
Studies on the Effect of Environmental Conditions on
The Chemical Constitution of Cellulosic Fibers and

Its Protection

A thesis submitted by
Ahmed Mohamed Abdalla Ghoneim

B.Sc. Chemistry (1999)

To

Chemistry Department, Faculty of Science,
Ain Shams University

In Partial Fulfillment of
The requirements for the Degree of Master in Chemistry

2008

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


Studies on the Effect of Environmental Conditions on
The Chemical Constitution of Cellulosic Fibers and

Its Protection

A thesis submitted by
Ahmed Mohamed Abdalla Ghoneim

B.Sc. Chemistry (1999)

To
Chemistry Department, Faculty of Science,

Ain Shams University

For

The Partial Fulfilment of The Degree of Master in Chemistry

Supervised By

Prof. Dr. Ahmed Ismail Hashem
Professor of Organic Chemistry,
Faculty of Science,
Ain Shams University.

Dr. Abd El-rahim Ramadan Abd El-ghany
Assistant professor of Textile Chemistry,
Faculty of Applied Arts, Helwan University.

Dr. Salah Mansour Saleh
Assistant Professor of Textile Chemistry,
Cotton Research Institute, Agricultural Research Center.

Prof. Dr. El-Sayed A. Saliman
Head of Chemistry Department

                                                   Faculty Of Science,
                                                   Ain Shams University.

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


Studies on the Effect of Environmental Conditions
on The Chemical Constitution of Cellulosic Fibers

and Its Protection

A thesis submitted by
Ahmed Mohamed Abdalla Ghoneim

B.Sc. (Chemistry)

Thesis Advisors :                                                               Signature

Prof. Dr. Ahmed Ismail Hashem ……………
Professor of Organic Chemistry,
Faculty of Science,
Ain Shams University.
Dr. Abd El-rahim Ramadan Abd El-ghany ……………
Assistant professor of textile chemistry.
Faculty of Applied Arts, Helwan University.
Dr. Salah Mansour Saleh  ……………
Assistant Professor of Textile Chemistry,
Cotton Research Institute, Agricultural Research Center.

This thesis has been approved by:

Prof. Dr. Emtithal Ahmed Bahaa El-Din El-Sawy ……………
          Professor of Organic Chemistry,
          Faculty of Girls, Ain Shams University.
Prof. Dr. Ali Ahmed El-Ashuatt ……………

  Professor in Cotton Research Institute,
          Departy Director of C.R.I.
Prof. Dr. Ahmed Ismail Hashem ……………
          Professor of Organic Chemistry,
          Faculty of Science, Ain Shams University.

                                               Prof. Dr. El-Sayed A. Saliman
 Head of Chemistry Department

                                                        Faculty Of Science,
                                                        Ain Shams University.

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


Acknowledgment

       First of all and above, I thank and pray to ALLAH for explicitly
known and uncountable reasons.

My deep appreciation and sincere thanks to Prof. Dr. Ahmed Ismail

Hashem Professor of Organic Chemistry, Faculty of Science, Ain shams

University, for sponsoring this thesis, continuous encouragement and

guidance.

Heartily, I would like to express my grateful gratitude to

Dr. Abd El-rehim Ramadan Abd El-ghany, Assistant professor of

Textile Chemistry, Faculty of Applied Arts, Helwan University and

 Dr. Salah Mansour Saleh, Assistant Professor of Textile Chemistry,

head of Dyeing and Finishing Unit, Cotton Research Institute, not only

for suggesting the subjects investigated, but also for their valuable

discussions and criticism during the course of this work.

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


AIN SHAMS UNIVERSITY
FACULTY OF SCIENCE
CHEMISTRY DEPARTMENT

Besides the work presented in this thesis, the candidate: Ahmed Mohamed Abdalla
had attended and passed  successfully the following graduated courses:

1- Advanced studies in physical organic chemistry.
i) Polar reaction mechanism.                   ii)     Pericyclic reaction.

2- Advanced studies in heterocyclic chemistry.

3-  Advanced studies in applied spectroscopic analysis.
       Electronic spectra, Infrared, 1H-NMR, C13- NMR, and Mass spectro-scopy
       of organic chemistry.

4- Advanced studies in natural product.

5- Advanced studies in microanalysis.

6- Advanced studies in polymer chemistry.

7- Advanced studies in aromaticity.

8- Advanced studies in organic reagent.

9- Advanced studies in organometallic.

10- Advanced studies in photochemistry.

11- Advanced studies in free radical reaction mechanism.

12- Selected topics in organic reactions.

13- Courses English Language.

Prof. Dr. El-Sayed A. Saliman
                                                             Head of Chemistry Department

                                                                Faculty Of Science,
                                                                Ain Shams University.

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


List of Tables

Table                                                                                                           Pages

1.1   Typical molecular weights values for various celluloses ………….…..5

1.2   Physical constants of cellulose …………………..……….………….....7

1.3   Chemicals and their purposes ………..………………………………..21

2.1   Chemicals and reagents used…..……………………………………....39

2.2   Specification of the fabrics ……………………………………………40

3.1   Effect of the acrylic acid finished cotton fabrics pH on weight gain
        and K/S values…………………………………………………………49

3.2   Effect of batching time on the acrylic acid finishing cotton fabrics ..…51

3.3  Tensile strength and elongation of the acrylic acid finished cotton
     fabrics……………………………………………………………   …….54

3.4   Effect of finishing on fastness properties of the cotton fabrics .. ….… 56

3.5   Effect of UV absorber on the properties of the treated cotton fabrics....57

3.6   Monthly data of climatic conditions in 6th Of October City
        (Year: 2005/2006) ………………………………………………….….62

3.7   Monthly data of climatic conditions in El-Marg area
        (Year: 2005/2006)……………………………………………………...63

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


3.8   Monthly data of tensile strength (kg) of untreated cotton fabrics
        and treated with amine and chromium salt at 6th Of October City
        (2005/2006)……………………………………………………….…....65

3.9  Monthly data of elongation (%) of untreated cotton fabrics and treated with
       amine and chromium salt at 6th Of October City (2005/2006)… ….…..67

3.10  Monthly data of K/S of untreated and treated cotton fabrics at 6th Of
          October City (2005/2006)…………………………………..…….……68

3.11  Monthly data of tensile strength of untreated cotton fabrics and
         treated with amine and chromium salt at El-Marg area (2005/2006).….73

3.12  Monthly data of elongation (%) of untreated cotton fabrics and treated
         with amine and chromium salt at El-Marg area (2005/2006)………...…75

3.13  Monthly data of K/S of untreated cotton fabrics and treated
         with amine and chromium salt at El-Marg area (2005/2006)………...…76
.

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


List of Figures

Figure Pages

1.1   Diagram of cotton fibre structure …………………………………...8

1.2   The hunter L,a,b diagram ……………………………………….….14

1.3   Consequences of photon absorption ……………………………......28

2.1   Dyeing diagram ……………………………………......…….……...42

3.1   Effect of pH on weight gain……………………………..............…..49

3.2   Effect of pH on K/S …………………..…………..………..….....… 50

3.3   Effect of batching time on weight gain ……………….....….……....52

3.4   Effect of batching time on weight gain……………………….….…..52

3.5   IR spectra of cellulose and treated cellulose by acrylic acid.….........55

3.6   Effect of UV absorber on tensile strength ……………..……......…..58

3.7   Effect of UV on K/S.…………...............................................…..…..58

3.8   Effect of UV on UVF.…… ………………....................………........59

3.9   Effect of UV on elongation.………………..................………….......59

3.10  Monthly data of tensile strength (kg) of untreated cotton fabrics
         and treated with amine and chromium salt at 6th Of October City
         (2005/2006)………………………….……..............................……..69

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


3.11  Monthly data of elongation (%) of untreated cotton fabrics and
         treated with amine and chromium salt at 6th Of October City
         (2005/2006)……………………………………......................…..….70

3.12  Monthly data of K/S of untreated cotton fabrics and treated
         with amine and chromium salt at 6th Of October City (2005/2006)...71

3.13  Monthly data of tensile strength of untreated cotton fabrics
         and treated with amine and chromium salt at El-Marg area
         (2005/2006)………………………….......................................……..77

3.14  Monthly data of elongation (%) of untreated cotton fabrics
         and treated with amine and chromium salt at El-Marg area
         (2005/2006)........................................................................................ 78

3.15  Monthly data of K/S of untreated cotton fabrics and treated
         with amine and chromium salt at El-Marg area (2005/2006)..............79

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


CONTENTS
Abstract

Summary…………………………………………..……….....…..(i)

1. INTRODUCTION

1.1 CELLULOSE………………………………………….......…..1

1.1.1 Cellulose chemistry…………………….………....…..…..…1

1.1.2 Structure of cellulose ……………………….……….…..…..1

1.1.3 Cellulose end groups…………………….……………....…..3

1.1.4 Hydrogen bonding…………………………….……………..4

1.1.5 Molecular weight of cellulose ………………………..……..5

1.1.6 Action of acids on cellulose. …………………….…………...5

1.1.7 Action of alkalis on cellulose. ……………….……….....…..6

1.1.8 Action of heat on cotton.…………… …………………....….6

1.1.9 Optical properties. ………………....……..……………….…..6

1.2 THE CHEMICAL STRUCTURE, PHYSICAL, MICANICAL AND
       CHEMICAL PROPERTIES OF COTTON FIBRES………....7

1.2.1 Chemical structure of cotton fibres …………………….…...7

1.2.2  Physical properties of cotton fibres………………….….…..10

1.2.2.1. Fibre length………………………………..……….…….10

1.2.2.2  Fibre fineness …………………………………..………….12

1.2.2.3  Fibre color ………………………………..………..……....13

1.2.2.3.1 Color and its measurement………….…..……….……..14

1.2.2.4  Moisture regain……………………….…………..….......15

1.2.2.5  Accessibility………………………….……………...…..15

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


1.2.3 Mechanical properties ……………………….……………16

1.2.3.1 Fibre strength……………………………...…………….16

1.2.3.2  Fibre elongation………………………….……………..16

1.2.3.3  Fibre toughness and stiffness………..………………….17

1.2.4 Chemical properties ……………………..………………..17

1.2.4.1  Total soluble sugars ……………………..……………..17

1.2.4.2  Wax content………………………………………..……18

1.2.4.3  Water retention……………………..…………….……..18

1.2.4.4  cellulose crystallinity…………………..……………….19

1.2.4.5  degree of polymerization……………………….………20

1.3 CONVENTIONAL FABRIC PREPARATION………….…20

1.3.1  Scouring…………………………………………………..21

1.3.2  Bleaching of cotton……………………………………….22

1.3.3  Mercerization of cotton……………………...…….……...23

1.3.4  Treatment with Acrylic Acid………………..…..……..….23

1.4 DEGRADATION OF TEXTILE FIBRES AND
       ENVIRONMENTAL FACTORS……………………..……..25

1.4.1 Modes of degradation………………………………..……25

1.4.1.1 Photosensitization……………………………………….25

1.4.1.2  Photodegradation and photofading……………………..27

1.4.2 Textile degradation by physical agents……………….…...33

1.4.2.1 Degradation of textile by temperature and relative humidity……..33

1.4.2.2  Degradation of textile by light………………......……..34

1.4.2.3  Degradation of textile by UV radiation………...........…35

1.4.3 Air pollution…………………………………….…………37

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


2. EXPERIMENTAL

2.1 CHEMICALS AND REAGENTS …………………………39

2.2 EXPERIMENTAL PROCEDURE …………………………40

2.3 GENERAL PROCEDURE ……………………………..…...40

2.3.1 Scouring processes…………………………………….…..40

2.3.2 Bleaching with hydrogen peroxide (traditional method).....40

2.3.3 Mercerization …………………………………………..….41

2.3.4 Treatment with acrylic acid ……………….….…………...41

2.3.5 Treatment with quaternary ammonium salt….……….……41

2.3.6 Treatment with chromium salt …………………..………...42
2.4  EVALUATION OF THE PROPERTIES OF THE TREATED
        FIBRES……………………………………………………..42

2.4.1 Measurement of dyeability ……………………...…………42

2.4.2 Tensile properties ………………………..…………….…..43

2.4.3 Fastness properties …………………..…….….…………..…43

2.4.3.1 Washing fastness (WF) …………...……………………...43

2.4.3.2 Perspiration fastness (PF) ………………………………..43

2.4.3.3 Light fastness (LE) …………………..……...…………...43

2.4.4 Determination of acid value ……………………………….43

2.4.5 Determination of moisture regain and weight gain after

          treatment……………………………………………….….44

2.4.6 Determination of UVPF (Ultra violet protection factor) value...44

2.4.7 FTIR Spectroscopy………………………………..………45

3. RESULTS AND DISCUSSION
3.1 Role of dual catalyst system for acrylic acid
       finishing of cotton…………………………………………..46

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


3.2  Effect of AA finished cotton pH on weight gain ……..….....47

3.3  Effect of AA finished cotton pH on K/S …………...…...…..48

3.4  Effect of AA finished cotton batching time on weight gain...50

3.5  Effect of AA finished cotton batching time on K/S.. …….....50

3.6  Effect of AA finishing on Tensile strength and Elongation

        properties…………………………………..……………..…53

3.7  FTIR Analysis ……………………………………..…….….54

3.8  Effect of AA finishing on fastness properties of the cotton

        fabrics……………………………………..………………...55

3.9 Effect of application of K2 Cr2 O7 and tetramethylammonium chloride

on the UVF of AA finished cotton fabrics………………..……..57

3.10 Effect of environmental factors on the treated cotton fabrics in

         Egypt………………………………………………..…..…60

3.10.1 Samples exposure…………………………....…….……..60

3.10.2 Climatic conditions………………………………………61

3.10.3  Monthly total incident sun hours and
            ultraviolet radiation……………………………………..61

3.10.4  Means of maximum temperatures and relative humidity

             of the surroundings……………………..………………62

3.10.5 Mechanical and physical properties…………………….64

GENERAL CONCLUSION ……………………………..…….80

REFERENCES…………………………………………....…… 81

Arabic Summary

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://www.abbyy.com/buy
http://www.abbyy.com/buy


ABSTRACT
The main objective of the work presented in this thesis is to study improvement of

some properties of both bleached and /or mercerized Egyptian Giza 89, and Giza 80

cotton fabrics using acrylic acid (AA), as a finishing agent in the presence of potassium

peroxodisulphate solution (K2S2O8), and sodium dihydrogen phosphate (NaH2PO4) in a

combination employing a bad-dry-cure technique, followed by The addition of known

concentration of potassium dichromate (K2Cr2O7), or an amine salt

(tetramethylammonium chloride), as a UV protection agents in the dyeing bath. The

factors affecting the cotton fabric properties such as pH, batching time, cotton fabric

pretreatment, and AA finishing on tensile strength, elongation%, dyeing and fastness

properties were studied. Also, the effect of chromium and amine salts on the UV

protection value was studied. The optimum conditions for this improvement was found

to be: AA (8%), at pH 5-7, batching time 20-45 minutes, followed by drying of the

batched samples at 95'C for 5 minutes, then curing at 140'C for 90 seconds. The results

obtained revealed that the major improvements in the cotton fabrics were: weight gain,

basic dye uptake (K/S) value, high fastness properties, high tensile strength and

elongation%, and high UV-protection value. It has been noted that the mercerized Giza

89 showed good properties than the other treated samples.

The exposed fabric samples stretched on wooden frames (70× 70) Cm on racks at 45o

degree to the horizontal facing south in both industrial area ( 6 th October City) and

El-Marg.

One frame of each fabric was removed successively after each month of exposure till

the end of the year. The other frames of each fabric were removed after the

continuous exposure for twelve months.

Keywords: Egyptian cotton, acrylic acid, UV agent, tensile strength, color
                   strength.
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SUMMARY
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