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Abstract
This article reports investigations into the computation problems related with the dyeing 
of textile products composed of microfibres. The so-called basic proportions and modified 
proportions were proposed in dye demand computations. A comparative study showed that 
appreciable additional amounts of dye are required to achieve a given shade depth when 
conventional multifilament yarns are replaced by microfilament yarns. Better fitness for dye 
demand prognosis was observed for application of modified proportions if compared with 
use of basic proportions.
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The object of the current investigation is 
to show theoretically how various struc-
tural indices at the level of fibres affect 
the amounts of dye necessary for dyeing 
microfibre fabrics and conventional fibre 
fabrics. In order to realise this aim, theo-
retical relations in the form of propor-
tions linking various structural indices of 
these textile materials and the amounts of 
dye are proposed. Finally an attempt to 
apply the proportions suggested for dye 
demand prognosis is made. Although real 
amounts of dye differ from the idealised 
model, for predicting the theoretical way 
is more suitable compared with the em-
pirical approach. The main reason for 
this opinion lies in the necessity of exper-
imental data to make empirical models. 

n	 Methodology
Simplifying assumptions
At first stage of the study, as initial as-
sumptions of the research, the following 
main principles for the types of woven 
fabrics examined are formulated: a) all 
shapes of the cross-section of conven-
tional filaments and microfilaments are 
circular; b) filament density is constant 
for conventional filaments and microfila-
ments, and yarn linear density, volume 
(for fixed length), and the packing frac-
tion are constant for conventional fila-
ment yarns and microfilament yarns; c) 
each filament contains a light-absorbing 
dye that is located in a ring close to the 
filament periphery; d) all filaments are 
uniformly ring-dyed, and e) the cloth 
density and type of weave for the woven 
fabrics analysed are the same.

The relations, which were suggested on a 
basis of these assumptions, were named 
as basic proportions. The above-men-
tioned assumptions mean that, for the 
discussed materials, the structural indices 
at a level of yarns have constant values.

The dye may be evenly distributed 
throughout each filament or located in a 
ring close to the filament periphery. One 
additional type of dye distribution is ob-
served for so-called ring-dyed yarns [19 
- 22]. Interest in saving energy, time, and 
water in textile dyeing has led to numer-
ous processes resulting in ring dyeing 
[18, 23]. The ring dyed fibre cross-sec-
tion is not completely dyed through [17], 
which normally means that dye has only 
penetrated into the fibre surface, not to its 
centre, so that each fibre has a ring of col-
our on its periphery [16, 18]. Dye distri-
bution in ring-dyed yarns arises because 
of limited dye penetration into the assem-
bly of fibres forming the yarns. Thus, be-
cause of the different effects on the colour 
depth perceived, a fabric with ring-dyed 
filaments must be clearly distinguished 
from one with ring-dyed yarns [18].

The first proposals to predict dye demand 
for fabrics of different construction were 
made by Fothergill [16]. His equation 
predicts the respective amounts of dye 
required to match the colours of two 
fabrics with filaments of different linear 
density:
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where:
C1, C2 – dye demand,
Tf1, Tf2 – linear density of filaments.

It was based on the premise that the av-
erage light path through a filament is 
proportional to the radius [14]. An opti-
cal model originally developed by Allen 
and Goldfinger [24] to predict the colour 
depth of an array of parallel filament lay-
ers representing a dyed textile fabric was 
expanded by Motamedian and Broadbent 
[18]. Among different dye distributions 
the case where all filaments are individu-
ally ring-dyed is also discussed [18]. 

n	 Introduction
Microfibres are now well established in 
many apparel markets, as well as in other 
outlets [1, 2]. A microfibre (microfila-
ment) is traditionally defined as a fibre or 
filament of linear density of less than ap-
proximately 1 dtex, but also considerably 
finer fibres can be produced [1 - 8]. Mi-
crofibres have a great importance in such 
useful factors of textile products as softer 
hand and lustre, higher bulkiness and 
drapability, and less area density [2, 9].  
Unfortunately there are significant prob-
lems related with the dyeing of microfi-
bre materials. 

Microfibres do not dye at the same con-
centrations as conventional fibres and 
recipes for the same substrate should be 
modified when its microfibre version is 
used [10]. For instance, during dyeing 
polyamide microfibres appear to be more 
accessible to both acid and disperse dyes 
than thicker fibres [2, 11]. These findings 
are attributed to the greater surface area 
of microfibre fabric [2]. Additional dye 
demand is required to achieve a given 
shade depth when the filament linear 
density or radius are less [12 - 15]. The 
reason for the additional amount of dye is 
mainly the enlarged fibre surface area in 
comparison to normal coarser types [16]. 
Also a difference between the structure 
of the amorphous zones of microfibres 
and conventional fibres can be invoked 
to explain this behaviour [17]. Repro-
ducible dyeing of woven fabrics made of 
microfibres is also more difficult if com-
pared with conventional products [14]. 
Because of the complexity of the process 
phenomenon, a comparison of the dyeing 
properties of these two types of textile 
materials is a significant task. 

It is known that for different textile items 
and dyeing processes different types of 
dye distribution are available [18 - 23].  
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At second stage of the research, a con-
dition about the type of arrangement 
of amorphous and crystal zones in the 
cross-section of filaments was additional-
ly introduced. Two types of arrangement, 
shown in Figure 1, were discussed. For 
conventional filaments, a nonhomoge-
neous structure usually exists, but it is 
practically absent in microfilaments. In 
other words, for conventional filaments, 
the amorphous zones are arranged near 
their surface, while the crystal zones are 
situated near the centre. Therefore in the 
outer layer, the crystallinity K’k1 is less if 
compared with that of the whole filament 
(Kk1). The effect of this condition on dye 
demand was evaluated by means of the 
comparative coefficient of dye demand
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where:
K’k1 -  outer layer crystallinity of conven-

tional filament,
Kk2  -  microfilament crystallinity.

In a further study, coefficient kc was used 
in so-called modified proportions.

Variable structural indices
Contrary to fixed structural indices at the 
level of yarns, the textile products exam-
ined have a different structure at the level 
of fibres. According to the methodology 
used, the following variable structural in-
dices were applied:
Tf 	 -	filament linear density, dtex;
df 	 -	filament diameter (df = 20Tf1/2/

(πρ)1/2, where ρ is the filament 
density in Mg/m3), μm;

Sf	 -	filament lateral area (Sf = πldf106, 
where l is the yarn length in m), 
μm2;

sv 	 -	ratio of filament lateral area to fila-
ment volume (sv = 4/df), μm-1;

sm	 -	ratio of filament lateral area to 
filament mass - sm = 4.1012/(dfρ), 
μm2g-1;

S 	 -	total sum of lateral area of fila-
ments in yarn (S = Sfn), μm2;

n 	 -	number of filaments in yarn  
(n = T/Tf, where T is the yarn linear 
density in dtex);

k	 -	Schwarz’s constant (k = (D-df)/D, 
where D is the yarn diameter in 
µm).

It is worth noting that indices Tf, df, and n 
are widely used in various studies of tex-
tile materials. However, in some cases, 
the remaining indices such as Sf, S, sv, 
sm, and k are applied [3, 12, 25 - 27] for 
the purpose of an additional description 
of the structural properties of filaments, 
yarns or woven fabrics. For instance, in-
dex Sf indicates the filament outer lateral 
area, which is a direct reason for the di-
minished dye demand for each microfila-
ment. When the woven fabric structure is 
considered, for the same fabric area, the 
filament to air interface area is increased 
[10]. Thus index S, which represents the 
total sum of the lateral area of filaments 
in yarn, is necessary in this case. Mean-
while such indices as sv and sm are useful 
if our aim is to compare the dyeing prop-
erties of filaments with different whole 
volumes or masses. To avoid different 
conditions of analysis, each variable 
structural index of the microfibre woven 
fabric was varied in the fixed range of  
20 – 60% if compared with its value for 
the conventional woven structure.

n	 Results and discussions
Characteristics of basic proportions
The basic proportions proposed with 
respect to both the above-mentioned 

structural index and dye demand are 
given in Table 1. Suffixes 1 and 2 of 
the indices signify structural and dyeing 
properties of woven fabrics composed 
of thick (conventional) and thin (micro) 
filaments, respectively. With the object of 
generalisation, all the proportions are ex-
pressed according to the principle of the 
same left side. These proportions showed 
rather different proportionality between 
the structure of woven fabrics and dye 
demand. 

For example, according to proportion 
(1), filament diameter df and dye demand 
C are inversely proportional quantities. 
With an increase in df, C decreases ac-
cording to the same ratio. Analogous pro-
portionality is also shown by proportion 
(2) for filament lateral area Sf and dye 
demand C. 

The couples of indices, namely sv - C,  
sm – C and S – C, from proportions (3 - 5) 
are directly proportional quantities. For 
instance, with an increase in sv, the dye 
demand C increases in the same ratio. 

The remaining indices, which are men-
tioned in couples n – C and k – C, are 
not proportional quantities. As is shown 
by proportion (6), n1/2 and C are directly 
proportional quantities, i.e. index C in-
creases at the same ratio as the value of 
n1/2. According to proportion (7), the val-
ues of (1 - k) and C are inversely propor-
tional quantities, i.e. index C increases 
with a decrease in the quantity (1 - k). 
Thus the highest dye demand C is neces-
sary for yarns with the highest Schwarz’s 
constant k.

Application of basic proportions
The above-mentioned basic proportions 
(see Table 1) and also Equation 1 were 
used for computing of the dye demand C2 
necessary for dyeing microfibre fabrics 
with different structural properties. Ta-
ble 2 shows the values of variable struc-
tural indices for different variants of wo-
ven fabrics examined. The conventional 
variant is composed of ordinary multi-
filament yarns. This sample has normal 
values of structural indices. The samples 
labelled as variant 1, variant 2 and vari-
ant 3 are microfibre fabrics. According 
to the methodology used, the values of 
their structural indices differ from the 
initial value of conventional woven fab-
ric by 20%, 40% and 60%, respectively. 
For instance, microfilaments of variant 2 
have diameter df2 = 0.8df1, while the fila-

Table 1. Basic proportions between struc-
tural indices and dye demand.

Proportion No Type of proportion
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Figure 1. Types of arrangement of amor-
phous and crystal zones in cross-section 
of filaments; a) nonhomogeneous (for con-
ventional filaments), b) homogeneous (for 
microfibres).
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conventional fibres presented in paper 
[28] were compared with those computed 
in our work. Two classes of dyestuffs, i.e. 
acid and disperse dyes, and four variants 
of dyestuffs were applied. 

In the current study, these four experi-
mental values of dye demand were ap-
plied for computations of the middle lev-
el. We computed the average experimen-
tal value of dye demand C2, i.e. 167%. 
Using the basic proportions for microfi-
bres with a diameter of 9.87 µm [28] and 
for conventional fibres with a diameter of 
22.71 µm [28], we have C2 = 206%. This 
value is far from the experimental data. 
In our opinion, there are the more amor-
phous regions for the conventional fibres 

of basic proportions. However, after ap-
plication of the modified proportions, 
the additional values of dye demand  
(6 - 95%) are less if compared with anal-
ogous indices of the previous study. For 
instance, Figure 9 shows a growth in C2 
of 16, 35 and 54% for variables sv2, sm2 
and S2, instead of 20, 40 and 60%, re-
spectively, when basic proportions have 
been applied. 

Fitness of proportions for dye demand 
prognosis
The above-mentioned basic proportions 
and modified proportions were used for 
dye demand prognosis. The experimental 
values of dye demand for textile samples 
made of polyamide 6.6 microfibres and 

ment diameter of variant 4 is df2 = 0.4df1, 
where df1 is the filament diameter for the 
conventional version. 

Diagrams of the dye demand for dyeing 
different variants of woven fabrics are 
shown in Figures 2 - 5. The dye demand 
for conventional woven fabric C1 was as-
sumed to be at a level of 100%. On the 
basis of the diagrams proposed for mi-
crofibre fabrics, the following generali-
sations can be made. First, as is shown 
in Figure 2, the strongest effect on dye 
demand C2 was computed when varying 
the filament diameter df2, filament lateral 
area Sf2 and Schwarz’s constant k2. The 
difference in dye demand for microfibre 
fabrics if compared with conventional 
woven fabric fluctuated between 25% 
and 150%. Secondly the least influence 
on C2 was observed for the index of the 
number of filaments in the yarn n2 (see 
Figure 3) when, in comparison with nor-
mal types, the microfibre fabrics require 
10-26% more dye. Thirdly according to 
all available data from Figures 4 and 5, 
indices Tf2, sv2, sm2, and S have an inter-
mediate effect on dye demand. For index 
Tf2 the diagram of C2 shows growth of 
12%, 29% and 58% for variants 1, 2 and 
3, respectively. When the value of sv2, 
sm2 or S increases by 20%, 40% or 60%, 
the values of C2 tend to increase from 
20% to 60%.

Modified proportions and their 
application
After the comparative coefficient of dye 
demand kc is introduced, Equation 1 is 
defined as
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In the same way, using coefficient kc, 
other basic proportions from Table 1 
were modified and used for new comput-
ing of the dye demand C2. The new val-
ues of dye demand are shown by means 
of diagrams in Figures 6 - 9 (see page 
118). The comparative coefficient of dye 
demand kc for the microfibres examined 
fluctuated in the range of 1.03 - 1.28. It 
is worth noting that we have kc > 1 when 
Kk2 > K’k1. If Kk2 < K’k1, value kc < 1. For 
condition Kk2 = K’k1 the value of kc is 1, 
and as a consequence Equation 3 can be 
considered as identical to Equation 1.

The common tendencies for diagrams of 
dye demand C2, computed according to 
modified proportions, are similar to the 
situation described earlier for the case 

Table 2. Values of variable structural indices.

Conventional fibre 
variant 

Variants of microfibres
Variant 1 Variant 2 Variant 3

Tf1 Tf2 = 0.8Tf1 Tf2 = 0.6Tf1 Tf2 = 0.4Tf1

df1
Sf1
1-k1

df2 = 0.8df1
Sf2 = 0.8Sf1

1 - k2 = 0.8(1 - k1)

df2 = 0.6df1 
Sf2 = 0.6Sf1

1 - k2 = 0.6(1 - k1)

df2 = 0.4df1
Sf2 = 0.4Sf1

1 - k2 = 0.4(1 - k1)
sv1
sm1
S1

sv2 = 1.2sv1
sm2 = 1.2sm1
S2 = 1.2S1

sv2 = 1.4sv1
sm2 = 1.4sm1
S2 = 1.4S1

sv2 = 1.6sv1
sm2 = 1.6sm1
S2 = 1.6S1

n1 n2 = 1.2n1 n2 = 1.4n1 n2 = 1.6n1
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Figure 2. Diagram of dye demand com-
puted according to basic proportions. Vari-
ables: df2, Sf2 and k2.

Figure 3. Diagram of dye demand com-
puted according to basic proportions. Vari-
able: n2.
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Figure 4. Diagram of dye demand com-
puted according to basic proportions. Vari-
able: Tf2.

Figure 5. Diagram of dye demand com-
puted according to basic proportions. Vari-
ables: sv2, sm2 and S2.
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n	 the filament diameter, filament lateral 
area and Schwarz’s constant have the 
strongest effect on dye demand, while 
the least influence was computed for 
the index of the number of filaments 
in the yarn;

n	 the dye demand for microfibre fabrics 
exceeds this value for conventional 
fibre fabrics in the range between 10 
and 150%, if basic proportions are 
used;

n	 after the application of modified pro-
portions, the additional values of dye 
demand fluctuated from 6 to 95%;

n	 the results of dye demand progno-
sis after application of the modified 
proportions showed better fitness if 
compared with the use of basic pro-
portions. 
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Figure 6. Diagram of dye demand com-
puted according to modified proportions. 
Variables: df2, Sf2 and k2.

Figure 8. Diagram of dye demand com-
puted according to modified proportions. 
Variable: Tf2.

Figure 7. Diagram of dye demand com-
puted according to modified proportions. 
Variable: n2.

Figure 9. Diagram of dye demand com-
puted according to modified proportions. 
Variables: sv2, sm2 and S2.

that are readily accessible to penetration. 
Thus to test the fitness of the modified 
proportions, computations were per-
formed for different values of thickness 
of the outer layer of conventional fibre. 
The study showed that the new computed 
value of C2 = 170%, when the thickness 
of the outer layer equals 0.70df2, is close 
to the experimental value. Thus the last 
approach, where the modified propor-
tions were used, showed better predict-
ing fitness of t C2 if compared with the 
application of the previous approach.

Future work is intended to study the con-
cept with more examples.

n	 Conclusions
Two types of proportions, i.e. so-called 
basic and modified proportions, as well 
as their properties showing the differ-
ences in dye demand for microfibre fab-
rics and conventional woven fabrics have 
been proposed and compared. On the ba-
sis of these proportions, with the range 
of structural indices assumed varying 
between 20 and 60%, and other assump-
tions of the current study, the following 
conclusions can be made:
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