Girls College for Arts, Science and Education
Chemistry Department

Synthesis, Characterization and Utilization of
Modified Cellulose/Chitin Polymer Blends

Thesis
Submitted for the Degree of philosophy Doctor (Ph.D.) in
Organic Chemistry
Chemistry Department
Girls College for Arts, Science and Education
Ain Shams University

By
Hassan Mohamed Abdel Mohsen Ibrahim
(M.Sc. 2003)
Assistant Researcher
National Research Center

Supervisors

1. Prof. Dr. Nadia G. Kandile
Professor of organic Chemistry
Girls College for Arts, Science and Education
Ain Shams University

2. Prof. Dr. Nabil Y. Abou-Zied
Professor of Carbohydrate Chemistry and Technology
National Research Center

3. Prof. Dr. Ahmed I. Waly
Professor of Carbohydrate Chemistry and Technology
National Research Center

(2011)



S
Ain Shams University
Girls College for Arts, Science and Education
Chemistry Department

Approval Sheet

Name: Hassan Mohamed Abdel Mohsen Ibrahim
Title: Synthesis, _C_haracterization a_npl Utilization
| of Modified Cellulose/Chitin Blends
Scientific Degree: Ph. D.

Supervisors:

1. Prof. Dr. Nadia G. Kandile

Professor of organic Chemistry

Girls College for Arts, Science and Education
Ain Shams University

2. Prof. Dr. Nabil Y. Abou-Zied
Professor of Carbohydrate Chemistry and Technology
National Research Center

3. Prof. Dr. Ahmed I. Waly
Professor of Carbohydrate Chemistry and Technology
National Research Center

Date of Research / /2011

Post Graduate Studies

Stamp Date of approval
/12011 [ /2011
Approved of Faculty Approved of University

council council



Ain Shams“Uni.versity

Girls College for Arts, Science and Education

Chemistry Department

Student Name
Scientific Degree
Department

Name of Faculty
University

B. Sc. Graduation Date
M. Sc. Graduation Date

: Hassan Mohamed Abdel Mohsen Ibrahim
: Ph. D. (Organic Chemistry)

: Chemistry

: Faculty of Science

: Ain Shams University

: 1996

: 2003



Al g aslell 5l i) 4l

gLl acd

Qmﬁmhﬁ& e\dﬁu\jdﬁmﬂjw"

"Rl g Jshled)

i Al
eﬁd\é&uﬂ\ﬁbﬂﬁ\:\e)déc Joaall
9%-65\51‘?“5
(e Aania

Ak il punall 12 daaa (e

(Sl (oo g8l S yally 2o lie Caaly)

d\ﬁ‘ﬂaﬂ

‘hm{ %} Ladu oéo‘ -\
iy gumall ¢lasSII i
Al g aslall 5 aladl i) 48
5 o) sy a0 Y

o 50 )81 L ) 5S35 o LS Sl
Gsall e sall S all
Y Y BT EVEN R I 4
S 50 )81 L o 5S35 o LS Sl
Gsall e sall S all

(\'~\\)



Al g aslell 5l i) 4l

gLl acd
5}y giSa Z\Jb.u)
AR ) (el LS daaa Cpn sl ol
Gliidia Jadldg aladin) g ciua ¢l aal "
NEI Suiag g pani L
O 5 35kl e glse
81 538 rdgalal) A yal)

PR RN
el Al ) -
iy gl olial) i
Al 5 aslell 5 ala3U Gl 448
e (e Azl
83 s) s dad 0 Y
Gl g )SI L 5 5S35 e LrasS il
Gl e sall S )l
9 A ) daal ) oY
Gl 5o Sl L 5l 5S35 ¢ LaanS Sl
Gl e sall S )l

YoVV ) e gl
Lulad) el yald

g Adla ) 8 laY) aid
KPRRVAY KEERVAY
daalal) (ulaa 438 g4 At ulaa 438) 5o



e
Ll g aslell 5l i) 4l
gLl acd

slaa)
dguall g qall e ¢ )
A Al cal) g )
o Ts 9
58 3 3
daa) g deaa AU )

Wil 9 )




:ah g Uil L ) 3ald (30 5L Balud) i)
Juaid oy 2 Lali o)
L) ) 5 Jd L]
u.“g aR) ) daa) )

D st gl Cudll o3l g XL Balud) SllXS g
2 g Cal)
g ls g dnals - adl) A)  alua U w00
(S aY) Baatial) Y gl
Ll g lS Gyl dmaly - gaedl) Ll8) Gomitd Jygasa 2 Y
(S saY) Baaial) cilY gl
(ran - (e (e Aaaly - L) A4S) (g2 ) daa) e 8 -Y
(e — adly Lagh A8 d) S il gl 28 daa) & -

s raall 48| Al £ g yda oo Gl giaal) Balud) SN LS
AAAILL ARAD eI Cpead" Ggirall YO A, S Y
da @zl i 5 " oshladl/lsish) G il Gl pads
Basiall cil¥ gl — Udg S diyg daalyy gl 408 Jand)
Sy )

uadi (e daala



=

e
Al g aslal) gl cli) 44l

AR ) (puaal) 28 daaa
aslall 3 A4uldl) 3) ) giSa
(Ryas slas)
sLraxsll anid
A il g pglall g calaBU cliyl) A4l
ek (1 Azala
1444

Yol

slrasl) and
;u.\.“.h.“ e.ua\

rdgalall da Al

;EJ @L’d\ ?uﬁ\
-4,1<Y) ]
PR
;GJ&'\S\ YR

;@'AS\ Al



To my Family
Father, Mother, Sisters and Brothers
My wife and his parents for caring my kids
My Sons (Mohamed and Ahmed)
and

To everyone who lighted me a candle to keep me on the right track

“The more | learn,

The more I realise how little I know’

H. M. Ibrahim



Acknowledgment

The author is deeply indebted to Prof. Dr. Nadia G. Kandile, Prof. of
Organic Chemistry at the Chemistry Department, Girls College for Arts,
Science and Education in the University of Ain Shams, Prof. Dr. Nabil Y.
Abou-Zeid, Prof. of Carbohydrate Chemistry and Technology, at Textile
Research Division in the National Research Center and Prof. Dr. Ahmed I.
Waly, Prof. of Carbohydrate Chemistry and Technology, at Textile Research
Division in the National Research Center for their suggesting the topic and
for advising this work. I thank them for their valuable time and for their
continuous guidance throughout.

Also | would like to express my deepest thanks with all gratitude to
Dr. Abeer A. Rushdy Assistant Prof. of Microbiology at the Plant
Department, Girls College for Arts, Science and Education in the University
of Ain Shams for her support, supervision and unfailing aid throughout the
antibacterial measurement in which this thesis is part of.

The author gratefully acknowledge chemist Ahmed Abdel-Tawab
Bakr (Hema-plast Company, Egypt) for cooperation in performing the

mechanical measurements and related measurements.

Finally, I would like to thank all the members of my family for big
contribution in my life, support throughout the years and helping me
mentally and psychologically and in this piece of work specifically in
addition, for preventing the loneliness in the dark days and night in my life.



Special Acknowledgement

Beside the Egyptian Supervisors | would like to thank Prof. Dr. Abdel
Fattah M. Seyam and Prof. Dr. Samuel M. Hudson, who have contribute to the third
part of the dissertation, specifically for electrospinning of cyanoethylchitosan.
Electrospinning of cyanoethylchitosan has been designated and executed
completely at the laboratories of NCSU, Faculty of Textiles , USA. Prof. Dr. Abdel
Fattah M. Seyam was partner in contract agreement No. 356 (ID: MAN 11-002-
001) regarding “Electrospinning of chitosan derivatives in nanofiber forms”. Also
special acknowledgement is due to Prof. Dr. Samuel M. Hudson for helping
supervision of this work.



Contents
List of Figures
List of Tables
List of Abbreviations
Literature Review
1.1. Chitin and Chitosan

1.1.1. Processing of Chitin, Chitosan and COS (Chito-
oligosaccharides)

1.1.2. Polymorphic Configurations Structure of Chitin and
Chitosan

1.1.3. Properties of Chitin and Chitosan

1.1.3.1. Degree of N-acetylation (DA)

1.1.3.2. Molecular Weight

1.1.3.3. Solvent and Solution Properties

1.1.3.4. Flocculation

1.1.3.5. Biological Properties of Chitin and chitosan
1.1.4. Modification of Chitin and Chitosan

1.1.4.1. Modified Chitin and Chitosan

1.1.4.2. Physical Modification of Chitin and Chitosan
1.1.4.3. Chemical Modification of Chitin and Chitosan
1.1.5. Different Forms of Chitin and Chitosan
1.1.5.1. Fibers

1.1.5.2. Nanofiber

1.1.5.3. Hollow Fibers

1.1.5.4. Membranes

1.2. Cellulose

1.2.1. Structure and Properties of Cellulose

1.2.2. Cellulose Chemistry

1.2.2.1. Chemical Modification of Cellulose

Vi
Viii

ol

© © ~N ~N N~

10
10
11
12
12
12
13
13
13
15
16
18



1.2.2.2. Innovative Cellulose Derivatives
1.3. Modified Cellulose/Chitin Blends
1.3.1. Cellulose/Chitin and Cellulose/Chitosan Blends
1.3.1.1. Reinforced Materials
1.3.1.2. Bacteriostatic Effects
1.3.1.3. Sorption Active Materials
1.3.2. Cellulose Derivative Blended with Natural Polymers
1.3.2.1. Blends Containing Cellulose Ethers
1.3.2.2. Blends Containing Cellulose Esters
1.3.3. Promising Applications of Cellulose Blends
1.4. Electrospinning
1.4.1. History of Electrospinning
1.4.2. Electrospinning Process
1.4.3. Effects of Various Parameters on Electrospinning
1.4.4. Solvents Used for Electrospinning
1.4.5. Electrospinning of Cellulose and Chitosan Solution
1.4.6. Chitosan Fibers and Blends by Electrospinning Technique
1.4.7. Role of Solution Viscosity
1.4.8. Role of Solution Surface Tension
1.4.9. Role of Solution Conductivity
Aim of the Work

Aim of the work

Experimental Work
2. Experimental Works
2.1. Material
2.2. Methods
2.2.1. Cyanoethylation of Chitosan
2.2.2. Carboxymethylation of Chitosan

18
22
22
22
23
24
24
25
26
28
30
30
32
33
34
35
39
42
44
45

47

48
48
48
48
48



2.2.3. Xanthation of Cellulose Pulp

2.3. Blended Films Processing

2.3.1. Forming of CECS / CA Blended Film

2.3.2. Forming of O-CMCS / Viscose Blended Film

2.4. Analysis

2.4.1. Nitrogen Content Determination

2.4.2. Carboxylic Content Determination/

2.4.2. Tensile Properties

2.4.3. FTIR Spectroscopy

2.4.4. Thermal Gravimetric Analysis

2.4.5. Scanning Electron Microscope

2.5. Evaluation of Antibacterial Activity in vitro

2.5.1. Materials

2.5.2. Test Methods

2.5.2.1. MIC & MBC Method for Modified Chitosan

2.5.2.2. Disk Diffusion Method for CECS / CA Blended Films
2.5.2.3. Bacterial count Method for CECS / CA Blended Films
2.6. Electrospinning Experiments

2.6.1. Electrospinning Equipment

2.6.2. Solution Preparation

2.6.2.1. Solution of Cyanoethylchitosan

2.6.2.2 Solution of Cellulose Acetate

2.6.2.3. Solution of Cyanoethylchitosan / Cellulose acetate blends
2.6.2.4. Homogenization of the Solution

2.6.3. Characterization of Spinning Solutions

2.6.3.1. Viscosity Measurement

2.6.3.2. Surface Tension Measurement

2.6.4.3. Basis Weight of Electrospun Web

49
49
49
49
49
49
50
51
51
51
51
52
52
52
52
52
53
53
53
56
56
57
57
57
58
58
58
62



2.6.4. Initial Trials
2.6.5. Experimental Designs

2.6.5.1. Experimental Design I: Electrospinning of
Cyanoethylchitosan

2.6.5.2. Experimental Design Il: Electrospinning of Cellulose
Acetate

2.6.5.3. Experimental Design I11: Electrospinning of
Cyanoethylchitosan/Cellulose acetate Blends

2.6.6. Fiber Structure, Characterization and Properties

2.6.4.1. Scanning Electron Microscopy (SEM) and Measurement of

Diameter
2.6.4.2. Antimicrobial Evaluation

Results and Discussion
3. Results and Discussion

3.1 Preparation, Characterization and Antibacterial Properties of
Cyanoethylchitosan / Cellulose Acetate Blended Films

3.1.1. Cyanoethylation of Chitosan

3.1.1.1. Optimization of the Reaction Parameters

3.1.1.1.1. Effect of Variation of Sodium Hydroxide Concentration
3.1.1.1.2. Effect of Reaction Time

3.1.2 Characterization of Cyanoethylchitosan/Cellulose Acetate
Blended Films

3.1.2.1 Nitrogen Content and Mechanical properties
3.2.2 FTIR Analysis
3.2.3 Thermogarvimetric Analysis (TGA)

3.1.3. Antibacterial Properties of CS, CECS and their Blended
Films

3.1.3.1 MIC and MBC for CS and CECS
3.1.3.2. Disk Diffusion Method for CA/CECS Polymer Films
3.1.3.3. Bacterial count Method for CA/CECS Polymer Films

60
60
60

61

61

61

62

63
63

63
65
66
69
71

71
74
77
89

89
92
93



