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Abstract

A novel acrylic terpolymer with pendant perfluoropolyether (PFPE) segments has been synthesized and fully characterized. By hexam-
ethylene diisocyanate functional groups PFPE monofunctional macromonomers have been grafted on a poly(butyl methacrylate-co-hydro-
xyethyl acrylate-co-ethyl acrylate) random terpolymer. Such grafted copolymer behaves like an interface-active material, since the
perfluoropolyether segments in solvent cast films rearrange themselves at the air—polymer interface by surface segregation. In addition,
blends of the above graft copolymer with acrylic base polymers (either the terpolymer itself or a commercial copolymer) have been examined
in terms of surface segregation and fluorine enrichment of the external layers.

The critical surface tension, vy, of solid films made of the neat graft copolymer as well as of the polymer blend has been evaluated by
contact angle measurements and Zisman plots. Even a small addition (5 wt%) of the fluorinated copolymer to the acrylic component has been
found very effective in lowering the surface tension. The outermost surface composition has been investigated by XPS technique, confirming
the strong fluorine enrichment. Furthermore, SEM and EDX analyses have been performed on cross-sectioned films, showing that in the
above polymer blends macrophase surface segregation has originated a thick layer made of fluorinated copolymer close to the air—polymer

interface. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In the last few decades many polymers, such as poly-
acrylics, polyurethanes, epoxy resins, polysiloxanes, fluoro-
polymers, etc. have been largely employed as protective
materials primarily in the conservation of stone monuments
and historical buildings, providing a thin cover layer more
or less regularly distributed on their surface. In general, the
durability of the above protective agents has unfortunately
shown to be rather short, due to their limited resistance
toward atmospheric factors (UV radiation, temperature fluc-
tuations, pollution, etc.) [1-3]. As an exception, fluorinated
polymers [4—6] have proved to be the best among protective
materials because of both their higher stability (due to the
relevant strength of carbon—fluorine bond) and the hydro-
phobic characteristics. Indeed, surface hydrophobicity is the
most relevant prerequisite for an effective stone protection,
since polluted atmospheric water is a very detrimental and
harmful agent in any respect [7].

* Corresponding author. Tel.: +39-010-353-6198; fax: +39-010-353-6199.
E-mail address: russo@chimica.unige.it (S. Russo).

Among fluorinated polymers, perfluoropolyethers (PFPE)
seem to exhibit the most suitable properties as protective
agents [§—10]. PFPEs [11], besides being transparent, odor-
less, and tasteless fluids possess high thermal, oxidative, and
hydrolytic stability. Moreover, they are chemically inert to
the majority of reagents including mineral and organic acids
and bases, oxidizing and reducing agents and halogens.
They are characterized by the lowest CED values ever
found for all classes of compounds, even lower than that
of poly(tetrafluoroethylene) (PTFE), and exhibit extremely
low surface tension (12-20 dynes/cm) [11].

However, PFPEs show two drawbacks that severely limit
their utilization in the ancient stone preservation field: the
first refers to their very high cost, the second is related to
their strong tendency to migrate away from the stone
substrate according to both their oily consistency and the
low adhesion properties. Therefore, our aim has been not
only to reduce PFPE content in the protective agent formu-
lation, but also to improve its anchoring to the substrate by
binding the PFPE segments to an acrylic polymer having
good adhesion properties, synthesized on-purpose. To
achieve a further cost abatement, we have made blends of
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our partially fluorinated copolymer with the unmodified
acrylic polymer, as well as with a commercial protective
agent (Paraloid B72®, Rohm and Haas), taking advantage
of the well-known phenomenon of surface segregation
[12,13], able to push the fluorinated segments on the outer
surface. Indeed, when small amounts of fluorinated oligo-
mers/polymers are mixed to various polymers, the former
ones are very effective in lowering the surface free energy of
the latter due to extensive fluorine enrichment of the surface
[14—16]. On this basis, also in order to circumvent diffi-
culties and costs associated with producing new fluoro-
polymers for different applications, fluorine-containing
additives have been used in the past to modify surface
properties of conventional hydrocarbon polymers. Unfortu-
nately, the very poor compatibility of fluorocarbon additives
with the conventional polymers reduces the usefulness of
such approach. Therefore, it seemed to us more convenient
to covalently link fluorinated segments to a suitable hydro-
carbon polymer, thus obtaining a heterophase copolymer
similar in behavior to the block or graft copolymers
described in the literature [17]. In fact, polymers with highly
fluorinated side chains linked to a sequence of the block
copolymer act as surface-active polymers [18]. Near the
surface, the block copolymer shows strong segregation
due to the lower surface free energy component [19,20].
Segregation is driven by both the unfavorable enthalpy
interactions and the decrease of the bare surface free energy,
caused by replacing the base polymer segments of higher
surface free energy with low surface free energy block
segments.

As is well known, at a given bulk composition the extent
of surface segregation depends on the specific type of
polymer system to deal with [21], e.g. a neat block copoly-
mer, a blend of homopolymers, a copolymer/homopolymer
blend, or a blend of copolymers. Namely, the morphology of
block copolymer surfaces widely differs from that of the
corresponding homopolymer blends, inasmuch as in
copolymers the constituents are obviously interconnected
and cannot undergo macrophase separation as polymer
blends do. Therefore, near the outer surface, copolymers
are known to form spatially periodic phases on molecular
size scale, similar to those found in bulk (spheres, lamellas,
cylinders, more complex morphologies) [22,23]. Studies
carried out by both XPS and angular dependent XPS on
surface composition of a linear multiblock copolymer, in
which one block is constituted of PFPE sequences, have
clearly shown that the fluorinated segments are located
near the polymer—air interface and that there is an optimum
PFPE MW for phase segregation [24]. However, unlike
polymer blends, the composition profile in the close-
to-surface region of a diblock copolymer generally exhibits
oscillations [22] because of the connectivity of the
segments. On the contrary, the equilibrium surface volume
fraction of a miscible homopolymer blend is simply a func-
tion of the following parameters: bulk volume fraction,
difference of surface free energy between the two compo-

nents, degree of polymerization, polymer architecture and
Flory—Huggins interaction parameter Y. Because of the
very small entropy of mixing for a polymer blend, the
formation of an enriched layer costs very little in terms of
free energy; thus a small difference in surface free energy is
sufficient to generate a remarkable segregation. As a conse-
quence, the entity of the surface enrichment is mainly deter-
mined by the bulk thermodynamics, e.g. the value of x
parameter [25]. In an immiscible binary blend (e.g. fluori-
nated polymer/hydrogenated polymer), since equilibrium
bulk thermodynamics favors complete demixing of the
two components, the ‘equilibrium’ surface should be
exclusively occupied by the constituent of lower surface
free energy [26—28]. Thus, a fluorine enriched surface can
be prepared either introducing perfluorinated chains in a
hydrocarbon polymer (e.g. polyacrylates having fluoro-
carbon pendant groups [13,16,29]) or blending hydrocarbon
polymers with fluorine containing polymers [30—32].

2. Experimental
2.1. Materials

n-Butyl methacrylate (BMA) and ethyl acrylate (EA)
monomers (Aldrich) were purified by percolation through
an inhibitor-removal column (Aldrich). 2-Hydroxyethyl
acrylate monomer (HEA), inhibitor free (Aldrich), was
purified from diacrylate by hexane extraction of the 25%
v/v monomer/water solution; acrylic acid was then removed
by ether extraction.

The isocyanate-monofunctionalized PFPE (CF;0-
(G3F¢0),,—(CF,0),—CF,CH,—~OCONH(CH,)sNCO) (PFPE—-
HMDI), derived from the condensation between a hydroxyl
terminated perfluoropolyether (Fomblin Y) and hexamethy-
lene diisocyanate (HMDI) was kindly supplied by Dr
C. Tonelli, Ausimont S.p.A. (equivalent weight (from
PF-NMR) = 872; (from end group titration) = 1015; MW
(from "F-NMR) = 935 g/mol, MW (from end group
titration) = 1064 g/mol. Bifunctional PFPE = 7.17%. FT-
IR (NaCl): 3350m, 2940m, 2864w, 2277s, 1732s, 1526m,
1240vs, 1144s, 983m (cm ™ '). '"H-NMR(CDCl;): & 1.36 and
6 1.57 (8H, 2m), 6 3.18 and 6 3.29 (4H,2 m), 6 4.42 (2H, 1),
8 4.88 (1H, 1). T4(20 °C/min) = —70 °C.

2.1.1. Synthesis of poly(butyl methacrylate-co-hydroxyethyl
acrylate-co-ethyl acrylate), P(BMA-HEA-EA)

The random terpolymer was prepared by radical solution
polymerization in THF at 50 °C for 90 min, using AIBN as
initiator (1 wt% based on the total monomer content). The
monomers (66.6 mol% BMA, 20.4 mol% HEA, 13.0 mol%
EA) were dissolved in THF in the ratio 1:3 (v/v). The result-
ing polymer was recovered by dropwise precipitation in
petroleum ether at 0 °C and purified twice by dissolution—
precipitation cycles. The purified terpolymer was dried in a
vacuum oven at 50 °C for 24 h and then kept in a desiccator.
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FT-IR (neat): 3550w, 2960m, 2936m, 2874w, 1730vs,
1466m, 1386w, 1241s, 1157s. 'H-NMR (CDCl;y): &
0.94(t), 6 1.25(t), 6 1.39(m), 6 1.59(m), & 1.85(m), &
3.78(m), & 3.94(m). Intrinsic viscosity (chloroform,
20°C) =0.70 dl/g.  T,(20 °C/min) = 19 °C.  Molecular
weight from GPC determination: M, = 96 000, M (peak) =
135000, M, = 164000 g/mol,  polydispersity = 1.71
(based on PMMA standards).

2.1.2. Synthesis of poly(BMA-HEA-EA)-g-(PFPE-HMDI)

The random terpolymer poly(BMA-HEA-EA) was
dissolved in anhydrous THF (3% wt/v) under overnight
stirring in nitrogen atmosphere. An equimolar amount of
PFPE-HMDI was then added. Dibutyltin dilaurate
(DBTDL) was used as catalyst (1 wt% based on PFPE-
HMDI). The reaction was carried out at 60 °C for 8 h
under reflux. The solution was then precipitated in petro-
leum ether at 0 °C. The graft copolymer was purified by
dissolving it in THF and reprecipitation in petroleum
ether. FT-IR (neat): 3350w, 2960m, 2936m, 1533w,
1386w, 2874m, 1730vs, 1466w, 1256s, 1140s, 983w. 'H-
NMR (CDCl3): 6 0.94(t), 6 1.38(m), 6 1.58(m), 6 3.18(m),
6 3.94(m), 6 4.25, 6 4.42(t). Intrinsic viscosity (chloroform,
20°C) = 0.80 dl/g.  Ty(;)(20 °C/min) = =70 °C,
20 °C.

Tyo) =

2.2. Characterization and properties

2.2.1. Film preparation

Films of neat graft polymers as well as of their blends
with the parent terpolymer or Paraloid® were prepared by
casting from 2% (wt/v) THF solutions on PTFE or PP Petri
dishes. In particular, the blend solutions were prepared by
mixing suitable amounts of the polymeric components
under stirring (5 h). All film samples were dried in air for
a week.

2.2.2. Contact angle measurement

Contact angles of three series of testing liquids were
measured with an optical Kriiss goniometer, model G 23.
The 1.5-2.0 mm diameter drops of liquids, dripped from a
microsyringe, were put on the film surface at 20 °C. The
wetting liquids were distinguished by their polarity in D,
P, and H liquids. The surface tensions <y, of the organic
liquids, divided in their dispersion (D), polar (P) and hydro-
gen bonding contributions (H) [33-35], are summarized in
Table 1.

2.2.3. Instrumentation

Transmission infrared spectra were obtained on neat
polymer films by a Bruker FT-IR spectrometer, model FIS
66. 'TH-NMR spectra of CDCl; solutions were recorded by a
Gemini 200 MHz Varian spectrometer. A Mettler DSC 30
equipped with a Mettler TC 10A processor monitored ther-
mal transitions. Glass transition temperatures were obtained
from the curves recorded at 20 °C/min as the midpoints of

Table 1
Surface tensions of liquids at 20 °C (in dynes/cm) [33]

=
==}

Type  Liquid ¥P v

YL
D n-Octane 21.8 0 0 21.8
n-Nonane 22.9 0 0 229
n-Decane 23.9 0 0 23.9
n-Undecane 24.7 0 0 24.7
n-Dodecane 25.4 0 0 25.4
n-Tetradecane 26.7 0 0 26.7
n-Esadecane 27.6 0 0 27.6
P 1,1,2 Trichloroethane - - - 33.6
Tetrachloroethane 33.2 3.1 0 36.3
1,2 Dibromoethane - - - 38.9
o-Bromonaphthalene 44.4 0.2 0 44.6
Tetrabromoethane 44.3 3.2 0 47.5
H Methanol® 29.4 - - 22.6
Dipropylenglycol 29.9 0 45 33.9
Polyethylenglycol 31.7 0.1 13.5 43.5
Diethylenglycol - 0 12.7 44.4
1,4 Butanediol® 30.1 - - 45.2
Ethylene glycol 0 17.6 47.7

* Data from Ref. [35].

the step variation in the third run. SEM micrographs of the
film cross sections were performed on a Leo Stereoscan 440
electron microscope and the EDS (EDX) analysis carried
out by an Oxford Link Gem analyzer. The film sections
were sliced normal to the film surface and carbon or alu-
minum coated. Care was taken to limit the electron radia-
tion damage on the polymer sample surface during EDS
analysis.

The XPS measurements were performed on the air-
exposed surface by a Physical Electronics PHI 5600
ESCA system, using an Al mono Ka,;, X-ray source
(1256.6 eV). The X-ray source was working at 350 W and
117.4 eV.

The GPC characterization was carried out using a Waters
2690 separation module equipped with a 2410 Differential
Refractive Index Detector. The column set was constituted
of four styrene-divinylbenzene Ultrastyragel columns
(Waters) 30cm L., 7.8 mm LD., 10 pm particle size,
500 + 10° + 10* + 10° A pore size). The solvent was
HPLC grade chloroform stabilized with amylenes (Aldrich)
(solution concentration 0.2% (w/v); injection volume
100 pl; flow rate 1.0 ml/min; column temperature 35 °C).
The relative calibration curve was calculated with poly
(methylmethacrylate) (PMMA) narrow standards (Aldrich)
with MW from 2500 up to 800 000 g/mol.

3. Results and discussion
3.1. Graft copolymer and its blends
We have synthesized a novel partially fluorinated graft

polymer constituted of a polyacrylic backbone (random
terpolymer formed by BMA, HEA and EA units) and
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perfluoropolyether side chains. The PFPE segment, derived
from the NCO-monofunctionalized perfluoropolyether
(PFPE-HMDI), was linked to the acrylic backbone by an
urethane bond formed by the reaction of the —NCO
functional group with the —OH group of HEA. As
mentioned in Section 1, it can be assumed that the graft
polymer should behave as an interface-active material and
that the PFPE segments at lower surface free energy should
rearrange themselves in the close-to-air region. In other
words, the fluorinated side chains would almost entirely
cover the surface layer of the graft polymer film. As quoted
above, suitable blending of the fluorine-containing graft
polymer with a hydrocarbon base polymer (e.g. the parent
acrylic terpolymer) would favor the additional migration of
the fluorine-containing component to the surface region
[31,32], where it is driven by the lower free energy PFPE
side chains. Thus, the fluorinated chains are expected to stay
in the outermost region (on a nanometric scale) [13,22,36].

To verify the above expectations, as stated in Section 2,
the PFPE-containing graft copolymer and the acrylic base
resins (either the terpolymer or a commercial product) have
been blended together at various weight ratios (5, 10 and
20%) and the resultant blends investigated as solid films by
SEM, EDS (EDX) and XPS techniques. On the same blends,
critical surface tensions [34] following Zisman [37] have
been determined by contact angle measurements using the
testing liquids listed in Table 1.

3.2. Product characterization

The 'H-NMR spectra represented in Fig. 1 refer to (a)
PFPE-HMDI, (b) the acrylic terpolymer, and (c) the
product after grafting. It is evident that the peak at
3.8 ppm, assigned to the —CH,— adjacent to the hydroxyl
group (Fig. 1b), is completely absent in the grafted copoly-
mer (Fig. 1c), where the peak of the same —CH,, now adja-
cent to the —OCONH- group, appears at 4.1 ppm. In the
spectrum of the fluorinated graft copolymer, two more
peaks are visible at 3.15 and 4.1 ppm; they are relative to
the central —CH,— groups in the hexamethylene segment
(from HMDI) and to the —CH, adjacent to the CF, group
in PFPE, respectively. In addition, the FT-IR spectra
confirm that all —OH groups in P(BMA-HEA-EA) have
reacted with the terminal —-NCO group of (PFPE-HMDI).

3.3. Critical surface tensions

As mentioned above, the critical surface tensions 7y have
been determined for blends in which the fluorinated graft
copolymer was mixed (at the concentration of 5, 10, 20% by
weight) either with the parent terpolymer P(BMA-HEA-
EA) or with the commercial copolymer Paraloid B72, i.e.
poly(ethylmethacrylate-co-methylacrylate). In order to
obtain the reference values of this parameter, analogous
measurements were performed on the neat copolymer
films. The 7y, values have been estimated by extrapolating
the straight lines corresponding to homogeneous liquids (the

!

a)

7 1PPM

| J\N\k
7 6 TPPM 0

C) //\\A_/M
7 1PPM 0

Fig. 1. 'H-NMR spectra of: (a) PFPE-HMDI, (b) P(BMA-HEA-EA),
(¢) P(BMA-HEA-EA)-g-(PFPE-HMDI).

D, H and P species, respectively, listed in Table 1) in the
cos 6 vs. yL plots (Figs. 2—4 as examples). The results for
the neat copolymers and for the copolymer blends are
summarized in Tables 2 and 3, respectively. The vy, values
referred to the (P) liquids are notably larger than those
obtained with the (H) and (D) ones, while the values of
the latter ones do not significantly differ from each other.

1- < .
0,8 -

0,6 -

04

0,2

0 . :
0 10 20 30 40 50 60

cos6

7. (dynes/cm)

Fig. 2. The cos 6 vs. ;. plot of the P(BMA-HEA-EA) (EC6). (®) H-liquids;
(M) P-liquids.
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Fig. 3. The cos 6 vs. 7y plot of P(BMA-HEA-EA)-g-(PFPE-HMDI) (EC6-
F). (A) D-liquids; (@) H-liquids; (H) P-liquids.

Obviously, (P) liquids may show strong interactions with
polymer films (swelling, dissolution, etc.), greatly affecting
the ‘apparent’ values of surface tensions. In the present
study, we cannot analyze this behavior in depth. However,
it is well known that, in general, the . values vary accord-
ing to the kind of liquids used, e.g. dispersion, polar, or
hydrogen bonding liquids [34]. It has been found from our
measurements that even small additions (5—-10%) of the
graft copolymers to the acrylic base polymer have a great
effect on reducing the surface tension of the polymer film,
with <. that approaches the value found for the neat
fluorinated copolymer (15—16 dynes/cm with (D) liquids).
Increasing the bulk concentration up to 20% does not affect
the vy, values significantly; consequently, it can be safely
argued that the surface composition is not appreciably
changed. These results show that 5% concentration of
the grafted polymer is more than enough to generate a
topmost layer predominantly constituted of the fluorinated
segments.

3.4. SEM and EDX analysis
The cross-sectioned films of the P(BMA-HEA-EA)-g-

1

0.8

0,6 4

coso

0.4 -

0,2 -

0 T T T
0 10 20 30 40 50 60

YL (dynes/cm)

Fig. 4. The cos @ vs. y. plot of P(BMA-HEA-EA)-g-(PFPE-HMDI)/
P(BMA-HEA-EA) (10/90) blend (EC6-F/EC6). (A) D-liquids; (@) H-liquids;
(W) P-liquids.

Table 2
Critical surface tensions of the acrylic base terpolymers and PFPE-grafted
polymers

Sample  Polymer Ye
name _
(dynes/cm)  Liquid
type
B 72 P(EMA-MA) 30.5 H
EC5 P(BMA-HEA-EA) 25.1 H
28.6 P
ECo6 P(BMA-HEA-EA) 252 H
29.1 P
15.8 D
EC5-F  P(BMA-HEA-EA)-g-(PFPE-HMDI) 15.2 H
19.1 P
15.5 D
EC6-F  P(BMA-HEA-EA-)g-(PFPE-HMDI) 14.9 H
18.9 P

(PFPE-HMDI)/P(BMA-HEA-EA) blends (with weight
ratios of 5/95, 10/90 and 20/80) were investigated by
scanning electron microscopy and by energy dispersive
X-ray spectroscopy in order to evaluate the surface segrega-
tion and the fluorine concentration (in terms of F/C ratios).
The SEM micrographs show a sharp accumulation of fluori-
nated materials close to the air—polymer interface. In the
(20/80) blend (Fig. 5), the presence of a thick layer of the
fluorine containing copolymers (in clearer gray) is easily
visible at the left side of the section relative to the air—
polymer interface. The fluorine concentration detected by
EDX analysis confirms the strong presence of such fluori-
nated layer (see the fluorine mapping in Fig. 6). Relevant
accumulation of fluorinated segments is also evident at the
opposite side, corresponding to the film surface that has
been in contact with the PTFE capsule during solvent
evaporation. The relatively high specific weight of the
PFPE-containing polymer, combined with its strong affinity
with PTFE, contributes to favor its deposition also on the

Table 3
Critical surface tensions of the polymer blends

Composition of the blend
(weight ratio)

v, (dynes/cm) Liquid species

EC5-F/Paraloid B72 (5/95) 17.0 D
ECS5-F/Paraloid B72 (10/90) 14.9 D
15.8 H
16.7 P
EC6-F/Paraloid B72 (10/90) 14.8 D
ECS-F/ECS (5/95) 17.1 D
ECS5-F/ECS (10/90) 16.5 D
20.2 P
ECS5-F/ECS5 (20/80) 15.6 D
15.0 H
19.1 P
EC6-F/EC6 (5/95) 17.2 D
EC6-F/EC6 (10/90) 16.0 D
16.4 H
18.8 P
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28KV WD:25Mn

§:80644 P:03819

Fig. 5. SEM micrograph of the film section across the (BMA-HEA-EA)-g-
(PFPE-HMDI)/(BMA-HEA-EA) (20/80) blend. The fluorinated material is
represented by the clearer gray areas.

bottom of the Petri dish. This typical behavior has been
found even in the (10/90) and (5/95) blends (see histograms
of Fig. 7). The predominant migration of relevant amounts
of the fluorinated graft polymer to the film—air interface
yields a high fluorine concentration in the topmost regions
(0-20 pm (Fig. 7). The 5/95, 10/90 and 20/80 blends exhi-
bit, in the 0—20 wm region, a F/C ratio equal to 54.4, 69.4,
and 79.8%, respectively (having a bulk F/C value of about
1-5%). Because of the remarkable immiscibility between
the acrylic backbone and the PFPE sequences in the graft
copolymer, macrophase separation may already occur in
bulk, originating micelles of various shapes and dimensions.
This phenomenon is particularly evident in the (20/80)
blend, where phase inversions are also visible: fluorinated
micelles separate inside the acrylic phase and acrylic
micelles separate into the segregated fluorinated layer
(Fig. 8).

Fig. 6. The EDX mapping of the fluorine presence in the film section across
the P(BMA-HEA-EA)-g-(PFPE-HMDI)/P(BMA-HEA-EA) (20/80) blend.
The film has been solvent cast on PTFE dishes.

80
70
60 |

40 |
30 1
20
10 1

FIC%

0-20 20-40 40-80 80-120 120-160 160-180 180-200

distance from air-polymer surface (um)

Fig. 7. The fluorine concentration, detected by EDX analysis, in the film
sections across the P(BMA-HEA-EA)-g-(PFPE-HMDI)/P(BMA-HEA-EA)
blends: (H) (20/80); (") (10/90); (O)) (5/95).

3.5. XPS analysis

The film surfaces relative both to the graft polymer
P(BMA-HEA-EA)-g-(PFPE-HMDI) and to the P(BMA-
HEA-EA)-g-(PFPE-HMDI)/P(BMA-HEA-EA) (5/95) blend
have been investigated by X-ray photoelectron spectroscopy
in order to evaluate the surface fluorine concentration
(Fig. 9). The detected area was ca. 400 pm and the sampling
depth 2—6 nm (the PFPE side chain is less than 2 nm long
and the HMDI-PFPE sequence is ca. 4 nm). The graft
copolymer film shows a surface atomic composition of
39.6% F, 39.9% C, 14% O, 4.4% N (Fig. 9). Since the
fluorine content is approximately 10% in the graft copoly-
mer, 50—-55% in the PFPE-HMDI sequences, and 60—65%
in the PFPE portion of the latter, respectively, also these
data suggest that the fluorinated side chains predominantly
move to the air—polymer interface. The fluorine content
present there, however, is lower than the theoretical value

Fig. 8. The fluorinated surface layer (in clearer gray) in the cross-sectioned
film relative to (BMA-HEA-EA)-g-(PFPE-HMDI)/(BMA-HEA-EA) (20/
80). The phase separation in micelles is also visible.



E. Casazza et al. / Polymer 43 (2002) 1207-1214

1213

4

x 10 ECT3_6~1 SPE x 10 ECFS_1~2.SPE
12 : : 9 : —
P 8t '
10 H
7+
8 6l
(%] 2] o
G 5
4+t
5 J
4 i 3t 2t
. o - g < «
< f. < ” 4 4 £ 0= Q b
- o Q S 2r g < ? | :
i S B - : :
B 88 g TF a o
e O By
. A L Syt . . ) i
1200 1000 800 600 400 200 O 1200 1000 800 600 400 200 0O
Binding Energy (eV) Binding Energy (eV)

(a)

(b)

Fig. 9. XPS spectra of: (a) the neat P(BMA-HEA-EA)-g-(PFPE-HMDI), (b) the P(BMA-HEA-EA)-g-(PFPE-HMDI)/P(BMA-HEA-EA) (5/95) blend).

of about 50—55% which would correspond to a surface layer
constituted only of PFPE-HMDI segments. Indeed, this is
simply an artifact due to the sampling depth in our XPS
analysis, greater than the PFPE-HMDI length.

The (5/95) blend surface exhibits values of 35.8% F,
42.5% C, 15% 0O, 5.2% N (Fig. 10). The surface enrichment
in the blend, in terms of fluorine (for which the overall bulk
F content is 0.5—-1%), is close to that found in the neat graft
polymer.

All results suggest that a little amount of P(BMA-HEA-
EA)-g-(PFPE-HMDI) (about 5 wt%), blended with the
acrylic terpolymer, is indeed sufficient to create a surface
layer enriched in fluorine, i.e. with the PFPE-HMDI side
chains located in the outermost region, similarly to the
behavior of neat fluorinated copolymer. Recently, very
relevant surface enrichment of fluorine-containing segments
has been found by Bongiovanni et al. [13] in a MMA

60

50

40 -

30

20

10

o

C% N% 0% F%
Fig. 10. XPS surface composition: (M) neat P(BMA-HEA-EA)-g-(PFPE-
HMDI); () P(BMA-HEA-EA)-g-(PFPE-HMDI)/P(BMA-HEA-EA) (5/95)

blend.

copolymer containing PFPE side groups (T4, = —120 °C
ca., Ty = 113°C ca)

4. Conclusions

We have found a strong macrophase surface segregation
of P(BMA-HEA-EA)-g-(PFPE-HMDI) when added to the
base P(BMA-HEA-EA). This segregation gives rise to a
relatively thick fluorinated surface layer mainly constituted
of the acrylic-g-PFPE copolymer. Moreover, this surface
coating approaches the surface composition of the neat
P(BMA-HEA-EA)-g-(PFPE-HMD) polymer, in which the
PFPE side chains stay in the outermost region, providing
good characteristics of hydrophobicity and stability. We
have proved that the segregated fluorinated polymer cover-
ing the surface of the blend confers the same surface proper-
ties found for the neat graft copolymer film. These results
suggest that P(BMA-HEA-EA)-g-(PFPE-HMDI) copoly-
mer is an excellent protective material [38] (e.g. for stone
monuments), the same must be true for its blends, despite
the very small PFPE bulk concentration. The fluorinated
coating, originated by surface segregation, might be
sufficient to guarantee stone protection from atmospheric
agents, with a much lower cost as compared to PFPE-
based materials. Moreover, its grafting and subsequent
blending favor the stable anchoring of protective formula-
tions to the stone itself.
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