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Abstract
The polyamide and polyester fabrics have been treated by glow discharge plasma and grafted with 2-

hydroxyethylmethacrylate (HEMA) in order to increase the hydrophilicity and to improve the soil release
properties. The plasma treatments were carried out at different exposure times. Grafting was obtained with
gaseous HEMA and with alcohol or aqueous solution of HEMA at different concentrations. The physical
and chemical surface changes were studied using scanning electron microscopy, infrared spectroscopy, colour
measurements. The hydrophilicity was assessed through the absorption time of a water drop and the soil
removal through washing by remission values.

Introduction

The studies regarding the plasma utilization rep-
resent a constantly current domain, taking into ac-
count the impact that the plasma has both in research
domain and in practical applications.

One of the usual plasma applications developed
up to an industrial level is the surface treatment of
polymeric materials (particles, granules, films, fibers,
fabrics etc.) in order to improve the preexisting pro-
perties or to create new properties. The consequence
of such a treatment is the changing in the surface
morphology, as well as the introduction of new func-
tional groups [1-2].

The essential changes caused by the plasma treat-
ment are the basis for a series of chemical reactions
initiated by the action of different reactive species
existing in plasma (free radicals, ions, electrons, radi-

cal-ions, etc.), at the contact with polymeric materi-
al. The mechanism of these reactions is mainly a radi-
cal one: the primary macro radicals formed through
the action of active species in plasma can subsequent-
ly serve as centres for graft copolymerization of some
monomers introduced in the working environment.
The macroradicals can be stabilized through typical
reactions or they can react with oxygen, finally form-
ing new oxidized functional groups [3-4].

The judicious selection of the operating conditi-
ons (the nature of gaseous atmosphere), the mono-
mers or other reactive compounds introduced in the
system, the parameters of plasma treatment process
(time, pressure in the reactor, the introduction flow
of the reactive compounds, etc.) can "a priori" make
possible directing the process either in the way of
changing the surface morphology of the polymeric
fabric (the growth of crystallinity, the rugosity) the
consequence being the change of some physical char-
acteristics, or in the way of initiating some chemical
reactions with effects regarding not only the change
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of some physical properties, but also the change of
surface chemical reactivity.

The modification in surface morphology of some
polymeric fabrics resulting from plasma treatments
can be explained through the local degradation of
the superficial layer of the polymer [5].

A characteristic of plasma utilization in the treat-
ment of the surface of polymers is that the thickness
of the affected layer is very low, the changes caused
by the active particles from plasma in deeper layers
being insignificant [6].

Besides oxygen, the variety of gases used as a
plasma medium and as sources of active species is
wide, including: air, nitrogen, hydrogen and inert
gases [7-9].

The following characteristics can be modified by
plasma treatments under different conditions: hydro-
philicity, dye ability, stain resistance and conductiv-
ity [10-15].

The aim of this work is to study the way in which
the treatment in cold air plasma, followed by graft-
ing with 2-hydroxyethylmethacrylate can improve
the wettability, dyeability and soil repellency of
polyamide and polyester fabrics.

Experimental Part

Materials

Polyamide (nylon 6)-PA, 68 g/m2 and polyester
(polyethyleneterephtalate)-PET fabric, 132 g/m2 were
used in these experiments. The sample surface was
20×30 cm2.

The fabrics were washed with a 1% nonionic de-
tergent solution (Felosan NOF(R) - CHT) at 70°C, for
15 minutes and then they were rinsed with distilled
water; after that, the samples were dried at room tem-
perature for 24 hours.

The monomer used for grafting was 2-hydroxy-
ethylmethacrylate, which was distilled before use
(Merck).

Treatments

The polyamide and polyester samples were
treated in plasma with different durations in order to
choose the optimum version of activation; then the
samples have been grafted with HEMA adopting the
following procedures:
• 10 minutes activation in plasma, 10 minutes graft

polymerization in plasma with gaseous HEMA;

• 10 minutes activation in plasma, 2 minutes air
exposure, treatment with 50 ml solution of HEMA
in ethanol, 10 minutes grafting on plasma;

• 10 minutes activation in plasma, 2 minutes air
exposure, 5 hours treatment with 100 ml of con-
stantly stirred aqueous HEMA solution at 50°C.
After that, the samples were washed with distilled

water in order to remove the homopolymer formed
on the surface of the fiber.

Table 1 presents the amounts of HEMA (the gas-
eous volume, the volume of solution respectively),
used according to the approach adopted.

aG seous
AMEH

lA oc ho sl olution of
AMEH

Aqueo ssu olutio fon
*AMEH

eV rsionVolu em
mc( 3) eV rsion Concentr ita on

solutio (n g/ )l eV rsion Concentr ita on
solutio (n g/ )l

V1a 5.0 V1b 05 V1c 01

V2a 1 V2b 001 V2c 02

V3a 5.1 V3b 051 V3c 03

V4a 2 V4b 002 V4c 04

Table 1
Plasma treatment variants and graft polymerization with

HEMA for polyamide and polyester samples

*The treatment in aqueous solution of HEMA was carried out
on samples with a surface of 10×10 cm2.

The polyamide and polyester fabrics have been
treated in plasma set up (Fig. 1), having the follow-
ing characteristics: air plasma, 2-3 torrs pressure,
electrode tension of 2-3 kV, electric field force of
200-300 V/cm, frequency of 1.3 MHz.

Analysis methods

Scanning electron microscopy

The surface morphology of untreated samples and
of those treated in plasma and grafted with HEMA
has been studied by means of electron microscopy,
carried out on a scanning electron microscope (MES-
Tesla BS 301). The polyamide and polyester samples
were fixed on aluminum supports with an electro-
conducting paste and metalized with gold using ca-
thode evaporation.

FTIR analysis

The chemical changes that have appeared on the
surface of polyamide and polyester fibers as a result
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of HEMA grafting and activation by plasma treat-
ment were registered using FTIR-ATR spectroscopy.
The FTIR spectra were recorded on a spectropho-
tometer type FTS 2000 Digilab, covering the range
4000-750 cm-1 at 4 cm-1 resolution, using a special
program from MERLIN Digilab family.

The physical-mechanical properties

In order to study the influence of the plasma treat-
ment period on the integrity of basic studied fabrics,
the breaking strength in warp and weft directions has
been determined. The tests were performed on a Met-
rimpex-Hungary dynamometer (according SR ISO
5081-1999).

Colour measurements

The presence of polar groups introduced on the
surface of fibers by plasma activation and graft po-
lymerization with HEMA was emphasized by colour
measurements, too.

In this case, the samples have been dyed at a 50:1
liquor ratio, on a Mathis equipment type "Polycolor
P 4702®". The dyeing of polyamide was performed
with a 1% C.I.Acid Red 33 dye (structure 1) at 100°C,
pH = 6-7, for 30 minutes; the polyester samples was

dyed with a 1% C.I.Disperse Blue 56 dye (structure
2), at pH = 6 for 30 minutes at 130°C.

Fig. 1. The scheme of the plasma treatment set up.
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After dyeing, the samples were rinsed with warm
and cold water and then dried at room temperature.

The reflectance values (R) were obtained using a
DATACOLOR Instrument (Model Spectraflash
300®), covering the range 400-700 nm. The colour
strength (K/S) was established using the Kubelka-
Munk equation, where K and S stand for the absorp-
tion and scattering coefficients, respectively [16]:
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Hydrophilicity and hygroscopicity

The effect of plasma treatment and graft poly-
merization with HEMA was estimated by measur-
ing hydrophilicity and hygroscopicity.

Hydrophilicity was evaluated by measuring the
absorption time of a drop of distilled water, placed
on the fabric surface according to the standard AATC-
39-1980. Hygroscopicity (H) is the textile materials
capacity of retaining water vapours and it is calcu-
lated using the relation [17]:

%100⋅−=
c

cu

M
MMH

where: Mc is the average mass of five samples with
5×5 cm2 surface, maintained under 65% humidity
and 20°C temperature conditions, for 24 hours and
Mu is the average mass of the same five samples
maintained under 100% humidity and 20°C tempera-
ture conditions for 24 hours.

The hygroscopicity index (iH) is calculated with
the relation:

tS
MMi cu

H ⋅
−=  (g/m2⋅h)

where: S is the sample surface (m2) and t is the pe-
riod of 24 hours exposure under 100% humidity con-
ditions.

"Soil release" properties

In order to illustrate the influence of HEMA graft-
ing treatment on the capacity of removing soil by
washing, the polyamide and polyester fabrics were
soiled with used motor oil containing iron oxide and
then they were washed out for 30 minutes in a soluti-

on that contained 2% Felosan NOG® and 2% Na2CO3

at 60°C .
The capacity of removing soil through washing

was evaluated by measuring the reflectance of the
washed and unwashed fabrics (R%) on a DATACO-
LOR Instrument (Spectraflash SF 300®).

Results and Discussion

The exposure of the textile fabric to plasma has
as a consequence the production of some chemical
reactions on its surface, via radical mechanism. The
active particles in plasma cause the homolytic split-
ting of C–C bonds and especially of C–H and the
appearance of a primary macroradical in polymer.

Initiation

In the presence of the acrylic monomer, a chain of
reactions presented in the scheme below is initiated,
having as consequence the obtaining of a grafted struc-
ture, with new properties unlike the initial polymer.

Propagation

Pol H
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+Pol• H•

CH2 C
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n-1
•

+Pol• nCH2

Grafting can be obtained not only when the mono-
mer exists in the gaseous atmosphere in reactor, but
also by a previous treatment of the textile fabric in
plasma, followed by its rapid immersion in the aque-
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ous or alcohol solution of the monomer. The obtained
grafting yield can not be indicated exactly, it is some-
where around 2%.

The results of scanning electron microscopy and
FTIR-ATR analysis for the polyamide and the poly-
ester samples untreated and treated onto plasma and
grafted with HEMA are presented in Figs. 2 and 3.

The SEM photos obtained for the polyamide and the
polyester show the surface changes that have appeared.

By analyzing the given results, one can notice that
the untreated samples display a smooth uniform sur-
face; for the samples treated on plasma, the surface
is slightly etched, with tiny rifts. The surface of the
samples treated on plasma and grafted is covered by

Fig. 2. a – SEM photos for the untreated, treated on air plasma and HEMA grafted polyamide fabrics; b – SEM photos for
the untreated, treated on air plasma and HEMA grafted polyester fabrics.

PA treated and grafted with gaseous HEMA on plasma
(magnification ×3000)

PET treated and grafted with gaseous HEMA on plasma
(magnification ×2000)

a b

PA untreated (magnification ×3000) PET untreated (magnification ×1500)

PA treated on air plasma (magnification ×2500) PET treated on air plasma (magnification ×2000)
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some protuberances which are caused only by the
grafted polymer.

The FTIR spectra for the grafted samples shows
the grafting of the acrylic monomer, confirmed by
the appearance of the ester band of HEMA in the ca-
se of polyamide and the enlargement of the band in
the case of polyester fabrics is ν = 1705-1743 cm-1.

The values of the breaking strength for the samples
treated in plasma are presented in the Table 2.

By analyzing the given results we have opted for
a 10 minutes plasma activation, the degradation of
the polyamide and the polyester samples during this
time being insignificant. The values of the K/S in-
dex for the polyamide and polyester samples treated
in plasma and grafted with HEMA and then dyed
with the C.I.Acid Red 33 and C.I.Disperse Blue 56
dyes, respectively, are presented in the Table 3.
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Fig. 3. Continued

Exp re -i
em tn la

T aer t em nt
ti (em mi )n

Breaking strengt )N(h

Polyes ret Polyamide

Warp Weft Warp Weft

1 0 0061 0501 0011 039

2 5 0651 0301 0801 009

3 01 0351 0001 0401 088

4 51 0421 058 098 047

Table 2
The influence of plasma treatment duration on the break-
ing strength of the polyamide and polyester samples

.oN T eh tr ae t em n revt sion
045(S/K n )m

AP TEP
1 Unt er sdeta amp el 58.0 62.01
2 5 minu set pl amsa tr ae t em nt 99.0 54.01
3 01 minu set pl amsa tr ae t em nt 60.1 26.01
4 51 minu set pl amsa tr ae t em nt 21.1 47.01
5 V3a 16.1 20.11
6 V3b 33.1 82.11
7 V3c 86.1 72.11

Table 3
The values of the K/S index for the polyamide samples
dyed with the C.I.Acid Red 33 dye and for the polyester

samples dyed with the C.I.Disperse Blue 56
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The higher values for K/S index in the case of
polyamide and polyester samples treated in plasma
can be explained through the morphological changes
or the presence of functional groups that have ap-
peared at the surface of the fiber, groups which favour
the dye sorption.

Because of the introduction of the hydroxyl groups

through grafting with HEMA, the hydrogen bonds
are probably formed between these and dye, thus ob-
taining a better dyeing intensity.

The hydrophilic properties of the polyamide and
polyester samples obtained as a result of having them
treated in plasma and grafted with HEMA are pre-
sented in the Tables 4-5.

oN
The tr ae t em nt

fo pl sa ma
(mi )n

Ti em o af sd orption o retawf
dro )s(p

Hygro cs opicity

H )%(, iH (, g m/ 2 )h·

TEP AP TEP AP TEP AP

1 0 641 8201 63.0 20.4 1800.0 0360.0

2 5 401 498 45.0 04.4 8210.0 8460.0

3 01 48 618 85.0 15.4 4410.0 9370.0

4 51 28 808 95.0 65.4 6410.0 3470.0

No reV sion
Ti em o af sd orption o retawf

dro )s(p
yticipocsorgyH

H )%(, iH (, g m/ 2 )h·

TEP AP TEP AP TEP AP

Tr ae t em nt o TEPf na APd fa rb ics on pl amsa with g sa eou AMEHs

1 V1a 77 287 46.0 37.4 8410.0 3011.0

2 V2a 65 036 87.0 67.5 5220.0 5421.0

3 V3a 04 705 98.0 47.6 2040.0 2241.0

4 V4a 93 405 19.0 77.6 4040.0 7241.0

Tr ae t em nt o TEPf na APd fa rb ics on pl amsa with solution of AMEH in e ht anol

5 V1b 08 697 16.0 25.4 5310.0 5080.0

6 V2b 85 837 37.0 83.5 0610.0 0490.0

7 V3b 54 085 68.0 93.6 1120.0 1511.0

8 V4b 34 975 88.0 34.6 7120.0 4511.0

Tr ae t em nt o TEPf na APd fa rb ics on pl amsa with aqueou AMEHs solution

9 V1c 51 512 37.0 23.5 8230.0 0831.0

01 V2c 31 502 48.0 33.6 2730.0 8761.0

11 V3c 21 191 89.0 74.7 0340.0 7991.0

21 V4c 21 091 10.1 05.7 6340.0 0002.0

Table 5
The influence of the treatments on air plasma and grafting with HEMA on hydrophilicity and hygroscopicity of PET

and PA fabrics

Table 4
The influence of plasma treatment duration on the hydrophilicity and hygroscopicity of the polyamide and polyester fabrics
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By analyzing the given results, one can notice that
in case of both fibers and all three procedures of treat-
ment, the wetting time decreases whereas the HEMA
concentration increases. This can be explained thro-
ugh the growing number of hydroxyl groups from
HEMA grafted both on the surface of polyamide and
polyester fibers. The water molecules will be fixed
by the polar groups from the polymer surface through
hydrogen bonds, especially if the number of the lat-
ter is larger.

We can explain in the same manner the variation
in hygroscopicity expressed by the percentage amo-
unt of humidity (H) and by the hygroscopicity index
(iH) respectively; both the characteristics of the fab-
ric increase with the discussed parameter.

The soil release properties confered to the polya-
mide and polyester fabrics grafted with HEMA are
emphasised by higher remission values for the treated
samples unlike the untreated ones (Table 6).

which have been used, the best results were obtained
for the treatment with HEMA aqueous solutions and
gaseous HEMA, respectively. As for the soil release
properties, the best results were obtained for the poly-
ester fabric.
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Table 6
The influence of the treatment with HEMA on the soil

removal by washing

reV sion of
tr ae t em nt with

AMEH

%,R

TEP AP

V3a 57.27 39.57

V3b 40.46 89.96

V3c 29.37 26.77

U tn reat de 44.04 34.65

This can be explained on the one hand by the pres-
ence of hydrophilic groups from HEMA, that restrict
the sorption of hydrophobic oil, and on the other hand
by the fact that water fastened to the hydrophilic
group of the grafted polymer facilitates the removal
of hydrophobic soil during the mechanical action that
take place during the washing process.

Conclusions

The plasma treatment and grafting with HEMA
changes the surfaces characteristics of polyamide and
polyester fabrics. The hydrophilicity and the hygro-
scopicity of the treated fabrics become improved
unlike the untreated ones. From the three options Received  12 July  2004.




