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Introduction

• Surface properties
- adhesion/release properties, friction, gloss, scratch-resistance. 

• Formation of surface layer
- Driving forces: difference in the surface tensions of components
- Benefits: small amount of surface materials; unaffected bulk 

properties; easiness of the process.

• Reactive polyolefin-PDMS compounds
- No tacky surface 
- Permanent surface layer
- Desired surface properties like friction and release capability



Objectives

- Fabricate hydrosilylated polyolefins in melts by 
reactive processing;

- Create PDMS-rich or SiO2-covered surfaces on 
polyolefins;

- Develop a surface treatment method;
- Surface layer properties: chemical composition, 

contact angle, and the top layer thickness;
- Optimize the processing parameters.
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Apparatus for supercritical CO2 (scCO2) annealing process.
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XPS spectra of PP/dH-PDMS sample before annealing.



Effect of annealing temperature on the surface chemical compositions

50 100 150 200

0

2

4

6

8

10

before 
annealing

PP/dH-PDMS,
7.6 MPa, 2 hrs.

Region
 Si
 O/Si

Survey
 Si
 O/Si

 

 

A
to

m
ic

 c
on

ce
nt

ra
tio

n,
 %

Annealing temperature, oC



1200 1000 800 600 400 200 0
0

40000

80000

120000

Na KLL
O KLL

Survey

0

Cl 2p

O 1s

Si 2s Si 2p

C 1s

N 1s
Na 1s

10
Cl 1s

30

120

Binding energy, eV

240

Sputtering time, s

60

292 290 288 286 284 282 280 278 276 274
0

10000

20000

30000 0

sputtering time, s

Region C 1s

10

30

60

120

Binding energy, eV

240

106 104 102 100 98
0

400

800
0

Sputtering time, s

Region Si 2p

10

30

60

120

Binding energy, eV

240

536 534 532 530 528
0

4000

8000

12000

0

sputtering time, s

Region O 1s

10

30

60

120
 

Binding energy, eV

240

XPS spectra of PE/mH-PDMS sample before annealing



Effect of annealing temperature on the surface chemical compositions
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Depth profile of PP/dH-PDMS sample before annealing.
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Depth profile of PP/dH-PDMS sample annealed in scCO2.
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Depth profile of PE/mH-PDMS sample before annealing.
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Depth profile of PE/mH-PDMS sample annealed. 
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PE/mH-PDMS, 
annealed at 100 oC, 7.6 MPa, and 2 hrs.
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Surface morphology of PP/dH-PDMS sample 
(a)before annealing; (b) 100 oC, 7.6 MPa, 2 hrs;
(c) 150 oC, 11 MPa, 1 hrs; (d) 150 oC, 11 MPa, 2 hrs. 
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Surface morphology of PP/dH-PDMS sample (cont’)
(a) before annealing; (b) 100 oC, 7.6 MPa, 2 hrs;
(c) 150 oC, 11 MPa, 1 hrs; (d) at 150 oC, 11 MPa, 2 hrs.
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Surface morphology of PE/mH-PDMS sample 
(a) before annealing; (b) 100 oC, 7.6 MPa, 2 hrs; 
(c) 120 oC 7.6 MPa,2 hr.; (d) 150 oC, 7.6 MPa, 2 hrs. 
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Surface morphology of PE/mH-PDMS sample (cont’)
(a) before annealing; (b) 100 oC, 7.6 MPa, 2 hrs; 
(c) 120 oC, 7.6 MPa, 2 hr.; (d) 150 oC, 7.6 MPa, 2 hrs. 



Effect of annealing temperature on the contact angles of PP/dH-PDMS 
and PE/mH-PDMS samples
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Table 1 Effect of annealing time on the surface properties of 
PP/dH-PDMS sample

11 MPa; annealing T: 120 oC

1.62.94.592.6region

1.53.82.24.489.6survey98.4±1.8t =
2hrs.

2.01.83.694.6region

1.9--1.53.595.0survey94.1±1.0t =1 hr.

1.0-8.48.483.2region

1.0-7.18.684.3survey66.8±0.7Ref.*

O/SiFSiOCXPS modesContact angle, 
degree

* Before annealing



Table 2 Effect of scCO2 pressure on the surface properties 
of PP/dH-PDMS and PE/mH-PDMS samples 

120 oC; time: 2 hrs.

1.5-6.19.584.41.6-2.94.592.6region

2.06.35.110.378.360.0±0.61.53.82.24.489.6survey98.4±1.8P=
11 
MPa

2.9-4.312.583.24.9-1.15.693.3region

2.9-4.011.784.369.8±0.84.0-04.695.4survey81.0±0.7P=
7.6 
MPa

9.8-1.312.686.21.0-8.48.483.2region

8.7-1.512.985.656.2±0.61.0-7.18.684.3survey66.8±0.7Ref.*

O/SiFSiOCContact 
angle, 
degree

O/SiFSiOCXPS 
modes

Contact 
angle, 
degree

PE/mH-PDMSPP/dH-PDMS

* Before annealing



CONCLUSIONS

• Two hydrosilylated polyolefin compounds are obtained by reacting PP 
and PE with di-functional and multi-functional hydride-terminated 
PDMS in melts: PP/dH-PDMS and PE/mH-PDMS. The Si
concentration on PP/dH-PDMS sample before the annealing is higher  
than PE/mH-PDMS sample.

• The Si concentration on the PP/dH-PDMS sample surface changes 
little up to 120 oC, drops at 150 oC, where the SiO2 particles appear. 
On PE/mH-PDMS sample, the Si concentration has a maximum value 
at 100 oC. Contact angle increases with annealing temperature on 
both samples. 

• The SiO2 particles on the PP/dH-PDMS surface  form patterned 
clusters at a shorter time and spreads all over the surface at a longer 
time.

• An increase in scCO2 pressure induces higher Si concentrations on 
both samples,  a larger value of contact angle on PP/dH-PDMS 
surface, but the opposites PE/mH-PDMS sample. 
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