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Abstract 
This paper present studying of effect of thermal ageing on chitosan for consolidation the 

archaeological textile. Many researches focused on applying of chitosan in treatment of 

archaeological organic materials. But none of them talk about the resistance of chitosan against 

environmental conditions, such as thermal acceleration. Regarding to the aspect of continuity for 

any materials used in restoration and conservation process. it should be stable in its first state by 

the time. Chitosan, which dissolved in water in concentration of 5% and10%, was applied on 

natural wool samples, then were exposed to accelerated aging by heat at 90 °c for two different 

periods 48-100 h. A stereo microscope, SEM, color measurement, and physical measurements 

were performed to evaluate its resistance to heat in the future. Stereo images show gradual 

changes in the morphology appearance of the wool samples. SEM photos revealed that film 

existed over the surface of the samples was homogenous, in addition to the significant damage in 

the chitosan layers after ageing for 90 c for 100 hours. Bad effect of thermal aging at 100 c on 

Mechanical properties of the treated sample was noticeable, and Color measurements are coming 

to emphasize the last results, concerning the efficiency of chitosan. The study proved the positive 

effect of chitosan to consolidate the wool textile, but the usage of that material in treatment of 

archaeological should be studied by taking into consideration the environmental circumstances, 

the concentration of the nano gel material, and state of damage. 
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 ملخصال

قدم هذا البحث دراسة تأثير التقادم الحراري على الشيتوزان المستخدم فى تقوية النسيج الأثري. ركزت العديد من الأبحاث على 

تطبيق مادة الشيتوزان في معالجة المواد العضوية الأثرية. لكن لم يتحدث أي منهم عن مقاومة مادة الشيتوزان للظررروا البيةيررة 

ا فرري راريالح  مقاد، مثل الت . فيما يتعلق بجانب الاستمرارية لأي مادة تستخدم في عملية الترميم والحفظ. يجب أن يكررون مسررتقري

٪ على عينات من الصوا الطبيعي ، ثررم تعررري  10٪ و 5حالته الأولى مع مرور الزمن. تم اذابة الشيتوزان في الماء بتركيز 

سرراعة. ثررم اجررراء فحررر بالميكرسرركو  البصررر  ،  100-48تلفتررين  ين مخلفترررتدرجة مةوية    90العينات للتقادم المعجل  عند  

SEM   اجراء القياس اللون ، والقياسات الفيزيائية لتقييم مقاومته للتقادم الحرار  في المسررتقبل. تهظهررر الصررور الميكرسرركوبية ،

وق سررطا العينررات كرران جررود فرر والم أن الفيلم SEMكما كشفت صور  تغييرات تدريجية في المظهر السطحى للعينات الصوفية.

سرراعة.حيث كرران التررأثير   100درجة مةوية لمدة    90متجانسيا ، بالإضافة إلى التلف الكبير في طبقات الشيتوزان بعد التقادم لمدة  
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ا ، وتررأتي قياسررات ا 100السلبى للتقادم المعجل عند   ن الألررودرجة مةوية على الخواص الميكانيكية للعينة المعالجة تررأثرا ملحوارري

المنسرروجات أكيد على النتائج الأخيرة ، فيما يتعلق بكفرراءة الشرريتوزان. أثبتررت الدراسررة الأثررر الإيجررابي للشرريتوزان فرري تقويررة  للت

ولكن يجب دراسة استخدام تلك المادة في معالجة الآثار مع مراعاة الظروا البيةية ، وتركيز مادة النانو جل ، وحالررة   الصوفية،

 التلف.

.شيتوزان، نسيج ، تقادم حرار ، تقوية :ةلالكلمات الدا  

 

Introduction: 
Archaeological textiles are considered the most organic material exposing to damage by 

time, due to their brittleness, weakness, and dryness. 1 So lots of textiles are existed in a 

bad state of deterioration, and need for consolidation2. The aging of archaeological 

textiles can be defined as the accumulation of all physical and chemical changes with 

time3. These changes are irreversible and usually cause loss of mechanical properties4, 5. 

There are several technical methods used for the detection the changes existed in the 

physical and chemical properties of dyed fabric, resulting from thermal degradation6.  

Within the usage of new materials that replace traditional ones7. The risk was starting 

from the prediction of the properties of new materials and going to the determination of 

procedures, methods, and materials8&9.  Many researchers recommended many adhesive 

 
1 Colombini(M),Modugno(F),Organic Materials in Art and Archaeology, In book: Organic Mass 

Spectrometry in Art and Archaeology,2009,.1-35. 
2 Verdu(Joan),Bellenger(V),Kleitz(Michel), "Adhesives for the consolidation of textiles", Studies 

in Conservation,  1986, 29, 64-69. 
3 Kareem,(O) “preparation of experimental deterioration dyed textile samples simulated to 

ancient ones“, internatonal journal of conservation science,2015, 6, 2,. 151-164. 
4 Mitran(E),Sandulache(I),Secareanu (L),et all “effect of artificial ageing on textile's properties“ 

Texteh Proceedings,2019, 132-135. 
5Peacock,(E) Drying archaeological textiles, In book: Changing Views of Textile Conservation, 

Chapter Publisher: Getty Conservation Institute, 2011, PP. 359-369.  
6 Zhang, H. and S.H. Neau, In vitro degradation of chitosan by a commercial enzyme 

preparation: effect of molecular weight and degree of deacetylation. Bio-materials. 2001, 

22(12):. 1653- 1658. 
7 Todor(MP), Bulei(C), Heput(T) and Kiss(I) “Consolidated Composites with Natural Textile 

Fabrics“, IOP Conference Series: Materials Science and Engineering, AMS,2018,.416, 012098. 
8karsten,( F),  etal., Comparing the Band Strength of Adhesive Support Treatments for Textiles, 

conservation science 2002, paper from the conference held in Scotland, 2002. 107.  
9 Fahim(Neven) Zidan(Yassin), Osman(Eman), " practical study on treatment of selected 

decorative tapestry in the applied art museum, international journal of conservation science, 

2013,4, 423-430.. 

https://www.researchgate.net/profile/Maria-Colombini?_sg%5B0%5D=PWYpGyQeETaSjxCcKYYMv9GvU3sUArWK5mrIzGEiZftPLpxUrgSqpy7jwSt_V_dtiFQnayo.3TL-oRZtm1oITC8-BKrDgEs6o1CBgjMARloaz5fxdFYlG5JgjKlD-GUNjAroGUt04hq3Rz52Bd4xGx4v1VZBiA&_sg%5B1%5D=8hNrViPe7FbkiDw41V5P33EBbx8HChMtDEBU6z3S-lBKkRW4i5Jh6qtAOwp3vcUpIPu5mWo.YhT-cgi15ko5j_oJdGvcMECzTZNt2_YM3tD3ArZZqEmtUtc7JmFVMT7Kk6SOBbIDaev60VtYVw92mYXPAvdt5A
https://www.researchgate.net/scientific-contributions/Francesca-Modugno-39454430?_sg%5B0%5D=PWYpGyQeETaSjxCcKYYMv9GvU3sUArWK5mrIzGEiZftPLpxUrgSqpy7jwSt_V_dtiFQnayo.3TL-oRZtm1oITC8-BKrDgEs6o1CBgjMARloaz5fxdFYlG5JgjKlD-GUNjAroGUt04hq3Rz52Bd4xGx4v1VZBiA&_sg%5B1%5D=8hNrViPe7FbkiDw41V5P33EBbx8HChMtDEBU6z3S-lBKkRW4i5Jh6qtAOwp3vcUpIPu5mWo.YhT-cgi15ko5j_oJdGvcMECzTZNt2_YM3tD3ArZZqEmtUtc7JmFVMT7Kk6SOBbIDaev60VtYVw92mYXPAvdt5A
https://www.researchgate.net/profile/Irina-Sandulache?_sg%5B0%5D=SA65019i0psHjF5Vl3OUW1EkgllZIF8PfMqReaKSfFkdkxgGQ_82nVFqvl0z6e-8yafnVHc.-OS2oiBY7ZJpc0j6JnTmbNujWMqBCCR983wXhUO0F4F8fgyIRB_AYtM75KN9lrFHaCEzBO_1qu2Geyykud1BFQ&_sg%5B1%5D=pqnWAjRr4s0ExcoPtrAflqdo35GUhP-RNhhXUqm_zTDvXfEkESU_ECOReFPx49mYyXehgYI.x-s8XgCmHOfKR2vL4lin0H4TphfAJka0n7soq8-iup7RA34RaOALMs3kAePt-MaJhwle2swJdJ1IWcOi6ZpMOg
https://www.researchgate.net/scientific-contributions/Lucia-Oana-Secareanu-2166226331?_sg%5B0%5D=SA65019i0psHjF5Vl3OUW1EkgllZIF8PfMqReaKSfFkdkxgGQ_82nVFqvl0z6e-8yafnVHc.-OS2oiBY7ZJpc0j6JnTmbNujWMqBCCR983wXhUO0F4F8fgyIRB_AYtM75KN9lrFHaCEzBO_1qu2Geyykud1BFQ&_sg%5B1%5D=pqnWAjRr4s0ExcoPtrAflqdo35GUhP-RNhhXUqm_zTDvXfEkESU_ECOReFPx49mYyXehgYI.x-s8XgCmHOfKR2vL4lin0H4TphfAJka0n7soq8-iup7RA34RaOALMs3kAePt-MaJhwle2swJdJ1IWcOi6ZpMOg
https://www.researchgate.net/profile/Elizabeth-Peacock-3?_sg%5B0%5D=OJQSjAzQiHWAsToez49brcsGxhxIsBeOfAbcrzYq2ZtZJqr_rQiVIFVV_l0Mi0DgjTlhux8.jh57qVihiR-ka_NxdZciDT_CAhBJf0n0fUxMY3V6QF8kc5a1nO53ynwk-iarVRpTz_MvDgmKS695g-0oyjJ2Hg&_sg%5B1%5D=wWVyKQ2F1kTQP0iWjXtbidOI6TIob-QT7Tb6KZQdowom4Xkcv0cna4BP0ScykPIzHFCGaZM.k2UNKiW-y_UF-kW-AU1EwHgznOSShuoQ2qgIPuQpWm_aR4rqOrGF6WF1Vyr67yAAWihHUXjUGEGMt03IekRgRA


Assessment the effect of thermal aging on efficiency of Chitosan in 

consolidation of textiles 
 

441 
 

and consolidated which, its physical and chemical properties depended, according to 

chemical nature, construction, textile type, and fiber composition10. 

The consolidated materials used in textile treatment should meet many requirements, 

such as: It must be flexible and transparent for a while, resistant to natural aging, produce 

damaging products, in addition to never turn yellow. It should be reversed without 

causing danger to the textile. It shouldn’t cause accelerating aging of the textile material 

or fading of dyes, and it worth to mention that it shouldn’t cause biological deterioration 
11& 12.Chitosan is proven to be the most valuable alternative for traditional consolidation 

agents13&14.  It is considered the only natural polysaccharide with an amino group, which 

obtained from the de-acetylation of chitin, which exists in nature 15&16. The preparation of 

chitosan passes through four stages from crustacean shells to chitosan: (I) 

demineralization, (II) de-proteinization, (III) discoloration, and (IV) de-acetylation17. 

Chitosan, one of the components of shellfish such as shrimp18, is one of the most used 

biopolymers after cellulose, which is considered a non-toxic, biodegradable-

biocompatible material. It has many application advantages compared to traditional ones 
19.In addition, varies studies on bactericidal activity of chitosan have been carried out20. 

 
10Abdel-Kareem(O), Microbiological testing to assess the susceptibility of museum textiles 

conserved with polymers to fungal deterioration, chapter in a polymer science book, 2016,p.309  ز 
11Ardelean(E), Parpalea,(RC), Asandei(D) and Bobu,(E), “ carpoxymethyl- chistosan as 

consildation agent for old documents on paper support“,European Journal of Science and 

Theology, 2009,.5,.4, 67-75.  
12  Pan,( Cumli), Qian,( Juinqing), Fan(Jing), ET EL, "Preparation nanoparticle by ionic cross-

linked emulsified chitosan and its antibacterial activity", Colloids and Surfaces A 

Physicochemical and Engineering Aspects,2019, 568, 362-370. 
13Másson,(M), "Chitin and chitosan "Wood head Publishing Series in Food Science, Technology 

and Nutrition,2021, 1039-1072. 
14Gu (F), Geng(J), Li (M), Chang (J), Cui (Y) , Synthesis of chitosan-ignosulfonate composite as 

an adsorbent for dyes and metal ions removal from wastewater. ACS Omega, 2019, 

4(25),.21421–21430   
15 Kłosiński,(K) Girek,(K), ET EL, “Synthesis and potential cytotoxicity evaluation of carboxyl 

methyl chitosan hydrogels, Progress on Chemistry and Application of Chitin and its Derivatives, 

2017,22,82-96 
16Liu(X), Zhao(X), Liu(Y),Zhang(T), “Review on preparation and adsorption properties of 

chitosan and chitosan composites“,  Polymer Bulletin 2021, https://doi.org/10.1007/s00289-021-

03626-9. 
17 Manhel(A), Al-Hilphy(A), Niamah(A)," Extraction of chitosan, characterization and its 

use5for water purification", Journal of the Saudi Society of Agricultural Sciences, 2016, 210,.1-5  
18 Mukarram(M), Naeem(M), Aftab(T), Khan(M), "Chitin, chitosan, and chit oligosaccharides: 

Recent advances and future perspectives", In book: Radiation-Processed Polysaccharides: 

Emerging Roles in Agriculture, Publisher: Elsevier, 2021,.339-349. 
19  Çelikçi,(N), Zıba,(C),Dolaz,(M), “Synthesis and characterization  of carboxymethyl shrimp 

chitosan (CMSCh) from waste shrimp shell ,MANAS Journal of Engineering,2020,  8, (2), p. 77-

83.  

https://www.researchgate.net/scientific-contributions/Cunli-Pan-2153640967?_sg%5B0%5D=jWyK6pF30jVMHq9JSxvUuEmEyDnrvC1XTadasZQP_ZALBflTxeg1FRuQQQNSAorHvSxH7CQ.vqTYAkObp-t09EDAf1J_QfR1aXq3rWtG0bQJbaa2VW5UK4XdEhg3mBalfxE4tIrN2Qg9ph7sEZX71OxyORGZXA&_sg%5B1%5D=EfxX0mHjU-qrtTk-PrqUTaYmYH4n-GWYkGbdMqlREW5OGQTpmxfLlU-sEWOF4eF2OVtXaso.IoT_QetJWtRa3rUkvXs5qVyoBsBFpk6MvG7MZShavTQvczwlDH7d6jY8iGtJVQ1pjnroWHKX-pWHnZ-XxHfULQ
https://www.researchgate.net/scientific-contributions/Junqing-Qian-2067089250?_sg%5B0%5D=jWyK6pF30jVMHq9JSxvUuEmEyDnrvC1XTadasZQP_ZALBflTxeg1FRuQQQNSAorHvSxH7CQ.vqTYAkObp-t09EDAf1J_QfR1aXq3rWtG0bQJbaa2VW5UK4XdEhg3mBalfxE4tIrN2Qg9ph7sEZX71OxyORGZXA&_sg%5B1%5D=EfxX0mHjU-qrtTk-PrqUTaYmYH4n-GWYkGbdMqlREW5OGQTpmxfLlU-sEWOF4eF2OVtXaso.IoT_QetJWtRa3rUkvXs5qVyoBsBFpk6MvG7MZShavTQvczwlDH7d6jY8iGtJVQ1pjnroWHKX-pWHnZ-XxHfULQ
https://www.researchgate.net/scientific-contributions/Jing-Fan-2153635985?_sg%5B0%5D=jWyK6pF30jVMHq9JSxvUuEmEyDnrvC1XTadasZQP_ZALBflTxeg1FRuQQQNSAorHvSxH7CQ.vqTYAkObp-t09EDAf1J_QfR1aXq3rWtG0bQJbaa2VW5UK4XdEhg3mBalfxE4tIrN2Qg9ph7sEZX71OxyORGZXA&_sg%5B1%5D=EfxX0mHjU-qrtTk-PrqUTaYmYH4n-GWYkGbdMqlREW5OGQTpmxfLlU-sEWOF4eF2OVtXaso.IoT_QetJWtRa3rUkvXs5qVyoBsBFpk6MvG7MZShavTQvczwlDH7d6jY8iGtJVQ1pjnroWHKX-pWHnZ-XxHfULQ
https://www.researchgate.net/scientific-contributions/Mar-Masson-2187000961?_sg%5B0%5D=SxRdzwqBHCrdap2yS0-5-Pwt7hP-RI-S66jkKT8TWiVYU6Juon8pZKWV6FVWg_H00Sn28Bg.XNOMX9V68R5roktyQrEUlALjAFEEDhzc_YvUMtK-B3rHdIcyHr4ahc0IJuZ39c5Cqdisa9dSFE8sEmlPnganHw&_sg%5B1%5D=ioe0JLfzBQ8ie21X6Lv3PvajScb6EYogTNlBpTU_mR2Vfyf9fU-QmJQJVlGiaaGsh8fNsF4.inJVyR-1TXWYZC_uIRgjrWUNU9F1sarJnrrPozdo3kFX4PemlPpL3Mu8jS74nbb1ooL8hUh0Q5nAOBvH7cWseA
https://link.springer.com/journal/289
https://www.researchgate.net/profile/Nuran-Celikci?_sg%5B0%5D=3spL6BDeLlrNklah_FKq0gHHwFUAcNZfAZta1JN2ZQvTEcPvFK4MJ82kBAL-uy1Z_UTfSSk.PGkPuLWET2HsMJY6mdwiOh-Ugu3AXSh5W8RTVtGYinz4pinnmN37MjJctFSyv6H79mXG8FxMhpsyXzfd6T1A9Q&_sg%5B1%5D=27b0AcJ3ODfT23Y_fBxu_sBIjRE3_ept9RA0rv8WoTTcIgMRspjvPj9tRuEt2YUV4siRhv8.wXL1CTNC7P3wGJA3Nv0094lz80WIbRJd0X0zsq6Pn-8pfM1lmAbWbWCJScQb5rigHiPvaAWSsnYDTAFYXN5JYA
https://www.researchgate.net/profile/Cengiz-Ziba?_sg%5B0%5D=3spL6BDeLlrNklah_FKq0gHHwFUAcNZfAZta1JN2ZQvTEcPvFK4MJ82kBAL-uy1Z_UTfSSk.PGkPuLWET2HsMJY6mdwiOh-Ugu3AXSh5W8RTVtGYinz4pinnmN37MjJctFSyv6H79mXG8FxMhpsyXzfd6T1A9Q&_sg%5B1%5D=27b0AcJ3ODfT23Y_fBxu_sBIjRE3_ept9RA0rv8WoTTcIgMRspjvPj9tRuEt2YUV4siRhv8.wXL1CTNC7P3wGJA3Nv0094lz80WIbRJd0X0zsq6Pn-8pfM1lmAbWbWCJScQb5rigHiPvaAWSsnYDTAFYXN5JYA
https://www.researchgate.net/profile/Mustafa-Dolaz?_sg%5B0%5D=3spL6BDeLlrNklah_FKq0gHHwFUAcNZfAZta1JN2ZQvTEcPvFK4MJ82kBAL-uy1Z_UTfSSk.PGkPuLWET2HsMJY6mdwiOh-Ugu3AXSh5W8RTVtGYinz4pinnmN37MjJctFSyv6H79mXG8FxMhpsyXzfd6T1A9Q&_sg%5B1%5D=27b0AcJ3ODfT23Y_fBxu_sBIjRE3_ept9RA0rv8WoTTcIgMRspjvPj9tRuEt2YUV4siRhv8.wXL1CTNC7P3wGJA3Nv0094lz80WIbRJd0X0zsq6Pn-8pfM1lmAbWbWCJScQb5rigHiPvaAWSsnYDTAFYXN5JYA
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And proved that there are correlation between bactericidal activity and chitosan 

molecular weight 21&22.  Recently, many researches efforts have been done to develop and 

improving chitosan products for safe and long term uses in conservation and restoration 

field23. 

2. Materials and methods: 

2. Materials and methods: 

2.1 materials: 

2.1.1: chitosan: 

Chitosan, (was supplied by Sigma-Aldrich, USA) is experimented as a consolidated   

material for the brittle archeological textile. Liquid chitosan is a non-Newtonian fluid 

that, when made with high molecular weight chitosan reaches extremely high viscosities 

and requires specialized equipment to dissolve. Chitosan prepared from crab shell had a 

significantly higher nitrogen content, degree of deacetylation, solubility, and viscosity 

and antibacterial activity 24(see table.1).  

Table.1 identification of chitosan 

materials source composition Degree of de 

acetylation 

viscosity density pH 

chitosan Shrimp 

shells 

Chitosan 

oligosaccharide 

Solvent 

90%  300 CP 0.9 

GM/ML 

4± 

2.1.2 Wool fibers: 

Table.2 identification of wool fabric 

material

s 

direction Textile 

structure 

color Counting threads source 

Warp/cm Weft/cm 

Wool 

fiber 

S- 

direction 

Plain 

weave 

1/1 

beige 5 threads 6 threads purchase from 

tex company, 

Alex, Egypt 

 
20Ardean,(C) , Davidescu,(C), et el, “Factors Influencing the Antibacterial Activity of Chitosan 

and Chitosan Modified by Functionalization“,  Int. Journal of  Molecular Science.2021,.22, 

7449,  
21Badawy,(M), Ahmed,(S), Rabea,(E) “Bactericidal and fungicidal activities of different 

molecular weight chitosan samples, J. Pest Cont. & Environ. Science, 2006, 14(2), p. 19-34. 
22 Becenen(Nilgun), Erdoğan(Sevil), Fındık(Elif)"Investigation into the functional properties of 

cotton, wool, and denim textile materials finished with chitosan and the use of chitosan in textile-

reinforced composites and medical textiles", Chitin and Chitosan based Polymer Materials for 

Various Applications,2020,  3,.89-134. 
23  Szymańska ,E and  Winnicka,K, Stability of Chitosan—A Challenge for Pharmaceutical and 

Biomedical Applications, 2015, Mar Drugs.13(4): 1819–1846. 
24 Li,(J),Tian(X),et el “Chitosan Natural Polymer Material for Improving Antibacterial Properties 

of Textiles“, ACS Applied Bio Materials, 2021,  4,( 5),.4014-4038. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Szyma%26%23x00144%3Bska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25837983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winnicka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25837983
https://www.researchgate.net/scientific-contributions/Jianhui-Li-2194837221?_sg%5B0%5D=_pscY789Tl3Ao75ylOZN6G6bu460z-W2Hly_vMU4HnxHmxgzshl5WGNXaeLT2OIljP6UrcU.qMOKW9xAoICkOlCWxOnhPPbi00yeMlUimhNEVxiTpw0AI-wyTfIg40V-BcOPYqMMBx6Zx6GG4gT8TVCtL3GiOw&_sg%5B1%5D=ywXzTvIT6LY8in506J8LHBxpcevDScIk3f0JTVBy-2OVGUC80kpVnXrnFIi0qj8QhMrvezk.mTtn_a-byLvKiGH30H5ISRcyKZ1OgHVIJsK4-J4GyBOdZPKnGavUecV-fgzv7BQXBqlbcb6Z7hdCvO4K4yfB7Q
https://www.researchgate.net/scientific-contributions/Xiao-Tian-2145065888?_sg%5B0%5D=_pscY789Tl3Ao75ylOZN6G6bu460z-W2Hly_vMU4HnxHmxgzshl5WGNXaeLT2OIljP6UrcU.qMOKW9xAoICkOlCWxOnhPPbi00yeMlUimhNEVxiTpw0AI-wyTfIg40V-BcOPYqMMBx6Zx6GG4gT8TVCtL3GiOw&_sg%5B1%5D=ywXzTvIT6LY8in506J8LHBxpcevDScIk3f0JTVBy-2OVGUC80kpVnXrnFIi0qj8QhMrvezk.mTtn_a-byLvKiGH30H5ISRcyKZ1OgHVIJsK4-J4GyBOdZPKnGavUecV-fgzv7BQXBqlbcb6Z7hdCvO4K4yfB7Q
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2.1.3 Dye and mordant: 
The yellow dye was of turmeric dye. (Curcuma Demestica L) roots were purchased from 

Heraz stores for dyes and mordant (El azhar, Egypt), its Curcumin material (C21H20O6) 

was responsible for coloring, .in addition to The potassium–aluminum sulfate (alum), 

Al2(SO4)3·K2SO4·12H2O, and (99,5%), potassium hydrogen tartrate as a mordant. 

2.2 methods: 

2.2.1 Preparing samples: 
 Woolen fibers samples were prepared in the form of Strips of wool fabric previously in 

dimension 5x5 cm2. Then they were mordant and dyed by dissolving Alum in little 

deionized water, and added to dying bath through heating to 70 c for 30 m, then scoured 

wool strips into bath, maintained at this temperature for another 30 min, then were rinsed 

with deionized water and allowed to dry. 

2.2.2 Experiment procedure: 
Samples were aged thermally at 90 c for 48-100 h, which is equal to 50- 70 years of 

thermal aging at room temperature. (Sawoszczuk et al 2008; Kerr et al 1986), according 

to (The American Society for Testing & Materials), then were treated by 5% and 10% of 

chitosan dissolved in water by brushes, and were accelerated again for the same period to 

evaluate its efficiency by the time. Their chemical and physical properties were measured 

before and after ageing. 

 2.2.3 Visual examination: 
Samples were examined visually by stereo microscope (at organic material lab, faculty of 

archaeology, Fayoum University). Type of Carl Zeiss c-2000 (Germany), which operates 

in the range 380-1100 nm. Invisible, near-ultraviolet, and near-infrared, using a modified 

Fuji film S5 DSLR camera. 

2.2.4 Scanning electron microscope: 

Raw, aged, pretreated and treated aged Samples were examined by SEM (at faculty of 

science, Fayoum university) type of Carl Zeiss Sigma 500 VP.    

2.2.5mechanical and physical measurement: 
Tensile and strain measurement properties were performed by tensile and strain tester 

(STDF labs at faculty of science, Fayoum university). Type of Zwick Roel, Germany. 

Weight and dimension were recorded before and after ageing. 

2.2.6 Color measurement:  
Changing in coloring aged samples, and the effect of chitosan on coloring textile were 

evaluated by using Spector densitometer "Exact X-Rite, Switzerland" (Organic materials 

labs, faculty of archaeology, Fayoum University), according to Commission 

Internationale de l’Éclairage (CIE), lab colour system "1976". 

3. Results:  

3.1. Visual examinations: 
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Figure.1.A show raw woolen sample, 1.b Treated dying wool by 5%, 1.c treated dying wool by 10 

%, 1.d aged treated sample 5% at 90 C for 48 h, 1.e Aged treated sample 10% at 90 C for 100 h, 1.f 

Aged treated sample 5% at 90 C for 48 h, 1.g Aged treated sample 10% at 90 C for 100 h   

3.2 Scanning electron microscope: 

Photos of SEM prove several changes existed in the morphological appearance of the 

dyed samples through the stages of the experiment, The photos of treated samples are 

coming to emphasize the homogeneity , the uniform distribution of fibers, and the 

alignment in a common direction of the chitosan layers, as shown in fig.2.b,c. Then, the 

disfiguration of dyed standard sample after accelerated aging at 90 C for 48 h was 

noticeable, shown in fig.2.d,e. Furthermore,  the increased stiffness significantly and 

disappearing of a part of chitosan layers were existed on the surface of aged dyed 

samples after ageing for  100 h, as shown in fig 2. f.  

    

      
Figure 2 show the effect of thermal ageing on the efficiency of chitosan in improving the 

morphological properties of the surface. 

A 
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3.3 mechanical and physical properties: 

Table.3 the mechanical and physical properties of the four samples 

Sample 

Tensile 

strength 

(Mpa) 

Strain 

strengt

h 

(%) 

weight 

(gm/cm3) 

Volumetric 

measuremen

t 

(cm3) 

Raw material standard 14.5 29.4 21 3.75 

Control without 

treatment after the 

aging to compare 

the effect of 

chitosan 

Aged for 90 ° 

48 h  
12.05 27.3 20 3.60 

Aged for 90 ° 

100 h 
10.2 22.01 18 3.18 

Treated by chitosan 
5% 27.4 16.2 28 6.25 

10% 29.6 20.3 35 8.75 

After thermal aging 

for 48h 

5% 23.3 13.4 25 4.416 

10% 27.5 12.4 32 2.478 

After thermal aging 

for 100 h 

5% 22.4 7.5 21 2.09 

10% 18.5 8.9 26 1.802 

 

 
 

Figure 3 physical measurement shows the bad effect of thermal ageing on the efficiency of chitosan 
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Figure 4 the measurement of tensile and strain strength of the dyed samples 

3.4 color measurement: 
Results of color measurements of treated samples show the increasing of "L" readings, as 

an indicator for darkness of color after treatment. And decreased gradually again after 

aging of treated samples for 48 h, 100h. The values of "a" and "b" differentiated from 

standard sample to treated and aged ones. These results revealed the less yellowish color 

of the treated sample by 10% of chitosan, especially after aging. And keeping the original 

color for the samples, treated by 5% of chitosan even after thermal aging. (See table.4). 

Table.4 color measurements of the samples 

b a L kind of sample no of sample 

57.96 18.61 59.45 standard Raw wool 

55.54 14.86 69.03 Aged for 90 ° 48 h  Control without treatment 

after the aging to compare 

the effect of chitosan 

49.02 11.72 70.30 Aged for 90 ° 100 h 

59.56 10.90 64.16 Treated 5 % 
Treated by chitosan 

62.10 11.72 72.30 Treated 10 % 

49.54 10.3 61.63 Treated 5 % 

After thermal aging for 48h 
24.61 10.20 45.13 Treated 10 % 

44.19 16.6 56.90 Treated 5 % 
After thermal aging for 100h 

21.10 10.17 39.23 Treated 10 % 

 

Discussion: 
The paper proved the bad effect of thermal acceleration on the efficiency of chitosan as a 

consolidated material of archaeological textiles25&26. The changes existed in the surface 

 
25 Kaka,(G),et el, “Chitosan Fiber in Textile Engineering: Advanced Dressing from a Natural 

Source, current trend fashion techno textile engineering,2018,  29-31. 

https://www.researchgate.net/scientific-contributions/Gholamreza-Kaka-2150700680?_sg%5B0%5D=KqxDaU_ddNx6A5BmjFSGXkMcCEApcXXU1Juinjc8fL8IxwwQ1qUz5pqAUgQ3TVhrczP04zI.MxOi9BEiBd16xmCCCkfeZnw1dZuibKyhUKtV3ZkOs4IV0JuiMIb15ZLdQ2_EX351YZT_dGoIEU409TRrVBmUvg&_sg%5B1%5D=iy3hWZy-wK1tAL-mgcD2zkAIp9r5LlHokzRjwmawZU6icDdbidLhf1B93Z0B1ZQFFp-JqL0.UisaT9LJPQfRJG8AgiZ1VHdSJeLiajfd9ZZQ7y_m0XGWMsi7PXmw7NZRaPlufL3Cj0Bxr9RCIdLXt-s2fYmhcQ
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morphology of the samples were indicated to the resistance of the chitosan against 

thermal acceleration.  Although the color of the woolen samples did not change after 

treatment. It found darkness after accelerating aging, so it is recommended to be used in 

non-coloring textiles, and on the hidden side of the decorated archaeological textiles.27. 

Physical measurements revealed the improvement happened after applying of 10 % of 

chitosan on wool fabric28&29 . But after accelerating ageing   for 48, 100 h at 90 c the 

readings decreased gradually due to rearrangement of polymer chains during ageing time 

caused changes of flexibility, tensile strength 30&31. Results of SEM are coming to show 

the highly homogenous layer32, formed by chitosan on the surface of woolen fibers. 

However, separations appeared in this covering layer after thermal aging for 100 h, which 

led to the disappearance of parts of the homogeneous layer after aging (see fig1.f).33. 

Reinforcement, achieved by chitosan, was clarified by values of tensile strength, as the 

consolidated material improve the physical properties of the aged samples34, in addition 

to the little increasing in weight after treatment, which doesn't present any risk on the 

brittleness textiles. Furthermore, chitosan helps in getting back the original volumetric 

shape of the aged fibers (see table.3), but after ageing the reading become more closing to 

the original sample, which refer to the disappearance of parts of chitosan layer. 

Color measurement proved that no noticeable changes existed for the treated samples and 

aged treated samples (see table.4)35&36, which indicated the sustainability of this material 

in the conservation of archaeological dyed textiles. L value after ageing for 100h proved 

 
26  Szymańska.E and Winnicka.K, Stability of Chitosan—A Challenge for Pharmaceutical and 

Biomedical Application, 2015 , 13(4): 1819–1846. 
27Mandal(P), Sen(S), Chouhan(D), “A quick look into Chitosan and Chitosan nano-conjugates, 

lambert academic publishing“,2021,4,2,.29-48. 
28 Vade(A), “ application of chitosan in textile“2020, 40, .49-53. 
29 Sekar.N, “Chitosan in textile processing“,Colourage ,2000,37,7,.33-34. 
30  Leceta.I , Aging of chitosan films: Effect of storage time on structure and optical, barrier and 

mechanical properties, European Polymer Journal, 2015,170-179. 
31 Huang(L),  Xiao(L) and Yang(G)  “Chitosan Application in Textile Processing,2018,.1-3.  
32Ivanovaa(N), Philipchenko(A) “Super hydrophobic chitosan-based coatings for textile 

processing,2012, 783-787. 
33Abdel-Maksoud.g, Saad,z,evaluation of cellulose acetate and chitosan used for the treatment of 

historical papers,  , Mediterranean Archaeology and Archaeometry. 9,. 1, pp. 69-87.  
34 belada(E )et el ,Chitosan – a non-invasive approach for the preservation of historical 

textiles,2020,.576-579. 
35 Saito,(y) “Suppressing aggregation of quinacridone pigment and improving its color strength 

by using chitosan nanofibersr“2020,117365 
36  Huang,(E), Cross-Linked Chitosan as an Eco-Friendly Binder for High-Performance Wood-

Based Fiberboard, International Journal of Polymer Science,2021, 1-7. 
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the darkness existed on the chitosan layer applied on woolen samples. It is noticed that 

the treated woolen samples have limited resistance to the accelerating aging. 

 

Conclusion: 

Archaeological textiles always are in bad need of conservation and consolidation, due to 

the brittle nature of their raw materials, and the traditional materials used in 

reinforcement didn’t meet all the requirements and have many disadvantages, which 

affected the fibers and dyes in the future. The paper evaluated the resistance of new 

materials to consolidate the surface, chitosan has many advantages, such as strength the 

aged fibers, returns their original volume, improves their morphological appearance, and 

doesn't change their color and dyes. But after thermal ageing, Chitosan brings limited 

resistance to thermal degradation, by which the results of SEM, mechanical 

measurement, and color measurement proved.   
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