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a b s t r a c t

Octa-(ethyl octadeca-10,13 dienoamide) silsesquioxane or bio-POSS was used in the fabrication of

polyethylene (PE)/bio-POSS blends by melt mixing. These PE/bio-POSS blends were applied to paper-

board by compression moulding coating. The T-peel test was used to determine the adhesion of the

blends to paperboard. A FTIR-ATR spectroscopic study was performed to identify the interfacial

interaction between PE/bio-POSS blends and paperboard. The T-peel test showed that the adhesion

of PE to paperboard was enhanced when there was less than 10 wt% of bio-POSS in the blends. The best

adhesions were achieved at 5 wt% and 3 wt% bio-POSS, coated at 200 1C/20 1C and 300 1C/20 1C,

respectively. The increase in adhesion strength was attributed to the contribution of mechanical

interlocks and probable interfacial interaction between amide groups of bio-POSS and hydroxyl groups

of paperboard, as specified by FTIR-ATR. Bio-POSS content above 10 wt% led to a decrease in adhesion

between PE/bio-POSS blends and paperboard because the melt flows and mechanical properties of the

blends were dramatically decreased.

& 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The most widely used plastic, polyethylene (PE) is often used in

laminated packaging products, e.g. PE-coated paperboard. A

requirement for this product is good adhesion between PE and

paperboard. The adhesion depends on the characteristics of the

paperboard (surface roughness and porosity), PE (melt flow rate,

meting point, wettability and thickness), and the coating conditions

(temperature, pressure and rate of coating). It is also affected by

surface chemical factors and the intermolecular forces across inter-

face [1]. Adhesion properties may be enhanced by treating paper-

board and PE before coating. Improvement in adhesion properties

by surface treatment of paperboard was successfully obtained by

Kemppi [1], Fredholm and Westfelt [2]. Our work has only focused

on the chemical modification of the PE-containing coating layer to

improve the adhesion between coating and paperboard.

Polyethylene (PE) has low surface free energy (31 mJ/m2) and

low wettability [1]. When it is coated on the paperboard, PE

shows low adhesion. In order to improve the adhesion properties,

it is necessary to modify the PE prior to coating. Modifying PE was

performed by treating the surface (surface treatment of PE) [3,4].

In those works, the oxygen-containing polar groups such as C¼O,

OH, COOH are introduced to PE surface, leading to an increase in

surface polarity of PE without influencing on the properties of PE.

When coated on the paperboard, the interfacial attraction force is

increased, thereby improving the adhesion. Besides, the proper-

ties of PE can be modified by using additives or reinforcing agents.

Inorganic/organic hybrid polymers based on polyhedral oligo-

meric silsesquioxanes (POSS) have been much studied in the recent

years. POSS is a class of silicon compounds with an empirical

formula R(SiO1.5)n having an inorganic core cage and organic groups

attached at the vertex, with a size of 1–3 nm. The organic groups

allow POSS to be easily incorporated into polymers either by

copolymerisation, or physical mixing, whereupon POSS/polymer

blends having significantly improved properties such as mechanical

properties, thermal stability, surface hardening, and rheological

properties will be made [5–9]. Recently, a considerable study on

the fabrication of polymer/POSS with improved properties by using

a mixing method has been published [10–16]. There is a lack of

work on applying polymer/POSS to paperboard as well as determi-

nation of adhesion between the layers in such laminates.

Polymer materials fully or partly based on renewable resources

are a topic of great interest. The use of such materials can

significantly contribute to a sustainable development. Octa-(ethyl

octadeca-10,13 dienoamide) silsesquioxane is a POSS compound

derived from a natural unsaturated fatty acid (octadeca-10,13
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dienoic acid). This POSS compound is therefore a biological and

renewable material, and called bio-POSS. The molecule of bio-

POSS is typically composed of a Si8O12 cubic cage and eight (ethyl

octadeca-10,13 dienoamide) groups peripherally attached at eight

Si vertexes, as can be seen in Fig. 1. The core cage is inorganic,

giving thermal stability, while the peripheral organic groups allow

bio-POSS to be incorporated into organic polymers to form POSS/

polymer blends. Among the methods for fabricating polymer

blends, melt mixing is efficient, cheap and simple to scale up to

industrial level. Furthermore, fabricating blends by mixing will

consume less time in comparison with copolymerisation that

requires more time to develop new polymerisation routes. The

properties of polymer/bio-POSS blends can be easily tailored by

combining polymer and bio-POSS components and varying the

blend composition.

The aim of this work is to investigate the effects of bio-POSS on

the adhesion of polyethylene (PE) to paperboard. Various PE/bio-

POSS blends have been fabricated by melt mixing in a micro-

extruder. After that, the resultant blends are applied on the

paperboard by compression moulding coating. The adhesion

between polyethylene/bio-POSS blends and paperboard is eval-

uated by the T-peel test. The melting temperature of PE/bio-POSS

blends is determined by differential scanning calorimetry (DSC).

To observe the morphology of PE/bio-POSS blends, the samples

are examined using scanning electron microscopy (SEM). Fourier

transform infrared attenuated total reflection (FTIR-ATR) spectro-

scopy is used to identify the surface characteristics of the blends

and paperboard.

2. Materials and methods

2.1. Materials

Polyethylene (PE) was purchased from Ineos Polyolefins and

Polymers Europe, with melting point of 120 1C and the melt flow

index (MFI) of 0.5 g/10 min (190 1C/2.16 kg). Norsilika8002 is a

yellowish viscous liquid which was supplied by Jotun AS, Norway,

containing octa-(ethyl octadeca-10,13 dienoamide) silsesquiox-

ane (bio-POSS) dissolved in a hydrocarbon solvent, with a solid

content of 40–44%. Paperboard was provided by Korsnäs AB,

Sweden.

2.1.1. Paperboard

The paperboard is a much used fibre-based material for

packaging due to its good stiffness, its low production cost, its

lightness, its good and multiple printing opportunities and its

recyclability. The paperboard has two different sides (uncoated

and coated side) with different colours (brown and white),

respectively. It is composed of four different layers:

(i) the bottom layer is unbleached kraft pulp of a pine and

spruce softwood mix,

(ii) the middle layer is unbleached kraft pulp and chemithermo-

mechanical pulping (CTMP),

(iii) the dense layer is bleached kraft pulp and

(iv) the top layer is coated by white pigments and binders (the

pre-coated side).

Fig. 2 shows scanning electron microscope (SEM) images of

paperboard: (a) shows the uncoated side (brown colour) and

(b) shows the cross-section of the paperboard which illustrates

four different layers (i, ii, iii and iv). As can be observed, the

uncoated side of paperboard is very rough, containing large fibres.

The rough surface of the uncoated side of paperboard is very

advantageous for polymer coating mechanical adhesion.

2.2. Sample preparation

Before blending, bio-POSS was dried at 150 1C in vacuum in

order to remove the hydrocarbon solvent completely. After that,

the blends were prepared by melt mixing PE and dried bio-POSS

at various compositions in a twin screw 15cc micro-extruder DSM

Fig. 1. Typical structure of octa-(ethyl octadeca-10,13 dienoamide) silsesquioxane (bio-POSS).
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MIDI2000. The extrusion temperature was kept at 180 1C from

hopper to die section of micro-extruder, the operating screw

speed was controlled at 50 rpm/min and total extrusion time was

5 min. The blend products were cut into pellets, 2 mm in length.

Blend films with a thickness of around 0.1 mm were obtained

by compression moulding the pellets on hydraulic compressor

Fontijne TH200. The temperature of top/bottom plate of hydraulic

compressor was 180 1C/180 1C, the pressure was 10 MPa, and the

total time was 5 min. Then, the blend films were applied on the

uncoated side of paperboard by compression moulding coating, at

10 MPa and temperature of 200 1C/20 1C and 300 1C/20 1C, respec-

tively for the two series.

2.3. Characterisation

2.3.1. Scanning electron microscopy (SEM)

The morphologies of PE/bio-POSS blends were examined by a

scanning electron microscopy (SEM) instrument JEOL JSM-

5900LV. The microscope was operated at 15 kV and in low

vacuum mode of 20 Pa. The specimens were prepared by cutting

the blend films and washed up using 100% ethanol. All samples

were directly analysed without coating the surface.

2.3.2. FTIR-ATR

Fourier transform infrared attenuated total reflection (FTIR-

ATR) was used for analysis of surfaces of samples. The sample was

placed onto the universal diamond ATR top-plate (diamond/ZnSe)

and a pressure was applied to the sample area. The scan range

was in the medium infrared region from 4000 to 650 cm�1 at a

resolution of 4 cm�1, a scan number of 4. The spectra were

reported as unit of transmission (%T). The analyses were carried

out on a on a Perkin Elmer FTIR device (Spectrum One) at room

temperature.

2.3.3. Melt flow index

The influence of bio-POSS content on melt flow of polyethy-

lene (PE) was monitored by the melt flow index (MFI) method on

a melt flow apparatus, Davenport 3/80. The blends were fully

loaded into a cylinder of MFI device and then melted at tempera-

ture of 190 1C. Pre-heated time and extrudate time were set at

5 and 10 min. MFI was expressed as the mass of the blends per

10 min extruded through the die of 2.09 mm in diameter and

8 mm in length, under the standard weight of 2.16 kg

MFI¼
Average extrudate weight

Time
ðg=10minÞ

2.3.4. Mechanical properties

The mechanical properties of PE/bio-POSS blend film were

determined by tensile testing according to ISO 527-1 on the

device Zwich-Z250. Test specimens were cut from the blend film

with ‘‘dumbbell’’ shape. At least 5 specimens of each blend film

were prepared for tensile test. The test was run at the speed of

500 mm/min and room temperature.

2.3.5. Differential scanning calorimetry (DSC)

DSC analysis of PE/bio-POSS blends was done using a differ-

ential scanning calorimeter Perkin Elmer DSC 8500 in nitrogen

flow. The samples (2.0�3.0 mg) placed in a DSC pan. The samples

were heated from 20 1C to 150 1C at a rate of 10 1C/min.

2.3.6. Adhesion testing

Adhesion was determined by T-peel testing on the testing

device Zwich-Z250. At least five T-type specimens (200 mm in

length and 15 mm in width) were prepared for each sample by

using Thwing-Albert’s JDC-15 mm-10 in. sample cutter. The poly-

mer coating was peeled at the speed of 30 mm/min. and over a

length of 150 mm.

The adhesion value was determined as Adhesion¼

peel force=width ðN=mÞ

The adhesion strength of the sample was calculated as the

average of five adhesion values that corresponded to five

specimens.

2.3.7. Optical microscopy

The fracture surface (both sides) of de-bonded joints after T-

peel testing were observed by using optical microscopy Leica

M420. The photos of the fracture surface were taken using a

colour high resolution camera Basler A110FC. The fracture sur-

faces were selected from the sample after T-peel test.

3. Results and discussion

3.1. Morphologic analysis

Morphological analysis of PE/bio-POSS blends was performed

by a SEM method, and the result is shown in Fig. 3.

There are bio-POSS aggregates (10–20 mm) formed in the PE

matrix, indicating that the dispersion of bio-POSS into PE is at

micro-scale. The number of bio-POSS aggregates is increased with

increasing bio-POSS content in the blends while their sizes

become smaller. In fact, at below 10 wt%, there are only few

bio-POSS aggregates gathering at a certain position within the PE

matrix. At above 10 wt% content, bio-POSS aggregates are dis-

tributed everywhere within the blends. There are not any bio-

POSS aggregates with diameter larger than 20 mm, reflecting the

relatively equal distribution of bio-POSS aggregates within PE. At

above 10 wt%, bio-POSS is significantly present on the surface of

the blends.

iv
iii 

ii

i

Fig. 2. SEM images of paperboard: (a) Uncoated side; (b) cross-section. (For interpretation of the references to color in this figure, the reader is referred to the web version

of this article.)

T.-A. Nguyen et al. / International Journal of Adhesion & Adhesives 38 (2012) 117–124 119



3.2. FTIR-ATR spectra

The FTIR-ATR is a useful technique for determining the surface

of the material. In this study, the FTIR-ATR was used for identify-

ing the surface characteristics of pure materials and the blends.

Fig. 4 shows FTIR-ATR spectrum of PE, bio-POSS, and PE/bio-POSS

blends, and Table 1 is the interpretation of FTIR-ATR spectra

where the absorption band frequencies are listed.

As illustrated in Fig. 4, pure PE exhibits two absorption peaks

in the range 2950–2800 cm�1 (CH2 stretching), 1460 cm�1 (CH2

scissoring), 719 cm�1 (CH2 rocking). The spectral bands of PE are

similar to the results in the study of Chandra, Rustgi [17], and Raj

et al. [18].

Bio-POSS shows the main peaks as follows: the absorption

peaks at 3300 cm�1 and 3084 cm�1 assigned to the hydrogen-

bonded N–H stretching (N–HyO¼C); two bands appear at

1713 cm�1 and 1644 cm�1 are assigned to amide I (carbonyl

C¼O) and amide II (mixed vibration of N–H bending and C–N

stretching), respectively. Normally, the intensity of amide I is

stronger than that of amide II. The small shoulder band at

1772 cm�1 is ascribed as the free C¼O stretching vibration. The

double bond C¼C stretching vibration is found at 1543 cm�1.

Two strong and broad bands at 1119 cm�1 and 1028 cm�1

exhibit Si–O–Si stretching of the cubic Si8O12 structure. The

interpretation of the FTIR-ATR spectrum of bio-POSS was con-

sulted the study of Rao [19].

The FTIR-ATR spectra of PE/bio-POSS blends show an absorp-

tion band of N–H stretching near 3300 cm�1, two strong bands of

C¼O stretching vibration and mixture of C–N stretching/N–H

bending near 1713 cm�1 and 1644 cm�1, two strong and broad

bands of Si–O–Si stretching of silsesquioxane cage in the range

1130–1020 cm�1, as illustrated in Fig. 4. Especially, the free C¼O

is also present in the spectrum of the resultant blends as a

shoulder band. Peak intensities of Si–O–Si stretching are

increased with increasing bio-POSS content in the blends. It

demonstrates that the features of PE and bio-POSS components

were fully introduced to the surface of PE/bio-POSS blends.

3.3. Melt flow property

The melt flow index (MFI) method is generally used to assess

the average molecular mass of a polymer and is reversed to the

melt viscosity. The higher a MFI, the more polymers flow.

Knowing the MFI of a polymer is helpful for controlling its

PE

Bio-POSS

Fig. 3. SEM micrographs of PE/bio-POSS blends at bio-POSS content: (a) 1 wt%, (b) 3 wt%, (c) 5 wt%, (d) 10 wt%, (e) 20 wt%, (f) 40 wt%.
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processing. In this work, the melt flow property of PE/bio-POSS

blends was measured and the results are shown in Fig. 5. The MFI

completely decreased with increasing bio-POSS content. The

higher the bio-POSS content, the lower the MFI. The differences

between the MFI values of the blends at 3, 5 and 10 wt% bio-POSS

are inconsiderable. The MFI’s reduction is significant at above

10 wt% bio-POSS loading (more than 50% reduction). It reflects

that the melt viscosity of PE/bio-POSS blends is increased and the

melt flow property of PE/bio-POSS blends is decreased with

increasing bio-POSS content in the blend.

3.4. Mechanical property

The elastic modulus (Et), yield strength (sY), strength at break

(sB) and elongation at break (eB) obtained from tensile tests on

PE/bio-POSS blend films are reported in Table 2. The mechanical

properties of PE/bio-POSS are decreased with increasing bio-POSS

content.

Addition of bio-POSS to PE has little effect on elastic modulus

and yield strength. However, strength at break of the blends at

low bio-POSS content is moderately decreased, about 44% reduc-

tion at 3% bio-POSS loading, and elongation at break is slightly

lowered (12% reduction). When bio-POSS content is 5 wt%, the

reduction in strength at break of the blend films is approx. 50%,

while the decrease in elongation at break is moderate (30%). At

above 10 wt% bio-POSS loading, elongation at break of the blends

is dramatically decreased. The blend of 40 wt% bio-POSS has

extremely poor mechanical properties.

The overall decrease of the mechanical properties for PE/bio-

POSS as compared with PE is probably related to the presence of

micron size bio-POSS aggregates which behave as weakening

points during blend deformation.

3.5. Adhesion of PE/bio-POSS blends to paperboard

The adhesions of PE, PE/bio-POSS blends to paperboard are

shown in Fig. 6.(a) shows the adhesion properties of the samples

Wavenumber (cm
-1)

T
ra

n
s
m

is
s
io

n
 T

 %
)

Fig. 4. FTIR-ATR spectra of PE/bio-POSS blends with various bio-POSS loadings.

Table 1

Interpretation of FTIR-ATR [19].

Bio-POSS (cm�1) PE (cm�1) Interpretation

3300, 3084 – Hydrogen bonded N–H stretching

3006 – C–H in¼CH– stretching

2924, 2854 – CH2 stretching

2916, 2849 CH2 stretching

1772 – Free C¼O stretching

1713 – Hydrogen bonded C¼O stretching (Amide I)

1644 – C¼O stretching and N–H bending (Amide II)

1544 – C¼C stretching

1471 – CH2 bending (scissoring)

1466, 1438 – CH2 bending (scissoring)

1396, 1366 – C–H in¼CH– bending (in-plane)

1379 – CH2 wagging

1315 – CH2 wagging

1272 – C–N stretching and N–H bending (Amide III)

1120, 1028 – Si–O–Si stretching

892, 845 – C–H in ¼CH– bending (out-of-plane)

872 – Si–C stretching

793 – CH2 in Si–CH2– rocking

719 – CH2 rocking

718 – CH2 rocking

694 – N–H out-of-plane (Amide V)
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Fig. 5. Melt flow index of PE/bio-POSS blends.
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prepared at 200 1C/20 1C and (b) shows that at 300 1C/20 1C.

Generally, in both cases, the adhesion strength of PE/bio-POSS

blends on the paperboard is increased with increasing the content

of bio-POSS up to 10 wt%. Whereas, loading above 10 wt% bio-

POSS leads to a decrease in the adhesion of PE/bio-POSS blends to

paperboard in comparison with that of PE-coated paperboard. The

standard deviation is relatively small for all our samples (below

50 N/m). It reflects that the strength of adhesion of the blends to

paperboard is equally distributed. Among the samples prepared at

200 1C/20 1C, the sample at 5 wt% bio-POSS shows the highest

adhesion strength, and among the samples prepared at 300 1C/

20 1C, the adhesion strength of PE/3 wt% bio-POSS to paperboard

is greatest.

From Fig. 6, the adhesion of the samples prepared at 300 1C/

20 1C is approx. 25% higher than for the sample prepared at

200 1C/20 1C. It is a consequence of the high temperature reducing

the melt viscosity of the blends, thereby increasing the penetra-

tion of the blends into paperboard to form mechanical interlocks

at the interface, hence enhancing the adhesion. The effect of

coating composition on adhesion strength is relatively similar at

both coating temperatures.

3.6. Failure of adhesive joint

During T-peel test, the blend films and paperboard are sepa-

rated from the adhesive joint. Fibres of paperboard are torn and

attached to the blend films after separation. This phenomenon is

called ‘‘fibre-tear effect’’. It is impossible to avoid completely this

phenomenon when T-peel test is running [1]. In our work, the

fibre-tear effect occurred on all T-peeling specimens. To fully

understand the failure of adhesive joint, it is necessary to examine

the fracture surfaces of de-bonded joint after peeling.

Fig. 7a illustrates the specimens of PE/bio-POSS blends coated

paperboard after peeling, and (b) shows the photo taken from the

typical fracture surface (blend side) after peeling the sample of

PE/3 wt% bio-POSS blend coated paperboard by using an optical

microscope. It can be observed that the blend film and paper-

board were apparently delaminated after peeling (Fig. 7a). There

are only few fibres of paperboard (yellowish colour) clinging onto

the blend film, and the blend films were not deformed after

separation. The fracture surface of the blend side is quite rough

with the trace of paperboard surface, as can be seen in Fig. 7b. In

this case, the failure of adhesive joint is apparently located at

interface between the blend films and the paperboard (apparently

interfacial failure).

In our T-peel testing, the final adhesion was the average of five

adhesion values of five corresponding specimens with apparently

interfacial failure. Thus, the final adhesion value is neither

Table 2

Mechanical properties of PE/bio-POSS blend films.

PE/bio-POSS Et (MPa) sY (MPa) sB (MPa) eB (%)

100/0 278 12.8 24.5 823.4

99/01 245 11.8 12.3 733.5

97/03 272 11.8 13.5 719.2

95/05 282 12.8 12.6 570.9

90/10 229 11.6 10.2 22.4

80/20 240 11.8 11.3 19.9

60/40 218 – 1.8 0.3
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Fig. 6. Adhesion strength of PE/bio-POSS blends to paperboard when coated at (a) 200 1C/20 1C, and (b) 300 1C/20 1C.
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Fig. 7. Sample of PE/bio-POSS blends coated paperboard after peeling (a), and typical fracture surface of blend side with fibre-tear effect (b). (For interpretation of the
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cohesion strength of paperboard nor cohesion strength of the

blend film. It is the strength of adhesion between PE/bio-POSS

blends and paperboard.

3.7. Adhesion mechanisms

When a polymer is coated on paperboard, polymer spreads

and wets the surface before its penetration into the paperboard.

The spreading and wetting properties could play an important

role in the distribution of the polymer on the paperboard. The

paperboard surface is rough and the molten polymer can flow

into the depressions on its surface. Mechanical interlocking

mechanism may contribute to the adhesion strength between

the polymer and paperboard [1]. In this work, the blends

fabricated at different bio-POSS contents have the melting tem-

perature (Tm) of same order as pure PE (12370.5 1C), as the result

of DSC analysis. Moreover, the melt flow properties of the blends

are decreased with increasing bio-POSS content, as examined by

the MFI method. According to the T-peel test results, the adhesion

strength between polyethylene and paperboard was improved by

additional bio-POSS at below 10 wt%. A slight reduction in melt

flows of the blends at below 10 wt% bio-POSS loadings demon-

strates that the enhancement in adhesion strength to paperboard

was not primarily caused by mechanical interlocking. In order to

better understanding the adhesion mechanism, the surfaces of PE/

bio-POSS blends, paperboard and the blend films after coating are

spectroscopically studied.

FTIR-ATR analyses of the blend films before coating and the

surfaces of the blends after coating (including top surface–side

contact with mould, and failure surface–side contact with paper-

board, see Fig. 8) were carried out. Fig. 9 shows the ATR spectra in

the region of 1900–1500 cm�1 of the blend films before coating

(a), of the fracture surfaces that have an interfacial failure (b), and

of the blend top surfaces (c). As can be observed, the spectra of

the fracture surfaces (Fig. 9b) are pronouncedly different from

those before coating (a). Actually, if comparing the intensity ratio

IaI/IaII between amide I (near 1713 cm�1) and amide II (near

1645 cm�1), is always higher than 1 in case of the blends before

coating (Fig. 9a). On the blend fracture surface (Fig. 9b), such ratio

varies on bio-POSS concentration: IaI/IaIIo1 (1,3,5 wt%), IaI/IaII41

(10,20,40 wt%). The variation of IaI/IaII does not reflect an increase

of bio-POSS amount in the blends because if so, IaI/IaII ratio must

be higher than 1. Meanwhile, the spectra of the blend top surfaces

are relatively similar to those of before coating (Fig. 9a): intensity

of amide I is always higher than that of amide II. Consequently,

the ATR spectra of two sides (9b, 9c) of the blend films are

different, since one side has a contact with paperboard. It can be

suggested that there is an interaction occurring between the

blend films and paperboard.

Fig. 4 illustrates the presence of amide group on the surface of

PE/bio-POSS blend film, and Fig. 10 shows hydroxyl group on the

surface of reference paperboard (near 3332 cm�1). When the

blends are coated on paperboard, it can be suggested that there is

an interaction occurring between amide group of the blend films

and OH of paperboard: PE/bio-POSS blends–NHC¼OyHO–paper-

board. The suggested interaction could lead to a change in both

spectrum of amide group and OH group. In fact, the band shapes

of amide groups of the blend fracture surface (spectrum 99/01,

97/03, 95/05 in Fig. 9b) were altered as discussed above, whilst

the band shape of OH was less influenced, as unsmooth curve of

OH band in the spectrum a, b and c in Fig. 10. Thus, the suggested

interaction was probable.

However, the band shapes of OH group (spectrum d, e, and f in

Fig. 10) are relatively similar to that of OH in the reference

paperboard. In the spectra 90/10, 80/20, 60/40 (Fig. 9b), band

intensity of amide I is still bigger than that of amide II. Here, the

interaction between amide of the blends and OH of paperboard

might be inconsiderable to alter amide and hydroxyl bands. As

examined by tensile testing and MFI, additional bio-POSS above

10 wt% lead to a dramatic decrease in the mechanical and the

melt flow properties of PE/bio-POSS blends. The dramatic

decrease in melt flow properties indicates that the mechanical

interlocks at interface between the blends and paperboard was

Paperboard

Blend failure surface
Blend top

surface

Paperboard failure

surface
Locus of

failure

Fig. 8. A schematic of failure surface of PE/bio-POSS blends coated paperboard

after peeling.
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significantly decreased, thereby reducing the adhesion. Moreover,

the dramatic reduction in mechanical properties of the blends

could be explained as a consequence of a lubricant effect that

caused by high bio-POSS loadings [20]. Such lubricant effect

lowers the adhesion of bio-POSS/PE blends to paperboard, espe-

cially at high bio-POSS loadings due to much bio-POSS aggregates

on the blend surface.

4. Conclusions

Polyethylene/octa-(ethyl octadeca-10,13 dienoamide) silsesquiox-

ane (PE/bio-POSS) blends at different compositions were well fabri-

cated by themelt mixingmethod, and then successfully coated on the

uncoated side of paperboard by compression moulding coating. The

adhesion of PE/bio-POSS blends to paperboard has been improved by

low content of bio-POSS (below 10 wt%), where a remarkable

enhancement in adhesion is achieved at 5 wt% bio-POSS when coated

at 200 1C/20 1C, and at 3 wt% bio-POSS when coated at 300 1C/20 1C.

Adhesion property of the blend coated paperboard prepared at

300 1C/20 1C is higher than that at 200 1C/20 1C. The probable reason

for the adhesion improvement is mechanical interlocking, and inter-

facial interaction occurring between amide groups of bio-POSS with

hydroxyl groups of paperboard, as identified by FTIR-ATR spectro-

scopy. The blends made of above 10 wt% bio-POSS results in a

significant reduction in adhesion strength to paperboard because

the mechanical and melt flow properties of the blends were drama-

tically decreased at high bio-POSS loadings.
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