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1. Aim of project 
1.1 Using enzymes in historical textiles conservation to remove odd adhesives paste, resistance stains and dirt that we cannot remove it by traditional methods.

1.2 Study of the effect of enzymes on the mechanical and chemical parameters (Tensile strength, Elongation, Crystallinity index and functional groups) of natural fabrics.
1.3 Study the effect of enzymes on the color parameters of natural fibers dyed with natural dyes mordanted with different mordents. 

1.4 Study of the effect of the enzymes on the morphology of the surface of these fabrics.
1.5 Establish the standard conditions of using enzymes at which the archeological textile objects can be treated without any deterioration.

2. Introduction 

In textiles conservation the traditional method use to facilitate the Stains, dirt and adhesives paste removal, there is apply a solvent mixture containing ammonia or another alkali to break down the dirt and adhesive into smaller materials. This method sometime is not efficient and may be harmful to historical textiles. 

The aim of using enzymes in cleaning is to break down the Stains, dirt or adhesives composed of large molecules into smaller soluble fragments. Extremely thick accretions which would require inadvisably long or repeated bathing times in traditional washing solutions are also more efficiently removed by enzymes, because they catalyze a degradation reaction of the components of pastes and dirt. The principal advantages of these enzymes are their specificity and efficiency in catalyzing the hydrolytic cleavage of polymers such as proteins, polysaccharides, and lipids. 



The α- amylase enzyme has been reported the last decade to be used for removal of the excess starch adhesive paste which is usually used to fix textiles on paper, textiles, wood panels, or other rigid support materials. 

Proteases are a group of enzymes that catalyse hydrolysis of peptide bonds in proteins as (Animal glue, Blood stains and other proteins dirt). The enzymes hydrolyze large polypeptides or proteins to smaller materials. The proteolytic reaction of proteases degrade the protein into peptone, polypeptides, dipeptides and finally into amino acid. 

Lipases are often used in paper conservation for cleaning purposes, due to their ability to degrade aged oil films and oily dirt that found in historical textiles. It is safer than the conventional highly polar organic solvents or alkaline mixtures, and shows a more specific action, which poses less of a threat to the integrity of the work. The conditions required are wild and not harmful to the objective.

Several conservators used enzymes in conservation, but nobody of these researchers has studied the effects of the enzymatic treatment on the fibers and dyes characteristics (color changes, mechanical properties .…. etc). 
3. Materials and method

3.1. Materials

3.1.1. Fabrics  

3.1.1.1. Egyptian linen fabrics from Egylan Co., at the Second Industrial Zone, Alexandria, Egypt.

3.1.1.2. Egyptian cotton fabrics from El- Sharkia Spinning & Weaving Co. (SHARQATEX) - Zagazig, Egypt.
3.1.1.3. Ramie, Jute, Hemp and sisal fabrics from Swicofil AG Textiles service Co. - Switzerland. These materials have been chosen because it is known that the majority of the textile collections in the international museums are made from linen, silk, wool and cotton fibers.

3.1.1.4. Silk, Wool….. etc. 
3.1.2. Natural dyes such as Madder, Cochineal, Safflower, Saffron, Henna, Turmeric, Lac and Indigo dye …….. etc)

3.1.3.  Mordents such as Potassium aluminum sulfate (Alum), Copper sulfate, Iron sulfate, potassium hydrogen tartarte (tartar), potassium bichromate and Tin chloride. (Fluka) 

3.1.4. Enzymes. 

3.1.4.1. Protease from Aspergillus Oryzae   P-4755 Type II (Sigma)
3.1.4.2. α-amylase enzyme from Aspergillus Oryzae, Type X-A. Code A6211 (Sigma). 
3.1.4.3. Lipase enzyme used was from Candida Cylindracea – Code 62316 (Fluka).

3.1.4.4. Cellulase enzyme from Aspergillus niger – Code C1184 (Sigma). 

3.1.4.5. Diastase enzyme from Aspergillus oryzae –Code 09962 (Fluka)
3.1.4.6. Trypsin enzyme from bovine pancreas - Code T1426 (Sigma)
3.1.4.7. Collagenase enzyme from Clostridium histolyticum –Code- C0139 – (Sigma) 
3.1.4.8. Gelatinase enzyme (Sigma). 
3.2. Dyes and its extraction


The fibers are always entered in the wet state into mordanting or dyeing bath to ensure that the liquor is taken up evenly. Textiles should never be subjected to sudden changes of temperature. For this reason, the temperature of mordanting or dyeing bath is warm up slowly. The dyeing with natural dyes was carried out according to the following 
· Prepare a 10% dye in water solution(w/v) 

· Soaking the dyes in the distilled water for 24hr to extract the color from the powder.

· Heating the extract to the boiling temperature for 2 hr with continuous stirring.  It may require addition of water to compensate the evaporated water during the heating process.

· Allow the extract to be cooled and then filtered many times to get a clear colored solution.
3.3.  Dyeing procedures


The dyeing was performed by the exhaustion method using a liquor ratio (LR) of 1:20 (1 g of fabric per 20 ml of bath). The dyeing experiments were performed in beakers according to the temperature-dyeing diagram given in Fig.1. In the experiments mordants (Fluka), was added as concentrated solution (50 g/L). After dyeing, the unfixed dyestuff was removed by rinsing three times with cold water (5 min, room temperature, LR 1:20) (Bechtold, et al., 2003; Ahmed, et al., 2005; Schweppe, 1988) 
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Fig.1. Temperature time diagram of the one-bath dyeing process
3.4. Application of adhesives

To apply the adhesives paste, stains or dirt on the samples, a substance in its liquid phase is introduced into the fibers (or to a yarn or textile) and then solidified. 

3.5. Thermal ageing 

Heating paper for 72 hours (3 days) at 120 0C is equivalent to about twenty- five years of ageing under normal conditions. (Feller, 1994) Textile samples that have been applied with adhesives paste, stains or dirt were hanged in a temperature-controlled oven. The samples were thermally aged at the temperature of 120 0C for different periods (0, 1,3,6,9 and 12 days).  
3.6. Applications of Enzymes
The samples that applied with adhesives, stains or dirt after ageing will cut up into small pieces (5 centimeters length and 5 centimeters width) and were put in test tubes. Then in each tube there are add 50 ml of enzyme solution containing different amount of the enzyme and will incubate at different time intervals (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0h). The enzymes concentration varies (1, 10, 15, 20, 25, 30, 35, 40, 45, and 50U/ml) and was added at each fabric sample with stirring as well as without stirring. Each type of fabric sample had been previously aged for different periods (1, 3, 6, 9, 12, and 21 days) at 120 0C. In order to monitor the hydrolysis of adhesives paste, stains or dirt after enzymatic treatment will be measure spectrophotometrically according to enzymatic assays. 
Enzymes will apply on fibers dyed with natural dyes in order to study the effect of enzymes on mechanical, chemical and optical parameters of fibers and dyes. Then enzyme will be applied on historical textiles to remove pastes, stains and dirt. See Figs 2 and 3. 
4. Testing and analysis

4.1. In this study, three different methodologies will apply to monitor the effectiveness of enzymes on stains , dirt and adhesives paste removal: 
4.1.1.  Calculation of the percentage of adhesive or dirt or stains hydrolyzed after enzymatic treatment according to the enzymatic assays.

4.1.2. Investigation of the morphology of the surface of the fabric samples, using SEM before and after enzymatic treatment. 

4.1.3. Comparing the weight of the fabrics coated with adhesive past or dirt before and after enzymatic treatment. The amount of weight losses were calculated according to the following formula:                                % WL = (W1 – W2) / W2      
4.2. Morphological study
 The morphology of the surface of the untreated and enzymatically treated fabrics will investigate using tow microspore as following: 

· A Quanta 200 ESEM FEG from FEI Scanning Electron Microscope. 
· Stereoscope is a Zeiss Stemi DV4 (Germany) equipped with a digital camera. 
Small samples were taken from a fabric object from different parts and investigated under SEM and Steroscope to show the kinds of fibers as well as the damage aspects on these fibers (Batcheller, 2005)  
4.3. Color measurement

The CIE-Lab values of the dyeings will measure using double beam Optimatch spectrophotometer (Datacolor international Spectraflash SF450-UK). The colors are given in Commission Internationale de l'Eclairage (CIE L*a*b*) coordinates, L* corresponding to the brightness (100 = white, 0 = black), a* to the red–green coordinate (positive sign = red, negative sign = green) and b* to the yellow–blue coordinate (positive sign = yellow, negative sign = blue). The hue (h) difference gives a positive sign when the hue angle (h) increases and a negative sign when (h) decreases. The total color difference Δ E* will study. 

                     L*=116(Y/Yn)1/3-16                                     
(1)

                     a*=500[(X/Xn)1/3-(Y/Yn)1/3]


(2)

                     b*= 200[(Y/Yn)1/3-(Z/Zn)1/3]


(3)

                          Δ H* = {(Δ E*)2 – (Δ L*)2 – (Δ C*)2}1/2 .              (4)

                          Δ E* = {(Δ L*)2 + (Δ a*)2 + (Δ b*)2}1/2.                 (5)
Where Xn, Yn, and Zn are the values of X, Y, and Z for the illuminant that was used for the calculation of X, Y, and Z of the sample   (Wyszecki , et al., 2000; Booth , 1984).
4.4. Mechanical behavior

Mechanical parameters such as tensile strength and elongation will measure according to the ASTM method D5035 in the warp and weft directions. Fabrics will cut into 30 cm strip length, 5 cm widths. Five samples per treatment set were tested and the breaking load averaged for each sample. (Tortora, et al., 2007) 
4.5. X-ray diffraction analysis
 X-ray diffraction measurements of enzymatically treated and untreated samples will carry out with a SIEMENS X-Ray Diffractometer – D 5000, given 40 Kv CU Ka, radiation of 30 mA. The diffractograms were recorded over 2θ = 50 to 300 continuously at a scan rate of 20/min. Crystallinity index (crystalline to amorphous ratio) can be calculated using the following equation: (Segal, et al., 1959)                   

                                                  (I 002 – I am)  X 100


(6)
                                
                                    CrI = 

                                                          I am       
Where I002 is the maximum intensity (in arbitrary units) of lattice diffraction, while I am is the intensity of the lattic diffraction in the same units at 2? = 20, the angle that represents the amorphous scatter of fiber.  Also the Wide Angle X-ray (WAXS) diffractograms of untreated and treated fabrics will be study. 
4.6. Fourier transform infrared spectral analysis (FTIR)

The structural changes occurring in the fibers upon enzymatic treatment were monitored by FTIR. The vibrational bands that appear in the infrared spectra provide information about the chemical functional groups of a sample which leads to a general characterization of the material or even the identification of specific compounds. (Michele, 1989; Mary et al., 1989) FTIR analysis was carried out for untreated and treated fabric samples by using BRUKER – FTIR- TENSOR 27. A small part of the samples was encased directly in samples holder and spectra were scanned from 4000 – 500 cm-1
4.7. Chemical investigation 

Chemical investigation of fabrics before and after enzymatic treatment will study.  
5. Cost and Time 

5.1. Cost 

5.1.1. Enzymes and buffers 
	Materials
	Enzymes

	
	α-amylase
	Lipase
	Protease
	Cellulase
	Collagenase

	Cost
	5450 Euro
	5750 Euro
	4900 Euro
	5000 Euro
	4500 Euro

	
	Enzymes 

	Materials 
	Trypsin 
	Gelatinase
	Olease 
	Diastase
	Total 

	Cost
	6500 Euro
	5500 Euro
	6500 Euro
	6000 Euro
	50100 Euro


5.1.2. Fabrics 

	Materials
	Fabrics 

	
	Linen 
	Cotton 
	Ramie 
	Jute
	Silk

	Cost
	2550 Euro
	2100 Euro
	3200 Euro
	2950 Euro
	3100 Euro

	
	

	Materials 
	Wool 
	Total 

	Cost
	3500 Euro
	17400 Euro


5.1.3. Natural dyes 

	Materials
	Natural dyes 

	
	Madder
	Cochineal 
	Safflower 
	Saffron 
	Henna 

	Cost
	2550 Euro
	3500 Euro
	2500 Euro
	5500 Euro
	1000 Euro

	

	Materials 
	Turmeric 
	Lac 
	Indigo 
	Kermes 
	Total

	Cost 
	1000 Euro
	4550 Euro
	6500 Euro
	4500 Euro
	31600 Euro


5.1.4. Mordents 
	Materials
	Mordents 

	
	Alum
	Copper 
	Iron Sulfate
	tartar

	Cost
	1200 Euro 
	2100 Euro
	350 Euro
	300 Euro

	

	Materials 
	Potassium Bichromate
	Tin chloride
	Total 

	Cost 
	100 Euro
	350 Euro
	4400 Euro


5.1.5. Investigations

	Test 
	SEM
	XRD
	FTIR
	CEILab test

	Cost
	15500 Euro
	17500 Euro
	16000 Euro
	17500 Euro

	

	Test
	Tensile Strength and elongation  test 
	Chemical investigation 
	Total 

	Cost
	15500 Euro
	20500 Euro
	102500 Euro


5.1.6. Total of cost 

	Materials 
	Testing and analysis
	Investigators  
	Meetings & Conference  

	103500 Euro
	102500 Euro
	55000 Euro 
	27000 Euro

	

	Transportation 
	
	Total of Cost 

	12000 Euro
	
	30000 Euro


6. Times 

6.1.1. Dyeing procedure = 2 months. 

6.1.2. Enzyme applications = 4.5 months. 

6.1.3. Investigations = 4 months. 

6.1.4. Writing of results = 1.5 months.  
7. Results 
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