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SYNOPSIS

In this paper, we report the study of the interactions between a poly (propylene-g-acrylic
acid) and an oxidized aluminium surface by IR spectroscopy. A deposit of a pure poly (acrylic
acid) on the same surface is used as a model. Under free acid form (COOH ) we demonstrate
the formation of hydrogen bondings between the acrylic carboxyl groups and OH functions
located at the surface of alumina. This is characterized by an IR absorption [vc=0,] at
1733 or 1743 cm™! when we observe the metal surface either after peeling of a PPg(OH)
film initially pressed on it or after a deposit of PAA(OH). Under the carboxylate form
(COO™), we observe two modes of interaction, the one purely ionic between COO~ and
Al®** with an absorption located near 1550 cm™ and the other of complex form between
COO~ and Al®** giving a band near 1610 cm ™. The water molecules can play a major part,
in particular in the first case (COOH) where they destroy hydrogen bondings in favor of
the formation of — COO~ groups, interacting with the metal surface according to ionic or

complex modes as above. © 1993 John Wiley & Sons, Inc.

INTRODUCTION

Adhesion of a polymer to a metal surface is the result
of various complex mechanisms. Therefore, several
theories exist, each of them assuming one aspect of
the phenomenon that can correspond to a mechan-
ical, thermodynamic, or chemical approach.

Numerous authors were interested in chemical
interactions that take place between metal oxides
and various chemical structures, for example, Al,O3
hydrated or anhydrous with different organic acids.
Two kinds of studies are reported. One, from a de-
posit of a monomer in solution,? in the liquid? or
vapor? state, on a metal surface; the second, with
the polymer, from a deposit on a metal oxide* or,
from a mixture of oxide powder with a polymer so-
lution.>®

* To whom correspondence should be addressed.
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The aim of our studies was to describe the inter-
actions involved in the adhesion between a sheet of
aluminium covered with Al,O3; and a film of poly-
propylene (PP) grafted with poly(acrylic acid)
(PAA). For this purpose, various solutions of PAA
were deposited on the metal surface, then analyzed
by Fourier Transform infrared spectrometry (FT-
IR) according to the reflection-absorption tech-
nique. The role of the structure of the carboxyl
groups (— COOH or —COQ™) was also investi-
gated. A comparison was made with the results ob-
tained from a grafted film of PP (PPg) pressed on
a metal sheet then peeled.

EXPERIMENTAL

Materials

The poly(propylene) film used, 50 um thick, was
obtained from an extrusion process.
Size exclusion chromatography (SEC) measure-
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ments were performed with a Waters Associates
Model 150-C instrument, with orthodichlorobenzene
(ODCB) as eluent at 135°C and three columns
packed with styragel of 10%, 10*, and 10° A as pore
sizes.

The instrument was calibrated with narrow dis-
tribution polystyrene standards. The relative (to
polystyrene) weight-average molecular weight (M,,)
of the PP film was 250,000 g mol *.

The degree of crystallinity (smectic form) of the
PP film was near 58%. The crystallinity and the
crystalline structures were determined by differen-
tial scanning calorimetry (DSC). The polymer con-
tained 1025 ppm of antioxidants.

The aluminium sheet ( Pechiney, France) used in
the present study was covered with an anodised ox-
yde layer.

The acrylic acid containing 200 ppm of stabilizer
was from Coatex, France.

All the other reactives and solvents used were
commercial products of regent grade.

All the aqueous solutions were prepared with
deionized water.

Methods

Grafting, Preparation of Poly(Propylene-g-Acrylic
Acid)

The PP film was first irradiated in air by means of
an electron beam accelerator with a total dose of 2
mrad, at ambient temperature. The film was then
introduced into a Pyrex glass tube containing an
aqueous solution of acrylic acid (AA) prepared at a
given concentration within 10-30% (weight/
weight ). The solution was free of any kind of an-
tihomopolymerizing agent. Nitrogen was bubbled
into the tube for 15 min. The tube was then allowed
to rotate into an oven thermostated at 99°C for 2 h
by means of a planetary rotation. The irradiation
was performed in the French Institute of Textile
(Ecully, France).

The electron accelerator was a prototype of Irelec,
France.

In order to remove the residual monomer (AA)
and the homopolymer of acrylic acid (PAA), the
grafted PP film was washed, first in running water,
then in an aqueous solution of hydrochloric acid 1.25
X 1072 N for 10 min, at ambient temperature, and,
finally, in deionized water at 40°C, for 2.5 h with
shaking and with several changes of water. The PAA
grafted on PP chains was in the free acid form
(PPg(OH)). The final yield of grafting. was within
1-8% (weight/weight), depending on the concen-

1- press plates

2- aluminium sheet
3- untreated PP f£ilm
4- grafted PP f£ilm

Figure 1 Metalloplastic material preparation. 1, press
plates; 2, aluminium sheets; 3, untreated PP film; 4, PPg
film.

tration of the AA solution. In order to obtain the
carboxylate form (PPg(0O7)), the PPg film was
soaked in an aqueous solution of sodium hydroxide
0.1 N for approximately 30 min, under stirring at
ambient temperature. The excess of NaOH was re-
moved by a washing with deionized water.

Metalloplastic Material Preparation

The metalloplastic material was obtained by press-
ing the PPg film onto the aluminium sheet at a pres-
sure of 210 bar and a plate temperature of 120°C
for 5 min (Fig. 1). The material was then rapidly
cooled by pressing between two plates of copper in
which cold water circulated.

Modeling

The PAA layers deposited on the metal oxide surface
as models were prepared as follows. Samples of al-
uminium were dipped in PAA solutions at given
concentrations, under free acid (PAA(OH)) or car-
boxylate (PAA (O7)) forms. After three seconds, the
samples were removed and dried under vacuum
(1072 bars) at approximately 25°C.

The free acid form was prepared by mixing PAA
powder (M, = 250,000 g mol™!) in methanol; the
carboxylate form was obtained by adding a sodium
hydroxide solution (0.1 N) to an aqueous solution
of PAA until the equivalent point was reached.



The analysis of the samples thus obtained was
carried out approximately 4 h after preparation.

Analysis

The percent of grafting (weight /weight) was deter-
mined by weighing and deduced from the relation:
G = [(W;— W,)/W,] X 100 with G, the percent of
grafting, W, and Wy, the initial and final weights of
the PP film.

FT-IR measurements were carried out on a Per-
kin Elmer spectrophotometer; the resolution and
the number of scans were 4 cm™* and 2 respectively.
The PP films were analyzed using the transmission
and the attenuated total reflection techniques. The
metal oxide surfaces were observed by means of the
reflection—absorption technique; the angle of inci-
dence was 80° and the analysis was carried out under
a nitrogen purge.

The amount of PAA deposited on the metallic
substrates was determined from the infrared spec-
trum and computed assuming a linear relation as
follows:

A (1455 cm ™) 9
97 A (945 cm™) ~ A, (1455 cm 1)
A, (945 cm™)

where g is the amount of polymer on the observed
sample, A (1455 cm™') and A (945 cm™') the ab-
sorbances of the vibrations corresponding to 6 (CH,)
of PAA and »(Al—O) of Al,03; g,, A, (1455 cm ™),
and A, (945 cm™!) are the same characteristics as
those described above, but for a known weight of
PAA (OH) deposited on the Al,O; surface. The low
intensity of the bending vibration of —CH,—
makes it difficult to evaluate the amount of polymer
present on the alumina substrates.

RESULTS AND DISCUSSION

Study of the Interactions Between Alumina and
PAA Chains Under Free Acid Form (— COOH)

With a PPg(OH) Film

The IR spectrum obtained by transmission on 3%
(weight /weight) grafted film [Fig. 2(a)] exhibits
the existence of a major peak located at 1710 cm™*

The broadening observed near the lowest frequencies
is probably due to the presence of water
[6(H—O—H) 1600 cm™]7 and also to an inter-
ference band. The spectrum obtained by attenuated
total reflection (ATR) [Fig. 2(b)] shows a little ab-
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sorption near 1550 cm ™ that is characteristic of the
antisymmetric valence vibration (»,) of —COO™.
This is in agreement with the presence of water in
the sample. In Figure 2(a), the antisymmetric and
symmetric vibration bands of —COOQO ™ are presum-
ably overlapped by the interference waves present
everywhere in the spectrum and by peaks charac-
teristic of PP.

After the PPg(OH) film has been pressed on a
sheet of oxidized aluminium then peeled (PPg-
(OH)/AlLO;), the reflection spectrum [Fig. 3(a)]
of the metal surface reveals the presence of PAA,
in significant amounts, by a band at 1733 cm™' and
a little absorption at 1541 cm™. The first can be
only assigned to vc—o,) of the acidic form of the car-
boxylic functions and the second to v,(c=0) of
— COO ~ under ionic interaction with H*, Al®*, or
other present cations.>™® The background noise
renders the exact determination of the peak position
difficult and, therefore, the determination of the
counter ion associated with —COOQO~. The most
important observation is that after peeling, at the
surface of the metal, at the level of the alumina layer,
the v(c=0) band corresponding to the PAA carboxylic
function interacting with Al,O; is displaced from
1710 (transmission analysis) to 1733 cm™ (reflec-
tion—absorption).

From a Deposit of PAA(OH)

When the thickness of the layer of a pure PAA(OH)
deposited on the Al,O; surface decreases, the inten-
sity of the band at 1694 cm™, corresponding to
v(c=0) of COOH groups, decreases to the benefit of
aband located near 1743 cm ! In the case of a thick
layer of PAA(OH) [Fig. 4(a)], the spectrum reveals
also the presence of the ionized form (near 1541
cm '), Conversely, in the case of a fine deposit [ Fig.
4(b)], the carboxylate form (near 1541 cm™") can-
not be observed.

The pure PAA(OH) simply deposited on the
metal surface or, deposited, then pressed in the same
conditions as for the grafted film, behave the same
towards alumina and gives spectra that are quite
superimposable [Figs. 4(b, c¢)]. This result could
signify that mechanical anchorage plays a minor part
in the mechanism of interaction studied but also
that anchorage can be attained from a single deposit
of a PAA (OH) solution.

The difference between the two techniques of
analysis, the one by transmission [Fig. 2(a)] and
the other by reflection [Figs. 3(a),4(a)] cannot be
considered alone to explain a displacement of 30
cm™! (hypothesis confirmed thereafter). Then, we
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Figure 3 Reflection-absorption spectrum of the polymer remaining at the alumina surface
after peeling of a PPg(OH) film initially pressed on the metal: (a) before washing; (b)

after washings of 45 min; and (c¢) 7 h.

must assume a particular interaction between the
COOH groups of PAA (OH) and the alumina layer.

In agreement with the works of Crisp® and Rabie,
the absence of —COQO ™ at the surface of alumina
in the case of a deposit of PAA (OH) of small thick-
ness, shows the low reactivity or the absence of
reactivity of — COOH functions with Al,Os.

The presence of —COO ™ functions, in the case
of PPg(OH)/Al,Oj, results from a partial ionization
state of the grafted PAA, probably due to water
molecules always present in the media. They can
solvate some — COOH functions and then act on
the equilibrium —COOH + H,O0 = —COO~
+ H;0". This must be related to the method of
grafting and washing of the PP film that consists of
soaking it in an aqueous media for long periods. Thus
the modified layer of the film is likely to contain an
amount of water that varies according to the quality
of the dryings. The DSC spectrum (Fig. 5) dem-
onstrates this phenomenon. This residual water
cannot go through the unmodified PP layer, thus,

the evaporation of the solvent can take place only
at the modified surface. It is then possible to generate
an enrichment of H,O at the interface PPg(OH)/
Al,O3 during the pressing.

In the case of a fine deposit of PAA(OH) from a
solution in methanol, the water content of the ma-
terial is limited in two ways. The first is that the
solvent used contains only 0.1% of H,0 and the sec-
ond is that water is more easily eliminated from such
a thin layer.

Thus, we show the very important part that water
can play in the mechanism of interaction between
a metal oxide and the superficial layer of a polymer
film in contact with it.

Influence of a Washing at the Interface Polymer/
Metal

In the Case of a Deposit of PAA(OH). A dippingin
water, under stirring, of aluminium samples on
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Figure 4 Reflection-absorption spectrum of (a) thick and (b, ¢, d, ) thin layers of PAA
under free acid form deposited on the alumina surface: (b) simply deposited; (d) the same
after a washing of 45 minutes; and (e) 7 hours in water. (¢) Reflection—absorption spectrum
of a thin layer of PAA deposited and then pressed on the metal (210 bars, 120°C, 5 min).

which was previously deposited PAA (OH), leads to
a progressive solubilization of the latter. It is inter-
esting to note that this removal of product tends
towards a plateau of which the limiting value is the
same, whatever the initial amount deposited (' Table
12). The system behaves as if an external layer of
polymer was highly retained on the alumina and the
rest of the polymer ignored by the metal surface.
This particular behaviour can be attributed to a
chemical interaction between the materials, to a

mechanical anchorage of PAA chains in alumina
pores, or both. During this treatment, the band at
1743 em™! disappears to give rise to a band at 1716
cm™! [Fig. 4(b, d, e)]. The absorbance of the latter
decreases with washing to the benefit of two others
located near 1616 and 1550 cm™!. The first (1616
cm™ 1) could be assigned to the presence of water due
to washing, in agreement with the deformation band
of water observed by Nakamoto” in the range within
1600-1630 cm™’; but, in that case, the symmetric
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Figure 5 DSC spectrum of the PPg(OH) film.

and antisymmetric valence vibration of H,O would
appear, with a great absorbance in the range® 3200-
3550 cm™! that is not the case [Fig. 4(d)].

TableI Amount of Polymer Present at the
Alumina Surface Before and After Washing

Amount of Polymer

(mg/cm®)
Washing of

Observed Sample Initially 45Min 7H
PAA(OH)/ALQ;* thick

layer 0.66 0.01 0.01

PAA(OH)/AlL,O:® thin layer 0.08 0.01 0.01

PPg(OH)/ALO;° 0.03 0.03  0.04

PAA(O7)ALO4® thick layer 0.20 0.01 0.01

PAA(0O7)/Al, 04 thin layer 0.01 0.01 0.01

PPg(07)/ALO;f 0.06 0.03 0.03

abde poly(acrylic acid) under *® free acid and ¢ carboxylate
form deposited on the metal oxide surface.

<f Polymer remaining at the alumina surface after peeling of
a film grafted under ¢ free acid or f carboxylate form, and initially
pressed on the metal.

In the Case of a PPg(OH) Film. A dipping of 45/,
after peeling, of a piece of oxidized aluminium on
which was pressed a PPg(OH) film gives no change
in the IR spectra of the metal surface. After 7 h in
water, we observe no removal of product (Table I°)
but, in this case, the v(c-o0) is displaced from 1733
to 1715 cm™! [Fig. 3(c)]. This displacement cor-
responds to two alumina surfaces observed by the
same technique (reflection-absorption). Thus, when
results obtained by transmission and reflection are
compared, the displacement of wavelength observed
cannot be attributed to an experimental shift, as
Allara proposed it.* The absorbance of this band
decreases to the benefit of another peak located at
1566 cm™. This band that base covers the range
1500-1650 cm™* could be the result of the convolu-
tion of the two bands at 1616 and 1550 cm™* pre-
viously evidenced.

As a conclusion, a dipping in water, whatever the
case studied, after peeling of a PPg(OH) film or
after a deposit of PAA (OH), leads to the destruction
of the interaction that gives the bands at 1733 and
1743 cm™?, respectively. Thus, the band near 1710
cm™! is regenerated. In contact with water, the acid
groups are partially dissociated [pKapas) = 4.3] into
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—COO ™ and H", and then react with alumina ac-
cording to ionic or complex interactions. In the case
of PAA(OH) after washing, there remains only a
small amount of product in an ionic or a complex
interaction with the metal surface, which could con-
cern various sites present at the surface of Al;O;.

The bands at 1733-1743 cm ™! appearing on the
alumina surface only for PPg(OH) after peeling or
for a deposit of PAA(OH) (of low depth) reflects
particular situations for the COOH directly in con-
tact with the metal.

Assignment of Bands at 1743 and 1733 cm™'

We can assume that all of the spectra modifications
we observed correspond only to changes between
various possibilities of hydrogen bondings between
— COOH of PAA chains (grafted or not), H,O
molecules or OH of the alumina surface. Two situ-
ations corresponding to a PPg(OH) or PAA(OH)
alone or after being contacted onto alumina surfaces
must be considered and are represented in Figure 6.
Carboxylic acid functions of acrylic repeating units,
whatever the case, before a contact with the metal,
give a unique band centered near 1710 cm ™. As
shown in Figure 6(1;) this absorption would cor-
respond to the “dimer” form®'° obtained mainly by
the antiparallel association of two carboxyl groups
of two chains or of two segments of the same mac-
romolecule. After a contact with the surface of the
metal, this band disappears entirely to the benefit
of a band centered at 1743 cm™' for a deposit of
PAA(OH) and at 1733 cm™! for a PPg(OH) after
peeling. Figure 6 allows us to assign the first to an
interaction of monomer type between — COOH and
OH located at the metal surface [Fig. 6(II3)], and
the second to a system of a sideways hydrogen
bonding chains formed along the polymer backbone
and the OH groups of the metal surface [Fig. 6 (1I)]
as proposed by Davies and Yarwood.!' In fact, in
the latter case, the location of the band, due to the
technique, can vary with the depth of the remaining
material. In particular, a decrease of the frequencies
is observed when the depth decreases.!? Thus, these
two bands could correspond to the same interaction,
i.e., a monomer type hydrogen bonding [Fig. 6(115)].

After washing, this structure is destroyed, cer-
tainly because water molecules act as ruptors of the
metal —OH . - -O=C-—OH hydrogen bondings
that leads to a new formation of the dimer form
[Fig. 6(1;,11;)] but also, for the major part, to the
formation of carboxylates. These are then the groups

that give ionic or complex interactions with the alu-
mina surface and provide their retention.

Nature of the Polymer Remaining at the Metal
Surface

If we consider the nature of the polymer remaining
at the surface of alumina after pressing and peeling
of a PPg(OH) film, various hypotheses are possible
among which the most probable are the following:
a homopolymer of PAA(OH), a PPg(OH), a mix-
ture of PPg(OH) and PP, a mixture of PAA(OH)
and PP, a mixture of PAA(OH) and PPg(OH), and
a ternary assembly of PAA(OH), PP and
PPg(OH). The first and the last three hypotheses
could be rejected since in all these cases, a removal
of product would be observed as for the case of a
pure PAA (OH) deposited on alumina. The second
and the third hypotheses suppose the presence of
two polymers at the surface of the metal oxide. The
IR analysis is incapable of distinguishing between
these two hypotheses. In fact, the small amount of
polymer present at the metal surface after peeling
leads us to suppose that the cohesion concerns only
a layer of macromolecules of low thickness (ap-
proximately 0.5 um). During the electron beam
treatment, all the PP chains in the film can be con-
sidered as equally irradiated. Therefore, it is difficult
to imagine that some PP chains could be completely
ignored by the irradiation and grafting while others
would be modified. Moreover, an experiment con-
sisting of placing the grafted film in the conditions
of solubilization of a pure PP (ODCB at 135°C)
leads to the extraction of an insoluble fraction. The
IR analysis of this part reveals a spectrum quite
similar to that of a pure PAA. Nevertheless, this
fraction is insoluble in water whatever the pH.

As a conclusion, the layer observed at the surface
of the alumina can be considered as only constituted
of PP chains highly grafted with PAA.

Study of the Interaction Between Alumina and
PAA Under Carboxylate Form (— COO™)

With a PPg(O~) Film

The PPg(0O7) film [Fig. 2(c)], before pressing,
shows the existence of —COO™ functions by the
presence of a v,(coo-) band at 1566 cm ', but also
of —COOH functions by an absorption band at
1710 cm™'. Thus, despite the excess of NaOH used
to dissociate the COOH groups, they are not all ion-
ized. We can attribute this behaviour to a limited
diffusion of OH™ ions in the modified PP layers
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Figure 6 Various possible hydrogen bonding arrangements for PAA carboxylic functions
under acidic form and the corresponding IR absorption frequencies (v(c=0)): (I) PAA
chains (grafted or not) alone; (II) after a contact with the surface of the metal (alumina).

caused, in particular, by an increase of hydropho-
bicity for the deep layers where the grafting ratio is
lower. Thus, only the carboxylic functions at the
film surface could be easily ionized.

After pressing against the aluminium sheet then
peeling, a layer of graft copolymer remains also at
the metal surface under acrylate form [Fig. 7(a)],
but with a »,(coo-) that is displaced from 1566

(transmission analysis) to 1600 ecm™! (reflection—
absorption analysis), accompanied by a broadening
of the peak near the lowest frequencies.

With a Deposit of PAA(O™)

The IR analysis [Fig. 8(a)] of an oxidized metal
surface covered by a layer of PAA under acrylate
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Figure 7 Reflection-absorption spectrum of the polymer remaining at the alumina surface
after peeling of a PPg(O ™) film initially pressed on the metal (a) before washing; (b) after

a washing of 45 min; and (c¢) 7 h.

form reveals the presence of a peak at 1610 cm™!

and a shoulder near 1570 cm™. These bands can
only be assigned to v,(coo-) corresponding to car-
boxylate functions that are under complex inter-
actions with aluminium?® (1610 cm™) and, to a small
part of them, that are under ion pairs form, prin-
cipally with Na* (1570 cm™!). The band at 1610
cm ! observed for the two cases above could also be
attributed to 8;y—o—g) of water molecules adsorbed
by PAA(O7), grafted or not. In both cases, the
presence of water is obvious and is revealed by heavy
absorption bands near 3400 cm™! [Figs. 7(a), 8(a)].

We can remember that the bands corresponding
to water are generally large. This could explain the

broadening of the base of the peak at 1610 cm™.

But water cannot be considered as the main origin
of this peak. Thus, the peak at 1610 cm™ corre-
sponds quite well to the interaction between COO ™
and Al®*,

These results lead to an interesting conclusion.
In both cases studied, corresponding to a PPg(0 ™)
or a PAA(O7) in contact with Al,O;, the simple
ionic interaction between COO~ and Na* or Al**
appears largely disfavored to the benefit of a complex
interaction with Al®* ions.

Role of Washing

In the Case of PPg(0O~). A dipping in water of pieces
of oxidized aluminium sheets, after pressing then
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Figure 8 Reflection-absorption spectrum of a layer of PAA under carboxylate form
deposited on the alumina surface: (a) before washing; (b) after washings of 45 min; and

(c) 7h.

peeling of a PPg(O7) film leads to the IR spectra
shown in Figures 7(b,c). The analysis of the metal
surface reveals the presence of carboxylate groups
initially in complex interaction with Al®**. A weak
absorption at 1698 cm* can be also observed. It cor-
responds to a v(c=g) of —— COOH in the dimer form.
We also observe a loss of matter that is time de-
pendent, but that tends to a constant value. This
value (Table If) is the same as for a PPg(OH) film,
in the same condition (grafting ratio, washing time).
Thus we assume that a greater number of PPg layers
are extracted after peeling under PPg(0O~) form
than under PPg(OH) form, in relation with a lower
cohesion of PPg (0O 7). Finally, only the layers that
interact with the metal surface can be retained.

In the Case of PAA(O~). The washing of a metal
surface on which was previously deposited PAA(O™)

leads to a progressive loss of product by dissolution.
As for the equivalent situation corresponding to a
deposit of PAA(OH) on alumina, the removal of
matter tends towards a plateau whatever the amount
of polymer initially deposited (Table 14¢). As shown
by the IR analysis [Fig. 8(b,c)], this dissolution
generates a modification of the polymer at the poly-
mer /metal interface (increase of the COOH/COO~
ratio).

As we demonstrated, the polymer that remains
at the surface of the metal after peeling of a PPg
film can only be a PPg. If the interaction between
a ligand (COO ™) (L) and a metal (M) leads to the
formation of a complex (C), we can consider an
equilibrium that conditional constant K corresponds
to K = (L)(C)/(M). The decrease of (L.) must in-
duce a decrease of (C). Conversely, since the grafted
PP is insoluble in water, the concentration of ligand
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(COO7) at the interface remains unchanged. Thus,
in these conditions, the complexation reaction is not
displaced and the complex form is preserved even
after washings.

PAA is water soluble in particular when it is in
carboxylate form. Therefore, the concentration of
ligand at the interface PAA (O ™) /Al,O5; decreases
during dipping in water of a sample covered with
this homopolymer. This is accompanied by a dis-
appearance of the complexed form. Water favours
also the dissociation of COOH groups, always pres-
ent at the interface.

Whatever the form, free acid or carboxylate, PAA
is soluble in water. Thus, dipping of metal samples
covered with this polymer leads to a similar loss of
matter in both cases. Despite the prolonged wash-
ings, the presence of polymer at the Al,O; surface
can result from ionic or complex interactions be-
tween Al,O; and —COO~ formed during dipping
in water or to mechanical anchorage of PAA chains
in the pores of the metal oxide.

CONCLUSION

In this work we showed that after peeling of a PP
grafted film (with PAA under free acidic form)
pressed on an alumina surface, there remains pri-
marily a copolymer PPg(OH). At the interface
polymer /metal, the COOH groups are typically in-
teracting with OH groups located at the Al,O; sur-
face by means of hydrogen bondings. The parts of
water as well as the ionic form of the carboxyl groups
were demonstrated. A better understanding of the
mechanism that is responsible for the linkage be-
tween the metal and the polymer chains of the sur-

face will lead us to a better interpretation of the
adhesion between the metal and the modified poly-
mer film.
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