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Abstract: Development in technical in textiles especially 
nonwoven fabrics/materials offers a brightly limitless prospect for 
the textile industry to lance into an extensive series of applications 
ranging from earth to space and beyond. Nonwoven industrial 
wipes fabric properties are the result of production technology and 
the combination of fabric constructional parameters. This work 
looks into the effect of fabric parameters on the desired properties 
of nonwoven industrial wipes fabricated by needle punching 
technique with the utilization of viscose and polyester fibres and 
their blends using RSM. The basic and essential characterization 
techniques to obtain information related to physiochemical 
properties of the nonwoven fabrics, using analytical investigation 
techniques have been evaluated. The results obtained established 
that the fabric parameters have a great influence on the nonwoven 
fabric structure and ultimately its properties. The result revealed 
that higher content of PET fibres led to a reduction in the vertical 
wicking rate, but better rising height can be achieved at samples 
made from 100 % of viscose fibres. Also, the influence of pore size 
and porosity largely influenced the fabric characteristics. The 
fibre volume fraction on the strength of nonwovens has been 
studied. The fabricated wipes present themselves as potential 
candidates for highly absorbent industrial wipes. 

Keywords: Textiles, Nonwovens, Bonding, Web formation, 
Consumer wipes, Industrial wipes, Market, Technology. 

I. INTRODUCTION 

The utilization of nonwovens has significantly augmented 

along with constant annual growth of 5–10% within the last 
decades [1,2]. Diverse nonwovens call for different fabric 
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properties such as nature of polymeric material used for the 
fabrication of the fibres, fibre linear density, fibre shape, fibre 
surface roughness, and surface functions groups, fibre 
size/diameter, packing density, web pore size, fibre 
orientation angle (FOA) within the nonwoven, and so on. The 
aforementioned properties also influence the physical, 
mechanical and chemical performance like wicking rate, 
contact angle, mechanical strength, thermal and acoustic 
insulating properties, water/air permeability, barrier 
properties, etc. in the nonwoven fabric especially nonwoven 
industrial wipes (NIW). Summarily, NIWs properties are 
affected by the fibre, fabric, and other properties as depicted 
in Fig. 1. These properties, in turn, influence the fabric basic 
weight, packing density, porosity which in turn controls the 
properties and performance of the nonwovens. Whenever a 
nonwoven is intended for NIWs application, hydrophilic 
(cotton, viscose rayon, hydrophilic polyester, rayon, viscose, 
acetate and spun nylon, etc.), oleophilic (polyester, acrylic, 
modacrylic, polypropylene (PP) or polyethylene (PE), etc.) 
and other fibres are selected based on the fluid to be 
wiped/absorbed. The fluid absorbed subjugates the voids 
unoccupied by the fibres (i.e., the pores). This unoccupied 
void (porosity) in the NIW structure determines the amount of 
fluid absorbed. The fluid viscosity also influences the design 
and engineering of the NIW structure been a vital factor that 
affects the wicking rate/capillary force within the NIW fabric 
capable of storing and releasing the absorbed fluid. 

 
Fig. 1: Factors affecting the NIWs 

properties/performance 
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Development in technical textiles especially nonwoven 
fabrics/materials offers a brightly limitless prospect for the 
textile industry to lance into an extensive series of 
applications ranging from earth to space and beyond. 
Nonwovens are defined by ISO as structures of textile 
materials, such as fibres, continuous filaments, or chopped 

yarns of any nature or origin, that have been formed into webs 
by any means, and bonded together by any means, excluding 
the interlacing of yarns as in woven fabric, knitted fabric, 
laces, braided fabric or tufted fabric [1].  At the onset, 
nonwovens were used conventionally in medical textiles: 
conversely, nonwovens have within the last decades made an 
outstanding impact in new areas such as industrial wipes. 
 One of the prime benefits offered by NIWs/IWs is 
expediency; using a wipe is speedier and easier in comparison 
to conventional methods of dispensing a liquid and then using 
a second cloth/towel to clean or eliminate the liquid: 
industrial wipes particularly prewetted wipes do both of the 
aforementioned processes without the need for a 
solvent/liquid.  Multilayer and blend engineered IWs have 
reportedly been shown to absorb more water and oil than 
orthodox rags and stay strong for superior performance and 
the disposable cloths clean oil, dirt, grime, and solvents while 
remaining resistant to harsh cleaning agents [3,4]. IWs 
(categorized as disposable and semi-durable wipes) are 
produced from woven, nonwovens, nonwoven composites 
and flock fibres, etc. [3,4].  There are reports on the study on 
several properties of wipes for diverse applications in 
literature [3,4,5]. This paper presents a study on the effect of 
fabric/processing parameters on the properties of novel 
engineered nonwoven virgin polyester, viscose and their 
blends such as porosity, pore volume/size, bending rigidity, 
abrasion resistance, surface properties, wetting, wicking rate, 
compressional properties, and surface morphology properties 
using response surface methodology optimization approach. 
The consideration of such blends for IWs applications has not 
been reported nor studied up to date.  The fabrication of 
nonwoven IWs (NIWs) using a blend of nontoxic hydrophilic 
fibres for hygiene products is regarded by its excellence in 
demand on the products.  Looking at the industrial-consumer 
end of the NIWs market, the principal trend has been efforts 
by manufacturers to upsurge the market portion occupied by 
eco-friendly NIWs above competitors producing 
non-eco-friendly rags or rental shop towels: our drive is to 
present an eco-friendly material via facile approach for the 
fabrication and potential application of polymer fibre blend 
NIWs under optimized conditions. 

II. MATERIALS AND METHODS 

 The materials used in this work are polyester and viscose 
rayon fibres. The fibres were used to fabricate a number of 
nonwovens as presented in Table 1. All NIW samples were 
conditioned as specified by standard atmospheric conditions 
of 21 ± 1°C and 65 ± 2% relative humidity within a period of 
~24 h before commencing testing. 

 Table 1: Features of wipes adopted. 

Sample Composition 
Thickness 

(mm) 
GSM 

Average pore 
size (µm) 

P10 PET100 0.624±0.046 59.6±0.37 
16.144 

V10 VES100 1.632±0.099 122.2±0.59 7.702 
V6P4 VES60PET40 1.976±0.042 121±0.11 18.247 
V7P4 VES70PET30 1.878±0.053 113.4±0.44 16.131 

2.1. Characterization 

2.1.1. Scanning electron microscopy (SEM) 

The surface morphology of all the samples was observed 
using a ZEISS EVO 18 scanning electron microscope (SEM). 
The samples were gold-coated before it was mounted on the 
sample holder of the SEM. The acceleration voltage was set at 
15 kV and a distance of 8 mm. The diameter of the samples 
was determined directly from the SEM images. The average 
pore size (μm) and area (μm

2) of the specimens were 
evaluated via ImageJ software. 

2.1.2. Mass per unit area analysis 

The mass of the samples per unit area (g/m²) was estimated 
using ISO 9073‐1: 1989, DIN EN 29073/DIN EN 1227 

(NWSP 130.1.R0 (15)) or WSP 130.1, ASTM D3776/ 
D3776M-09a(2017), etc. The analysis was executed by 
weighing the sample having dimensions (m) as specified in 
the aforementioned standard and then the weight (g) was 
divided by the area (m2) of the sample to get the mass per unit 
area also known as GSM. 

2.1.3. Sample thickness analysis 

The average thickness of the IWs was measured following 
DIN EN ISO 5084, ISO 9073‐2: 1995 (NWSP 120.6.R0 

(15)), ASTM D1777 - 96(2019), with the help of a thickness 
gauge (analogue/digital in mm) by subjecting the test 
specimen to a predetermined pressure between two 
plane-parallel plates. The distance between the plates was 
recorded as the thickness of the specimens. 

2.1.4. Measurement of NIW vertical wicking rate 

The vertical wicking rates of the IWs samples were tested 
according to DIN 53924 by measuring the wicking height 
against gravity along the longitudinal direction of the 
specimen. Five IW strips for each sample having dimension 
of 200×25 mm, with a 10 mm distance line mark from the 
lower edge of the strip were preconditioned for 24 hours in a 
standard testing atmosphere of 20±2 oC and 65±2 % of 
relative humidity (ISO 139:2005(E)). Each tested sample was 
suspended vertically with its bottom ends at an immersion 
depth into a methylene blue solution along with the activation 
of the stopwatch at the same time (Fig. 2). The rising 
capillary/wicking height was recorded, and the average value 
was determined and considered as the final result.  

 
Fig. 2: Scheme: capillary liquid absorption (vertical 

wicking rate) of cleaning wipers 
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2.1.5. Process optimization for VWR using RSM 

Optimization of the VWR adsorption the NIWs was carried 
out with a three-factor three-level central composite design 
model designed by the central composite design (CCD) 
feature of RSM using Design Expert (Version 7.0 
Minneapolis, USA). The selected process variables include 
fibre density, porosity, and GSM. The VWR of the NIWs was 
carefully chosen as the output response and estimated from 
the experiments comprising six repetitions at the central point 
as suggested by this model.  

The experiment collection, levels of the independent 
variables, and experiments commended by the RSM (CCD) is 
shown in Table S1, S2, S3, and S4. The influence of the 
inter-parameter relations on the chosen process as shown in 
this study is depicted as 3D plots Fig 10, 11, 12, and 13 which 
were also utilized for the determination of the optimum 
conditions enabling maximum process proficiency. The 
experiments were in triplicate repeated and the mean values 
were taken for the final data examination. The empirical 
relationship of the three chosen independent variables in this 
study is determined using the quadratic polynomial equation 
as shown below: 

.… (i) 
Where, Y represents dependent variable(response), m0is the 

constant coefficient, m( = i,j,ij) is the regression 
coefficients of linear, quadratic and interaction models 
respectively, x( = i,j) represents the experimental 
parameters (independent variables) and e denotes the error. 
The optimized experimental conditions for guaranteeing 
maximum effectiveness of the process governed using 
Derringer’s desirability function [6]. 

2.1.6. Moisture absorption (MA) and moisture content 
analysis 

The moisture absorption and moisture content were 
determined according to NWSP 230.0.R2 (15) ISO 
17190-4:2001. Three samples were dried to a constant weight 
(W1) in a vacuum oven at 80 – 100 °C. The NIW samples 
were then kept in a 75% constant R.H atmosphere fashioned 
with the help of hermetic glass desiccators containing 
saturated CaCl2 solution.  

The weight (W2) of all the samples was considered after 24 
h. M.A of specimens was determined by adopting equation 
(ii) [7,8]. Again, the M.C of the specimens was estimated by 
drying the samples to a constant weight (W1) in a vacuum 
oven at 80 -100 °C and kept in a constant humidity chamber 
(desiccators) containing activated silica for 24 hours. The 
weight of each sample was repeatedly weighed until an 
equilibrium weight was attained. The percentage of moisture 
content has been calculated using the following equation (iii). 

Moisture absorption (%) = [(w2 –w1)/w1] x 100    (ii)  
Moisture content (%) = [(w1 –w2)/ w2] x 100    (iii) 

3.1.7. Packing density and porosity analysis 

The packing density of NIWs can be determined from the 
GSM (fabric basis weight), the fabric thickness, and the fibre 
density. The porosity (ε) of NIW presents information about 
the entire pore volume of the porous material. NIW ε is 
referred to as the ratio of the non-solid volume or voids to the 
entire volume of NIW fabric. Also, the packing 

density/volume fraction of solid material is referred to as the 
ratio of fibre density/volume to the overall density/volume of 

fabric. Knowing that the density of the NIW fibre is the weight 

of a given volume of the solid fibre; its ε is calculated as 
shown in equation (iv) – (v). From the measured NIWs GSM 
and thickness, the porosity was determined via the following 
expressions: 

 
ϕ = Vfib/ Vfab = (Wfib/ρfib)/tfab = Basic weight/ tfabxρfib  (iv) 
ϕ (%) = (ρfab/ρfib)100              (v) 
ρfab(kgm-3) = Wf/t (kgm-3)             (vi) 
 

WhereVfib = volume of fibers m3;Vfab = volume of the fabric 
m3;Wfib = weight of fibers = weight of the fabric (gm-2); ρfib = 
NIW fiber or polymer density kgm-3; tfab = thickness of the 
NIW fabric; and A = area of the web (m2). 

Porosity (ε) is the fraction of the void volume to the volume 
of the web, i.e.: 

 ε (%) = (1 – ϕ)100%            (vii) 
Here, ε is the NIW porosity (%), ϕ is the packing 

density/volume fraction of solid material (%), ρfab (kgm–3) is 
the bulk density of NIW fabric and ρfib (kgm–3) is the density 
of fibre. 

Porosity, pore size, and pore size distribution: The pore 
structure in NIWs encompasses the total pore volume or 
porosity, the pore size, pore size distribution, along with 
connectivity of the pores.  

2.1.8. Fibre orientation distribution (FOD) analysis 

NIWs fibres are alignment in nonwoven structures in 
various paths. The alignment of these fibres is inherent 
properties from alignments of fibres in the nonwoven fibrous 

webs and fibre rearrangement in the bonding process of the 

nonwovens such as in needle punching, hydro-entanglement, 
etc. This property can be defined by fibre orientation angles 

(FOA) in 2D or 3D as depicted in Fig. 3.  
In nonwovens like NIWs, the orientations of fibres in such 

structures are hypothetically or even practically in any of 
direction of the 3D having a complex fibre alignment 
resulting in high-cost of measurement [9]. It is important to 
note that a large proportion of the fibres within the NIWs are 

oriented in the MD or approximately CD.  
Consequently, the nonwoven fabric 3D structure often 

results in an amalgamation of numerous strata’s of 2D 

structures having fibres in the transverse direction to the MD 

or fabric plane as depicted in Fig. 3.  
Hence, the fibre orientation in 3D NIWs can be defined by 

the fibre alignments in 2D like the fibre orientation in NIWs 

MD where fibre orientation is described by the fibre 

orientation angle. (FOA) being a representation of the relative 
directional locus of singular fibres in the NIWs or nonwoven 

structure, typically relative to the CD/MD as presented in Fig. 
3. FOA of the fabricated NIW’s distinct fibres were evaluated 

by analyzing the nonwoven web or NIWs 
micrographs/images and image analysis software's 
[10,11,12,13]. The FOA of the NIW samples was determined 
using the SEM micrographs obtained from SEM (ZEISS 
EVO-MA10, Germany). 
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Fig. 3: Fibre orientation angle in 2D and 3D nonwoven 

fabrics. 

2.1.9. Bursting strength 

 The Diaphragm Bursting Strength Test Method 
according ASTM-D3786-089 (corresponding to NWSP 
030.1.R0 (15), NWSP 030.2.R0 (15), ISO 13938-1:1999 and 
ISO 13938-2:1999) was adopted to characterize the NIWs. 
The sample was clamped over an expandable diaphragm 
where the diaphragm was expanded via fluid pressure until 
the rupture of the specimen. The difference between the 
overall pressure obligatory to rupture the specimen and the 
pressure requisite for inflation of the diaphragm is considered 
as the bursting strength. 

2.1.10. Air and water permeability 

 Intrinsic fluid (air, water, etc.) permeability also referred 
to as absolute or specific permeability of NIWs or nonwovens 

relies exclusively on the structure of these fabrics and 
signifies the void capacity the fluid is able to flow through. In 

real-life use of nonwoven fabrics for technical applications 
like wipers, geotextiles, etc. the preferred parameter is the use 
of permeability coefficient, K (m/s), which is also referred to 
as Darcy’s constant/coefficient or conductivity. The 

relationship between k and K is represented by: k=Kη/ρg (m2), 
where ρ is the density of the liquid (kg/m3), and g is the 
accelerator due to gravity (m/s2).  The value of the constant k 
(m2) is 1.042 x 10-7K (m/s) for water at 20oC. In this work the 
permeability was determined following ASTM D737-96; BS 
EN ISO 9237:1995; ISO/DIS 9073-15: 2005; WSP 70.1-05. 

2.1.11. Drop penetration time (DPT) 

 Liquid (mostly water or other liquids) drop penetration 
time (DPT) gives researchers the idea of how long it takes for 
the fluid to completely penetrate through the NIW via 
absorption mechanism. A DPT result makes it feasible to gain 
insight into the dynamics of the liquid absorption of NIW 
especially in NIWs made from hydrophobic fibres for 
evaluation of the effectiveness of the chemical 
hydrophilisation unto application. The DPT was carried out 
by photographing the drop penetration process with a 
high-speed digital camera and the imaging sequences were 
collected with an accurate time stamp (in 1/1000 s), aimed at 
determining the time period between the liquid drop contact 
with the NIWs surface and its complete penetration through 
the NIW. The drop is considered to be completely submerged 
as soon as there is no longer any reflection due to the liquid 
visible on the NIW. The test setup was fixed on an optical 
bench which enabled the sliding of individual parts - the 
camera (250 images/sec), the sample holder, and the 
translucent glass screen - along the optical axis. The 
translucent glass screen was illuminated from behind by a 
split ring light. The surface of the samples was occasionally 

illuminated as the need arise by a swan neck light conductor. 
The liquid drops were applied with a motorized precision 
pipette attached to the equipment. The time between drop 
impact and complete penetration was calculated and 
recorded. However, due to the non-availability of the 
instrument arising from the Covid-19 lockdown in colleges 
and universities, this experiment was performed manually 
using an acupipette and a stopwatch. 0.2 ml of H2O was 
poured on the NIW with immediate activation of the 
stopwatch. The time taken for the drop submerges was noted 
as the drop penetration time and recorded: this experiment 
was performed five times and the average value was taken. 

III. RESULTS AND DISCUSSION 

3.1. Scanning electron microscopy (SEM) 

 The scanning electron microscopy images showing the 
morphology of the NIW samples are depicted in Fig. 4. The 
samples (Fig. 4a,b,c,d (i-ii)) reveal a dense fibrous surface 
properties for P10, V10, V6P4, and V7P4 while Fig. 4a,b,c,d 
(iii) represents the ImageJ pore size outline. The mean pore 
size of P10, V10, V60P40, and V70P30 as calculated using 
the ImageJ software was found to be 16.144, 7.702, 18.247, 
16.131 µm respectively. 

 
Fig. 4: SEM micrographs showing a) PET, b) VES, c) 
V6P4, and d) V7P4’s surface morphology (i-ii) and 

ImageJ pore size outline (iii). 
 

3.2. Mass per unit area analysis 

 The mass per unit area which is also referred to as GSM 
of P10, V10, V60P40, and V70P30 as calculated as per ISO 
9073‐1: 1989 is 59.6 ± 0.37, 122.2 ± 0.59, 121.0 ± 0.11, and 
113.4 ± 0.44 g/m2 respectively and also shown in Table 1 & 2 
and Fig. 8. Characteristically, the uniformity of the NIW 
fabric is referred to as the CV. The CV value for P10, V10, 
V60P40, and V70P30 as calculated from NIWs GSM is 4.83, 
5.32, 1.01, and 4.16 % respectively. Also, as depicted in Fig. 
8, the GSM of all the NIWs showing a direct relationship to 
the bursting strength and vice versa. 
 3.3. Sample thickness 

The thickness of the samples “P10, V10, V60P40, and 

V70P30” (Fig. 8d) as determined using ASTM D1777 - 
96(2019) is 0.0624, 0.1632, 0.1976, 0.1878 cm respectively, 
and also shown in Table 1. CV of P10, V10, V60P40, and 
V70P30 is 4.62, 9.86, 4.21, and 5.34 %. As presented in.  
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Table. 2, the thickness of the sample revealed a direct 
relationship to the bursting strength and vice versa. 

3.4. Fabric Vertical Wicking Rate of NIWs 

Porosity vs. Vertical Wicking Rate: The vertical wicking 
rate results are presented in Table 2. Fig. 9 depicts the 
influence of porosity on the vertical wicking rate and the fibre 
composition of the NIWs because more air trapped within the 
pores in the structure of the fabric, allows more rapidly 
movement of water through the pores. The structural porosity 
of the NIWs is a property of the result of their 
fabrication/processing parameters. It is observed from Fig. 9 
that the higher the porosity, the higher the vertical wicking 
rate of the NIWs. Also, the fibre content of the NIWs 
(hydrophilic/hydrophobic fibres) has a great influence on the 
wicking rate. With the analysis of the samples' porosity 
structure with respect to the composition of VIS/PES fibres 
via the pore size distribution (Fig. 9), it was observed that the 
samples with higher porosity demonstrated higher average 
pore diameter/size (see also Table 2). The NIWs having 
larger pores revealed a higher wicking rate which agrees well 
with capillarity theory: fluid flow is faster in a void with a 
large capillary radius in comparison to voids with a smaller 
radius. This implies that the fluid (water) travels from the 
bigger pores to the minor pores as the height upsurges. 
However, looking at the results with regards to the blends 
having the content of viscose and polyester fibres in the web, 
the results are somewhat confusing and require careful 
interpretation. For instance, in the blends: higher content of 
viscose fibres showed improved vertical wicking rate, which 
is indicative of the higher absorption rate of viscose fibres 
leading to assisted capillary action/VWR and consequently 
enhanced movement of water through the pores at a faster 
rate. Our findings are in the consonance with previous 
literature [3,9,14]. Then again, samples of NIWs having 100 
% of polyester fibres presented results very close but less than 
those made from 100% viscose fibres. This calls for the 
necessity of a predictive tool such as a predictive model 
effective study of the fabric parameters and how they relate to 
the porosity and the VWR of the NIWs.  

Table 2: NIWs GSM, Packing density, porosity, and 
wicking rate results 

Sampl
e 

 

ρfib(g/c
m3) 

GSM 
(g/m2 ) 

Web 
thickne
ss (cm) 

Burst
ing 
stren
gth 
(N) 

Pac
king 
den
sity 

Por
osit
y 
(%) 

Experi
mental 
VWR 
(mm) 

P10 
(MD) 

1.38  
59.6 ± 
0.37 

0.0624 
± 0.046 

5.0±0
.14 

0.06
9 

93.0
8  

35 ± 
1.05 

 

P10 
(CD) 

   
5.2±0
.07 

  
38 ± 
1.14 

 

V10 
(MD) 

1.53 
122.2 ± 
0.59 

0.1632 
± 0.099 

7.8±0
.02 

0.04
9 

95.1
1 

37 ± 
1.11 

 

V10 
(CD) 

   
7.9±0
.12 

  
41 ± 
1.23 

 

V6P4 
(MD) 

1.47 
121 ± 
0.11 

0.1976 
± 0.042 

7.8±0
.06 

0.04
2 

95.8
3 

20 ± 
0.60 

 

V6P4 
(CD) 

   
7.9±0
.07 

  
23 ± 
0.69 

 

V7P3 
(MD) 

1.49 
113.4 ± 
0.44 

0.1878 
± 0.053 

7.4±0
.05 

0.04
1 

95.9
5 

23 ± 
0.69 

 
V7P3 
(CD) 

   
7.4±0
.06 

  
30 ± 
0.90 

3.5. Moisture absorption (MA) and moisture content (MC) 

The MA of the samples “P10, V10, V60P40, and V70P30” 

as determined following international standards was found to 
be 9.02, 22.76, 7.02, and 7.28 % respectively, as also shown 
in Fig. 5a. Also, the MC of the NIWs “P10, V10, V60P40, and 

V70P30” was found to be 6.51, 12.46, 5.50, and 8.90 % 

respectively, as also depicted in Fig. 5b. 

 

Fig. 5: MA (a) and MC (b) of P10, V10, V6P4, and 
V7P3 

3.6. Porosity, pore size, and pore size distribution 

  The porosity of the samples: “P10, V10, V60P40, and 

V70P30” (Fig. 6a) was determined and found to be 93.08, 

95.11, 95.83, and 95.95 % respectively. The porosity of the 
samples showed a direct relationship with the VWR. This 
result is supported by previous literature [15,16,17]. The 
average pore sizes of the NIWs; P10, V10, V60P40, and 
V70P30 determined using ImageJ as represented in Fig. 6b 
are 16.144, 7.702, 18.247, and 16.131 μm respectively. Also, 
the pore size distribution of the “P10, V10, V60P40, and 

V70P30” estimated from ImageJ is depicted in Fig. 6c. 

 

Fig. 6: Porosity (a), Pore size (b), and pore size 
distribution of P10, V10, V6P4, and V7P3 

 3.7. Fibre orientation distribution 

The FOA of the nonwoven industrial wipes for “P10, V10, 

V60P40, and V70P30” (Fig. 7a) was determined using 

ImageJ software and found to be 69.861, 65.274, 63.533, and 
65.029° respectively. The FOD as shown in Fig. 7b reveals a 
direct relationship to the bursting strength which is in 
agreement with previous reports [18]. 
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Fig. 7: a) The FOA, and b) FOD of P10, V10, V6P4, and 

V7P3 NIWs 

3.8. Bursting strength 

 The bursting strength of NIWs defines the force applied 
at right angles to the fabric plane under predetermined 
conditions resulting in the rupture of the nonwoven fabric 
[19,20,21,22]. The BSs of NIW samples are presented and 
depicted in Table 2 and Fig. 8. The bursting strength showed a 
direct relationship to the thickness of the fabrics which agrees 
with previous literature [19,20,21,22]. However, there is a 
need for the adoption of effective and efficient prediction 
software tools to ascertain the optimized bursting strength 
with respect to corresponding fabric thickness. 

 
Fig. 8: a) Bursting strength (BS), b) BS vs web 

thickness, c) BS vs GSM, d) BS vs porosity of P10, V10, 
V6P4, and V7P3 NIWs 

3.9. Air and water permeability 

The dimensions of the fabric as well as yarn pores, and 
other material and structural aspects of a fabric, such as the 
weave, the source material of the fibres or yarns, the set of 
yarns, and others, all have a significant impact on how 
permeable a fabric is to air. The air permeability of P10, V10, 
V60P40, and V70P30 as determined as per ASTM D737-96 
was found to be 437912.42, 254949.01, 332933.41, and 
371925.61cm3/s/cm2 respectively. It was observed that the 
thickness, packing density, pore size, and porosity have a 
great influence on the air permeability of the respective NIW 
samples even as reported in the literature [16,17,23]. The air 
permeability of all the NIWs was measured at a constant 
pressure head of 300 Pa. Several fabric end-uses, such as 
industrial wipes, filters, tents, sailcloths, parachutes, raincoat 
materials, shirtings, down-proof fabrics, airbags, and so forth, 

require comfort in addition to clothing. 

 3.10. Drop penetration time (DPT) 

The DPT of the NIWs (as in Fig. 9; Table 3): “P10, V10, 

V60P40, and V70P30” is 0.42, 0.10, 0.3, and 0.38 sec. 

respectively. The DPT reveals a direct relationship to the 
hydrophilic nature of the NIWs and to some extent, the pore 
size and GSM. The increase in the percentage of viscose 
fibres in the blend revealed a corresponding increase in the 
DPT as seen in Fig. 9. This result is in agreement with the 
VWR trend.  

 
Fig. 9: Drop penetration time (DPT) for the fabricated 

NIWs 

Table 3: Drop penetration time (DPT) for the 
fabricated NIWs 

Samples 
Average DPT 
(Sec.) 

SD 

V10 0.10 0 

P10 0.42 0.33 

V60P40 0.3 0.12 

V70P30 0.38 0.08 

3.11. RSM study for NIWs 

The result of the vertical wicking rate (in mm) experiments 
performed using the CCD system is presented in Table S1, S2, 
S3, and S4 respectively. The model F values for the VWR 
were obtained from the Annova for response surface models. 
The predicted models for VWR presented the best fit along 
with a high significance with.     F value for V10, P10, 
V60P40, and V70P30 are 69.56124374 (P<0.0001), 
44.70127807 (P<0.0001), 34.48448923 (P<0.0001), and 
124.8755118 (P<0.0001). This result proposes that there is 
only a 0.01 % chance that a large model F-value could occur 
due to the noise [24], while the “Lack of Fit F-value” was 

found to be highly insignificant. The regression coefficients 
have been found to be high and in realistic consensus with R2; 
adjusted R2; and predicted R2 values for.   V10, P10, V60P40, 
and V70P30 found to be 0.960863, 0.947049, and 0.923308; 
0.973386, 0.95161, and 0.952765; 0.956838, 0.929091, and 
0.907398; and 0.987696, 0.979787, and 0.965634 
respectively. The predicted R2 is in realistic bargain with the 
adjusted R2 even as the value C.V. %  for V10, P10, 
V60P40, and V70P30 been 0.378641815, 1.042457577, 
1.224066668,  
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and 0.87275694 implies a good exactness and 
dependability of the experimental values. Hence, it has been 
concluded that the predicted model best describes the VWR 
for V10, P10, V60P40, and V70P30 as presented in equations 
(viii), (ix), (x), and (xi) respectively: 

 

Vertical wicking rate (VWR)  = -13924.41208 - 
99.265804 * Fibre density + 154.9837123 * Porosity + 
108.9272192 * GSM -4.349405002 * Fibre density * Porosity 
+ 4.228714168 * Fibre density * GSM -1.212786189 * 
Porosity * GSM  …………………..(viii) 

 

Vertical wicking rate (VWR)  = -941.1480367 + 
1110.921742 * Fibre density - 0.474437496 * Porosity + 
9.140001914 * GSM - 7.946396448 * Fibre density * 
Porosity - 4.093721485 * Fibre density * GSM + 
0.091657298 * Porosity * GSM - 54.46052523 * Fibre 
density^2 + 0.030667977 * Porosity^2 - 0.104518658 * 
GSM^2  ……………….…………............................(ix) 

 

Vertical wicking rate (VWR)  = 1369370.037 + 
8373.004426 * Fibre density + 1373.687887 * Porosity - 
23827.60367 * GSM - 11.61654173 * Fibre density * 
Porosity - 60.83828397 * Fibre density * GSM - 
11.03917445 * Porosity * GSM + 36.10135306 * Fibre 
density^2 - 0.111045446 * Porosity^2 + 103.2201307 * 
GSM^2  ……………...................................................(x) 

 

Vertical wicking rate (VWR)  = -13723.95387 + 
4080.775026 * Fibre density + 11.13094751 * Porosity + 
177.9945471 * GSM - 2.907066122 * Fibre density * 
Porosity - 0.407156039 * Fibre density * GSM - 
0.043200333 * Porosity * GSM - 1225.755178 * Fibre 
density^2 -0.009161866 * Porosity^2 - 0.763770753 * 
GSM^2 ………………………………………………….(xi) 

  

The predicted VWR of the NIWs deliberate using the 
aforementioned equations is also represented in Table S1, S2, 
S3, and S4 respectively together with its equivalent 
experimentally documented values. The results indicated a 
close match between the predicted values and the 
experimentally acquired results. Noteworthy inter-parameter 
interfaces and their mutual effect on the VWR of NIWs have 
been deliberated. 

3.12. Optimization of the VWR process by desirability 
function 

Fig. 10d; Fig. 11d; Fig. 12d; and Fig. 13d depict the 
predicted vs. actual VWR of the NIWs. With respect to the 
Derringer’s desirability function (DF) having high 

desirability of 0.921, our optimized process conditions 
managing process proficiency was establish for V10; P10; 
V60P40; and V70P30 as 1.5766 g/cm^3, 95.23624%, and 
122.2474 g/m^2; 1.305g/cm^3, 92.5%, and 58.4931828 
g/m^2; 1.4708 g/cm^3, 95.87996%, and 120.9934 g/m^2; 
and 1.5356 g/cm^3, 95.33%, and 113.3936 g/m^2 
respectively for the fibre density, porosity and GSM. Under 
the aforementioned optimized conditions, the response in 
terms of VWR of V10; P10; V60P40; and V70P30 was noted 
as 37.5, 34.33636364, 21.92, and 26.99 mm respectively, 
which is found to be in good comparison to the experimental 
results acquired from the batch study. The WVP properties of 
the studied materials is believed to be influenced by the 
porosity of the material as well as the fibre type used herewith. 

 
Fig. 10: (a-c) 3-D surface plots showcasing the 

interaction of different process parameters during the 
VWR a) Effect of porosity versus fibre density; b) Effect 
of GSM versus fibre density; and c) Effect of GSM versus 
porosity. d) Graph showing predicted VWR versus actual 

VWR of V10. 

 
Fig. 11: (a-c) 3-D surface plots showcasing the 

interaction of different process parameters during the 
VWR a) Effect of porosity versus fibre density; b) Effect 
of GSM versus fibre density; and c) Effect of GSM versus 
porosity. d) Graph showing predicted VWR versus actual 

VWR of P10. 

 
Fig. 12: (a-c) 3-D surface plots showcasing the 

interaction of different process parameters during the 
VWR a) Effect of porosity versus fibre density; b) Effect 
of GSM versus fibre density; and c) Effect of GSM versus 
porosity. d) Graph showing predicted VWR versus actual 

VWR of V60P40. 
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Fig. 13: (a-c) 3-D surface plots showcasing the 

interaction of different process parameters during the 
VWR a) Effect of porosity versus fibre density; b) Effect 
of GSM versus fibre density; and c) Effect of GSM versus 
porosity. d) Graph showing predicted VWR versus actual 

VWR of V70P30. 

IV. CONCLUSION 

In this study, NIWs samples of polyester fibres and viscose 
fibres varying in viscose/polyester ratio to determine their 
effect on the wicking rates. Potential NIWs were prepared 
from polyester and viscose fibres using needing punching 
technology. The effect of the fibre and fabric properties on the 
vertical wicking rate and other fabric properties have been 
carefully studied. The air permeability of the nonwoven 
industrial wipe samples showed dependence on the porosity. 
The bursting strength also reveals an inverse relationship with 
respect to the NIWs porosity and thickness. After statistically 
evaluating the data, the results have been summarized thus:
 VWR is established to be significantly influenced by the 
porosity of the NIWs due to the fact that increase in porosity 
results in the formation of added passages for the fluid; the 
wicking rate ascertained to be influenced by the number of 
fibres intersections per unit density acting as transmitting 
channels for the fluid. Overall, the prepared NIWs presented a 
result suitable for application in wiping purposes. 
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