of the Molecular Weight of Chitosan 41

4.2 Preparation and Characterization of Modified PET
4.2.1 Contact Angle and Wickability Measurement 42
4.2.2 FTIR Spectroscopy 43
4.2.3 XPS Analysis 45

4.3 Chitosan Deposition on Plasma-treated PET Surface 47
4.3.1 Qualitative Analysis of Chitosan Coated on

Woven PET Fabric 47
4.3.2 Effect of Temperature on Amount of Deposited

Chitosan 48
4.3.3 Effect of Number of Washing Cycle on Amount

of Deposited Chitosan 49
4.3.4 Saturated Amount of Chitosan Deposited on

Woven PET Fabric 50



V l l l

4.4 Antimicrobial Activity Testing 54
4.4.1 Effect of Concentration of Chitosan Solution and Degree

of Deacetylation (%DD) on Clear Zone Distance 54
4.4.2 The Disk Diffusion Method 56
4.4.3 The Colony Forming Count Method 57

V CONCLUSIONS 58

REFERENCES 59
APPENDIX 63
CURRICULUM VITAE 77



IX

LIST OF TABLES

TABLE PAGE

2.1 Collision mechanisms in the plasma. 9
4.1 Yield of chitin and chitosan production from shrimp shell. 38
4.2 Characteristics of chitosan treated samples. 41
4.3 Characteristics of woven PET and PET film before and after

air-plasma treatment. 42
4.4 Colony forming unit counts (cfu/mL) at 0-h and 24-h contact 

time intervals with chitosan coating after plasma treatment
of woven PET against E. co li and ร. aureus. 57



X

2.1 Examples of naturally occurring and artificially generated
thermal plasmas: (a) lightning and (b) arc discharge. 6

2.2 Examples of naturally occurring and artificially generated
non-thermal plasmas: (a) aurora and (b) dielectric barrier 
discharge. 7

2.3 Principles of plasma generation. 8
2.4 Various discharge types arranged according to temporal

behavior, pressure, and appearance. 10
2.5 The glow discharge-homogeneous discharge at low pressure. 11
2.6 The corona discharge-inhomogeneous discharge at

atmospheric pressure. 12
2.7 Typical arrangements for radio frequency discharges: (a) and

(b) contain capacitive coupling, normally used at low 
pressure, (c) use inductive coupling instead of capacitive 
coupling, which can be operated at pressure up to 1 bar. 13

2.8 Phase of gliding arc phenomena: (A) reagent gas break­
down; (B) equilibrium heating phase; and (C) non­
equilibrium reaction phase. 14

2.9 Common dielectric barrier discharge configurations with one
or two dielectric barriers and micro-discharges are contained
in the discharge gap. 15

2.10 Three-dimensional views obtained with AFM scans of the 
PET sample (scan area lx l pm2), where (a) is the untreated
surface and, (b) represents the 17 ร treated surface. 20

LIST OF FIGURES

FIGURE PAGE



X I

2.11 Chemical structures of (a) cellulose and (b) chitin and 
chitosan (chitin occurs as mostly the “m” or i¥-acetyl form
and chitosan occurs as the “ท” or amino form). 24

2.12 Transmission electron microphotographs of E. c o li cells 
after treatment with the 0.5% chitosan acetate solution for
20 min. 26

2.13 Transmission electron microphotographs of ร. a u reu s cells 
after treatment with the 0.5% chitosan acetate solution for
20 min. 26

3.1 Flow chart of the entire experimental procedure. 31
3.2 Block diagram of the power supply unit. 34
3.3 Schematic of experimental setup for dielectric-barrier

discharge system. 35
4.1 Effect of number of alkaline treatment on degree of

deacetylation of chitosan. 40
4.2 FTIR spectra of chitin and chitosan: (a) chitin, (b) 1st 

deacetylation, (c) 2nd deacetylation, (d) 3rd deacetylation, (e)
4th deacetylation. 41

4.3 Water droplet images for contact angle measurement of (a) 
as-received woven PET, (b) as-received PET film (c) woven 
PET after air-plasma treatment, and (d) PET film after air-
plasma treatment. 4 2

4.4 FT-IR spectra of PET film with (a) non-plasma treatment (b)
air-plasma treatment. 4 4

4.5 FT-IR spectra of woven PET with (a) non-plasma treatment
(b) air-plasma treatment. 4 4

FIGURE PAGE



FIGURE

4.6 Deconvoluted Cls XPS spectra of woven PET (a) before 
plasma treatment and (b) after plasma treatment (electrode 
gap distance, 4 mm; treatment time, 10 ร; input voltage, 50 
Y (low side); input frequency, 325 Hz).

4-7 Qualitative analysis of chitosan coated on woven PET by 
using amido black 10B.

4.8 Effects of number of temperature on amount of chitosan 
deposited on woven PET at various chitosan concentrations.

4.9 Effect of number of washing cycle on amount of chitosan 
deposited on woven PET at various chitosan concentrations.

4.10 Effect of chitosan concentration on amount of chitosan 
deposited on woven PET.

4.11 SEM images of woven PET fiber (a) without chitosan
coating, (b) non-plasma treatment with 1.0% chitosan
coating, and (c) plasma treatment with 1.0% chitosan
coating.

4.12 Deconvolted Cls XPS spectra of woven PET (a) after 
plasma treatment, (b) 0.5% chitosan coated plasma-treated 
woven PET, and (c) 2.0% chitosan coated plasma-treated 
woven PET.

4.13 N1 ร XPS spectra of chitosan-coated woven PET (a) woven 
PET coated with 0.5 % chitosan concentration, and (b) 
woven PET coated with 2.0% chitosan concentration.

4.14 Effect of concentration of chitosan solution and degree of 
deacetylation (%DD) on clear zone distance.



X l l l

FIGURE

4.15 The antibacterial activity of plasma-treated woven PET 
against (a) ร. au reu s (woven PET coated with 0.5% chitosan 
concentration) and (b) E. co li (woven PET coated with 
0.75% chitosan concentration).

PAGE


	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



