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 Introduction
Electrospraying is a well-known tech-
nique of liquid atomisation employing 
electrical forces. The conventional con-
figuration of the electrospraying set-up 
consists of a charged liquid/emulsion 
syringe and grounded collecting elec-
trode plate (Figure 1). When the liquid 
in the syringe is subjected to an electric 
field of several kilovolts per centimeter, 
its meniscus elongates and forms a fine 
jet, which is atomised into fine droplets 
and collected on the grounded collecting 
surface. Electrospraying has been wide-
ly used for the production of micro- and 
nanoparticles, nanostructured composite 
substrates, thin films, and functional lay-
ers, with properties varying with the par-
ticle size and shape [1-3]. There are also 
various papers investigating the effect of 
the process parameters of electrospraying 
when applied for the preparation of solid 
dispersions, microparticles or thin coat-
ings [4-6]. Some previous studies [7-9] 
also demonstrated the success of electro-
spraying in the application of a commer-
cially available textile finishing chemical 
onto a textile surface with an acceptable 

finishing performance at a very low 
amount of chemical consumption and 
with the avoidance of undesirable ag-
glomeration. These findings revealed that 
the process should be well reviewed in 
order to consider it as a textile treatment 
alternative.

This study focuses on the effect of the 
intrinsic properties of widely used textile 
finishing chemicals and set-up parame-
ters of electrospraying on the deposition 
time of chemical droplets on a collecting 
ground. The deposition time is consid-
ered as a key factor for the facile process, 
which affects the application (treatment) 
time and process cost. Therefore a sta-
tistical approach is also made to evalu-
ate the contribution of selected parame-
ters. Electrospraying was performed for 
commercially available chemicals, two 
types of softeners and two kinds of liq-
uid repellents separately. The deposition 
time of the chemicals was recorded and 
a statistical analysis was made to eval-
uate the contribution of the parameters, 
selected as the chemical type, emulsion 
concentration and electric field intensi-
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Figure 1. Electrospraying processes.
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ty. The chemicals were characterised by 
means of surface tension, electrical con-
ductivity and viscosity measurements; 
then the relation between the deposition 
time and data measured were expressed 
in an equation.

 Experimental
The commercially available micro sof-
tener MiS, macro softener MaS (poly-
siloxane based nonionic), liquid repel-
lent F (cationic fluorocarbon resin) and 
D (cationic dendrimer fluorocarbon and 
booster component in fluorocarbon) were 
kindly supplied by Rudolf-Duraner (Bur-
sa, Turkey). The chemicals were elec-
trosprayed in as-received, 1:5 and 1:10 
(v:v), dilutions in distilled water. The vis-
cosity of the emulsions was investigated 
with a rheometer (Brookfield Eng., MA, 
USA) at room temperature and 200 rpm 
spindle speed. Conductivity measure-
ments were performed with a portable 
pH/conductivity meter (Thermo Scientif-
ic, MA, USA) using a 2-probe electrode. 
Surface tension measurements were 
made by means of a Theta optical tensi-
ometer/pendant drop analysis (KSV Inst., 
Finland).

Electrospray applications were carried 
out using a previously established set-up 
[6], where 4 mL of emulsion was poured 
into a charged syringe and sprayed at  
a 20 μL/min flow rate on a flat alumi-
num foil as the ground, which enabled 
large contact with the bottom electrode. 
The distance between the syringe and 
foil was varied as 3 and 10 cm; hence 
the kV applied was also varied so that 
the electric field intensity of the set-up 
would have three levels (1.5, 2 and 2.5 
kV/cm). The time for the deposition 
of 4 mL of emulsions was recorded by 
a simple chronometer: the less the time, 
the more facile the process is. The av-
erage of at least three measurements of 

the deposition time was taken as the time 
data. The contribution of each factor was 
assessed using a completely randomised 
one-way analysis of variance (ANOVA), 
and the results were evaluated at a 5% 
significance level. The contribution of 
the variables were evaluated through the 
F-ratio and probability thereof. The lower 
the probability of the F-ratio, the strong-
er the contribution of the variation, and 
the more significant the variable. We also 
used the Student-Newman-Keuls (SNK) 
range test to decide which variable dif-
fers significantly from others. The treat-
ment levels were marked in accordance 
with the mean values from the highest 
to the lowest, and any levels marked by 

Table 1. Characterisation of chemicals studied.

Property
MiS MaS

As-received 1:5 1:10 As-received 1:5 1:10
Viscosity, cP 35.40 2.77 2.56 35.60 2.56 2.13
Surface tension, dyn/cm 24.31 30.30 30.74 22.64 25.05 26.06
Conductivity, µS/cm 706.33 473.33 299.67 1336.33 594.33 290.67

Property
F D

As-received 1:5 1:10 As-received 1:5 1:10
Viscosity, cP 3.40 2.35 2.13 28.60 2.56 2.35
Surface tension, dyn/cm 30.71 39.47 40.35 31.14 36.26 38.74
Conductivity, µS/cm 2195.33 721.33 396.67 936.67 583.33 406.33

Figure 2. Deposition time for (a) MiS (b) MaS (c) F and (d) D.
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the same letter showed that they were not 
significantly different. Also regression 
relations between the deposition time, 
electric field intensity, surface tension, 
conductivity, and viscosity measure-
ments were derived using Minitab soft-
ware.

 Results
The viscosity, surface tension and elec-
trical conductivity of the chemicals are 
accepted as important intrinsic properties 
which have a large influence on electro-
spraying [5]. Table 1 gives the average 
results of three measurements of those 
properties. All measurements were made 
in a controlled laboratory environment, 
where the temperature was between  
20-23 °C and the relative humidity 27-32%;  
and CV% values of all measurements 
was lower than 5%. The results showed 
that the chemicals selected had a wide 
range of values, which made it easy to 
monitor the contribution of the proper-
ties as a variation source; and diluting the 
emulsion changed the values as a func-
tion of the distilled water, as expected. It 
has been concluded before that a liquid 
cannot be electrosprayed when its sur-
face tension is higher than 50 dyn/cm and 
its conductivity does not fall within the 
range of 10-1-10-11 S/m [10], 10-5-10-11 S/m 
[11], or 10-1-10-9 S/m [12]; hence we did 
not meet with any failure in the electro-
spraying of the emulsions, as expected.

The deposition time of the chemicals is 
given in Figure 2 and Table 2. The results 
reveal that there was a certain decrease in 
the deposition time as the electric field 
intensity increased, and diluted emulsions 
had a tendency to have a longer deposi-

 Conclusions
This study investigated the deposition 
time of widely used textile finishing 
chemicals as a part of ongoing research-
es on the assessment of the electrospray-
ing process as an application alternative. 
The aim was to establish the basic rela-
tionships between the deposition time of 
chemicals and varying the process pa-
rameters. The results of the study showed 
that the process had a longer deposition 
time when the chemicals were diluted 
with distilled water. Moreover the chem-
ical type had a strong impact on the dep-
osition time. 

The statistical analysis also showed that 
electrospraying had a higher deposition 
time when the chemicals were poured 
into diluted emulsions (as done in typi-
cal textile application), and the higher 
the electric field intensity, the lower the 
deposition time . Among the chemicals, 
the lowest deposition time was achieved 
for F, which had the lowest intrinsic vis-
cosity and highest electrical conductivity 
values. Also the softener type (micro or 
macro emulsion) had a non-significant 
impact on the deposition time. 

It is possible to find studies in literature 
comparing electrospraying with typical 
foulard or mechanical spraying units, 
but there is still a need to continue inves-
tigations on electrospraying in terms of 
application set-up, fabric properties and 
performance after treatment to evaluate 
the possibility of industrial usage. Our 
early results for electrospraying showed 
that this method had brief advantages for 
the pick-up value. This study will be fol-
lowed by assessments of the performance 

Table 2. Deposition time values in seconds.

Electric field intensity,
kV/cm

MiS MaS
As-received 1:5 1:10 As-received 1:5 1:10

1.5 23.00 23.05 23.03 23.26 22.57 23.06
2 22.45 22.47 22.52 23.01 22.24 22.37

2.5 22.32 22.20 22.30 22.47 22.05 22.14

Electric field intensity,
kV/cm

F D
As-received 1:5 1:10 As-received 1:5 1:10

1.5 22.47 22.41 23.14 22.51 23.44 23.48
2 22.39 22.34 22.58 22.44 23.37 23.14

2.5 22.12 22.32 22.55 22.38 23.16 22.58

Table 3. ANOVA table for deposition time.

Source F ratio Probability of F ratio
Chemical type 2224.44 0.000
Emulsion concentration 536.56 0.000
Electric field intensity 5884.16 0.000

Table 4. SNK ranking at 5% significance 
level.

Rank Chemical  
type

Non-significant 
range

1 D a
2 MiS b
3 MaS b
4 F c

Rank Emulsion  
concentration

Non-significant 
range

1 1:10 a
2 1:5 b
3 As-received c

Rank Electric field 
intensity

Non-significant 
range

1 1.5 a
2 2 b
3 2.5 c

tion time due to the lowered conductivity. 
Furthermore liquid repellent chemicals 
gave lower deposition time values than 
softeners without dilutions.

The results of the statistical analysis of 
the study given in Table 3 and Table 4 
show that the electric field intensity and 
chemical type had a more significant 
impact on the deposition time than the 
concentration. The statistical analysis 
also showed that electrospraying had 
a longer deposition time when the chem-
icals were poured in diluted emulsions 
(as done in typical textile application), 
and the higher the electric field inten-
sity, the lower the deposition time was. 
Among the chemicals, the lowest deposi-
tion time was achieved for F, which had 
the lowest intrinsic viscosity and highest 
electrical conductivity values. Also the 
softener type (micro or macro emulsion) 
had a non-significant impact on the dep-
osition time. 

The combined contribution of the param-
eters to the electrospraying deposition 
time of the resin emulsion was estab-
lished using Minitab software. The re-
lation was determined after considering 
all the variables according to Best-sub-
sets Regression method, and is given in 
Equation (1):

t = 23.1 + 0.00763 x η + 0.0217 x  
x σ – 0,000151 x κ – 0,567 x E 

where, t is the deposition time, minutes; 
η the viscosity, cP; σ the surface tension, 
dyn/cm; κ the electrical conductivity,  
µS/cm, and E is the electric filed intensi-
ty, kV/cm. The R2 value for the equation 
was 73.1%, which shows that the model 
fits the data well.
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and mechanical properties of electros-
prayed fabric. 
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INSTITUTE OF BIOPOLYMERS  
AND CHEMICAL FIBRES

LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
n R&D activities: 
n research works on new technology and techniques, particularly envi-

ronmental protection;
n evaluation and improvement of technology used in domestic mills; 
n development of new research and analytical methods;

n research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

n seminar and training activity concerning methods of  instrumental 
analysis, especially the analysis of water and wastewater, chemicals 
used in paper production, and  environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi-
tation of the Polish Centre for Accreditation  
No. AB 551, confirming that the Laboratory 
meets the requirements of Standard PN-EN 
ISO/IEC 17025:2005.

Investigations in the field of  environmental protection technology:
n Research and development of  waste water treatment technology, the 

treatment technology and abatement of gaseous emissions,   and the 
utilisation and reuse of solid waste,

n Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

n Working out and adapting analytical methods for testing the content of 
pollutants and trace concentrations of toxic compounds in waste water, 
gaseous emissions, solid waste and products of the paper-making indus-
try,

n Monitoring  ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses  most frequently carried out: 
n Global water & waste water pollution factors: COD, BOD, TOC, suspend-

ed solid (TSS), tot-N, tot-P
n Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
n Organic sulphur compounds (AOS, TS)
n Resin and chlororesin acids
n Saturated and unsaturated fatty acids
n Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
n Tetrachlorophenol, Pentachlorophenol (PCP)
n Hexachlorocyclohexane (lindane)
n Aromatic and polyaromatic hydrocarbons
n Benzene, Hexachlorobenzene
n Phthalates        n  Polychloro-Biphenyls (PCB)
n Carbohydrates        n  Glyoxal
n Glycols        n  Tin organic compounds
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