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Abstract 
Historical textiles suffer from deterioration due to exposure to uncontrolled environmental 
conditions, in museums. This article presents strategies for the conservation and storage 
processes of historical textiles that have been under uncontrolled storage conditions and 
display, in Egypt. The object dates back to the Ottoman period. Its dimensions are 62×49.5 cm. 
The textile object is highly decorated with figures of plant, and is multicolored in red, blue, and 
black. The textile has various types of deterioration such as dust, blue stain, loss of parts and 
weakened fiber. The study addresses three objectives: first, documenting the objects by using 
SEM Documentation, FTIR, EDS, Visual documentation, Biological examination, Photograph 
documentation was carried out in order to develop a plan of conservation treatment� The effects of 
cleaning materials on the natural dyes were tested. Second, the conservation treatment 
processes were done, old conservation repairs were removed, and separated parts were 
supported. Cleaning included mechanical and wet cleaning. The textile was supported by a 
new linen fabric. Third, an excellent storage system was established in order to keep the 
object on the long-term storage.  

 

Keywords: Textiles, Ottoman period, Uncontrolled environmental, FTIR, EDS 
  
1. Introduction 

In uncontrolled Egyptian museums 
such as that of the Faculty of Applied 
Arts (Helwan University, Cairo) the hist-
orical textile was exposed to many 
challenges such as oscillate relative hu-
midity (RH), changing temperatures, 
and exposure to light, air pollution, as well 
as non-standard storage and display 
methods. All these factors cause damage 
and decay in both fibers and dyes which 
weaken both fibers and dyesˬ hardens 
and stains fibers, separates parts and 
eventually some parts are lost [1-6]. 
The paper aims to present the strategies 

for the conservation of historical 
textiles in Egypt. It shows new methods 
in the conservation of historic textiles, 
at least in Egypt. The paper aims at 
identifying the types of fibers and dyes, 
stain, dust, and different damages in 
this object through different ways of 
investigation. The paper reports the 
conservation treatment of the object 
such as cleaningˬ removing the old 
adhesive and old restorations, replacing 
lost parts, fixing separate parts and 
arranging a new display. 
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2. Description of Object 
 A textile objects 111/5 found in the mus-
eum of Faculty of Applied Arts (Helwan 
Univ., Cairo). Its measurements are 62× 
49.5 cm., the object is decorated with 
plants (flowers and leafs) printed with 
metal blocks. It also contains a variety 
of colors such as red, blue, green and 

black. There are many signs of damage 
on this object including separate parts 
from around edges, loss of parts, weak-
ened fibers, stains and dust. Weave type 
is plan 1/1 as showing in, as showing in 
fig. (1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (1) Shows a. & b. the object from front and back, c. & d.  details of the object (decoration, 

colors and deterioration aspects). 
  
3. Documentation and Examination 

One of the main objectives of this 
study is the scientific documentation of the 
historical object before the restoration 
process. Therefore, a variety of docum-
entation approaches were involved: Visual 

and photographic documentation, SEM 
documentation, EDX analysis, Fourier-
transform infrared spectral analysis 
(FTIR), testing the stability of dyes, 
biological examination [7]. 

3.1. Visual and photographic documentation 
The initial visual assessment reve-

aled a poor conservation condition of the 
object. The textiles were weak and very 
dirty since they were covered with dust, 
soil and stains. In general, the object 
suffered from intensive surface damage that 
resulted in fiber deformation, missing parts 

and holes especially along the objects 
edges. The fringes were weak and suffered 
from abrasive damage and tearing [8,9]. 
Furthermore, a high-resolution digital camera 
was used in documentation of the object 
before, during, and after the conserv-
ation process.  

3.2. SEM documentation  
Scanning electron microscopy with 

energy-dispersive X-ray microanalysis 
(SEM/EDS) is the most frequently used 
analytical technique to determine the che-
mical composition. SEM images provide a 
characteristic surface morphology and are 
useful for judging the surface structure of 
the investigated sample, its fiber quality as 

well as its damage aspects. A combination 

of transmitted light microscope and SEM 
was used to reveal diagnostic features of 
the fibers, necessary for their identification. 
Small samples were taken from the object 
from different parts and investigated under 
SEM. This technique shows the quality 
of the fibers as well as the damage aspects 
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on these fibers. The surface morphology 
of the fibers was investigated using a 
Joel-Scanning Electron Microscope [10, 
11]. Figure. (2-a, b) show the SEM of 
object, its weave type, and type of fibers 

(wool and cotton fibers), also, dust and 
dirt over the fibers. In addition, fig. (2-c) 
show the elements on the object which 
seems to be dust, dirt.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2) Shows the SEM image of the object a. the type of wool fiber in the strip around the textile, 

b. the body of textile is cotton, c.  EDX chart of the dirt and stains  
 

3.3. Fourier-transform infrared spectral analysis (FTIR) 
The FTIR spectra obtained using a 

BRUKER-FTIR- TENSOR 27 Spectro-
meter. An expanded spectrum in the 4000- 
400 cm1 range used for measuring several 
factors with a spectral resolution of 4 cm1. 
Each spectrum was the result of an average 
of 16 scans. FTIR analysis of solid phase 
samples can be typically performed using 
two different methodologies. The first, 
more traditional and widely used approach 
is FTIR-KBr which utilizes a pellet of 
potassium bromide�(KBr) that is transp-
arent in the mid-infrared region as a 
support medium for the sample. The 
mixture is usually ground with an agate 
mortar and pestle and subjected to a vac-
uum pressure of 10�tons. The second,  more 
recent approach is termed FTIR�ATR, 

which utilizes an attenuated total reflection 
(ATR) accessory, which operates by meas-
uring the changes that occur in a very 
internally reflected infrared beam when 
the beam hits a sample� An infrared beam 
directed onto an optically dense crystal 
with a high refractive index at an angle 
greater than the critical angle for total 
internal reflection. This internal reflectance 
creates an evanescent wave that extends 
beyond the surface of the crystal into 
the sample held in contact with the crystal. 
This evanescent wave protrudes only a 
few microns beyond the crystal surface and 
into the sample. The vibrational bands that 
appear in the infrared spectra provide info-
rmation about the secondary structure 
of cotton and wool fabrics and inform-
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ation about the chemical functional groups 
of a sample. This results in a general cha-
racterization of the material or the iden-

tification of specific comp-ounds as shown 
in fig. (3) [12-14]. 

 
 
 
 
 
 
 
 
 
 
 

Figure (3) Shows the vibrational bands that appear in the infrared spectra provide information about the 
secondary structure of Cotton and Wool fabrics by using FTIR.  

 

3.4. Biological examination 
One important procedure of our con-

servation is identifying fungi, disposal and 
removal of fungi, and sterilization of the 
object. Therefore, swaps from the surface 
of textile were taken. In addition, a cellu-
lose media was prepared in lab and all 
the swaps were put in the media for a 

week in 27 ˚C., followed by an exam-
ination of fungi under the microscope. 
Aspregills Niger, Aspregills Flavus and 
Aspregills famigatus were found and 
identified on the object as shown in fig. 
(4) [15-18]. 

 
 

 
 
 
 
 
 
Figure (4) Shows the fungi species affected the object a. Aspregills Niger, b. Aspregills Flavus, c. 

Aspregills famigatus.   
 

3.5. Testing the stability of dyes 
The textile object was tested before 

wet cleaning by puting a piece of cotton 
around a wooden stick dipped in a clean-
ing solution and placing it in contact with 
the colored parts. Each color was indivi-

dually tested. It was found that all the 
dyes were stable and did not bleed upon 
contact with the cleaning solution. It was 
also found that all the dyes were stable 
and safe to wet-clean [8,9,19,20]. 

  
4. Restoration Process  

After documentation process, all the 
data of the object is clear and available for 
conservators. This data will lead to improve 
the restoration plan and choosing the mat-

erials for conservation. The next part of 
the article will discuss the restoration 
process systematically as following.  

4.1. Mechanical cleaning 
The aim of this process is to remove 

harmful soils, which may be disfiguring 
or cause physical or chemical damage to 
a textile. The selection of the appropriate 
cleaning method depends on the nature 

of the soil present and on the materials, 
structure and condition of the textile. 
Through testing should always be carried 
out first, to determine the response of 
the textile to cleaning and to identify 
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the most suitable method. Various types 
of fine brushes are used to remove free 
dust, dirt and fragile superficial layers 

of corrosion. Aerobic aspiration of dust was 
done by using a vacuum cleaner [21, 22]. 

4.2. The wet cleaning procedure and drying process� 
This cleaning procedure used water 

with other detergent agentsˬ to assist the 
cleaning process. The ratio was one part 
detergent Synperonic N to 100 parts of 
distilled water. The water was agitated to 
allow it to penetrate between the fibers 
to release the dirt particlesˬ for 15 
minutes. The bath temperature was 30 ◦C. 
Then a second cleaning bath with 
distilled water only was applied for 10 
minutes again with water agitation, and 
then a third bath with distilled water 
only, for 10 minutes as shown in fig. (5-
a & b). The wet cleaning reduced the 
soiling, relaxed the fibers, removed the 
creasing and brightened the colors [23, 24]. 

The drying process of wet textiles can 
provide an opportunity to realign distorted 
fibers. The water acts as a lubricant red-
ucing the stress of the fibers and allowing 
the straightening of the yarns with mini-
mum risk. Blocking and drying are con-
sidered a crucial part of wet cleaning 
process� To proceed with the next stage 
-drying- a table was prepared. Then, the 
textile pieces still wet from the wet 
cleaning were placed on top of the table 
and covered with sheets of Japanese papers 
to absorb any water surplus, fig. (5-c). 
It should not be forgotten that while wet 
the textile is soft and can easily be 
damaged during handling [25]. 

 
 
 
 
 
 
 
Figure (5) Shows a. & b. preparation of the bath cleaning and putting the textile object in cleaning 

solution, c. drying the textile object after wet cleaning with paper 
 

4.3. Local cleaning process 
Some blue stains of unknown source 

were found on the object and very reen-
trance to removing by wet cleaning. Hence, 
further cleaning was attempted using smo-
oth brushes with mixture from Acetone 
and water (2:1 V:V). However, this pro-

cedure had poor results and the dirt was 
not completely removed because the textile 
object began to be damaged so that we 
stopped the cleaning and washed the place 
of stain with water and left it to dry, fig. 
(6) [25,26]. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure (6) Shows a. the local cleaning of object, b. the object after cleaning  
 

4.4. The final support 
In order to prepare the textile for 

storage, it is necessary to provide the 
fabric with a new support to increase its 
strength. For this, a wooden frame prepared 

by a carpenter from a nearby village to 
the location of excavations� The wooden 
frame was later coated with Paraloid 
B72 (10 % in acetone) to isolate the wood 
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from the environmental conditions, mini-
mizing thus the movements of the wooden 
frame. Later, a new undyed linen support 
was prepared and washed to remove any 
chemical residues from the sizing and 
finishes, and to prevent shrinkage at a 
later time due to the humidity changes. 
After washing and drying, the linen was 
ironed to remove creases and it was 
then attached to the wooden frame with 
tacks. Once the new fabric support was 
prepared, the textile object was placed 
carefully over the fabric. In mounting, it 
is important to choose the right materials 
such as needles and threads to provide 
the maximum visual satisfaction and to 
ensure of the future stability without the 
risk of adverse effects. Usually, conservea-
tors recommend silk threads as the best 
choice, followed by cotton, viscose rayon 

or polyester, depending on availability. In 
this project, a very fine undyed silk thread 
was used. In the beginning, the object was 
fixed in the support with wide stitches to 
preserve its place. Later on, two types of 
stitches were used: the first type, an over-
cast stitch, was used to support the edges 
of the object; and the second type, a 
running stitch, was used to support the 
internal areas adjacent to primary stitches 
and damaged areas. These stitches ensured 
that the mounted textile was not strained, 
although they were tight enough to prevent 
movements or abrasion on the mounting. 
This type of framing is ensures good 
support for the object and will reduce 
future handling to a minimum rate. The 
mounting is the last stage of the intervene-
tions, after which the object becomes 
ready for storing, fig. (7)  [27,28].  

 
 
 
 
 
 
 
 

 
 
Figure (7) Shows a. & b. fixing the textile object after tension the new linen on wooden frame, c. 

removing the new linen from wooden frame and sewing the parties of linen  
 
5. Storage System 

The main objective of textiles sto-
rage method should be to protect the object 
from the�agents of deterioration. The par-
ticular method chosen for storing any 
textile should be based on the textile�s 
condition and size, and all materials that 
come in direct contact with the object 
should be of archival quality. After fixing 
the textile object on the new support, 
the wooden frame was removed and 
parties of linen have been sewing. Then 
we are made box to storage the textile 
object according to the following steps� 
Different types of materials were used 
such as canson foam free acid, white glue, 
bacrom paper� The dimensions of sugg-
ested box are 75 cm length × 25cm width × 
20 cm height� After completion of the 

cutting increases were definitions the lines 
on canson foam in order to push up the 
sides of box� Then white glue was used 
to stick the sides of box� After drying the 
glue, the box was covered by bacrom 
paper from exterior side� Barriers were 
mad inside the box to fixing the roller 
on it� The box cover was made with the 
same previous steps which was 75 cm 
length × 25 cm width × 10 cm height, 
Figure (8) shows the establishing of 
storage box process [29-32]. The rolled 
way was selection to storage textile object 
according to the following steps: 
 � Put the textile object between free-

acid papers. 
� Use a free-acid canson tube to roll the 

object in� 
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� Use washed linen to cover the tube 
and tie it with washed muslin strips� 
� Put identification card with the number 

of the textile object inside the box� 

� Put the rolled tube between the barriers 
inside the box� 
� Put acotton pad around the rolled tube� 
- Put identification card on the box [33].  

 
 
 
 
 
 
 
 
 
 
 
 
Figure (8) Shows different steps of making the storage box  
 
6. Conclusion 
This article presents a strategy of restoring and maintaining historical textiles kept in uncontrolled 
museum environments. Scientific documentation processes using Visual documentation, 
Optical and SEM Documentation, EDS analysis, Fourier-transform infrared spectral analysis (FTIR), 
dyes stability test, Biological examination, and Photographic documentation. The documentation 
revealed a lot of information about the materials used in the manufacture of such textiles� This 
aided the development of the repair and maintenance plans as well as the selection of materials 
suitable for the restoration. Restoration and maintenance operations were carried out on the 
historical piece. An innovative storage style was improvised based on historical textile storage 
techniques. 
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