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ABSTRACT

Polyethylene, Specially the LDPE is one of the most widely used thermo-
plastic in packaging industries, due to its low cost, broad range of proper-
ties like excellent moisture barrier and chemical resistance which are need
for food packaging sectors. As mentioned above LDPE is most widely
used plastic for packaging film applications but the major disadvantage is
that the surface of the LDPE film is smooth and non-polar aso shows the
lack of chemical functionality which is a requirement for adhesive bond-
ing, hence surface preparation/modification become necessary. Often
which adhesion properties increase of all the available methods to modify
the polymer surface for enhancing adhesion properties, here in this study
we have used plasma treatment and aqueous solution of Fe3+ ion salt with
ammonium persulphate treatment to modify surface of LDPE film. The
modification in surface due to the treatments were correlated by means of
Fourier transformed infrared spectroscopy (FTIR) to determine the pres-
ence of polar species such as carbonyl, carboxyl and hydroxyl groups etc.
Theimprovement inink adhesion, both water based and solvent based inks
was studied by standard Scotch tape adhesion test. Furthermore Surface
property and Surface morphology was characterized by contact angle mea-
surement and Scanning Electron Microscope (SEM). Surface energy and
surface roughness can be directly correlated to the improvement in sur-
face-related properties. © 2015 Trade Science Inc. - INDIA

INTRODUCTION

Magjor products of packaging industry require
aesthetic value which makes printing an essential
part of packaging industry. In conventional printing
i.e. solvent based process the rate at which the sol-
vent evaporatesis very high releasing avolatile or-

ganic compound (VOC) which posesaseriousthreat
to our environment. This hasincreased the demand
for asubstitute like water based inks. Packaging In-
dustry demands mostly LDPE because of its high
specific modulus, strength, abundant availability,
good process ability, low energy consumption, re-
sistanceto chemicalsand low cost. However LDPE
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is Smooth & nonpolar in nature, dueto which it ex-
hibits poor adhes on property hence printing of LDPE
surface is poort?. Surface topography and the pres-
ence of polar groups on the surface play a crucia
role for obtaining good adhesion. Change in the
chemical composition and morphology of the sur-
face may enhance the adhesion property'™>9. A num-
ber of methods have been utilized to modify the LDPE
surface such as plasma treatment®,corona treat-
mentd & chemical etchingd. In continuation of the
investigation we repeat here the results of agueous
solution of Fe3+ ion salt with ammonium persul phate
etching and plasmatreatment of our own attemptsto
modify LDPE surface. The spectroscopic analysis
ATR-FTIR hascharacterized polar groups. The print-
ability of LDPE film with water based and solvent
based ink was determined by Scotch tape test. The
mechanism of improvement of the above mentioned
surface related property of LDPE film is discussed.

EXPERIMENTAL

Materials

1. LDPE grade (24 FS040) of Reliance was blown
into smooth films by usual extrusion film blow-
ing technique. It hasMélt flow index 4.0 gm/10
min, Density 0.922gm/cc. high dlip grade.

2. Fe(NQ,) ,from S.D. Fine Chemical, India.

3. Ammonium persulphatefrom MERCK IndiaLtd.

4. Inkswere procured from Micro Inks Ltd.

Preparation of blown films

LDPE grade (24 FS040) Reliance was blown
into smooth films by extruding through a1 in. cen-
tering vertical die using a Boolani blown film ex-
trusion, blown, cooled, and collapsed to films of
approximately 3-in.width.

Surfacemodifications
Plasmatr eatment

1. The films were cleaned with acetone in an ul-
trasonic bath for 6 min and then dried in air.
LDPE filmswere partially crystallinein nature.

2. A typical bell jar type plasmareactor having a
height of 30 cm and a diameter of 30 cm was
used. The two electrodes were capacitive
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coupled to the RF source capable of giving power
output upto 100 W.

3. Various ports were fitted on the base plate for
gas and monomer inlet. Pirani gauge was fitted
onto thetop plate. To confinethe glow discharge
to the specific volume, the magnetron was
mounted on the base plate. Because of magne-
tron, the plasma confined to a volume of 500
cm? and the maximum sampl e that can be uni-
formly treated in our plasma chamber is 10 cm
x 10 cm. However, LDPE films of size 8 cm x 8
cm were used in the present work.

4. Theworking pressure was adjusted to 0.2 mbar
and gasflow rateto 15 SCCM.

Aqueoussolution of Fe3+ | on salt with ammonium
persulfate treatment

1. LDPE film was cut into sizes of 10 x5 cm and
the film samples were washed with hydrochlo-
ric acid (HCI), Acetone, and distilled water and
finely dried in oven at about 60°C.

2. Thenthedried filmswere dipped inthe agueous
solution of ammonium persulfate and Fe(NQ,),
at a desired temperature for a different periods
of immersion placed in atemperature bath.

3. After thetreatment, thefilmwasdippedin deion-
ized water, then washed and dried at 50°C.

CHARACTERIZATION

Weight and thickness measurement

The effect on the surface treatment on weight and
thickness of the LDPE films were measured with
the help of analytical balance and thickness gauge
respectively. The preand post condition of thefilms
were noted down to analyze the effect of surface
treatment

Dynamic contact angle measur ement

A Cahn Dynamic Contact AngleAnayzer (Modd
DCA312) from Cahn Instrument was used for all
Dynamic Contact Angle measurements. The LDPE
film sample was glued to both sides of athin glass
slide measuring 24 x 30 mm with the treated side
facing outside used as the sample element. Advanc-
ing and receding contact angles of the sample ele-
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ment were determined by the dynamic contact angle
analyzer asthe sample element went through theim-
mersion and emersion cyclesin water. The advanc-
ing and receding contact angles from two immer-
sions cycle were averaged and reported.

SEM analysis

Surface morphol ogy of the coronatreated aswell
aschromic acid etched & unetched LDPE filmswere
examined with an EVO 18 series CARL ZESISS
Scanning Electron Microscope.

FTIR analysis

The IR spectrafor virgin LDPE filmsand chro-
mic acid as well as Corona treated films were re-
corded with a Shimadzu 470 IR spectrophotometer.

Printability and ink adhesion tests

Thetreated L DPE film was printed with an ague-
ousink (Lab 102484/14) and Solvent Based ink (Lab
102483/14) from Micro Inks Ltd. Tests of ink adhe-
sion was performed using a standard Scotch tape
adhesion test. Samples of treated film were inked
using a hand anilox roller and were allowed to dry
for 5min. Thetest tape was applied and peel ed back
uniformly, and the percent ink that remained adhered
to the polyethylene surface was visually estimated.
The appearance of print was rated good (G) or poor
(P) by considering the smoothness of ink coverage
and the presence of visible pin holes. Theink adhe-
sion was rated by hand pulling a piece of Scotch
Brand 600 tape off the printed surface to determine
how much ink remained on the printed surface. Zero
(0.0) meant no ink adhesion, and 100.00 meant 100%
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Figure 1 : % Weight loss of plasma treated LDPE film
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of theink adhered to the surface.
RESULT AND DISCUSSION

Weight and thickness measurement

Figures 1 show percent weight gain at different
immersion time and temperature respectively keep-
ing the other parameter constant, wefound that treat-
ment under air results in loss of weight, which in-
creases with time of treatment and is depicted in
Figure 1. Theetching processis predominant on the
amorphous region of the surfacethan on the crystal-
line regions. Therefore it is possible that the initial
rates of etching aremorerapid. Onceall theetchable
amorphous materials on the surface have been re-
moved, the remaining crystalline and tightly bound
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Figure 2 : The variation of percentage weight gain of

LDPE film with time (at 70°C) of ammonium persulfate
treated
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Figure 3 : The variation of percentage weight gain of
LDPE film with temperature (for 3hr) of ammonium
persulfate treated
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Figure 4 : The variation of percentage thickness gain of
LDPE film with time (at 70°C)
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Figure 5: The variation of percentage thickness gain of

LDPE film with temperature (for 3Hr) of ammonium

persulfate treated

amorphous material cannot beremoved easily. Fig-
ures 2 to 5 shows percent thicknessgain at different
immersion time and temperature respectively keep-
ing the other parameter constant, the weight percent
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and thicknessfor the persulfate /Fe*3-treated LDPE

film. Fromthefiguresitisevident that gradually the
weight and the thickness of the film increase with

theincrease of treatment time at aconstant tempera-

ture (80°C). At a constant treatment time (2.5 h), the

weight of thefilmincreases with temperature. How-

ever, both the increase in weight and the thickness
of chemically modified films become asymptotic
after sometime

Dynamic contact angle measur ement

TABLE No 1 show the dynamic contact angle
measures and ink adhesion of Plasmatreated LDPE
filmsat varioustime. The untreated film sample had
high advancing and receding contact angles which
showed no adhesion with aqueous ink. The reced-
ing contact angles decreased gradually to approxi-
mately 62° . Excessive expose of a polymer film sur-
face also lead to premature failure of the film.
TABLE No 2 show the dynamic contact angle data
and ink adhesion of LDPE filmsat varioustimeand
temperature Ammonium persulfate treatment. The
untreated film sample had high advancing and re-
ceding contact angles which showed no adhesion
with agueous ink. The receding contact angles de-
creased gradually to approximately 66°. Excessive
treatment of apolymer film surface may alsolead to
prematurefailureof thefilm.

SEM Analysis

Figure6 & 7 shows SEM micrographs of Plasma
untreated and treated LDPE films. Pitting and sur-
face roughening are observed for the treated films.
The improvement of wettability and adhesion of a
polymer is often attributed to the increased rough-
ness of its surface. Therefore, the pitting and sur-
face roughness is expected to help adhesion due to
increased surface areafor bonding the surface modifi-

TABLE 1: Dynamic contact angle measurements and ink adhesion of plasma treated L DPE

PlasmaTreated  Advancing Contad

Receding Contad

Ink Adhesion %

Time (M) Ange°C Ange°C Wate based ink  Solvent based ink
0 99.3 89.1 0 0
2 91.2 75.6 0 20
10 90.4 79.4 10 40
20 88.3 65.1 20 100
30 83.5 62.4 30 100
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TABLE 2 : Dynamic contact angle measurement and ink adhesion of ammonium persulfate treated

Ammonium persulfate :
Treat%d Advandng Contad Receding Contact nk Adhesion %
Time Temperature Angle® Angle® Water Solvent

(H) ® Based ink Based ink

- 70 99.3 0 0 0
0.5 70 96.7 0 0 20

2 70 925 10 10 50

3 70 84.6 30 30 100

3 95.9 0 0 0

3 94.2 0 0 10

3 89.5 86.4 0 0

3 82.6 76.8 10 40

3 70 85.8 66.2 20 80

{1, 886 18mm

(1, 86808 18um

‘1,008 18um i@ 2@ S Figure9: Ammonium per sulphatetreated (70°C for 3Hr)

Figure7: Plasmatreated L DPE film sis. The SEM micrograph of persul phate treated and
cationsaswel| asthe changein topography and mor- untreated L DPE filmsare shownin Figures8 and 9.

phology of surface have been studied by SEM analy- Pitting and surface roughing has been observed for
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Figure 11 : FTIR of ammonium persulphate treated (70 °C for 3Hr)

the modified films. The adhesion and printability of
the polymer films are improved with an increase in
the roughness of its surfaces. Therefore, the pitting
and surface roughnesses are expected to help adhe-
sion dueto increase in surface areafor bonding.

FTIR analyss

The absorption IR spectra of modified LDPE
films is shown in Figure 9 & 10 Strong bands at
1697-1700 cm™ *confirm the presence of >C=0 of
the -COOH group. At 1620-1622 cm™?, this corre-
sponds to the -CAO group adjacent to an olefinic
double bond or enolic >C=0 group. A strong band

at 3540-3590 cmtisdueto-O-H stretching. At 782—
790 cn &, this corresponds to C-H bending vibra-
tion of alkenes activated due to chemical modifica-
tion of the surface. At 1308-1314 cm'?, this corre-
spondsto O-H bending of the carboxylic acid group.
All these absorption peaks were absent in the un-
modified sample. The FTIR spectraof untreated and
air plasma treated PE film are shown in Figure 9,
12, 13 shows the peak assignment PE film. When
PE filmistreated in air plasmathefollowing changes
take place, as shown in Figure Bands at 1697—1700
cm* confirm the presence of >C=0 of COOH group

and 1620-1622 cm™correspond to >C=0 group ad-
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Figure 12 : FTIR of plasma treated 5 min
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Figure 13 : FTIR of plasma treated 15 min

jacent to an olefinic double bond or enolic >C=0
group. Peaksin theregion 1700 and 1730 cm™ cor-
respond to C=0. Peak at 2200 cm™ corresponds
to>C=0 group. A weak maximum at 1400 cmlisre-
lated to COO groups. The IR spectra of 900-950
cmshow out of plane deformation carboxyl OH as
well as a small peak of alkyl peroxide at 870 cmr
1,24 The formation of new functional groups takes
placein the remote region. OH stretching bands are
observed in the region 3000-3500 cm™. Various
bands are observed in the region between 1300 and
1000 cnr corresponding to C-O.

CONCLUSION

Plasma treatment and Ammonium Persulphate
treatment can greatly change the surface chemistry

and the topography of LDPE films. Introduction of
polar groups (C=0, OH, OOH, COOH) on the sur-
face of modified LDPE film responsible for im-
proved ink adhesionin both coronatreatment aswell
aschromic acid tresetment. Theimprovement in print-
ability is due to formation of chemica bonding be-
tween theink and newly generated functiona groups.
Simultaneously, the vigorousincrease of the surface
roughness was found as a result of the successful
treatments (as observed by SEM analysis) leads to
better ink adhesion. Interlocking due to surface
roughness and chemical interaction and bonding due
to generation of active polar groups, as observed by
ATR-FTIR studies, are accountable for excellent
surface-related properties such as auto adhesion,
bonding strength, ink adhesion, etc. by this type of
modifications the LDPE films can be printed by
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water based ink printing which is environment
friendly.
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