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CHEMICALLY MODIFICATION OF POLYPROPYLENE
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** Faculty of Chemical Technology, Slovak University of Technology, Radlinského 9, 812 37 Bratislava, Slovak
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The paper brings a brief survey of the direct chemical methods for preparation of polypropylene
(PP) derivatives, using mostly peroxides, UV or gamma irradiation and in some cases also strong
acidic reagents for formation of precursors of the binding the functional groups or side chains on
the PP backbone. By this means sulfonated, chlorinated, carboxylated, hydroperoxidated PP as
the examples of functionalized PP's can be prepared. As examples of binding side chains to the
PP, the grafting of PP with unsaturated monomers like styrene, methyl methacrylate, acrylates,
maleic anhydride and its derivatives are described. Application of PP derivatives and their impor-

tance in preparation of polymer blends and composites is illustrated.

Introduction

Polypropylene is generally known as a polymer with
a wide range of application in plastic industry, mainly
in the production of different car parts (bumpers),
water and waste pipe, household and kitchen uten-
sils and appliances, package, toys, a variety of
moulds for sports equipments, furniture, machines,
etc., but also as solid fiber for technical and textile
application.

It is due to relatively good mechanical properties
of polypropylene, its low price and to another impor-
tant property, ecologically friendly production and its
waste processing. Further extension of the applica-
bility of polypropylene requires, however, the com-
bination of the properties with other polymers or
materials, chiefly with polar polymers (in polymer
blends) and with glass and metal (either as a filler
or in the preparation of e.g. sandwich products). This
can only be reached if part of polypropylene mol-
ecules will also contain polar groups or chains that
will enable the combination of the properties with
other, usually polar, material.

By introducing polarity into the polypropylene chain,
an interfacial agent can be obtained for composite
materials, where there improves the compatibility of
PP with polar polymers, such as polyamide or poly-
ester [1-5] or adhesion of PP to the glass or metal
surface [6] but also the required properties like sur-
face dyeability, hygroscopicity and surface conduc-
tivity (mainly of fibres) [7].

Chemical bonding of polar groups or chains to a
PP molecule can in principle be achieved in two
ways.

The first traditional way of binding to nonpolar
polypropylene macromolecule without typical reac-
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tive sites uses a radical chain transfer reaction most
often, a reaction site with active free radical being
formed and this radical is used for binding the polar
component [8]. The second newer way of obtaining
the reaction centre is the copolymerization of a
monomer unit with an active group (most frequently
with free double bond) into a polypropylene chain,
which is then used for binding the required polar
group [9].
" To make the article more lucid, the methods of the
chemical binding of polar components to PP were
divided into two groups:
A) Functionalization of polypropylene (binding of low-
molecular functional groups)
B) Grafting of polypropylene (binding of PP chains to
the backbone of PP)
There is naturally no sharp boundary between the
two groups and in the case of the binding of low-
molecular functional groups to PP, they are often

used for the consecutive polypropylene grafting.

However, to justify this division all the same, the first
group (A) will include the methods providing
functionalized PP, which can be used separately for
various purposes, such as e.g. polymer blends re-
gardless of the fact whether it can be later used for
grafting or not. The second group (B) will include only
direct or indirect methods of PP grafting.

A. Functionalization of polypropylene

The chlorination of PP belongs to the oldest and
relatively simplest methods of introducing the polar
heteroatom into the PP chain. The procedure is ac-
tually the same as the in the chlorination of low-
molecular hydrocarbons using a radical chain reac-
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tion (Scheme (1)). The chlorination is initiated by UV
radiation or by thermal decomposition of peroxide
and is carried out in a solution (mainly of atactic PP)
in chlorinated solvents, e.g. CCl, or in a monomer
slurry of PP. Chlorinated PP is used as a
compatibilizer for the preparation of PP-EVA and PP-
PMMA blends and as a secondary plasticizer for
PVC. It can also be used for grafting with a cationic
mechanism [10].

Sulfonation of PP is not successful in the meas-
ure required. There is always formed, in addition to
a sulfonic group, unsaturated PP chain (Scheme (2)).
This process leads practically to dehydrogenation
with the formation of olefinic bonds and, ultimately
to charring. The planned use of sulfonated PP as
ion-exchanger is thus very limited [11].

The binding of maleic anhydride to its polymer
chains probably belongs to the most studied
functionalization reactions of PP [6]. This follows from
the excellent compatibilizing properties of this modi-
fied PP for the preparation of PP blends and com-
posites [2-5, 12]. There were published several
mechanisms for this functionalization reaction. On the
basis of the study of the kinetics and the reaction
products of functionalization, its mechanism is cur-
rently described by the following Scheme (3) [13, 14].

The reaction mechanism is derived from the prin-
ciple of the majority of PP functionalization of the so-
called chain transfer grafting using the free radical
sources as initiator. This mechanism is particularly
interesting (as has been experimentally confirmed)
because the polymer radical being formed on the
backbone of the PP chain during initiation is not re-

([:Hs ?HS conc. H,S0, {Hs (|3H3
—CH,~CH~CH,—CH— —A> —CH2—|C-—CH2—CH— +
SO4H
CHy  cHy
+ —CH,~C=CH—CH— +S0,+H,0
Scheme 2

Hydrogen
abstraction

PN+ RO e NPT+ RO

pscission

//\//\/'\*)\)\/K

w
MA 0...0._.0
M)\jj

End chain grafting
MA

Scheme 3
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sponsible for direct reaction with maleic anhydride
under formation of succinic radical on PP chain (see
Scheme 3). The f-scission of PP chain takes place
at first with the formation of end PP radical and a
vinylidene group at the other end of PP chain. These
both fragments of PP chain formed are responsibie
for end-chain grafting of PP with maleic anhydride
(MA). On the basis of the C'® NMR study, Heinen et
al. [13] argue that the end succinic group has a doubl
bond at the end of PP chain. The succinic radical
formed at the end of PP chain is deactivated by one
of the possible recombination reactions indicated in
the scheme (3) {14]. The homopolymerization of MA
is not real during grafting, mainly because the
functionalization usually proceeds at the tempera-
tures higher than the ceiling temperature of MA and
because it is known that the procedure of MA
homopolymerization itself under special conditions
is difficult giving a not uniform product [15, 16]. Most
grafts consist of single succinic anhydride units and
this is ascribed to a relatively rapid intramolecular
hydrogen abstraction by P-MA® radicals.

The functionalization reaction of PP with MA can
be conducted in three ways: in melt (reaction injec-
tion moulding), in the solid phase, and in solution
[17]. These procedures give conversions of mainly
about 2 wt.% of MA bound to PP. The grafting in
the solid phase has certain advantages from the point
of view of easier elimination of unchanged MA and
about 1.5 wt.% of binding of MA to PP is obtained
[18-20]. MA-modified PP has longer been used in
reinforcement of glass of carbon fibres in PP; recently
it has been used in the preparation of PP blends with
polar polymers (PP-PET, PP-PAm), PP composites
with inorganic fillers and multilayer systems.
Maleinated PP forms a very effective interface be-
tween the PP phase and the polar component of the
system. It is strongly reflected in an increase of ten-
sile strength, stiffness, and other mechanical prop-
erties. For example, isotactic PP grafted with MA was
used as an adhesive bonding the cold-rolled steel
sheets for the correlation of its bondability. It was
found that the maximum adhesive strength 159 kg/
cm? was obtained from a degree of grafting 0.217 %
[21]. In the case of the preparation of blends from
PP and polar polymers the reaction of succinic an-
hydride group bound to PP is used for direct spon-
taneous reaction between maleinated PP with end -
OH groups in the case of polyester and with -NH-
groups in the case polyamide 6 (PAB). In both cases
the covalent bond is formed between PP and PA6
chains, which has a positive effect on the mechani-
cal properties of the mixture thus prepared - this way
is also denoted as reactive extrusion [22].

Another significant way of the functionalization of
PP is the binding of oxazoline monomer groups e.g.
in the form of ricinoxazoline maleinate [23]. The role
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of the relatively large ricino-maleate group is not only
to apply at least one of the double bonds for bind-
ing to PP by the so-called ,chain transfer, grafting
(see Part Grafting of PP) but also to raise the bail-
ing point andfor to lower the pressure of partial va-
pours of the monomer used at the reaction tempera-
ture. Oxazoline group is known to react spontaneously
with free carboxylic group which is useful for the
preparation of a mixture of PP with polar polymers
or polymers with carboxylic groups (see Scheme 4)
[23]. Great interest in the principle of the spontane-
ous reaction is documented by a number of refer-
ences [see in 24].

The functionalization of PP by the method of chain-
transfer grafting has, however, also some disadvan-
tages, e.g. a relatively lower reaction efficiency which
often leads to PP degradation. A certain solution to
these problems is the introduction of vinylidene
groups into PP as early as during its preparation; this
can be solved by using a Ziegler-Natta catalyst dur-
ing the polymerization of propene. It is then easy to
bind various functional groups to he chain end such
a PP type, e.g. -Si(OR)4, —Br, —OH, —NH,, —SH,
epoxide group but also the often required MA group
[9, 24] (see Scheme (5)). The properly functionalized

M
a) HzC-CHy-CHy-PP—C=CHy

HaC
H3C-CHy-CHy=PP~CH-CH,—F

ZF: -Si(OR),, - Br, - OH, - NH,, - SH
o

—C\—/CHZ- —gH_CnCHZ

Y 07"Ng” 70
CH3 CHs

P} PP-CH-CHp-SH + mHC=C —
COOCH;
g o
—= PP-CH-CHy-S—CH,—CYe
COOCH;
Scheme 5
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PP can also be used for PP grafting with various vi-
nyl monomers. For instance, an anhydride-terminated
PP was produced using a Lewis acid-catalysed Al-
der Ene reaction. The MA incorporation onto the
polymer was terminally positioned [25]. Anhydride-
terminated PP is used e.g. for reactive blending of
PP with polyamide 6, anhydride groups react with
the amine-terminated polyamide 6 to yield polypropy-
lene-block-polyamide 6 in situ. Such block copoly-
mers are efficient dispersing agents [26].

A carbamate group can be bound to PP chain un-
der the effect of the decomposition of azides, e.g.
butylazoidoformate. Nitrene being formed during
decomposition is able to insert into the C—H bond
(see Scheme (6)) of PP chain. But the successful-
ness of this reaction is only about 30 %; it is chiefly

?.
initiation . 0, cl)
—CHZ—CIH— —»—CHz—c';—— — —CH2-<|:—
CH, CH, CH,
o o
? 0
_CHz‘?— + —CHZ-C,)H— —_— —CHZ-(IJ—+ —CHy-C—
CH, CH, CH, CH,
OOH
| monomer
v~ CHy=C e —————  graft copolymer
| A or redox
CH,
Scheme 7
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due to the fact that the greater part of azide is de-
composed by radical mechanism [27].

A very successful procedure of the catalytic
hydroxylation of PP surfaces under the effect of a
CrO4 mixture, a mixture of acetic acid and its anhy-
dride was worked out; it increases the polarity of the
PP surface to such an extent that the technically
required adhesion to other polar surfaces is reached
(see Scheme (6)) [28].

Cold plasma can be useful for an efficient modifi-
cation of PP surfaces. In the presence of gas CO,
carboxylic or ester group can be bound to PP chains
(see Scheme (6)).

B. Grafting of polypropylene

The grafting of PP also belongs to the methods with
similar aims — to insert the polar polymer chains into
the PP chains and thus to improve its compatibility
with polar polymers or polar inorganic or organic fill-
ers.

One of the first wider used grafting procedures was
the method based on the principle of hydro-
peroxidized PP as an intermediate stage of grafting
reaction itself. It solved the problem of the creation
of a reactive site on PP chain. Hydroperoxidized PP
which is actually the product of PP oxidation can be
obtained in several ways. Ozonolysis of PP belonged
to the first of them and was introduced by G. Natta
and co-workers [29]. Ozonolysis leads, however, to
a considerable reduction of the molecular weight of
PP, at 30 °C it is even several times lower [30]. The
oxidation reaction of PP can further be initiated by
thermal decomposition of radical initiators, by UV or
gamma radiation (Scheme (7)) [31].

The grafting of hydroperoxidized PP can then be
launched in the presence of vinyl monomer by add-
ing a redox catalyst (e.g. ferric acetylacetonate or
ferrous sulfate [32]) but also by the thermal decom-
position of hydroperoxide [33].

The PP grafting can also be carried out under di-
rect irradiation (gamma or UV in the presence of a
photosensitizer) of the polymer in the presence of a
monomer, like styrene, vinylpyridine, MMA, MA,
acrylamide, AA, 1-vinyl-2-pyrrolidone (Scheme (8))
[34]. Radiation grafting is successfully used for the

CH,

| radiation
—PH-CH—

> P+ M ——>
UV + photosensitizer

—— graftcopolymer

Monomers: S, vinylpyridine, MMA, MA, acrylamide,
AA, 1-vinyl-2-pyrolidone

Scheme 8
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modification of the surface of PP products, e.g. for
the grafting of PP fibres with methacrylic acid, acry-
lonitrile and vinyl acetate to increase the moisture
content and to achieve the dyeing of grafted fibres
[35]. Acrylic acid-modified PP fibres have the advan-
tage of a softer hand and higher extension before
breaking but the disadvantage of a lower breaking
strength [36]. UV radiation in the presence of ben-
zoin ethyl ether as photoinitiator was used at graft-
ing of 2-hydroxy-ethylmethylacrylate onto PP [37].
Also benzophenone was an efficient photoinitiator for
photografting of PP film with acrylamide [38].

Initiation of grafting

RO—OR =-—— 2RO*

+ ny
RO*

*PQ\ PPe (+ ROH)

Grafting —

RO—M),_;—M* —P*(RO—(M),_y—M—H

(grafting copolymerization)
P*+nM —— P—(M),_—M°

Scheme 9

Table 1 Grafting of PP with various monomers in the solid phase
(Imonomer] =15 wt. %, [peroxide] = 37 mmol/1 kg)

Initiator Reaction Reaction  Grafted amount MFI
temperature time® of monomer in PP [g/10 min]
Type ['Cl [min] Type  [wt %] b)
TBPEH 97 210 BA 10.1 0.15
TBPEH 97 210 MMA 113 0.39
TBEC 125 210 MMA 9.0 1.1
TBEC 125 210 S 8.2 0.07
TBIC 125 210 MMA 10.7 6.29

a) Reaction time was established from half life time of peroxides
in minutes x 7. Half life time of peroxides used:

TBPEH =tert. butylperoxy ethylhexanoate Ty, = 30 min. at 97 °C
TBEC =tert. butylperoxy ethylhexylcarbonate t,,= 30 min. at 125°C
TBIC  =tert. butylperoxy isopropylcarbonate 1, = 30 min. at125°C

b) MFI, = 0.35 g/10 min

The grafting of PP initiated by thermal decompo-
sition of radical initiator is called chain transfer graft-
ing. This name denotes the principle of the method
consisting in the transfer of the initiating centre from
the radical of the initiator (but it usually also proceeds
by transfer from the propagating radical of the po-
lymerizing monomer) onto the PP chain (Scheme
(9)). The radicals on the PP chain are used only
partially for grafting since part of PP radicals is sub-
jected to consecutive degradation and dispropor-
tionation. This method enables grafting of all com-
mon monomers of vinyl or vinylidene type but also
polyfunctional monomers like glycidyl methacrylate
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[5, 39], acrylonitrile [33] or viny! chloride [40]. Inter-
esting results are obtained in the solid phase graft-
ing (below melting point of PP), grafting efficiency
reached being about 60 % (i.e. about 60 % of added
monomer is grafted onto PP) [41-44] (Tab. 1). An-
other advantage of PP grafting in the solid phase is
that the beta-scission of PP chains, which takes
place to a considerable degree during the process
in melt, can be significantly limited [44] (Scheme
(10)). A special type of PP grafting is cationic graft-
ing of PP using siloxonium dication (DIC), which is
able to transfer a cation to the PP chain. The PP"
cation formed initiates the grafting of the cations of
polymerizable monomers, such as e.g. tetrahydro-
furan (Scheme (11)). No crosslinking was observed

€10, “si(Me);—F 0—si(Me),Js 0— 'Si(Me),CI0,"

|
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and significant changes of molecular weight were
noted [45].
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UNEVENNESS OF GEOMETRY AND STRUCTURE
OF SYNTHETIC FIBRES AND METHODS FOR EVALUATION
OF DISPERSION OF MECHANICAL PROPERTIES
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Department of Fibres and Textile Chemistry, Faculty of Chemical Technology of the Slovak University of Technology,
Radlinského 9, 812 37 Bratislava, Slovakia

1. Introduction

The unevenness of the geometry (cross-section) of
synthetic fibres prepared from melt is a result of the
simultaneous influence of polymer properties and pro-
duction technology characterized by precise mechani-
cal and technological equipments and their regulation.

The fundamental polymer properties affecting the
unevenness of the fibre cross-section include:

a) elasticity of melt which creates the effect of the
sinusoidal shape of a fibre longitudinal cross-section
and which can be characterized by the amplitude and
wave length,

b) evenness of the distribution of additives, stabilizers,
pigments, delustrants and their subsequent influence
on rheological properties, the kinetics of crystallization,
etc.

Technological equipments have effect on the fibre
unevenness, mainly by the inhomogeneous heat field,
unevenness of meter pumps, pulsation dosing, uneven-
ness of the drawing-off mechanism, unevenness of the
drawing and forming process, and also by their precise
regulation.

The experimental estimation of the structural and
geometric unevenness of fibres based on the measure-
ments of some properties (e.g. mechanical) of individual
fibrils represents an excessive number of these meas-
urements and shows to be unpractical from the aspect
of the temporal claims on them. Mechanical and physi-
cal properties depend, however, on the mechanical and
physical properties of individual fibrils contained in a
fibre bundle. It follows that to find variables and methods
characterizing the fibre unevenness on the basis of the
analysis of the stress dependence on the fibre strain
and not on individual fibrils is very important.

Beyreuther and al. described the estimation and
evaluation of the cross unevenness of fibres on the
basis of the analysis of the fibre working diagram
(bundle of fibrils) [1]. Their method was used to
evaluate the unevenness of technical filaments and
staple fibres.
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The evaluation of technical fibres is based on the
assumption that average values of the mechanical and
physical properties of fibres correlate with the distribu-
tion of the properties of individual fibrils. The narrow
distribution of the mechanical and physical properties
of fibres is conditional on the high evenness of fibre
properties (high fibre quality) and, on the contrary, broad
distribution is conditional on the low evenness of fibrillar
properties and thereby on the low average values of
mechanical and physical fibre properties (low quality).

In evaluating staple fibres the maximum draw ratio
depends on fibrils with the lowest deformation during
spinning. Then the distribution of the mechanical and
physical properties of individual fibres determines the
breadth of the distribution of the draw ratio. This breadth
is affected chiefly by dosing, on which is subsequently
dependent also the efficiency and quality of the spin-
ning process.

By detection of the geometric unevenness of fila-
ments and staple fibres one may evaluate the spinning
process and its unevenness.

The above-indicated method [1, 2] is based on the
distribution of the fibre elongation at break and on the
comparison of the theoretical and real form of the strain
dependence. The theoretical form of the stress/strain
dependence is obtained for an ideal even fibre with the
same strength (F;) and the same break elongation (g)
of all fibrils. In the drawing test of fibres the first fibril with
the strain ¢, will be broken after achieving the stress F,
and after achieving the stress F5; and the strain ¢, all
fibrils in the fibre will be ruptured. In this way, it will be
possible to obtain the distribution of the strain at the
interval g, . < &,. On the basis of the difference between
the theoretical and the real case it is possible to define
the three surfaces, Ayeon Aea @Nd A, @mong which
there exists the relation:

Azost = Atheor - Areal (1)

From the values Fy, F,, F; ¢4, g, it is possible to cal-
culate in a simple way the relation of A ../Aeor [1, 2] @S
follows:
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Arcai [Atheor =1 =D (3)

which, after the multiplication (g, - £4)/2, sufficiently
characterizes the breadth of the distribution of the
fibre unevenness. This value serves as a basis for
the calculation of the standard deviation, o4, and the
variation coefficient of the break elongation of all fi-
brils in a fibre.

In our work, the evaluation of the cross uneven-
ness of the technical PET fibres and blend PP/PET
fibres are presented.

2. Experimental

Fibres

For the measurement of the unevenness of the
cross-section were used PET technical filaments from
the company Slovensky hodvab Inc., Senica, Ty =
1150 dtex as well as blend PP/PET fibres prepared in
a standard way on the laboratory line, Department of
Fibres and Textile Chemistry, T4 = 330 dtex.

Measurement of mechanical properties

Mechanical properties of the blend PP/PET fibres
were measured on the INSTRON 1112 apparatus
under the following conditions:

rate of the shift of clamps = 50 cm.min™’

rate of the shift of paper = 30 cm.min™

test length =10 cm.

From the stress/strain dependencies the uneven-
ness of the technical PET fibres depend on the de-
formation gradient and the variation coefficient of the
diameter, strength and break elongation of blend PP/
PET fibres was estimated.

3. Results and discussion

During measurements, the dependence of me-
chanical and physical fibre properties on the kinetics
of deformation allows one to assume also the exis-
tence of the dependence of the variation coefficient
of basic variables on the fibre deformation gradient.
This dependence is associated also with the optimi-
zation of conditions for measuring the mechanical
and fibre properties to obtain results at the maximum
sensitivity of the procedure. The dependencies in
Figs. 1-3 confirm this assumption and, at the same
time, permit one to choose the average optimum
deformation gradient of technical PET fibres, with
which the highest variation coefficient is attained by
means of the evaluation method. The dependence
of A calAneor Passes through the minimum of the ave-
rage deformation gradients (according to the extent
of application of the common instruments) (Fig. 1)
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Fig. 1 Dependence of Aa/Aner (1) and of the variation coeffi-
cient (2) on the deformation gradient of technical PET fi-
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Fig. 2 Dependence of the standard deviation (1) and variation
coefficient of the unevenness (2) on the deformation gra-
dient of technical PET fibres.
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