30

AT RYFT

QbR

[{,//j\\j_-”]?cl

New Functional Additives with
Branched Structures

BYNARKERTE R (BYK) EELEFHEEHLE
 BREVE R AGHREE IR TR A F AR - RS REEH
o lbIh TR T ETERI MM  BOR LR AV EUEE 2 BGH o

{5 4n
MEB R EREE

FIHH R ML AR AL R & HD AN ) o

—— Dr.Michael Bessel {1, Petra Della Valentina, Astrid Rudolphi, Zong Xian Hu
He 754k 2 BYK-Chemic, Germany
michael.bessel@altana.com

XEERIRE) « A7 HORN TS P KB BUR R L
T2 BYE R o BN XA AL B AR/ 5 R R 2 BT AT A
RIFfE R BIBLRZ AR - T AT BRI RO 6 P H ~ SRBRZR AN
A7 FR E M il AR A TE S0

RURSWEMUZENARHE FEEXNRE
TERMSRAEA R A BEAEFRARESNEHIR
MFRETHORR MERE - SRIENSEER -

MBENFR AR RBE - AV M R AR EEE —
ANBARRBMRZ A - A8 LA 0 R B - 2O R A 5 BR B 78
FEBEESHEAM - HRAUER HENEFRUREYE
MEARESNRESIREREIIBRMIE - XLEHXBH
RABBREBEFEARFHEARNENER - Z—HHE %

Tt

Hig

RETRAER EFHRT
increased surface orientation excellent levelling

JRIE Coating

BREBEA 2R R St
RABRE

Polyether macromer-modified
branched polyacrylate

ot

Vod - 4
2 ~L ~,1<A¥v%§%§%W&MMﬁE

RIEFE A surface orien

Polyether macromer-modified
linear polyacrylate

S

Bl :AREEMMERNYERARERENEANLN
Bt RAERERSNALER

Figure 1: Comparison between conventional surface-active
modified polyacrylates and more effective, branched
modified polyacrylate structures
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By applying modern synthesis methods, BYK is producing
branched polymer additives with tailormade structures and
new properties. For instance, a surface active polyacrylate
is presented that gives excellent levelling, increases the
surface energy and improves the wetting of cured coatings.
Additionally, new wetting and dispersing agents based on
tailor-made branched, spherical copolymers are introduced.
These flowable, solvent-free additives exhibit a wide
compatibility with all types of pigments. In addition, such
branched core/shell wetting and dispersing agents can be
applied in reactive formulations without negative impacts on
pot life, cross-linking density and storage stability.

The preparation of branched polymer structures in a
controlled manner requires the application of sophisticated
polymerisation methods and special raw materials. However,
coating additives with tailormade branched polymeric
structures offer new features, such as low viscosity, higher
mobility and greater efficiency in the curing of coating film.

As depicted in Figure 1, a standard polyether-modified
linear polyacrylate exhibits a much greater compatibility
within a liquid coating formulation than a branched
polyether-modified polyacrylate additive. In other words,
the new tailor-made branched polymer structure possesses
a higher tendency to move to the air/coating interphase.
These types of polyacrylates are more efficient when applied
as a levelling agent. On the other hand, the branched, highly
surface-active structure allows for the design of a levelling
additive that exhibits hydrophilic polyether sidechains.

Hydrophilic polyether sidechains attached to the
polymer backbone of the branched polyacrylate levelling
additive are responsible for a hydrophilic surface effect, as
shown in Figure 2. When a cured coating - that contains the
modified branched polyacrylate - is subjected to an over-
coating procedure, excellent wetting and spreading of the
second coating layer is observed.

The hydrophilic effect induced by the branched,
modified polyacrylate has been measured on a cured 1-pack
water-borne OEM primer. Next to excellent levelling and
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Figure 2: Polyether sidechains of the branched polyacrylate
additive strongly promote the wetting of the coating surface

high gloss of the coating, a significant increase in surface
energy determined from the contact angles of five standard
liquids, which are water, glycerine, ethylene glycol, n-octanol
and n-dodecane according to the method by Owens-
Wendt-Rabel&Kaelbe was observed. As depicted in Table
1, a standard polyacrylate additive does not influence the
surface energy of the cured coating. By applying 0.3% wt of
the branched polyether-modified polyacrylate additive, the
total surface energy of the cured film has been increased
to 52.4 mN/m.The disperse part of the coatings surface
energy has been reduced by more than 50% to 10.0 mN/
m compared to control without additive. In contrast, the
polar part of the cured coating’s surface energy has been
significantly increased to 42.4 mN/m.The contact angle
towards water is very low (30°) and indicates much better
wetting of liquid formulations.
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Table 1: The surface of a water-borne cured OEM primer becomes very polar and hydrophilic by modification with small
amounts of tailor-made branched polyacrylates
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Figure 4: The red OEM basecoat shows a much better
wetting onto the primer surfacer coating on the right-
hand side, modified with the branched polyether-modified
polyacrylate additive, compared to the control panel
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Figure 5: "Anti-fogging" effect obtained with the branched
modified polyacrylate applied as 100% solid additive on a
silica carrier
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In another water-borne OEM primer based on a
polyester-melamine resin, excellent levelling results with the
branched polyacrylate additive were obtained with both,
horizontal and vertical electrostatic spray applications (ESTA)
on a cathodic electro-deposition coated panel (CED panel).
The outstanding performance of the branched polyacrylate
additive in comparison to a standard polyacrylate levelling
agent is shown in Figure 3.

With the standard polyacrylate for water-borne
formulations, a slight decrease of the surface energy of the
cured coating by 2.2 mN/m to 41.3 mN/m with respect to
control has been observed within that formulation. In contrast,
an increase of the surface energy of the cured coating by 18.1
mN/m to 61.0 mN/m was obtained by the use of 0.2% wt of
the hydrophilic additive. A high surface energy contributes
to a better wetting of the primer layer by a water-borne
basecoat. Here, a pigmented basecoat (red) has been applied
onto both CED panels coated with a standard primer and with
the modified primer respectively (Figure 4 righthand side: left
panel: standard and right panel: mod. primer). The thickness
of the red OEM base coat has been increased from 0 ym on
the top end to 25 pm on the bottom end of the panel by
electrostatic spray application (ESTA).

The panel coated with the modified primer exhibits a
much better wetting and spreading with the red water-borne
OEM basecoat as compared to the control panel without
additive already at low film thicknesses.

Because of the branched polymer structure, it is possible
to obtain 100% solid, flowable surface additives with this
technology. In addition, for powder coating applications a
branched modified polyacrylate on a silica carrier is available,
which was used in a hydroxylated alkyl amide-cured (HAA)
polyester powder coating (Figure 5). Again, a very good
levelling performance was observed with the branched
modified polyacrylate. Moreover, due to the induced high
surface energy, the modified powder coating exhibits an
“anti-fogging” effect in humid conditions. Compared to the
standard coating, small water drops do not just condensate
on the panel's surface, but spread immediately. Therefore,
the modified powder coating panel (Figure 5: left hand side)
shows a clear, non-foggy appearance.

The hydrophilic effect has been proven on the HAA/
polyester powder coating panels by the application of a
water-borne blue paint, as well. Again, in contrast to the
standard, excellent levelling and wetting of the modified
panel is observed (Figure 6).

The concept of branched, tailor-made polymer structures
is applicable to wetting and dispersing agents, as well. Again,
a sophisticated polymerisation technology and unique
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Figure 6: Excellent leveling and wetting of the modified HAA/polyester powder coating panel a water-borne blue paint
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building blocks are required for the manufacture of such
structured polymers. On the following pages, a comparison of a
conventional linear wetting and dispersing additive 1 with two
generations of branched, spherical copolymers, additive 2 and
additive 3, is exercised. The additive structures 2 and 3 will be
referred to in the text as core/shell copolymers, as well (Figure 7).

There is a variety of wetting and dispersing additives
available on the market, all of them are designed for special
applications and requirements. In general, a wetting and
dispersing agent is constructed as a polymer that exhibits
one or more pigment-affinitive groups (red ellipses - usually
containing amino groups - in Figure 8) and one or more resin-
compatible polymer chains (blue lines in Figure 8) attached to
the polymer backbone (black line in Figure 8).

According to the theory of electrostatic repulsion and
steric stabilisation of pigment primary particles, we assume
that the resin-compatible polymer chains are responsible for
the solubility of the copolymer in the formulation and help in
wetting the pigment particle. The pigment-affinitive groups
of the copolymer are expected to strongly adsorb onto the
pigments surface by electrostatic forces, hydrogen bonding
or nonpolar van-der-Waals interactions. The molecular
composition of the copolymer has to be carefully designed to
obtain wetting and dispersing agents allowing fast wetting of
the pigment agglomerates, strong viscosity reduction during
grinding and an outstanding stabilisation of the primary
particles in the pigment concentrate, slurry or paste.

Since the molecular structure of the copolymer has large
influences on the performance as a wetting and dispersing
agent, there are strong effects of the copolymer shape on
the physical properties to be observed, as well. As depicted
in Figure 8, a copolymer with a spherical shape, composed
of a hyperbranched pigment-affinitive core and polymer
sidechains, is available in solvent-free, flowable delivery
form compared to a conventional linear comb copolymer of
comparable molecular size.

Moreover, branched, spherical copolymers exhibit
a remarkable solubility and compatibility in highly
polar formulations, as well as in medium and non-polar
formulations, as shown in Figure 9. The applicability of
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iJ : I dEipe iR h
Unpolar Highly polar

T}';';f-’ iR

~ Medium polar 1 :
ql I

5 Viscosity (Pa.s)
70 —
LIBRFL Pigment Red 122
60 £1EFl PigmentRed 170 —
S5l Pigment Green 7
50 — — EEE Pigment Blue 154  —
m 2%l Pigment Black 7
40 — — — —
30— —
20— —
10 +— — _ Y — —
T T - T
R BN D02 PNBOI3
Control Additive 1 Additive 2 Additive 3

EHo Bt - BRERMAFE-ZTHEFHHERE
Figure 9: Branched, spherical copolymers possess a
remarkable compatibility in a broad range of formulations

EES > MRMEMERY 8T - Bt st R ER (B
5ER) BRHEH - TEHIIMIL

Bt BEKMEESHMNONA  B—RIEAE
HAA/REEM RRIE L FRKMEER - SIRERXIE  MEE
BHEREAR L HERNRTSEENE (B6) °

Rt EFHNRENENNBEFERTEEN D
BT - EE SMMENREMNHETEEZNRERA
IS REIR « T RORE  BAVERTHLR LR
SRR D BURIFT AR AR A » BORER YA H077) 2
FARIOFISHIEL B A3 » FE SCAS AN S5 A0 2 M1 344K
MNR/=HRY) (B7) -

Wig LR ESMEEN D B EAER N TR
RAMERMIRITAY  E—RIBRT RN D BHIBIRITR
—RAB-—MRSMEHLELD (LeHhBE-BESER
E-E8) WREY  UR—MZMEREIREYEEE (H8
FERL) SRR S WEE (E8FHEL) -

RESBHFNHRRANFHNZEREERLE B
RIRSMERERNRESMENFSENTHARINBREE
FE BT BURIIN - BT B h - SRR A MM B

(RERBTLY —O—X<FRAT

E10: M MNR S YEmEREEES LR
Figure 10: Comparison of wetting and dispersing agent
polymer structures in terms of viscosity reduction

branched, spherically structured wetting and dispersing
agents has been investigated for a wide range of pigments
from inorganic particles to organic pigments and carbon
black, as well. The performance in terms of viscosity reduction
of grinds of several organic pigments and a carbon black
in a universal grinding resin is depicted in Figure 10.The
viscosity was measured at a shear rate of 1/s using cone/
plate geometry equipment (25mm, 1° at 23°C) 24h after
grinding. The wetting and dispersing additives 2 and 3 with
branched, spherical polymer structure generate a significantly
greater viscosity reduction with the chosen organic pigments
compared to the linear additive structure 1.

Usually, the application of an aminofunctional polymer
in a reactive resin system suffers from a number of technical
problems such as lower storage stability in epoxy resins,
shorter pot life in polyurethane formulations, longer curing
times in UP resins or decreased cross linking in acid-catalysed
stoving systems. However, branched, spherical polymer
structures - such as additive 2 and additive 3 - can be applied
successfully in reactive formulations (Figure 11).

An additive of structure type 3, as it is shown in
Figure 12, with its branched amino-functional core and
a highly branched sphere of resin-compatible polymer
chains, is tailor-made for the use in reactive formulations. A
comparison of the additive structures 1,2 and 3 in a reactive
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system is shown in Figure 12.1n that experiment, the storage
stability of an epoxy base component modified with 3.5%wt
solid on resin of amino-functional wetting and dispersing
additives is investigated. The addition of an additive with
structure type 1 into the epoxy base component results in
a strong increase in flow time within hours and gelling of
the system occurs, eventually. The exposed amino groups
in additives of structure type 1 and their catalytic activity
towards epoxy hardening can explain the low storage
stability of the mixture with the epoxy base component in
Figure 12.In contrast, addition of an additive of structure
type 2 gave good storage stability of the epoxy-base
compound. However, the viscosity did start to increase after a
storage period of six weeks. A stable viscosity over the entire
storage period of twelve weeks was only achieved with the
usage of a structure type 3 additive.

The performance of branched, spherical additives in
reactive formulations was evaluated in other examples, as
well. Figure 12 shows the influences of the three additive
structures on the pot life in the case of a 2-pack polyurethane
system (left hand side) and their performance with pigment
green 7 in the same formulation (right hand side). Compared
to a formulation with no additives (dark blue graph) and in
presence of a reactive aliphatic-aromatic curing agent, the pot
life was considerably shortened with an additive of structure
type 1 (light blue graph) and at least slightly shortened with
structure type 2 (violet graph). Structure type 3 (black graph)
did not significantly shorten the pot life compared to the
formulation without additive.

This remarkable behaviour can be attributed to the
exposed amino functionalities in the additive of structure type
1 that are assumed to catalyse the formation of polyurethanes
and thus shorten the pot life. In contrast, sterically hindered
amino groups, as they are realised in additive type 2, are
much less subjected to catalyse the urethane formation.
Consequently, the amino core shielded by branched resin-
compatible polymer chains in additive 3 is almost not
negatively influencing the pot life of the formulation.

In Figure 13, the transparency of the 2-pack
polyurethane system coloured with the pigment concentrate
based on pigment green 7 is depicted. The additives of
structure types 2 and 3 produce an outstanding transparency
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Figure 13: Influence of the different additive structure types on the transparency of a polyurethane coating pigmented with

pigment green 7
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in conjunction with a bluish/greenish colour shade, which is yet
another indicator of very effective pigment stabilisation. In this
case, structure type 1 with a more yellowish/greenish colour
shade gives a little bit weaker results compared to the other
two dispersing additives. The results shown for the example
of the 2-pack polyurethane system were also confirmed in
the tests with a 2-pack epoxy and an acid-catalysed stoving
system and can be considered essentially representative for
the performance of branched, spherical copolymers.

As an example for the application of a branched, spherical
wetting and dispersing agent with an inorganic pigment,
additive 3 was applied in a reactive epoxy resin filled with
aluminium trihydroxide (ATH) as flame retardant. Compared
to the initial amount of 37.5%wt of ATH, the use of additive 3
allowed increasing the flame retardant concentration by 40%
to 52.5%wt at constant resin viscosity (Figure 14). That result
highlights the very broad field of application for branched,
spherical wetting and dispersing agents. These core/shell
copolymers are effective with a large array of organic pigments
and inorganic fillers, as well. Moreover, these flowable, solvent-
free additives show outstanding performance even in reactive
systems without generating undesired side-effects such as
shorter pot life, gelling, longer curing reactions or decreased
cross-linking density.

The newly developed branched polymer structures require
sophisticated manufacturing methods and special raw
materials. However, branched polymer structures offer great
advantages compared to conventional linear copolymers. For
instance, a polyether-modified polyacrylate levelling agent
has been introduced that exhibits very good compatibility
and outstanding efficiency. Moreover, the hydrophilic additive
increases the surface energy of a cured coating and therefore
improves the wettability and recoatability of a coating or
paint.The concept of branched copolymer structures has been
transported to wetting and dispersing applications, as well.
Innovative dispersing additives based on branched, spherical
core/shell structures provide very effective stabilisation of
different pigment types without causing any undesired
interactions with reactive formulations. These structures allow
for solvent-free, flowable wetting and dispersing agents with
remarkable performance and very wide compatibility in polar,
medium polar and non-polar systems.
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