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Plasma treatment of polyolef ins:
Influence of material composition: 1,
Bulk and surface characterization
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Injection-moulded plates of ten polypropylene (PP) and thermoplastic polyolefin (TPO) materials with
varying material composition (different type of rubber, varying degree of ethylene etc.) were characterized
before and after oxygen plasma treatments. Untreated materials were studied by means of differential
scanning calorimetry (d.s.c.), size exclusion chromatography (s.e.c.), Fourier-transform infrared spectro-
scopy (FTi.r.), attenuated total reflectance (ATR) and transmission measurements, and the effect of plasma
treatment conditions was followed by X-ray photoelectron spectroscopy (X.p.s.) and contact angle
measurements. S.e.c. analysis revealed only minor variations among the materials, while the d.s.c. and
F T i .experiments confirmed that the differences were to be expected as a result of the variation in material
composition. The FTi.r.–ATR results showed that all samples had a gradient in material composition. The
materials were generally more rich in PP in the topmost N 200 nm than in the first N 800nm, and a lesser
extent of ethylene modification and/or rubber was observed in the topmost w 200nm. It was also shown that
the degree of surface crystallinity was normally greater at w 800 nm than at w 200nm, and that a higher
mould temperature led to a higher degree of surface crystallinity. The water contact angles and the atomic
composition showed that the materials were more oxidized after plasma treatment at high power-to-gas
pressure (P/G) ratios than at low ratios. Moreover, the dependence on material composition was weak for
samples that were plasma-treated at low P/G ratios whereas the materials that were least ethylene-modified
were less oxidized than the others at high P/G ratios. ~ 1997 Elsevier Science Ltd.
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Table 1 Description and chemicalcompositionof materials
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Designation Material Description
C2 content” Diene content
(rnol%) (mol%)

Al ‘PP’ RandomlyC2-modifiedPP
A2 ‘PP’ BlockC2-modifiedPP
A3 ‘PP’ BlockC2-moditiedPP
A4 ‘PP’ BlockC2-modifiedPP
BI TPO RandomlyC2-modifiedPP (same as Al)

+ 25wt% EPR
B2 TPO BlockC2-moditiedPP (same as A3)

+ 25wt?4 EPR
B3 TPO Randomlydiene-modifiedPP

+ 25wt% EPR
B4 TPO BlockC2-moditiedPP (sameas A3)

+ 25wtYoEPDM
B5 TPO Randomlydiene-modifiedPP

+ 25wtYoEPDM
B6b TPO BlockC2-modifiedPP (same as A3)

+25 wt% EPRC

“C2 is the ethylenecontent
bplates were produced using two differentmould temperatures: 30°C(B6’)and 70”C(B62)
cThe EFR in B6has a higher molecularweightthan the EPR in materials B1–B3
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Table 2 Power-to-gaspressure (P/G) ratios resolvedinto powersand
gas pressures

P/G Power Gas pressure
(WmTorr-l) (W) (mTorr) Materials treated

0.25 200 800 A1-A4 and B1–B6
1.0 800 800
2.s

AI-A4
2000 800 A1–A4 and B1–B6

8.0 800 100 A1-A4
10 2000 200 B1–B6
20 2000 100 B1-B6
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Table 3 Melting temperature (TJ, degree of crystallinity (C),
crystallization temperature (T,-), and molecular weights—number
(M,) and weight (MW)averages—as measured by d.s.c. and s.e.c..
Molecularweightsare givenin PP calibration

c Tc,,tafi T.,pak m“ x 10-3 I&. x 10-3
Designation ~~) (%) (“C) (“c) (gmol-’) (gmol-’)

Al 150 54 119 113 32.5 200
A2 163 56 124 112 31.5 200
A3 161 51 121 110 28.2 243
A4 160 37 122 111 26.0 220

B1 150 41 122 113 40.7 178
B2 163 39 132 118 27.4 190
B3a 146 34 118 105 35.9 244
B4 162 42 129 116 24.8 195
B5” 147 39 123 106 27.6 237
B6 162 34 123 113 34.5 196

“Corresponding values for the diene-modified PP used in these
materials are 148”C, 490/., 121”C, 111“C, 37.4x 103gmol–i and
280x 103gmol-’
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the materials as measured by d.s.c.
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Figure 2 FTi.r. transmission spectra (in absorbance) for films of
approximatelythe samethickness.Thefigureshowsthe –CH2–rocking
vibration. A split peak indicatespartial crystallinity
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Figure3 Comparisonof FTi.r.–ATR spectra (in absorbance) of four
differentlymodifiedPPs. (a) Spectraobtained usingKRS-5. (b) Spectra
obtained usingGe
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Figure 4 Comparison of Fi’lr.-ATR spectra (in absorbance) of
materials that contain the samerubber phase but are based on different
matrices. (a) SpectraobtainedusingKRS-5. (b) Speetraobtained using
Ge
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Figure 5 Comparison of FTi.r.-ATR spectra (in absorbance) of
materials containing EPR (B2, B3) and EPDM (B4, B5) rubber. (a)
Spectra obtained using KRS-5. (b) Spectra obtained usingGe
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Figure 6 Comparison of FTi.r.–ATR spectra (in absorbance) of
materials containing EPR rubber of different molecular weights. (a)
Spectra obtained using KRS-5. (b) Spectra obtained using Ge
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Figure 7 VB-X.p.s. spectra acquired at @= 45°. The spectra are
shifted vertically.No correction for surface chargingwas made, which
results in the peak positionsbeing located 2.5eV too high
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Table 4 Water contact angles (advancing, tr~; receding, OR)for
untreated and plasma-treated PPs (AI–A4)

P/G ratio

Untreated 0.25 1.0 2.5 8.0

Al 94 87 75 29 77 34 75 33 68 7
A2 100 95 76 32 77 30 76 26 70 11
A3 102 94 74 29 77 28 76 23 71 11
A4 98 91 71 26 73 24 73 16 61 8

Table 5 Water contact angles (advancing, d~; receding, f3K)for
untreated and plasma-treated TPOS(B1–B6)

P/G ratio

Untreated 0.25 2.5 10 20

Material 8A 6R t?~ o~ 19~ %~ 6A 6’R 8A OR

B1 101 95 77 33 74 27 68 7 63 6
B2 103 95 62 17 63 18 56 9 49 5
B3 99 94 80 32 79 25 73 9 71 8
B4 103 94 65 22 69 21 63 10 51 5
B5 97 93 81 33 79 26 71 10 69 9
B61

100 94 70 26 70 23 62 6 52 5
B62 101 89 68 16 67 14 58 5 51 5

f ow hc o mt m ai t t A
m a tg e ne xl c oa t
d t o tm a tA gt e i m
p r o ni t r ec oa nT 5
s ht ht a d vc oa o bf
t T Pd e ca P r ah t 2 T
r e cc o na na a m o l c
u t P /2 a l ts T ( B a B
a l rs ha d e ca t t rc o
C o m pt v aT Pi a pt B (
t a it r a ne t h y lP a t
m a t ew it l oe tc oB a B
( it t hm a tb ao m at w n
b le t h y l e nd e mh c
a n gt ht o tT P

A tc o m pa m eb X X
a n aw c ao o u ns a
s a mp l a s ma t l oa h P
r a tT r ea s u mi T 6 (
a 7 ( T PI a c cw t c a
s hi T a4 a P r ea h l o o
t ia fp lt r ea P 8 t a
p l at r ea P 0 A r et o
c o nn s i g nv a rc b o ba a
r e so m a tc o m pn ea P 0
n a P /8 O t o th t n ic
t ei n c ra t e t hc oi t b m
a i n c rT s t rc b o bf b P
G r aa na l tn im b i n
i nt s u ra t m ot p l as
p i e x pt a o b p ra t s a a
r e so m i go n i t r os ti
i u n cw t t ri p r

T a7 s u m mt a tc o mo
f t T PT t ar et t v ai
o x yc o na fp lt ri g e
g r ef t T t f t P T m n b
t s u r pk ei m t T a m
c o mm a tt P I c a b s t
t o xc o ni h ia p t ra
P / Gt ha fp lt ra P O
F u r t hi c b n ot t m ab o
t d i e n eP ( a B a c ol
o x ia fp lt r ea P 2 t a t
o tT PA t p oi i i n tt r t a
p ac o n cc ot ro p ob

1 T o ba l oS u t he a .

Table 6 Atomic compositionof untreated and plasma-treated PPs as
measured by X.p.s. The reported results are initial values obtained at
~ = 45”

Treatment conditons

Untreated

P/G= O.25(WmTorr-l)

P/G= 8.0 (WmTorr-l)

Material At’YoC AtVoO At% N

Al 98.0 2.0 0.0
A2 99.8 0.2 0.0
A3 98.9 0.7 0.4
A4 98.5 1.5 0.0

Al 88.5 11.5 0.0
A2 89.4 10.3 0.3
A3 89.3 10.1 0.6
A4 87.6 10.9 1.5

Al 82.9 16.5 0.6
A2 82.0 17.5 0.5
A3 82.4 16.5 1.1
A4 81.5 15.6 2.9
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Table 7 Atomic compositionof untreated and plasma-treated TPOS
as measuredbyX.p.s. The reported resultsare initial valuesobtainedat
~ = 45”

Treatment conditions Material At% C At% O At% N

Untreated B1 98.0 2.0 0.0
B2 99.8 0.2 0.0
B3 99.9 0.1 0.0
B4 99.9 0.1 0.0
B5 99.7 0.3 0.0
B61 99.1 0.9 0.0
B62 98.4 0.8 0.8

P/G=O.25 (WmTorr-l) B1 88.5 11.5 0.0
B2 84.1 13.5 2.4
B3 88.8 11.0 0.2
B4 86.6 11.2 2.2
B5 89.1 10.3 0.6
B61 87.4 10.7 1.9
B62 84.9 12.9 2.2

P/G =20 (WmTorr-l) B1 83.9 16.1 0.0
B2 82.8 15.2 2.0
B3 88.2 11.2 0.6
B4 81.7 17.0 1.3
B5 86.6 13.4 0.0
B61 77.9 20.2 1.9
B62 80.1 17.8 2.1
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Figure 8. Oxygen content vs X.p.s. take-off angle after plasma
treatment at P/G=20
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