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HE Ancient Egyptian Textiles in uncontrolled museum conditions are exposed to many

challenges such as oscillate relative humidity (RH), changing temperature. This paper aim
to study the effect of thermal aging procedures on dyed linen with natural dyes such as Madder
dye, Turmeric dye mordanted with different mordents such as Alum, Iron III chloride FeCI3 and
Copper sulfate CuSO4.5H20. The main goal in thermally accelerated ageing is to increase the
rate of degradation by making use of the fact that the reaction rate is increased with increasing.
The dyed linen fabrics after and before ageing were investigated for their mechanical, chemical,
and optical properties such as surface morphology, color parameters (CIELab). Interesting re-
sults were obtained. These results will help in establishing standard conditions of light and tem-
perature at which the archeological textile objects can be maintained to minimize deterioration.

Keywords: Ancient, Linen, Dyes, Ageing, SEM, FTIR, Strength, Color change.

Introduction

From ancient till now the textiles are a great part of
our daily life. People were created textiles not only
for warm, but also as a means of demonstrating
social status and signifying personal individuality.
Ageing of historical textiles can be conceder as
the irreversible changes that occur slowly over
time, and in the case of textiles result in the
deterioration of mechanical, chemical, and optical
properties [1-4]. Many authors have been studied
the effect of light, thermal, humidity, washing on
some natural dyes including the cochineal dyes.
David studied the effect of light from fadometer
lamp and he found that fustic dye the most weaker
yellow dye and indigo and cochineal dyes have a
moderate fastness to the light while madder and
logwood dyes the most stable dyes [5-10]. The
main consideration of establishing an accelerated
ageing are to increase the rate of degradation to

measurable levels and to isolate participating
reactions. A careful choice of experimental
temperature allows degradation conditions to be
controlled [11-14].

Different deterioration factors are effect on
the historical textiles such as environmental
conditions, handling and natural decay. Museums
are practice proper conservation methods in order
to preserve the historical textiles. A significant
number of years can be added to the life of the
objects just by knowing how to handle, display
and store the artifacts in the museum’s collection
[15-17]

Therefore, this article is aim to show the effect
of uncontrolled thermal museum condition on the
historical textiles. This knowledge will lead to
create a good and safety museum conditions in
order to preserve the historical textiles.
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Materials and Methods

Materials

= Egyptian Linen fabrics, was supplied by
Eglan Co., Egypt.

*  Alum (AL(SO,),. nH,0), FeCl, and
CuSO0,.5H,0 were purchased from
Fluka.

= Madder dye, Turmeric dye ware
obtained from Wild Colours,
Birmingham, UK. www.wildcolours.
co.uk.

= Pomegranate dye was supplied from
local Egyptian market.

Methods

Dyeing Process

Extraction of dye by soaking the dyestuff
in the water, heating for 1.5 hour and sieve and
separating the solid parts from the dye solution.
Place the linen fabric in the dye solution with
gently stir at 80 °C for 1.5 hours. The mordant
added to the water bath then stirring and heated
until the mordant completely dissolved in the
water. Put the dyed linen fabric from the previous
stage and heat up to 60 for 45 minutes. The
mordant is used to increase the bonding of the dye
with the cloth and to affect the degree of color
output [18-20].

Thermal Aging

The samples were aged separately at a
temperature of 100 °C for 72 hours and 144 hours in
a temperature-controlled oven ‘“Herous-Germany”

[11].

Examinations and Analysis
Morphological Study

HITACHI-SU-1500  Scanning  Electron
Microscope (SEM) used to assess fiber fracture
patterns and the damaged aspects on these fibers
[21, 22].

Color Measurement

The CIE Lab values of aged Linen fabrics
measured using a double beam Optimatch
spectrophotometer  (Datacolor  international
Spectraflash SF450-UK) [23, 24].

Fourier Transform Infra Red Spectroscopy (FTIR)

BRUKER’S VERTEX 70— Fourier Transform
Infra Red Spectroscopy with Attenuation Total
Reflection (FTIR-ATR) with resolution of 4 cm’!
was used. [25, 26].
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Mechanical Measurements

Tensile strength and elongation of samples
were measured using Shimadzu Universal Tester
of type S-500 Japan, according to ASTM 2000, D
3822-96 [27, 28]

Results and Discussions

Effect of thermally accelerated ageing on fiber
morphological

The morphology of the surface of the dyed
linen fabric before and after thermally accelerated
ageing was investigated using Scanning Electron
Microscope (SEM). Thermally accelerated ageing
cause damage and deformation morphology of
the surface of the dyed linen fabric. The surfaces
of the unaged linen fibers were smooth with
homogeneous appearances. Some types of fiber
fracture patterns and damage were identified in
the aged linen fiber with examples shown in Fig.
2. One can see different deterioration aspects of
thermally accelerated aged fiber such as shrinking,
breaking due to severe drought caused by the
effect of heat ageing. This finding is agreement
with previous attempts that aimed to study of the
effect of heat ageing of historical textiles [7, 29].

Effect of thermally accelerated ageing on fiber
mechanical properties

Dyed linen fabric were prepared according
to the warp test specimen’s standard with the
dimensions 25x 5 (length % width). The warp strips
were produced by raveling away yarns on each
side. Five samples were used for each test [14, 30,
31] Study the mechanical properties changes of
the thermally accelerated aged fabric is important
step. It is reflect to the changes in crystalline
orientation, the chemical structure of the fiber
polymer system and the fiber morphology. It is
appear for the reader that the thermally accelerated
aged fabric showed decreases in tensile strength
and elongation properties over unaged dyed linen
fabric. This result present a clear image about the
thermally tends to accelerate the decomposition
of dyed linen fabric. By other words, it is turn
leads to loss of the mechanical properties. The
decreases in tensile strength and elongation
of aged linen fabric can be correlated with the
change in chemical groups of fiber as showing in
Table.1l and Fig.3 (A and B). The results showed
that after thermally accelerated ageing, the dyed
linen fabric showed significant reduction in
tensile strength and elongation over unaged dyed
linen fabric
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-

Fig.1 show Historical textiles date back to different Egyptian period The Ismaili Museum, Egypt as examples of
textiles that have exposure to uncontrolled conditions in museums

SEl 10KV . W00, 40 2 SEI
5528 07 Jan 2019

Fig.2. show the effect of thermally accelerated ageing on linen fibers. One can see deformation of the fibers,
different deterioration aspects on the fiber.

Egypt. J. Chem. Vol. 63, No. 4 (2020)



1138 HARBY E. AHMED et al.

EFFECT OF THERMALLY ACCELERATED AGEING ON TENSILE
STRENGTH OF DYED LINEN FABRICS
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Fig.3. show the effect of thermally accelerated ageing on tensile strength of dyed linen fabric (A). The effect of
thermally accelerated ageing on elongation of dyed linen fabric (B).
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Fig.4. show the effect of thermally accelerated ageing on the L* corresponding to the brightness of dyed linen
fabric (A and B). The effect of thermally accelerated ageing on the red—green coordinate of dyed linen fabric (C
and D). The effect of thermally accelerated ageing on the yellow—blue coordinate of dyed linen fabric (E and F).
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Fig.5. show the effect of thermally accelerated ageing on chemical structure of dyed linen fabric with Madder
dye (A). The effect of thermally accelerated ageing on chemical structure of dyed linen fabric with Turmeric dye

(B).
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Effect of thermally accelerated ageing on color
change

The results of the change in optical parameters
of dyed linen fabric before and after thermally
accelerated ageing are demonstrated on Table 1
and Fig.4. It is appear for the reader that the dyed
linen fabric after thermally accelerated ageing
become less in brightness as shown in Fig 4(A and
B). For example, it noticed that the AL of dyed
linen fabric dyed with madder dye mordented with
Iron is -1.43 after 72h ageing and -3.17CIELab
unit after 144h ageing. While the -AL of dyed
linen fabric dyed with Turmeric dye mordented
with Iron is -1.96 after 72h ageing and -2.89
CIELab unit after 144h ageing. The results show
a noticeable color change in dyed linen fabric
after thermally accelerated ageing as most of the
unaged linen fabric became darker than unaged
ones. These findings are in agreement with other
literatures; found that the thermally accelerated
ageing cause darkening of dyed fabrics.

In addition, Table 1 and Fig.4 (C and D) show
the effect of thermally accelerated ageing on the
red—green coordinate (a) of dyed linen fabric.
Generally, it noticed that the sample after ageing
become slightly redness. For example, it noticed
that the Aa of dyed linen fabric dyed with madder
dye mordented with Iron is 0.33 after 72h ageing
and 0.62 CIELab unit after 144h ageing. While
the Aa of dyed linen fabric dyed with Turmeric
dye mordented with Iron is 0.59 after 72h ageing
and 0.81 CIELab unit after 144h ageing.

On the other side, Table 1 and Fig.4 (E and F)
show the effect of thermally accelerated ageing on
ageing on the yellow—blue coordinate (b) of dyed
linen fabric. One can see that the samples after
ageing become slightly yellowness. For example,
it noticed that the Ab of dyed linen fabric dyed
with madder dye mordented with Iron is 0.85
after 72h ageing and 2.19 CIELab unit after
144h ageing. While the Ab of dyed linen fabric
dyed with Turmeric dye mordented with Iron is
0.67 after 72h ageing and 1.63 CIELab unit after
144h ageing. The results show after of thermally
accelerated ageing, the dyed linen fabric became
darker (-AL), more red (+Aa), and more yellow
(+Ab) in character.Effect of thermally ageing on
chemical structure of dyed linen fabric

FTIR-ATR spectra present interesting results
of the secondary structure of dyed Linen fabrics
before and after thermally accelerated ageing. It

is appear for the reader, which this data leads to
a general characterization of the material or the
identification of specific compounds. Fig 5A, three
spectra of dyed linen fabrics dyed with Madder
dye before and after thermally accelerated ageing.
Fig 5B, three spectra of dyed linen fabrics dyed
with Turmeric dye before and after thermally
accelerated ageing [32]. Fig 5, three spectra of
dyed linen before and after thermally accelerated
ageing.

The IR bands at 3370 and 3406 cm—1 refer
to presence of hydroxyl groups and is assigned to
the stretching v(OH) vibrations. This data is proof
of existence inter and intramolecular hydrogen
bonds. Other band at 2900 cm—1 is refer to
stretching vibrations of methyl and ethyl groups
v(CH3) and v(CH2) that conceder as (cellulose
compounds). In addition, at 1639 cm—1 is refer to
vibrations of v(C=C) (lignin compounds), & (OH),
and v(CO) bonds (derived from carbonyl, or
aldehydic, or carboxyl groups). In the other side,
at 1112 and 1060 cm—1 is proof of existence the
C—O bridge stretching and C—O—C pyranose ring
skeletal vibration (f-glycoside linkages, cellulose
compounds).

It is noticed in FTIR-ATR spectra absorbance
slightly decreases with thermally accelerated
ageing for 72h of dyed linen fabrics dyed with
Madder. While marked decreases with thermally
accelerated ageing for 144h of dyed linen fabrics
dyed with Madder as shown in Fig.5A. On the
other side, It is noticed in FTIR-ATR spectra
absorbance marked decreases with thermally
accelerated ageing for 72h and 144h of dyed
linen fabrics dyed with turmeric dye as shown
in Fig.5B. One can see, IR analysis showed
significant absorbance decrease in the spectra of
dyed linen fabric after thermally ageing at the
range from 1620 to 1640 cm-1 related to carbonyl
groups, as well as at 3250 cm-1 (peak related to
OH groups) in comparison with the spectra of the
unaged dyed linen fabric as shown in Fig.5 (A and
B). This findings are agreement with El-Gaoudy
et at., This findings are agreement with El-Gaoudy
et at. (2011), and (2013) [33] [34]. This result
lead and reconfirms to the dehydration hypothesis
and oxidation of thermally accelerated aged linen
fabric. In addition, this hypothesis confirmed by
SEM image that show deterioration aspect such as
shrinking, breaking as shown in Fig.2.

Conclusion

The results would lead in establishing the
standard conditions of display and storage of

Egypt. J. Chem. Vol. 63, No. 4 (2020)
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TABLE 1. The color parameters and mechanical properties of dyed linen fabric before and after thermal ageing.

Linen Fabrics dyed with natural dyes before ageing
Color parameters Mechanical Properties
L a b Tensile St Elongation

No | Samples

1 Li+ Madder+ Iron | 62.45 3.83 8.34 659 29.31
2 Li+ Madder+ Cu 64.80 6.18 5.73 574 24.75
3 Li+ Madder+ Alum | 63.98 6.64 6.78 721 25.4
4 Li+ Turmeric + Iron | 65.8 4.18 16.02 787 27.24
5 Li+ Turmeric+ Cu 66.74 1.65 20.7 786 23.54
6 Li+ Turmeric+ Alum | 68.9 1.46 19.61 721 26.54

Linen Fabrics dyed with natural dyes after thermal ageing for 100C at 72 h
7 Li+ Madder+ Iron | 61.02 4.16 9.19 592 23.15
8 Li+ Madder+ Cu 62.4 7.29 6.15 559 22.41
9 Li+ Madder+ Alum | 63.2 7.12 6.82 667 242
10 Li+ Turmeric + Iron | 63.84 4.77 16.69 762 22.23
11 Li+ Turmeric+ Cu 64.93 2.75 21.71 713 21.33
12 Li+ Turmeric+ Alum | 66.45 2.47 21.10 695 23.9
Linen Fabrics dyed with natural dyes after thermal ageing for 100C at 144 h

13 Li+ Madder+ Iron | 59.91 4.45 10.53 559 20.53
14 [ Li+ Madder+ Cu 60.2 7.98 6.98 474.4 20.6
15 Li+ Madder+ Alum | 61.4 7.75 7.38 557 22.1
16 Li+ Turmeric + Iron | 6291 4.99 17.65 756 20.45
17 | Li+ Turmeric+ Cu 63.91 4.27 21.99 629 20.14
18 Li+ Turmeric+ Alum | 65.32 4.69 21.78 676 22.93

Egypt. J. Chem. Vol. 63, No. 4 (2020)
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archeological textile without deterioration. SEM
showed damage to surface appearance of linen
fibers such as shrinking, breaking .There was a
significant decrease in the strength and elongation
of'aged linen samples. The results show change in
color shade degree of aged dyed linen. IR analysis
showed significant absorbance change in the
spectra of aged dyed linen fabric at the carbonyl
group, which may be due to the dehydration
hypothesis and oxidation.

Acknowledgment

Some works from this article were done at Saga
University, Japan during the JSPS Fellowship.
Therefore, the author are deeply grateful to
Saga University, Japan Society for Promotion of
Science (JSPS), and Dr. Mie Ishii for their help to
achieve this work.

References

1. Lennard F. and Hayward M. Tapestry conservation:
principles and practice. 2006 Butterworth-
Heinemann, London.

2. Timéar-Balazsy A. and Eastop D. Chemical
principles ~ of  textile  conservation.1998,
Butterworth-Heinemann, London.

3. Glover, J.M., Conservation and storage: textiles.
Manual of curatorship: A guide to museum
practice, ed . J Thompson, Taylor & Francis
Group, London (1992).

4. Ford B.L., Monitoring colour change in textiles
on display. Studies in conservation, 37 (1), 1-11
(1992).

5. Ishii M., Moriyama T., Toda M., Kohmoto K.,
Saito M., Color Degradation of Textiles with
Natural Dyes and of Blue Scale Standards Exposed
to White LED Lamps. Journal of Light & Visual
Environment, 32(4), 370-378 (2008).

6. Ishii M., Yellow dyes in Japanese kimono.
Scientific. In Analysis of Ancient and Historic
Textiles Scientific Analysis of Ancient and Historic
Textiles2005,. AHRC Research Centre for Textiles
Conservation and Textile Studies.

7. Ahmed H.E., and Darwish S., Effect of museum
conditions on Historical dyed silk fabric with
madder dye. Journal of Polymers and the
Environment, 20(2), 596-606 (2012).

8. Elnagar K., Ahmed H., Reda S., Studying
irradiation homogeneity in light aging for historical
textile conservation. Fibers and Polymers, 14(9),
1581-1585 (2013).

9. Ahmed H., Mohamed W., Saad H., Nasr H.,
Morsy M., Mahmoud N., Degradation Behavior

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of Nano-Glue Adhesive due to Historical Textiles
Conservation Process. Egyptian Journal of
Chemistry, 60(6), 3-6 (2017).

Ferrero, F., F, Testore., C, Tonin., R, Innocenti.,
Surface degradation of linen textiles induced by
laser treatment: comparison with electron beam
and heat source. AUTEX Research Journal.
2(3),109-114 (2002).

Ferrero F., Testore F., Malucelli G., Thermal
degradation of linen textiles: the effects of ageing
and cleaning. Journal of the Textile Institute,
89(3), 562-569 (1998).

Seves A., Sora S., Scicolone G., Testa G., Effect
of thermal accelerated ageing on the properties
of model canvas paintings. Journal of Cultural
heritage,1(3), 315-322 (2000).

Szulc J., Urbaniak Domagatab W., Machnowski
W., Wrzosek H., Lacka K., Gutarowska
B., Low temperature plasma for textiles
disinfection. International Biodeterioration &
Biodegradation, 131, 97-106 (2018) .

FantiG.,and BassoR.,Mechanical Characterization
of Linen Fibers: The Turin Shroud Dating.
International Journal of Reliability, Quality and
Safety Engineering, 24 (02), 1750006 (2017).

Osman E., Ibrahim S., Essa D., Evaluation the
Using of Nano Materials as Self Cleaning Agents
of Different Kinds of Stained Archeological
Textiles. Egyptian Journal of Chemistry, 60(5),
945-956 (2017).

Osman E., Fabrication and Characterization
of Biodegradable Polymer as Multifunction
Finishing Agent for Natural Fabrics. Egyptian
Journal of Chemistry, 61(4), 679-689 (2018).

Ahmed H., Protease Enzyme Used For
Artificial Ageing on Modern Cotton Fabric For
Historic Textile Preservation And Restoration.
International Journal of Conservation Science,
4(2), 177-188 (2013).

Ahmed H., History of Natural Dyes in North
Africa ‘Egypt’. In Handbook of Natural Colorants,
John Wiley & Sons, Ltd. London (2009).

Ahmed H., Zidan Y., a El-Nagar K., Studies on
dyeing with cochineal and ageing of silk dyed
fabric. In Analysis of Ancient and Historic Textiles
Scientific Analysis of Ancient and Historic
Textiles,2005. AHRC Research Centre for Textiles
Conservation and Textile Studies.

Ali N., El-Khatib E., Mohamed R., Nassar S.,
El-Shemy N., Dyeing Properties of Wool Fibers
Dyed with Rhubarb as Natural Dye via Ultrasonic
and Conventional Methods. Egyptian Journal of
Chemistry, 62 (1), 119 - 130 (2019)

Batcheller J., Optical and scanning electron

Egypt. J. Chem. Vol. 63, No. 4 (2020)



1144

HARBY E. AHMED et al.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

microscopy techniques for the determination of
hair fibres from Romano-Egyptian textiles. in
Scientific analysis of ancient and historic textiles:
informing preservation, display and interpretation:
postprints, first annual conference, 13-15 July
2004. 2005. Archetype Publications.22.

Ahmed H., Liu Y., Bousquet B., Baudelet M.,
Richardson M., Investigation of historical
Egyptian textile using laser-induced breakdown
spectroscopy (LIBS)-a case study. Journal of
Textile and Apparel, Technology and Management,
8(2), 1-10 (2013).

Booth J., Principles of textile testing,USA (1969).

Wyszecki G., and Stiles W., The CIE colorimetric
system. Color Science, Concepts and Methods,
Quantitative Data and Formulae (2000)

Kavkler K., and Demsar A., Application of FTIR
and Raman spectroscopy to qualitative analysis of
structural changes in cellulosic fibres. Tekstilec, 55
(1), 19-31 (2012).

Ahmed H., Strategy for preservation of Ptolemaic
wrapped Mummy’s linen in tuna el-Gebel
excavation, Egypt, A case study” International
journal of Conservation science, 2 (3), 155-164
(2011).

Bonizzoni L., Bruni S., Fanti G., Tiberio P., Zaffino
C., Ageing of flax textiles: Fingerprints in micro-
Raman spectra of single fibres. Microchemical
journal, 125, 69-74 (2016).

Ibrahim S., and Essa D., Metrological Evaluation
of Prepared Turbidity Working Standard Solutions
to Achieve Traceability for Textile Waste Water
Effluents. Egyptian Journal of Chemistry, 60(4),
563-575(2017).29. Abdel-Kareem, O., The
long-term effect of selected conservation materials
used in the treatment of museum artefacts on some
properties of textiles. Polymer degradation and
stability, 87(1), 121-130 (2005).

Assaedi H., Shaikh F., Low ., Effect of nanoclay
on durability and mechanical properties of flax
fabric reinforced geopolymer composites. Journal
of Asian Ceramic Societies, 5 (1), 62-70 (2017).

Wu C., Lai W., Wang C., Effects of surface
modification on the mechanical properties of flax/
B-polypropylene composites. Materials, 9 (5), 314
(2016).

MccCallR., Kernaghan K., and Sharma H., Analysis
of a crease-resisting finish on linen fabrics using
Fourier transform infrared spectroscopy and
visible and near-infrared spectroscopy. Journal
of Applied Polymer Science, 82(8), 1886-1896
(2001).

El-Gaoudy H., Kourkoumelis N., and Varella E.,
The effect of thermal aging and color pigments
on the Egyptian linen properties evaluated by

Egypt. J. Chem. Vol. 63, No. 4 (2020)

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

physicochemical methods. Applied Physics A:
Materials Science & Processing, 105(2), 497-507
(2011).

Lennard F. and Hayward M. Tapestry conservation:
principles and practice. 2006 Butterworth-
Heinemann, London.

Timar-Balazsy A. and Eastop D. Chemical
principles  of  textile  conservation.1998,
Butterworth-Heinemann, London.

Glover, J.M., Conservation and storage: textiles.
Manual of curatorship: A guide to museum
practice, ed . J Thompson, Taylor & Francis
Group, London (1992).

Ford B.L., Monitoring colour change in textiles
on display. Studies in conservation, 37 (1), 1-11
(1992).

Ishii M., Moriyama T., Toda M., Kohmoto K.,
Saito M., Color Degradation of Textiles with
Natural Dyes and of Blue Scale Standards Exposed
to White LED Lamps. Journal of Light & Visual
Environment, 32(4), 370-378 (2008).

Ishii M., Yellow dyes in Japanese kimono.
Scientific. In Analysis of Ancient and Historic
Textiles Scientific Analysis of Ancient and Historic
Textiles2005,. AHRC Research Centre for Textiles
Conservation and Textile Studies.

Ahmed H.E., and Darwish S., Effect of museum
conditions on Historical dyed silk fabric with
madder dye. Journal of Polymers and the
Environment, 20(2), 596-606 (2012).

Elnagar K., Ahmed H., Reda S., Studying
irradiation homogeneity in light aging for historical
textile conservation. Fibers and Polymers, 14(9),
1581-1585 (2013).

Ahmed H., Mohamed W., Saad H., Nasr H.,
Morsy M., Mahmoud N., Degradation Behavior
of Nano-Glue Adhesive due to Historical Textiles
Conservation Process. Egyptian  Journal — of
Chemistry, 60(6), 3-6 (2017).

Ferrero, F., F, Testore., C, Tonin., R, Innocenti.,
Surface degradation of linen textiles induced by
laser treatment: comparison with electron beam
and heat source. AUTEX Research Journal.
2(3),109-114 (2002).

Ferrero F., Testore F., Malucelli G., Thermal
degradation of linen textiles: the effects of ageing
and cleaning. Journal of the Textile Institute,
89(3), 562-569 (1998).

Seves A., Sora S., Scicolone G., Testa G., Effect
of thermal accelerated ageing on the properties
of model canvas paintings. Journal of Cultural
heritage,1(3), 315-322 (2000).

Ahmed H., History of Natural Dyes in North
Africa ‘Egypt’. In Handbook of Natural Colorants,



THE EFFECT OF UNCONTROLLED MUSEUM CONDITION ON THE PROPERTIES ... 1145

45.

46.
47.

48.

49.

50.

51.

John Wiley & Sons, Ltd. London (2009).

Batcheller J., Optical and scanning electron
microscopy techniques for the determination of
hair fibres from Romano-Egyptian textiles. in
Scientific analysis of ancient and historic textiles:
informing preservation, display and interpretation:
postprints, first annual conference, 13-15 July
2004. 2005. Archetype Publications.

Booth J., Principles of textile testing,USA (1969).

Wyszecki G., and Stiles W., The CIE colorimetric
system. Color Science, Concepts and Methods,
Quantitative Data and Formulae (2000)

Kavkler K., and Demsar A., Application of FTIR
and Raman spectroscopy to qualitative analysis of
structural changes in cellulosic fibres. Tekstilec,
55(1), 19-31 (2012).

Abdel-Kareem, O., The long-term effect of
selected conservation materials used in the
treatment of museum artefacts on some properties
of textiles. Polymer degradation and stability,
87(1), 121-130 (2005).19. McCall R.,
Kernaghan K., and Sharma H., Analysis of a
crease-resisting finish on linen fabrics using
Fourier transform infrared spectroscopy and
visible and near-infrared spectroscopy. Journal
of Applied Polymer Science, 82(8), 1886-1896
(2001).

El-Gaoudy H., Kourkoumelis N., and Varella E.,
The effect of thermal aging and color pigments
on the Egyptian linen properties evaluated by
physicochemical methods. Applied Physics A:
Materials Science & Processing, 105(2), 497-507
(2011).

Kourkoumelis N., El-Gaoudy H., and Varella E.,
Physicochemical characterization of thermally
aged Egyptian linen dyed with organic natural
dyestuffs. Applied Physics A, 112(2), 469-478
(2013).

Egypt. J. Chem. Vol. 63, No. 4 (2020)



1146 HARBY E. AHMED et al.

Ll Cliually 48 guaad) ddy L) QUK Cily puia pailad o gy aSaiad) 8 ddatiall g lal) il

Tsipa dgana T Gala W Cdaa) cpall e a0 a
J*‘“SJAL“‘Z"“@‘JGY‘A‘AS‘JG\“H‘):M A

paac SﬁM\Jw@n@,ﬂlqM\‘@uﬂ\auLﬁM 2

Jalse 5 Sbanill o aad) M Al g8 s pla 8 aSaiall pue Coaliall (8 Al dad Ul 4y jeaall Cla guiiall (yia a5
) ol adl Lal) Ll A o I Gl 13 Caaga s 31 padl il Liad 5 Faaeall 5 gl 1 6 i) Jie calil)
Jie Agrglal) Clinally A guaall Lol 50N Cila suiall Gailiad e Caaliall 35 ) jall cila jo 3 il e
b darall g yad) a2E) e bl Cargll s el cpaall Al fu s f,us;;g L yall 5 2SS 6o 5ill 4
e €lSall (ailadl) il and 23y g ) sadl k) sad 50l jy Cila suiall ) i) 5 Calil) Jaea 53l 5 Janal)
e guaall Al e guiall sl il Loal 5 (IO adaid) jedaall ciilasll aibadd) AlaiuY) 5 25 o 8
sinie e plai 2085 8 2l G BaadW) 3R B e gl o8 sl plil clilee a5 8 Llan
05 Ao Ul Sl susiall a jad @l 5 ¢ gudall 58 ) jadl Jie dpuld oyl (M Al agdaiall g Rl Jied s dpnlia

Ld calidhgas

Egypt. J. Chem. Vol. 63, No. 4 (2020)



	_GoBack
	_ENREF_3
	_ENREF_6
	_ENREF_13
	_ENREF_22
	_ENREF_28
	_ENREF_29
	_ENREF_30

