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Abstract: Studying the performance of fabric compositions of flame-retardant-treated fabrics is 
gaining increasing scientific and practical importance, especially in the fields of safety and per-
sonal protection. This research focuses on analyzing the mechanical and sensory properties of 
flame-retardant-treated (2/1, 3/1) and warp-stretch (2/2) fabrics, and correlating these properties 
using SPSS statistical analysis to understand the relationship between the structural variables of 
the fabric composition and the functional performance of the treated fabric. The research aims 
to present a quantitative predictive model that helps improve the design of protective fabrics 
while evaluating the changes in properties after treatment based on objective sensory analysis.

The results showed that the warp-stretch fabrics (2/2) generally showed greater flame re-
sistance and were the best among the composites in tensile, stiffness, and tear properties 
(mechanically), while the filbert fabrics showed lower flame resistance, especially the filbert 
(1/3) with improved crease resistance after treatment (physical), while air permeability was not 
significantly affected by treatment. The sensory analysis results also showed variations in some 
sensory properties of the treated samples, especially those measured using fingertips (warmth, 
thickness, and drape), while the averages of the remaining properties were relatively common to 
all treated samples. Statistical correlation using SPSS also showed that mechanical properties 
can be predicted based on sensory analysis, as a strong significant correlation was observed for 
the test properties: stiffness, wrinkling, tensile strength, and friction resistance, with 14 sensory 
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1. Introduction

A fabric consists of two sets of threads interlaced at right 
angles. The first set is called the warp thread, and the 
other is called the edge thread. The warp thread extends 
lengthwise to the machine, while the edge thread ex-
tends transversely to the fabric. The machine interlocks 
the warp and edge threads in different ways, causing 
changes in the warp and edge coverage. This difference 
in interlacing creates what is called a “fabric structure” 
(Mamdouh et al., 2022). Plain weave is the most common 
and widely used fabric, with 80% of woven fabrics made 
using the plain weave method. This is due to its ease of 
manufacture, speed of production, and low cost. There 
are many derivatives of plain, including “extended toward 
the warp,” “extended toward the edge,” and “extended 
toward both the warp and edge” (hopscotch fabrics) 
(Muhyiddin, 2009).

Twill is the second most commonly used type of fabric 
structure and is generally characterized by the presence 
of oblique stripes at different angles. Twill fabric is usually 
more cohesive and durable than plain fabric (Muhyiddin, 
2009), (see Figure 1).

Final treatments constitute a very broad and import-
ant field in textile engineering. The process of finishing a 
fabric adds value or enhances its functionality and effec-
tiveness. The final treatment of textiles aims to make the 
fabric more attractive, more comfortable to use, as wrin-
kle-free as possible, and more resistant to various factors 
such as washing, wringing, friction, various weather con-
ditions, etc. Treatments are of two types: mechanical and 
chemical (Lutfor Rahman & Tumpa, 2023).

The final processing of textiles depends on several 
factors, the most important of which are: the quality of 
the fibers and their arrangement in the yarns, the qual-
ity of the fabric structure, and the physical properties 
of the fabric (Wiam, 2021). Fabric preparation processes 

are also carried out before final processing, where waxes 
and oils on the surfaces of the fibers, especially cellulos-
ic ones, must be removed to ensure good absorbency 
(Ziad, 2017).

Textiles are an essential part of daily life and must 
therefore be used as a means of protecting humans from 
these hazards, such as treating fabrics against fire, mois-
ture, static electricity, and wrinkling (Ahed, 2019).

The final chemical treatment of textiles provides im-
portant performance properties in flame resistance, 
protecting consumers, especially firefighters and emer-
gency personnel who need protection from fires while 
performing their duties. Combustion is an exothermic 
reaction and a process that requires three components: 
heat, oxygen, and the appropriate fuel. When a fire is left 
unchecked, combustion becomes self-catalyzed and will 
continue until the oxygen, fuel supply, or excess heat is 
exhausted, as shown in Figure 2 (Dechant, 1985).

properties measured based on human hand sensation, with a (Pearson >0.92) and a statisti-
cal significance level of (P≤0.1* ʻP≤0.05**). The study successfully predicted some physical and 
mechanical properties of fabrics, while also shortening the testing step on measuring devices 
by determining the corresponding sensory properties according to the fabric texture based on 
tactile sensation.

Keywords: Flame resistance, textile structure, sensory 
analysis, final processing, Pearson coefficient, SPSS.
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Figure 1. Some fabric structures, (A) plain, 
(B) quilted (Muhyiddin, 2009).
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sensory analysis is the quantitative descriptive meth-
od, which allows for a complete sensory description of 
products (such as texture, appearance, consistency, and 
smell) using expressive descriptive words by a trained 
jury. According to this method, the sensory difference 
between products is indicated and the amount of this 
difference is determined quantitatively, allowing for an 
accurate, objective sensory evaluation that compares the 
differences between the sensory specifications of several 
products (Civille et al., 2024; ISO, N. 1995). The protocol 
used to apply the quantitative descriptive method in sen-
sory analysis can be implemented through the following 
steps, as specified in the international standard ISO NF 
11035. This includes selecting the evaluation committee, 
selecting the sensory vocabulary, and training and mon-
itoring the committee (ISO, 2023).

Nawaz et al. (2011) studied the changes in the surface 
properties of fabrics used in firefighter protective cloth-
ing due to flame-retardant treatment. They found that 

The most important commercial flame retardants 
can be classified into three categories: primary flame 
retardants based on phosphorus, halogens (Ehrler & 
Schmeer-Lioe 1991), synergistic enhancers which have 
small flame retardant effects on their own, and also signifi-
cantly enhance primary flame retardants (nitrogen-based 
flame retardants with phosphorus and antimony-based 
flame retardants with halogens), and auxiliary flame 
retardants which exhibit their activity through physical 
effects (borates, alumina trihydrate, calcium carbonate) 
(Mahall, 1972).

Inorganic salts can provide excellent flame-retardant 
properties to cellulose, along with its wash stability. 
Therefore, treatment should be incorporated into any 
finishing stage intended for garment use. The most suc-
cessful permanent flame retardants for cellulose are 
based on chemical systems containing phosphorus and 
nitrogen, which can react with the fibers and form cross-
linked structures on them. One such finishing treatment 
consists of tetrahydroxymethylphosphonium chloride 
(THPC), which is made from phosphine, formaldehyde, 
and hydrochloric acid. THPC reacts with urea to form an 
insoluble structure on cellulose during the drying pro-
cess, (see Figure 3) (Ehrler & Schmeer-Lioe 1991).

The properties of fabrics are greatly influenced by 
many structural variables, starting with the type of raw 
material, the number and density of the threads, as well 
as the weaving structure and operating conditions of 
each type of woven fabric.

The most important properties of fabrics are: tensile 
strength and elongation, draping tear strength, wrinkling, 
air permeability, weight per square meter, thickness, and 
friction (Collier & Epps, 1999).

The texture of fabrics is defined as the quality of the 
fabric or threads evaluated through the effect obtained 
from the sense of touch (Bishop, 1996).

Sensory analysis has evolved from being a mere sen-
sory testing method to a study in itself to reveal people’s 
tendencies and desires for a particular product and to 
meet all requirements. This helps textile companies build 
advanced marketing plans that cater to all opinions and 
tastes (Ragot, 1997). The concept of hand touch is direct-
ly related to such qualities that express a fabric sample: 
brittle, dry, flexible, thin, grainy, rough, smooth, papery, 
cold, warm, oily surface, thick (Bishop, 1996).

There are three main methods for conducting sensory 
analysis of products. These methods are sensory tests 
that can be applied according to the information sought 
for the product: discriminative, temperamental, and de-
scriptive tests. One of the methods used in descriptive 

Figure 3. Interaction of THPC with urea 
(Ehrler & Schmeer-Lioe 1991).

Figure 2. Fiber combustion cycle (Dechant, 1985).
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the initial MIU was lower than the wet state, while the 
SMD was lower than the wet state for samples of 100% 
wool, 100% cotton, and 100% polyester, and higher for 
the remaining samples (Nawaz et  al., 2011). Tang et  al. 
(2017) studied the flammability, comfort, and mechani-
cal properties of plant-structured fabrics and found that 
treatment with inhibitors had adverse effects on comfort 
and mechanical properties (Tang et al., 2017). In 2022, Yu 
Chen and Ying Liao studied the use of final flame-retar-
dant treatments using phosphorus-based reactions. The 
results showed good washing stability, thermal stabili-
ty, and combustion behavior for cotton, evaluated using 
thermogravimetry (TG), which measures the mass of a 
sample while it is heated or cooled (Chen et al., 2022).

SPSS

IBM’s SPSS statistical analysis software offers advanced 
statistical analysis, an extensive library of machine learn-
ing and text analysis algorithms, open-source scalability, 
integration with big data, and seamless deployment into 
applications. SPSS stands for Statistical Package for 
Social Sciences. SPSS provides many graphs that best 
illustrate results. These graphs can be used in research 
papers to present the results of a study.

A set of instructions is followed to arrive at a correlation 
coefficient between these results, as follows (DeCoster & 
Claypool, 2004):

correlate → private → Analyze

Despite extensive research, there is still a gap in under-
standing the relationship between the fabric composition 
of the treated material and its mechanical and sensory 
properties. Flame-retardant treatment often leads to 
undesirable changes in material properties, particularly 
durability and wear comfort. Hence, the need to develop 
predictive models that allow fabric designers to predict 
final fabric performance based on measurable variables. 
This research presents a methodology for using multi-
ple regression analysis to analyze fabric data using SPSS, 
which can subsequently be provided to textile manufac-
turers to enable them to select the optimal composition 
to achieve a balance between properties and usage.

2. Materials and Methods

2.1. Materials
This research was conducted on raw cotton fabrics us-
ing 4% sodium hydroxide and 8% hydrogen peroxide 

bleaching agents, flame-retardant treatment media. The 
proportions of these agents are shown in Table 1.

Table 1. proportions of materials used to retard flame.

Phosphorus acid Urea gr/l Trichloroacetic 
acid gr/l

Basin 
ratio

14 ml/ 100 ml H2O 50 50 1:124

2.2. Equipment

The laboratory equipment used in the research is list-
ed in Table 2 along with their technical and standard 
specifications.

Table 2. Technical specifications of laboratory equipment.

Device Model /
manufacturing

Testing standard

Drying oven SDL International -

Foulard device “Local 
manufacturing”

-

Tear testing device BS 4303-199

Friction resistance 
measuring device

Martindale ASTM D4966-98

Air permeability 
measuring device

“Local 
manufacturing”

ASTM D737

Tensile strength 
measuring device

Tinius Olsen H50KS ASTM D5034-2001

Crease angle 
measuring device

AATCC 128

Fabric thickness 
measuring device

Maesdan ASTM-D1777

3. Sample Analysis and Processing

The studied cotton fabrics with cooled and plain weave 
structures were analyzed, and their specifications were 
determined in Table 3.

The sample preparation process involved bleaching 
the raw cotton fabric and removing the starch simultane-
ously to remove impurities and the starch applied during 
the starching process. The sample was also increased in 
hydrophilicity and water affinity using sodium hydroxide 
4%, hydrogenated water 8%, and a few drops of hydroge-
nated water stabilizer, at a bath ratio of 1:20. The water 
bath temperature was raised to 100 °C, and the prepa-
ration process continued at a boiling point for an hour. 
The samples were then rinsed and adjusted with acetic 
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acid, then rinsed with plain water and dried at laboratory 
temperature.

Table 3. Specifications of the fabric samples used.

Sample number 1 2 3

Fabric composition refrigerant
1/3

Warp-stretch
2/2

refrigerant
1/2

Nature of raw 
material

Cotton 100%

Square meter 
weight

269 358 258

Warp density 30 28 36

Weft density 16 13 18

Warp number 12 7 16

Weft number 12 7 12

Yarn type Rotary

Flame-resistant treatment
The treatment medium was prepared by taking 100 ml of 
distilled water, adding 5 g of trichloroanthomone, adding 
5 g of urea, and then 14 ml of phosphoric acid, while heat-
ing until completely dissolved, making sure to cover the 
sample. After removing the samples from the basin, they 
were squeezed using a Volar device to remove the excess 
solution, then dried in a drying oven at a temperature of 
80 °C and aged at 100 °C degrees for five minutes.

Flame resistance properties were determined ac-
cording to the Sanders test. The test was carried out by 
bringing a flame close to a test sample measuring (103.5) 
inches, suspended vertically, for three seconds. The sam-
ple was considered to have passed the test if the average 
combustion length, when melting or burning, did not ex-
ceed 17.5 cm, no sample burned along its entire length, 
and the secondary combustion time (RFT) for each in-
dividual sample did not exceed 10 seconds (Mamdouh 
et al., 2022; Muhyiddin, 2009).

The treated samples were subjected to air permeabil-
ity, thickness, tensile tear hardness, wrinkling, friction, 
and weight per square meter tests, according to the stan-
dard specifications mentioned in Table 2.

4. Results

4.1. Physical and Mechanical Tests
Figure 4 clearly shows the superiority of the warp-stretch 
(2/2) construction in flame resistance compared to twill 
fabrics. The nature of the warp construction contributes 
to the improved flame resistance property of the fabrics.

It is noted from Figure 5-A that the air permeability de-
creased in the flame-resistant treated samples compared 
to the reference samples. This is due to the placement of 
the particles of the materials that make up the solution 
within the spaces between the fabric and on the surface 
of the fibers, which led to a decrease in air permeability. 
The air permeability varied according to the density of 
the fabric, and was lower for the denser fabric. The first 
sample was more permeable than the third sample. The 
permeability of the plain fabric, the second sample, was 
less compared to the rest of the samples, due to its high 
absorbency.
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Figure 4. Flame test results.
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Figure 5. Results of tests: A) air permeability; B) thickness.
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It is noted from Figure 5-B that the thickness of the 
flame-retardant-treated samples increased compared to 
the reference samples. This is due to the deposition of the 
flame-retardant treatment solution components on the 
surface, which then slightly increased the thickness of the 
fabric. The thickness of the samples also varied according 
to the thread number, weight per square meter, and type 
of threads used. The second sample, with a plain weave 
construction, was thicker than the samples with a cooled 
weave construction. This increase remains insignificant 
given the standard deviation.

Figure 6-A shows an increase in the stiffness of the 
flame-retardant-treated fabrics compared to the refer-
ence fabric. This is due to the increased weight of the 
flame-retardant-treated samples, as the weight of the 
samples increased with the increase in their absorption 
rate and density. The weight of the first sample increased 
more than the third sample, and thus its stiffness in-
creased significantly, while the second sample was stiffer 
than the rest of the samples.

It is noted from Figure 6-B that the tear strength of the 
flame-resistant treated fabric decreased compared to the 
reference fabric. This is due to the decreased durability of 
the fabric and the weakening of the fiber structure due to 
the use of phosphoric acid as one of the components of 
the flame-resistant treated solution. The fabrics varied 
in tear strength value according to the density and num-
ber of threads. The third sample required a greater tear 
strength than the first sample due to its higher density, 
while the second sample required a greater tear strength 
than the rest of the treated samples due to the thicker 
number of threads.

It is noted from Figure 7-A that the tensile strength of 
the flame-treated fabric decreased compared to the ref-
erence fabric. This is due to the weakening of the fabric 
structure for the same reasons as the low tear strength, 
namely the presence of phosphoric acid, and thus the 
reduced tear strength resulting from tension.

It is also noted from Figure 7-B that the crease recov-
ery angle of the flame-treated fabric increased compared 
to the reference samples. This is due to the flame solution 
treatment process improving the crease-resistant prop-
erties due to the bonding of the solution components, 
such as urea, with the hydroxyl groups in cellulose and 
reducing the hydrogen bonds that cause creases. The 
third, denser sample had less crease compared to the 
first sample, and the second sample had more creases 
compared to the rest of the samples due to the thickness 
of its threads and the increased weight.
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Figure 6. Results of tests: A) hardness; B) tear strength.
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Figure 7. Results of tests: A) tensile strength; B) wrinkle.
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Regarding friction Figure 8-A, it was observed that 
most of the flame-treated samples were worn compared 
to the reference samples due to damage to the cotton 
fibers using phosphoric acid, so they were easily worn as 
a result of friction. Most of the samples did not wear out 
at a number of (100) cycles, and most of them wore out 
at a number of (200) cycles, with the exception of sample 
(2), which began to wear out at (300) cycles due to the 
thickness of its threads and its high density.

It was also noted that the weight of the flame-treated 
samples increased compared to the reference samples 
(ASTM D3776-96), as the weights of the samples increased 
after treatment. This is because the treatment principle is 
based on loading the treatment solution onto the fabric, 
as shown in Figure 8-B.

4.2. Sensory Analysis

Selecting the Sensory Evaluation Committee 
and Determining the Vocabulary
A descriptive quantitative analysis protocol was adopted 
by selecting a committee of 10 to 12 people. A tactile sen-
sory evaluation committee was selected from a group of 
trainee engineers in the Textile Engineering Department.

In this study, the evaluation committee was selected, 
consisting of 10 engineers from the Textile Engineering 
Department at the University of Homs. They have exten-
sive experience in evaluating fabrics, having participated 
in numerous research projects in this field.

Based on the selection of objective descriptive words 
that reflect the true quality of the fabric, a list of (15) 
sensory vocabulary specifications was used in previous 
studies and previously used by the evaluation team in the 
Textile Engineering Department at the University of Homs 
to characterize textiles. The list of sensory vocabulary is 
explained as follows:

General vocabulary for describing fabric using fingertips:
•	Cold-warm
•	Thin-thick
•	Light-heavy
•	Supple-rigid
•	Falling-nonfalling

Specifications for the surface structure of the fabric to 
characterize the fabric using the thumb and index finger:

•	Sticky-nonsticky
•	Slippery-nonslippery
•	Soft-nonsoft 
•	Granules-nongranules

•	Greasy-nongreasy
•	Hairiness-nonhairiness
•	Raised-nonraised

Full hand specification:

•	Elastic-nonelastic
•	Responsive-nonresponsive
•	Crumple-like

The committee used an ungraded evaluation scale (0-10).

Sensory evaluation and results
The samples were presented to the selected commit-
tee, and each participant was asked to run their fingers 
over the fabric or feel it with their entire hand, based 
on the sensory specifications to be evaluated, as men-
tioned above. They held the edge of the fabric between 
their forefinger and thumb and rubbed it first widthwise, 
then lengthwise, then in a circular motion. Each time 
they touched the fabric, they asked themselves about its 
drapeability, flexibility, warmth, softness, smoothness, 
and other previously selected characteristics.
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Figure 8. Results of tests: A) friction (loss by 
weight), B) weight per square meter.
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Fabric samples were prepared, measuring 20 x 20 cm, 
and given to the team members one by one in random 
order. Prior to testing, the samples were kept under stan-
dard conditions of temperature 20 and humidity 65 for 
at least 24 hours. The tests were conducted in a room 
where the temperature and humidity were constant. Be-
fore evaluation, the team members’ hands were washed 
and dried to avoid deviations that may occur as a result 
of using cosmetics and other products on their hands.

Each evaluation session (two sessions) lasted 30 min-
utes, because the hands become less sensitive if the test is 
too long. The evaluation was conducted in a box prepared 
for sensory analysis, as shown in Figure 9, so that members 
of the evaluation committee could not see the samples.

The committee members were trained to measure the 
quantification of each item to ensure consistency in eval-
uation. The arithmetic mean value was then calculated 
for each sensory item. After verifying the repeatability 
test and ensuring the committee members’ readiness to 
conduct the test, the sensory evaluations of the different 
samples were compared. Figure 10 shows the results of 
the sensory analysis of the samples.

It is noted from Figure 10-A that the flame-treated 
sample was thicker, heavier, and rigider.

It was more non-falling than the reference sample. 
The flame-resistant treatment did not affect the slipperi-
ness, sticky, softness, and non-greasy texture properties, 
which were similar to those of the reference samples. The 
treated and untreated samples also exhibited a non-hair-
iness and non-raised surface. The treated samples were 
also less elastic, more responsive, and crumble.

It is noted from Figure 10-B that the second sample 
exhibited similar properties between the treated and 
untreated samples in terms of thickness, heaviness, ri-
gidity, sticky, slipperiness, elastic, responsive, and like. 
The treated sample was also colder, non-falling, and 
more non-hairiness than the reference samples, and 
had a softer, non-raised surface While the treated and 
untreated samples exhibited the same properties in Fig-
ure 10-C, they were cold, thin, light, supple, non-sticky, 
non-hairiness, non-elastic, and non-responsive. The 
treated samples were more falling, non-slippery, less 
soft, non-granules, had a non-raised surface, and like 
more quickly compared to the untreated samples.

The results of the sensory analysis also showed that 
some sensory properties differed according to the tis-
sue composition of the treated samples, especially those 
measured using fingertips, while the averages of the re-
maining properties were relatively similar for all treated 
samples compared to the reference samples, as in Table 4.

Table 4. Sensory properties with values 
common to treated samples.

Reference Flame Retardant Treatment

Sticky-Nonsticky √

Slippery-Nonslippery √

Soft-Nonsoft √

Granules-Nongranules √

Greasy-Nongreasy √

Hairiness-Nonhairiness √

Raised-Nonraised √

Elastic-Nonelastic √

4.3. Statistical Analysis Using SPSS: 
Function Correlation Coefficient
By conducting a careful statistical analysis of the results of 
the physical and mechanical tests with the results of the 
sensory analysis using SPSS, and including the correlation 
coefficient values ​​between the sensory properties and 
the previous physical and mechanical properties of the 
first sample (reference), it was found that the hardness 
value is related to the sensory properties (Light-Heavy, 
Supple-Rigid, Falling-Nonfalling, Raised-Nonraised), the 
wrinkle recovery angle values ​​are related to the follow-
ing sensory properties (Light-Heavy, Falling-Nonfalling), 
the tensile strength value is related to the following sen-
sory properties (Cold-Warm, Light-Heavy, Supple-Rigid, 
Falling-Nonfalling, Sticky-Nonsticky, Granules-Nongran-
ules, Hairiness-Nonhairiness, Raised-Nonraised), and the 
weight loss value due to friction is related to the following 
sensory properties (Light-Heavy, Falling-Nonfalling, Gran-
ules-Nongranules, Raised-Nonraised, Elastic-Nonelastic). 
This is according to the Pearson correlation coefficients 
shown in Table 5. Similarly, the results of the remaining 
samples were analyzed, and the correlation coefficients 
between the physical and mechanical properties and the 
sensory properties that gave the best correlation were 
included, and they were listed in Tables 6-10.

Figure 9. Touch sample analysis procedure box.
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Figure 10. Sensory analysis results for the reference and treated sample:  
A) refrigerant 1/3, B) Warp-stretch 2/2, C) refrigerant 1/2. 
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Table 5. Results of the correlation between sensory analysis and physical and mechanical  
properties of the first reference sample (refrigerant 1/3).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.9900.045Cold-Warm

0.9450.1060.8490.0760.9820.0610.8770.062Light-Heavy

0.9990.0020.9900.045Supple-Rigid

0.9710.0770.8050.0970.9950.0320.9540.023Falling-Nonfalling

0.9820.061Sticky-Nonsticky

0.9900.0450.9960.002Granules-Nongranules

0.9560.095Hairiness-Nonhairiness

0.9770.0680.9980.0220.9600.020Raised-Nonraised

0.8370.081Elastic-Nonelastic

Table 6. Results of the correlation between sensory analysis and physical and mechanical 
properties of the first flame-treated sample (refrigerant 1/3).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.9720.075Cold-Warm

10.003Thin-Thick

0.9980.0030.900.050.8370.082Falling-Nonfalling

0.9960.02Slippery-Nonslippery

0.8570.072Raised-Nonraised

0.9590.091Elastic-Nonelastic

0.9970.0030.840.08Responsive-Nonresponsive

0.9420.1090.9570.022Crumple-Like

Table 7. Results of the correlation between sensory analysis and physical and mechanical 
properties of the second reference sample (Warp-stretch 2/2).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.9900.0110.9470.0530.990.09Light-Heavy

0.90.1Sticky-Nonsticky

0.9960.057Slippery-Nonslippery

0.9660.0570.9990.033Soft-Nonsoft

0.9970.0030.9970.049Raised-Nonraised

0.9220.078Crumple-Like
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Table 8. Results of the correlation between sensory analysis and physical and mechanical 
properties of the second flame-treated sample (Warp-stretch 2/2).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.9840.0570.9470.0270.8670.066Thin-Thick

0.9290.035Supple-Rigid

0.9730.0140.9960.028Falling-Nonfalling

0.9880.049Slippery-Nonslippery

0.9900.0050.9960.028Soft-Nonsoft

0.9950.03Greasy-Nongreasy

0.9110.044Responsive-Nonresponsive

0.8730.064Crumple-Like

Table 9. Results of the correlation between sensory analysis and physical and mechanical  
properties of the third reference sample (refrigerant 1/2).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.9900.010.9930.020.9950.0070.9870.03Supple-Rigid

0.8170.092Sticky-Nonsticky

0.9860.04Granules-Nongranules

0.9270.036Hairiness-Nonhairiness

0.8170.092Raised-Nonraised

0.9430.029Responsive-Nonresponsive

0.8710.0640.9260.037Crumple-Like

Table 10. Results of the correlation between sensory analysis and physical and mechanical 
properties of the third flame-treated sample (refrigerant 1/2).

Physical propertiesMechanical propertiesSensory properties

HardnessCrease recovery angleTensile strengthWeight loss (friction)

Pearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

SigPearson 
correlation

Sig

0.950.1Cold-Warm

0.9610.089Thin-Thick

0.9820.061Light-Heavy

0.9210.0390.9820.061Supple-Rigid

0.9900.020.9960.003Falling-Nonfalling

0.8270.087Slippery-Nonslippery

0.950.1Granules-Nongranules

0.9790.0660.8540.0730.8570.071Raised-Nonraised

0.9270.036Responsive-Nonresponsive
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Based on the previous tables, it was noted that (hard-
ness, wrinkle resistance, tensile strength, and friction) 
resistance were clearly related in most samples to a group 
of studied sensory properties that were listed in Table 11.

Table 11. Results of statistical analysis 
according to SPSS, (P≤0.1* ʻP≤0.05**).

Physical and 
Mechanical 
Properties

Common Properties Evaluation

Hardness Falling-Nonfalling
Thin-Thick
Supple-Rigid
Light-Heavy

**
**
**
**

Crease recovery 
angle

Light-Heavy
Falling-Nonfalling
Raised-Nonraised
Supple-Rigid
Crumple-Like

*
**
*
**
**

Tensile strength Light-Heavy
Cold-Warm
Falling-Nonfalling
Supple-Rigid
Raised-Nonraised
Soft-Nonsoft

*
**
**
**
**
**

Weight loss 
(friction)

Slippery-Nonslippery
Falling-Nonfalling
Raised-Nonraised
Responsive-
Nonresponsive
Crumple-Like

**
**
**
**

*

Conclusion

Final flame-retardant treatments were successfully per-
formed on a group of fabrics with different textures. Their 
mechanical and sensory properties after treatment were 
studied, compared to reference samples, and statistically 
evaluated. All treated samples demonstrated flame re-
sistance, with the lowest burning length being observed 
for sample 2 (plain warp-stretched 2/2). Regarding the 
physical and mechanical properties, a decrease in air 
permeability was observed, with the lowest value being 
found in the samples with warp-stretched 2/2. This was 
due to the penetration of the solution into the voids of the 
plain weave due to its high absorbency compared to the 
coolant. However, this decrease was not significant. The 

thickness and weight per square meter increased slightly, 
and a significant increase in the stiffness of the fabrics 
was observed as a result of the treatment, along with 
a substantial improvement in wrinkle resistance. Never-
theless, the tear strength, tensile strength, and abrasion 
resistance decreased significantly due to the use of phos-
phoric acid in the treatment, which negatively affected 
the fabric properties. Therefore, it can be said that the 
flame-retardant treatment process was successful in im-
proving the flame-retardant and physical properties of 
the fabrics, while it significantly affected the mechanical 
properties.

The concept of comfort was studied by examining 
the sensory properties of treated fabrics and evaluating 
the fabric’s texture. This was achieved by applying sen-
sory analysis (quantitative and descriptive analysis) by 
a committee of 10 textile engineers. The results showed 
differences in some sensory properties of the treated 
samples, especially those measured using fingertips, 
while the averages of the remaining properties were rel-
atively common for all treated samples.

A statistical analysis study was conducted using SPSS 
to link the results of the physical and mechanical tests of 
the treated fabrics with the results of the sensory analysis 
of the sensory properties. Accordingly, it was observed 
that (stiffness - resistance to wrinkling - tensile strength 
- friction resistance) in most samples clearly correlated 
with a group of the studied sensory properties. Therefore, 
it can be said that some of the physical and mechanical 
properties of fabrics can be determined without testing 
them on devices by determining their sensory proper-
ties according to the texture of the fabric, relying on the 
senses.
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