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ABSTRACT 

The gradient in the change of temperature of the dyeing process is a variable that must be controlled to optimize 
the dyeing of polyester fibers. The aim of this paper is to evaluate the gradient in the change of temperature on the dyeing 
of polyester fibers. There were developed three tests of polyester fibers dyeing process considering that the dye curve is the 
same in all three tests, in which only varies the gradient in the temperature rise. The tests were performed with 100 % 
polyester fabric 150/34, samples of 100g, red dye (light shade - 1.760 gr Terasil SD Yellow and Red Terasil SD 0.192 gr). 
The tests were developed in the Mathis machine, the hydroextractor and stove for drying the samples. The results show that 
the use of dispersants and anti-breakage agents works to prevent breakdowns and improve the matching colors, but still 
high gradient causes an increased dye migration and breaks in the fibers, but at low gradients (2 ° C / min) the diffusion 
and dyeing quality is better, and thus avoids reprocessing in the dyeing step. 
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INTRODUCTION  

The polyester fibers dyeing process is basically 
an exhaustion process and it is conditioned to the order 
volumes. The process mechanism consists of three stages 
 
 Diffusion of the dye from the bath to the surface of 

the fiber. 

 Dye adsorption by the surface of the fiber. 

 Diffusion of the dye from the surface to the interior of 
the fiber. 

 
In the first stage it is important to note that the 

rate of exhaustion of the dye in a mixture is linked to the 
relative concentration: the higher the concentration less 
exhaustion speed. 

In phase matching opportunities, influenced by 
the concentration of the dye, the thermal gradient, the 
presence of certain auxiliary and the particular 
characteristics of the fiber is determined. 

In the final stage the more influence is given by 
the volume and the length of the dye molecule and the 
applied power, the high temperature being the best results 
of both diffusion and matching. 

The proper development of these stages 
determines the dyeing quality. But thecritical factor in this 
process is the high temperature required for the proper 
diffusion of the disperse dyes in the fibers. 

The most ideal for dyeing these fibers 
temperature is between 120-130 ° C; this is in accordance 
to the type of polyester fiber (modified molecular 
structure). This variable has huge importance especially in 
the matching so the temperature must be increased 
considering the dyeing kinetics. One product used for 
dyeing at lower temperatures are the carriers or 
accelerators, besides anti-breakage agents and dispersants 
which help avoid breaks and the best matching of the dye.      

However, another important parameter is the gradient that 
is used to achieve the temperature. 

This research conducts tests to identify the 
optimal gradient dyeing polyester, considering ratios of 
time savings and quality. 
 
EXPERIMENTAL MODEL AND PROCEDURE 

Experimental tests were performed in a Mathis 
machine (ALT-B model) - Figure-1, where the dyeing was 
developed, the hydroextractor and a stove for drying the 
samples and also laboratory equipment such as pipettes, 
cup holders and balance, and materials such as dyeing 
auxiliaries (anti-breakage agents and dispersant) and dyes. 
 

 
 

Figure-1. Mathis machine (ALT-B model). 
 

Three tests of polyester dyeing were performed 
with the following characteristic in Table-1. 
 

Table-1. Tests characteristics. 
 

Description Characteristic 

Fiber 100% Poliéster 150/34 

Sample 10 gr 

Color Red - light shade 

Color characteristics 
Terasil SD Yellow 1.760 gr 

Terasil SD Red 0.192gr 
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The dyeing curve shows the dosage order, the 
auxiliaries and dyes matching time and the dyeing process. 
It was considered as an average time of injection and 
washing time. 

This curve is the same in all the tests and gradient 
varies only in the temperature rise. It was not considered 
the previous wash neither the softening process of the 

fibers because it lacks of importance for the objective of 
this investigation. 

The temperature rises up to 130 ºC showed in 
Figure-2 helps the dyeing process and the diffusion of the 
dye in the polyester fibers. And the temperature drop to 70 
ºC avoid breaks in the fiber however a high temperature 
gradient may damage the fiber. 

 

 
 

Figure-2. Mathis machine (ALT-B model). 
 

The characteristics represented in Table-2 were 
considered to perform the Test Nº1 
 

Table-2. Test Nº 1 data. 
 

Tests Nº1 

Description Characteristic 

Temperature variation 40 – 130 °C 

Temperature gradient 6 °C/min 

Dyeing time 30 min 

Total time 01:24:30 h 

 
The characteristics represented in Table-3 were 

considered to perform the Test Nº2 
 

Table-3. Test Nº 2 data. 
 

Tests Nº2 

Description Characteristic 

Temperature variation 40 – 130 °C 

Temperature gradient 4 °C/min 

Dyeing time 30 min 

Total time 01:37:00 h 

 
The characteristics represented in Table-4 were 

considered to perform the Test Nº3. 
 

Table-4. Test Nº 3 data. 
 

Tests Nº3 

Description Characteristic 

Temperature variation 40 – 130 °C 

Temperature gradient 2 °C/min 

Dyeing time 30 min 

Total time 02:14:30 h 

 
At the end of the dyeing process in the laboratory 

the samples are taken to the quality area to measure the 
dye migration through the washing fastness test. 
 
RESULTS AND DISCUSSIONS 

After obtaining the three samples of dyed 
polyester fibers, it is shown that the test 1 results in a 
grainy material, has a bad matching of the dye throughout 
the fiber, and a regular fastness to washing, because the 
high gradient avoids the gradually diffusion of the dye into 
the fiber. 

Test Nº2 and Nº3 show good matching of the dye 
but the test Nº3 is the one that obtains a better washing 
fastness, which shows that a gradient of 2 °C/min results 
in a better dyeing quality and a better ratio of saving time 
because it prevents to redo the dyeing process. 

The initial rate of dyeing is doubled in the region 
between 100 ºC and 140 °C when dyeing polyester fibers. 
For this reason, necessary that the bath current is 
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sufficiently intense and uniform so that in each circuit pass 
through the fabric at the same temperature and at the same 
concentration. The bath should be fast enough in relation 
to the rate of rise of the dye. The faster heating, the 

smoother should be the dye feeding and the bath 
circulation. 

The dosage order represented in Table-5 shows 
the Test Nº1 dyeing curve. 

 
Table-5. Test Nº 1 - Dyeing curve. 

 

Task 
Test Nº 1 – Dyeing curve 

Dose ºC T TA 

Polyester dyeing 

Fill water/ prepair auxiliaries 40 2 1 

Inject and match auxiliaries 40 5 6 

pH measure/ prepare dyes 40 1 7 

Dose dyes 40 2 9 

Match dyes 40 5 14 

Warm the dyeing bath up to 130 ºC     (6 ºC gradient) 130 15 29 

Dyeing process 130 30 59 

Cool down the  dyeing bath to 70 ºC  (6 ºC gradient) 70 10 69 

Dispose of the bath 40 0.5 69.5 

Washing process 

Fill water/ warm up to 60 ºC 60 5 74.5 

Wash 60 2 76.5 

Dispose of the bath 40 0.5 77 

Fill water/ warm up to 60 ºC 60 5 82 

Wash 60 2 84 

Dispose of the bath 40 0.5 84.5 

 
The dosage order represented in Table-6 shows the Test Nº2 dyeing curve. 
 

Table-6. Test Nº 2 – Dyeing curve. 
 

Task 
Test Nº 2 – Dyeing curve 

Dose ºC T TA 

Polyester dyeing 

Fill water/ prepair auxiliaries 40 2 1 

Inject and match auxiliaries 40 5 6 

pH measure/ prepare dyes 40 1 7 

Dose dyes 40 2 9 

Match dyes 40 5 14 

Warm the dyeing bath up to 130 ºC   (4 ºC gradient) 130 22.5 36.5 

Dyeing process 130 30 66.5 

Cool down the dyeing bath to 70 ºC  (4 ºC gradient) 70 15 81.5 

Dispose of the bath 40 0.5 82 

Washing process 

Fill water/ warm up to 60 ºC 60 5 87 

Wash 60 2 89 

Dispose of the bath 40 0.5 89.5 

Fill water/ warm up to 60 ºC 60 5 94.5 

Wash 60 2 96.5 

Dispose of the bath 40 0.5 97 
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The dosage order represented in Table-7 shows the Test Nº3 dyeing curve. 
 

Table-7. Test Nº 3 – Dyeing curve. 
 

Task 
Test Nº 3 – Dyeing Curve 

Dose ºC T TA 

Polyester dyeing 

Fill water/ prepair auxiliaries 40 2 1 

Inject and match auxiliaries 40 5 6 

pH measure/ prepare dyes 40 1 7 

Dose dyes 40 2 9 

Match dyes 40 5 14 

Warm the dyeing bath up to 130 ºC   (2 ºC gradient) 130 45 59 

Dyeing process 130 30 89 

Cool down the dyeing bath to 70ºC  (2 ºC gradient) 70 30 119 

Dispose of the bath 40 0.5 119.5 

Washing process 

Fill water/ warm up to 60 ºC 60 5 124.5 

Wash 60 2 126.5 

Dispose of the bath 40 0.5 127 

Fill water/ warm up to 60 ºC 60 5 132 

Wash 60 2 134 

Dispose of the bath 40 0.5 134.5 

 
CONCLUSIONS 

Gradient less time means less time dyeing, but 
fails to meet quality standards. And the dispersants and 
auxiliaries used enable the correct homogenization. 

Dyeing polyester fibers at a gradient of 2 °C/min 
allows complete matching of the dye in the fiber, allowing 
a high diffusion which greatly reduces the migration of the 
dye and prevents the fiber breaks. 
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