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Background
A number of additives are used during
the processing of plastics in order to
optimize the processing itself and to
improve the quality of the finished
plastic parts. Additives for the wetting
of solid particles, air release agents,
plasticizers, UV stabilizers, antioxidants
and flame retardants are only a few of
those used. BYK Kometra has focused
in this segment on a very specific
group of products that are marketed
as SCONA Plastic Modifiers for use
in thermoplastic materials. Depending
on the area of application, they are also
referred to as coupling agents, adhesion
promoters, compatibilizers or impact
modifiers.
The significantly lower density of
plastics as compared to many other
materials can help achieve significant
weight reductions in many applications,
thereby lowering energy consumption
and reducing energy costs. The low
mechanical strength of plastic material
can be significantly improved by a
combination with mineral fillers or fibrous
reinforcement materials (glass fibers,
natural fibers). Reinforced plastics have
conquered many fields of application
that were previously the sole domain of
metallic materials. The successful use of
these plastics in the automotive industry
as materials for structural components
clearly illustrates this. In filled and
reinforced plastic materials, the SCONA
modifiers are used to distribute the
fillers and fiber materials more evenly
in the polymer matrix and to increase
the mechanical bonding strength
between the two. Compounding of the
plastic material is facilitated and the
mechanical properties of the finished
parts are improved.
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Even chemical reactions between the
modifiers and the other materials
involved take place during this process
in certain cases. The modifiers act in this
case as a coupling agent or adhesion
promoter. This results in a significant
and measurable improvement in the
mechanical properties of the compound
consisting of the thermoplastic polymer
and the filling/reinforcement materials.
Important markets of this kind (figure 1)
for SCONA Plastic Modifiers are wood
plastic compounds (WPC) and glass fiberreinforced PP or PA. WPCs are wood
fiber-reinforced PP and PE materials
that are used, for example, for decking,
railing and fencing. The modifiers
contribute significantly to the good
weather resistance of these compounds.
Glass fiber-reinforced PP and PA are
used primarily in the automotive industry

and the SCONA modifiers not only result
in a significant improvement in the
mechanical properties but also result in
lower emissions (VOC) as compared to
conventionally manufactured products.
The modifiers are also used in nonfilled plastics, for example, to increase
the impact strength of polyamide, as
compatibilizers for blends of polyamide
with other polymers and to increase the
tear resistance of PET bands. Another
special application involves a process
known as overmolding, in which hard
plastic surfaces are coated (overmolded)
partially with soft and elastic plastic
materials. The process improves the grip
on tool handles, tooth brushes and
medical instruments. SCONA modifiers
are used in this process as adhesion
promoters between the hard and soft
polymers.

Important Markets for SCONA Plastic Modifiers

Wood Plastic
Composites (WPC)

Glass Fiber-reinforced
PP, PA

Impact Modification
of PA, PET

TPE-S
Overmolding

figure 1
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SCONA Plastic Modifier Chemistry
Polymers and Monomers for Graft Copolymers

Base Polymers
Homopolymers

Copolymers

Block Copolymers

Natural Products

PE
PP
SPS
PPE

EVA
POE
EP(D)M

SEBS
SEPS
SEEPS

Starch
Cellulose

Graft Monomers
Maleic Anhydride (MAH) – Styrene – Acrylic Acid – Methyl Methacrylate – Vinyl Acetate
Glycidyl Methacrylate – Methacrylic Acid – Vinyl Silane – Butyl Acrylate – Hydroxyethyl Acrylate

figure 2

Schematic Structure of the SCONA Plastic Modifiers
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Figure 2 shows a selection of the base
polymers and graft monomers that
can be used for this purpose. The
most frequently used base polymers
are PP and PE and MAH is clearly the
frontrunner for monomers. But it
also becomes obvious that there are
many additional possibilities that can
be implemented depending on the
objective. Figure 3 shows a schematic
that illustrates the structure of such
graft copolymers.

MMA

= Glycidyl Methacrylate

= Styrene

The introduction of such functional
or reactive groups leads to polymers
that can better interact or even react
with specific components of the plastic
compound (e.g. the fillers) due to these
active centers. It is obvious that this
permits a change in the properties of
the compound and the objective always
is to improve the compounding process
itself and finally also the properties of
the manufactured plastic parts.

MMA

GMA

St

Even though SCONA Plastic Modifiers
may be used in a variety of applications,
the utilized basic chemical structure is
always quite similar. The modifiers are
always grafted polymers, meaning that
a relatively non-polar base polymer (e.g.
PE or PP) is chemically functionalized
with various graft monomers (grafting).

figure 3
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Manufacturing Technology
Possible Polymer Degradation During the Grafting of PP
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figure 4

These types of graft copolymers are
usually manufactured by a reactive
extrusion process in which the polymer
is melted in the extruder and then reacts
with the graft monomers using a catalyst.
BYK Kometra has developed a patented
method in which the grafting reaction
occurs not in the melt but in the solid
phase (solid phase grafting). One key
advantage of this method is that the
chemical reaction occurs at a lower
temperature under more gentle
conditions and the damage to the
polymer is therefore less pronounced
(thermal degradation). The schematic
in figure 4 shows the possible reactions
that can occur during the grafting of
PP with MAH. Unlike melt grafting,
in which step (3) is the only reaction
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pathway, the reaction in solid phase
grafting can be directed in such a
manner that a predefined molecular
weight is obtained.
The polymer degradation can be
observed by measuring the melt flow
rates MFR and MVR. Figure 5 shows
that high molecular weight products
(= low MFR) can be obtained by melt
grafting, but that the MAH content is
very low as a result of this process
(< 0.7 %). Although products with
high MAH content (up to 1 %) can also
be achieved in this method, the MFR
will be significantly higher (= low
molecular weight) in this case due to
the degradation of the polymer. Solid
phase technology, in contrast, allows
a high MAH content (> 1 %) to be

obtained while achieving a low MFR
at the same time. Such high molecular
weight products with high MAH content
cannot be manufactured by melt
grafting. In practical use, this means
that modifiers grafted in the solid phase
achieve better mechanical properties
of the compounds and also improve
other important properties such as,
for example, a reduction in the water
uptake of highly filled WPC compounds.
Using this unique manufacturing
process, BYK Kometra is capable
of setting the MFR and therefore
the molecular weight in a more or
less specific manner. Furthermore,
the dosage of the modifiers in the
compound can also be reduced due to
the significantly higher MAH contents.
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Properties of Solid Phase MAH-grafted Polypropylene
An additional advantage of the solid
phase process is that the content of
Volatile Organic Compounds (VOC)
can be reduced by a nitrogen flush
process. This is an aspect that is already
important today and the reduction in
emissions will gain in importance in the
future.
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Advantage of solid phase grafting:

The modifiers also exhibit less discoloration
due to the more gentle process, which
is of particular relevance when used
in transparent compounds. And, finally,
modifiers can be obtained by solid phase
grafting of non-melting polymers, which
would not be feasible through melt
grafting.

figure 5

- higher bound MAH levels
- lower VOC emissions
- melt viscosity (MFR) adjustable

5

Technical Information TP-TI 2

Solid Phase Grafting
Grafting in Semicrystalline Polymers

In solid phase grafting, the polymer to
be grafted is used as a fine powder to
provide as large a surface as possible
to allow for an efficient chemical
reaction. As an additional requirement,
amorphous segments must exist in the
polymer into which the graft monomers
can diffuse (figure 6). Grafting occurs
primarily in the amorphous segments,
since the free space in the crystalline
segments is very small due to the strong
orientation of the polymer.

Diffusion of the
Graft Monomers

Amorphous
Crystalline

A solid phase grafting plant is shown
in figure 7 along with the individual
process steps.

Grafting Occurs
Primarily in
the Amorphous
Segments

figure 6

Schematic of a Solid Phase Grafting Plant and the Individual Process Steps

Feed
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Stabilizing (Antioxidants, UV Stabilizers)

Cooler

Sieving

Discharge Reactor
Sieving

figure 7
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The technology finally also offers the
additional option to graft in a two-stage
process. A solid phase grafting takes
place in the first stage and is followed
by a melt grafting in the second stage
(figure 8). Even greater degrees of
grafting can be achieved by means of
this combination.

Since the polymer to be grafted in solid
phase grafting is used as a powder,
the grafted product (the ready for
sale modifier) is also in powder form.
Many customers prefer to work with
granulated material instead of a powder,
however. For this purpose, the modifier
is subsequently processed to granulated
material through an extrusion process.

“SCONA TP…” products are SCONA
modifiers that are manufactured
through the solid phase process only.
“SCONA TS…” products are modifiers
manufactured through the combined
process.
A schematic overview of the available
options is shown in figure 9.
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Overview

Polymer Powder
+ Graft Monomer

SCONA TP .... products
(Powder)

Solid Phase
Reactor

Extrusion

SCONA TP .... products
(Granulated material)

+ Graft Monomer
Reactive Extrusion
Process

SCONA TS .... products
(Granulated material)

figure 9
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For more information about our
additives and instruments, as well
as our additive sample orders
please visit:

www.byk.com
Additives:

Instruments:

BYK-Chemie GmbH
P.O. Box 100245
46462 Wesel
Germany
Tel +49 281 670-0
Fax +49 281 65735

BYK-Gardner GmbH
P.O. Box 970
82534 Geretsried
Germany
Tel +49 8171 3493-0
		 +49 800 427-3637
Fax +49 8171 3493-140

info@byk.com

info.byk.gardner@altana.com

ACTAL®, ADD-MAX®, ADD-VANCE®, ADJUST®, ADVITROL®, ANTI-TERRA®, AQUACER®, AQUAMAT®, AQUATIX®, BENTOLITE®, BYK®,
BYK®-DYNWET®, BYK®-SILCLEAN®, BYKANOL®, BYKETOL®, BYKJET®, BYKO2BLOCK®, BYKOPLAST®, BYKUMEN®, CARBOBYK®, CERACOL®,
CERAFAK ®, CERAFLOUR®, CERAMAT ®, CERATIX ®, CLAYTONE®, CLOISITE®, DISPERBYK®, DISPERPLAST®, FULACOLOR®, FULCAT ®,
GARAMITE®, GELWHITE®, HORDAMER®, LACTIMON®, LAPONITE®, MINERAL COLLOID®, MINERPOL®, NANOBYK®, OPTIBENT®, OPTIFLO®,
OPTIGEL®, PAPERBYK®, PERMONT®, PRIEX®, PURE THIX®, RHEOCIN®, RHEOTIX®, SCONA®, SILBYK®, TIXOGEL®, VISCOBYK® and Y 25®
are registered trademarks of the BYK group.
The information herein is based on our present knowledge and experience. The information merely describes the properties of our products
but no guarantee of properties in the legal sense shall be implied. We recommend testing our products as to their suitability for your envisaged
purpose prior to use. No warranties of any kind, either express or implied, including warranties of merchantability or fitness for a particular
purpose, are made regarding any products mentioned herein and data or information set forth, or that such products, data or information may
be used without infringing intellectual property rights of third parties. We reserve the right to make any changes according to technological
progress or further developments.
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