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drum, through which steam is fed. The whole operation is led in an autoclave, at 
variable temperature and pressure, depending on the textile product. 
Process parameters are known only at the inlet of the autoclave but not in between the 
layers of the textile roll, where the actual physicochemical effects of setting take place. 
In recent years, mathematical models have been developed to overcome the problem 
and describe the system behavior and its dynamics; however they have never been 
verified experimentally. 
From a practical point of view, KD treatments cover a wide technological interest, 
allowing the realization of several effects and results, marked or soft, depending on the 
types of involved bonds. 
A KD operation affects disulfide bonds, bringing about their redistribution, with a 
permanent effect. This action, called setting, is given by a fine tuning of the process 
variables: temperature, moisture content, treatment time and mechanical pressure. All 
these four variables interact reciprocally but their relationships have not been fully 
understood; therefore a scientific criterion is fundamental for rationalizing sequence and 
intensity of the operations. 
In recent years, mathematical models have been developed to overcome the problem 
and describe the system behavior and its kinetics; however, they have never been 
verified by an experimental procedure. Under a scientific point of view, verifying or 
modifying the existing theoretical models will be of fundamental importance to 
accurately validate the process steps, develop new diagnostic methods and possibly 
devise new and more complete models. 
The main potential innovation implies the possibility of working with a continuous 
treatment (KD is usually carried out in autoclave, as a batch operation) with a 
consequent increase in reproducibility, as well as a better treatment evenness (avoiding 
usual problems related to the different longitudinal position in the textile material). As a 
consequence, the finished product may gain in terms of quality, thus increasing its 
economical value. 
To reach these goals, two different approaches were adopted in the present work. 
The first one was based on a set of experiments on suitable bench scale equipments, 
carried out to monitor the process parameters (particularly temperature and moisture 
content) during the treatments and within the textile structure. 
The second approach concerns the development of theoretical models, whose 
application in a computer algorithm, thanks to a finite elements based simulation 
software, allowed to simulate the system behavior. 
 
 
 
 







 
Study and scientific rationalization of the last finishing stages for high quality wool fabrics 

____________________________________________________________________________________________________________________________________________________________________________________________________________________                                                                                                                                     

 

3 
 

 
 
 
 
 
 
 

Chapter 1 
 

1. Finishing and wool fabric properties 
 
 
 
 
 
1.1 Introduction 

 
Among the fundamental textile processing stages, finishing is surely the one that still 
nowadays is based mostly on empirical knowledge. 
There are a lot of reasons because a modern company should improve this aspect, in 
particular: 
 

 finishing has a remarkable effect, especially on high quality wool fabrics, 
developing and enhancing the intrinsic quality already present in the textile 
materials; 

 the finishing stage could be efficiently optimized: unlike spinning and weaving, 
which are carried out with a continuous flow of materials and can be easily kept 
under control, some finishing operations are run in the batch mode. This means a 
large quantity of material to be stored, treatment repetitions and frequent dead 
times; 

 the rationalization of the process is restrained by the complexity of some 
treatments, whose real need is questionable, if analyzed with scientific criteria; 

 from a quality point of view, the lack of accurate scientific information can cause 
non homogeneous operations. Some treatments can be repeated or modified due to 
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The main aim of washing is to remove dirt and impurities caused by previous treatments 
and to perform a basic relaxation of the internal stresses. This can be done by using 
water or solvents.  
Sulfuric acid is used in carbonizing to completely remove foreign substances of 
cellulosic origin. 
In dry finishing fabrics are treated with hot air and/or steam to remove the internal 
stresses due to previous treatments (e.g. spinning and weaving); in this way the product 
is improved in terms of appearance and comfort. Within this group, steaming and 
decatizing are known as fundamental operations for worsted wool fabrics.  
The tensionless steaming process of wool fabrics is the most widely used technique to 
obtain a good dimensional stability. The steam action involves the hygroscopic swelling 
of the fibers with a subsequent relaxation of the fabric, which recovers its "natural" 
shape. 
Decatizing (atmospheric or under pressure) is probably the most difficult process to 
perform. This process is mainly carried out on wool fabrics, by exploiting the elastic 
properties of wool fibers, thanks to the direct action of the steam. This treatment gives 
to the processed fabric the following characteristics: 
 

 dimensional stability; 
 reduction of possible glazing effect after calendering, thanks to fiber swelling 

caused by steam; 
 modification of the hand, which is much more consistent after the treatment; 
 high levels of setting stabilization (decatizing under pressure, also known as KD). 

 
A synthetic scheme showing the position of finishing in the textile production chain can 
be seen in Figure 1.1. 
 

 
 

Figure 1.1 - Finishing in the textile production chain. 
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Finishing operations can be carried out by means of discontinuous, continuous and 
semi-continuous systems. 
 

 Discontinuous or batch-type systems: all the operations are carried out on a single 
machine; it is therefore necessary to load the machine, carry out the treatments 
(following a predetermined cycle) and unload the machine (eventually washing it 
before starting a new cycle). This work process is extremely flexible and is suitable 
for processing small lots. For the production of large lots, the discontinuous process 
is labor-intensive (it requires many operators to load and unload the material) and, 
above all, it entails long processing times and results that can vary from one batch 
to the other. 

 Continuous systems: the operations are carried out by means of a series of 
machines; every machine carries out always and solely the same process. Every 
machine is assembled according to specific production requirements. A system like 
this entails high start-up costs and a complex setup but, once the system has started, 
requires a smaller staff and grants excellent repeatability and high output rates; 
continuous systems are therefore suitable for manufacturing large lots of products 
with the highest cost-efficiency.  

 Semi-continuous systems: in these mixed systems, several operations are carried out 
with both continuous and discontinuous machines. For example, a continuous pad-
batch machine is used to wet the fabric and a discontinuous system is successively 
used for other treatments. These mixed systems are suitable for processing small 
and medium lots; they require reasonable start-up costs and grant quite good 
reproducibility [2]. 

 
 
1.3 Wool fiber: structure and properties 

 
Wool fiber has a highly complex chemical and physical structure which is responsible 
for its natural properties. Wool is hygroscopic, therefore relative humidity and 
temperature of the surrounding air influence the amount of water taken up. However 
only the core of the wool fiber is able to absorb water to an extent up to 30% o.w.f. (on 
the weight of the fiber), whereas the fiber surface is water repellent due to the 
hydrophobicity of the outer surface of cuticle. This apparently contradictory behavior 
results in the particular wool-moisture-management, which is responsible of the well-
known comfort of wool. The hydrophobicity of wool fiber is caused by covalently 
bound fatty acid, which form the outer cuticle layer. In addition, both hydrophobic 
nature of the fiber surface and the high cross-linking density of the protein layer 
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involved chains. This situations occur in wool fiber characterized by a certain moisture 
content, where hydrophobic bonds confer to wool mechanical resistance. This effect is 
noticeable in wet conditions.           
 
 
Hydrogen bond. 
 
This is a low energy bond (about 5 kcal/mol) that can link together the oxygen of the 
carbonilic group and the hydrogen of the amino group. These two atoms can be part of 
the same protein chain or part of two separated chains; in the first case the hydrogen 
bond gives a particular spatial configuration to the protein, whereas in the second one it 
generates protein cross-linking (Figure 1.3). The hydrogen bond plays an important role 
in the mechanical resistance of wool, conferring robustness and a compact structure to 
the fiber. 
 

 
 

Figure 1.3 - Inter-chains hydrogen bonds. 

 
 
Disulphide bond. 
 
The disulphide bond is a covalent bond which links together two particular amino-acids, 
the cysteine, to form a compound called cystine. Disulphide bonds can generate cross-
links in the same or between different chains (Figure 1.4) and create particular spatial 
disposition of protein chains such as arcs, rings and others. This behavior depends on 
the positioning of the two involved cysteines along the keratin molecule.  
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Figure 1.15 - Variation of temperature and regain during pressure decatizing of wool fabrics. 

 
A typical processing cycle is illustrated in Figure 1.15 in which fabric initially at 20°C 
and 14% regain (point C) is pressure steamed at 120°C and 20% regain (point K). 
Appreciable permanent setting can occur under these conditions within a few minutes. 
On cooling, the temperature and regain of the fabric will return to near point C. 
The dotted ellipses in Figure 1.15 indicate the approximate ranges of the parameters that 
may be encountered in practice. As indicated by the dotted arrow, fabric with an initial 
regain of about 8% may only just take up sufficient moisture for appreciable permanent 
setting to occur. Fabrics at lower initial regains are unlikely to be effectively 
permanently set. 
The relaxation shrinkage after pressure decatizing will depend on how the fabric is 
constrained during cooling and conditioning to ambient regain. If the batch is 
unwrapped at room temperature and 14% regain, a small amount of relaxation shrinkage 
will take place. This relaxation shrinkage is caused by cohesive setting of the fabric in 
the batch and the magnitude depends on the regain increase during the pressure 
steaming process and on the hygral expansion before and after the process. 
Generally, the value of relaxation shrinkage introduced with this operation is very low, 
considering the ideal situations in which 100% permanent set is assumed to have been 
achieved. In practice, it has been found that this is approximately correct if more than 
70% permanent set is introduced. 
If levels of permanent set are not very high (below 50%) then the behavior will be 
intermediate between that described above and what would be expected if no permanent 
set would had taken place. In the absence of any permanent set, only cohesive set will 
occur and the situation will be similar to steaming on a pin frame. 
In practice, the magnitude of the changes in dimensional properties cannot be predicted 
precisely because the critical factors involved (namely temperature and moisture 
content) are neither measured or effectively controlled during the process. 
The qualitative effects of pressure decatizing on the dimensional properties of fabrics 
can be summarized as follows: 
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cylinder. Figure 2.6 shows the principal components of a typical batch pressure 
decatizing machine.  
 

 

Figure 2.6 - General view (left) and side view (right) of a batch pressure decatizing machine. 

 
Although there are many different designs, the most common basic components are as 
follows: 
 
1) a station to prepare the fabric/wrapper batch and to unroll the batch after steaming; 
2) a transfer system to move the batches to and from the autoclave; 
3) an autoclave with heated walls, preferably with connection to a vacuum pump; 
4) provision for cooling the fabric after treatment. 

 
Once that the textile roll is placed in the autoclave, steam is forced through the layers of 
fabric and wrapper. The direction of the steam flow can usually be varied from outside 
to inside or alternatively from inside to outside. Before the fabric is steamed under 
pressure, the air within the autoclave and fabric/wrapper assembly must be removed and 
replaced with steam. This is achieved by purging the system with steam. Steam can be 
blown through the batch under relatively high pressure. Alternatively, a vacuum pump 
can be used to remove most of the air before steam is introduced at a lower pressure. 
Purging is necessary to ensure that the temperature inside the pressure vessel reaches 
the desired value. At a pressure of 2 atm the presence of 20% (by volume) of air in 
saturated steam can lower the temperature by 7°C. 
After purging, the steam pressure is rapidly raised to the desired level and maintained 
for a period of time, usually less than 5 minutes. Then the pressure is released by 
venting the autoclave to the atmosphere. The fabric/wrapper package is removed from 
the autoclave and is usually unrolled while still warm. Sometimes the fabric is cooled 
before unwrapping by sucking room air through the package or, alternatively, ambient 
air may be blown over, or sucked through, the fabric as the batch is unrolled. 
As previously said, wrappers are available in a variety of fiber compositions, thickness 
and densities. The most common type of wrapper is formerly a heavy-weight cotton 
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woven fabric but is now usually made from wrap-spun yarn with cotton around a core 
of filament synthetic fibers. 
During the total process of pressure decatizing, both cohesive and permanent set are 
introduced into fabric. The amount of permanent set imparted increases with increasing 
temperature (above 100°C), treatment time, moisture content and pH of the fabric. 
Practical limits on temperature, time and pH are set to avoid yellowing and excessive 
damage to wool. Figure 2.7 illustrates the relationship between initial regain and steam 
temperature for one particular fabric. 
 

 

Figure 2.7 - Permanent set and process variables. 

 
The pressure decatizing process is primarily a batch process. Most of the developments 
and improvements incorporated into commercial pressure decatizing machines have 
been aimed at improving three aspects of the process: 
 

 to increase the production rate; 
 to reduce the variation within the same batch; 
 to reduce the variations between batches. 

 
Enlarging the pressure vessel has increased production rates. Machines which can treat 
more than 800 meters of fabric are now available, giving an effective production rate 
between 10 and 30 meters per minute. The use of "carousels" for simultaneous winding 
and unwinding of batches and multiple batching stations with one autoclave has given a 
further increase in productivity. 
The diameter of the perforated cylinder, on which fabric and wrapper are wound, is 
being continually increased. Increasing the diameter of the cylinder means a reduction 
in the number of fabric layers in a treatment batch. This minimizes both the difference 
in lateral pressure imposed on the inner and outer layers of fabric, and the time taken for 
steam to penetrate the package. This decreases two causes of end-to-end variation 
within batches. 
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concerned. For this reason, a basic study on heat and moisture transfer during the 
treatment should be carried out in order to evaluate the phenomena and try to find out 
possible solutions to the current problems. 
 

 
3.3 Heat transfer analyses 

 
3.3.1 �± Experimental apparatus 
 
The Vapotest equipment, made by Officine Bisio S.a.s. and located in the CNR-ISMAC 
laboratories in Biella, has been used to carry out bench scale trials, in order to analyze 
heat transfer and temperature evolution during steam treatments of wool fabrics. 
The apparatus (shown in Figure 3.1) reproduces the same conditions to which the fabric 
is subjected during the finishing phases and, in particular, during calendering and 
decatizing. The machine consist of a small autoclave, containing two perforates plates 
(200x200 mm) between which the fabrics to be tested are placed while being steamed 
and pressed at the same time. 
 

 

Figure 3.1 - Bisio Vapotest: front view (left) and detail of the treating chamber (right). 
























































































































