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ertrolled pofymerizatio teclnigues provide the cliemist with opportu-

nitier 10 casiomize polpprers. The polveters tdide with these technigues are
ot ondy defined by thety commposivion, molecidar weight, and polydispersiy
indes. but also by thelr symihesis method—demnonserated with hoe AR Bock
copolvrier dispersants prefaved bl (T and ATRT

Usirtg these new polymerization techmigues, noval polymeric additives for
ratings and inls are being developed, Wewing and dispersing additives based
on gradient copolpsaers and leveling addilves based on polractlaie extonderd
polysilecane block copolypmers ate uw exariples of Bew ndditive meleciles
fased on conpralled polymerization echdgues.

CONTRGLLED POLYMERIZATION TECHNOLOGIES

I Croup imanster polymerization {GTP)' aiom transier radical paly-
merization (AIRF)? nitroxyt medialed polymerization {NMF),* and te-
versible additon-lragmentation chain laanster process (RAFT)? are con-
trolled polymerization lechniques cutrently practiced in the industry.
These fechniques are used o qustornize polvner struciures such as
block copolyners. Kach of these polymerization techniques has bene
fits and limilarions regarding reaciion conditions and monamer range.

(:TP is a psendo-anionic polymeriation process, Lhe active polymer
chain reacts wilh monomers vie Michaels additdon. Other polymeriza-
tiom techniques are controlled radical polymerization echnigues [CELY)
that prositiong @ terminal vadical growy on the polymer chiin as te
propagaling species. All these controlled radical polvmerization twch-
nigues are differentiated by their mechandsm and reaction conditions:
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Figura 1—-PC traces of the BTF polymer 1 [—) ang Lthe ATRP polymer
g[uu}r
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thewe parameters dedermine the microstriciire of the
puolviners,

G must be canted out in nomprolic media, such
as I with nonprotic methacrylates, When using
functional monomess such as methacrvlic acid or by-
droxyethyl methaoylate, proteciive groups must he at-
tached for successiul svnihesis,

It ALRFE, the mwdiator is a halogen atom that is acti-
ratex by a copper calalyst. As the copper catalys has a
very deep color it must be vemowved after the reaction
I obtain o colorless product. ATRI is not as limited in
monamer singe a8 GT Methacorelic, acrylic, ard
styTenic monomers cat lw polvmerized in ATEL This
wehnique can tolerate funclional groups like hydroxy
grouwps, Adds such as methacrvlic acid are chailenging,
burt APRP systems for these types of monomers ate cur-
renfly being developed,

e N, nitrozyl radicals are used as mediators, No
purilication step is needed in this type of polymeriza-
ton, MM P accommodates a broad rmonomer range
stilar to AVRD, To date, contralled polyvmerizalion of
pure methacrelite at high conversions is difficady with
miroEy] mediators.

RATT works with special thio compounds as media-
tors and s probably the polvmerization technique with
the broadest monomer range, But i weak point is (the
senthesis of low moleenlar weight polymers; it requires
relatively longer reaction times [or high malecular
weight polymers due to retardation.

Table 1—visual Assessment of the Figmented
Paint: Carbeon Black Fiy 200 200 in a Polyester-
telamine Baking Enamel with CAS 383-2

Additive Transparanty* Glogs R Seads?
GIP palymer 1 .00 0. 1 o% A
ATRF polynar 2 ... L., 4 a7 3
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Ihe choice of monomers s not the only adteria lor
selecting one of these polymerization technicgues:
monomer distributon along the polymer chains also
dillers hetween GTF and CRE reflecting the differences
m proprsgating grecies and process conditions,

In CI'F the rate of polymerization and temperaire
in the reaction vessel are contrilled by monomer leed
rale. 'The active polymer chain end ceacts rapidly with
the monomers, resulting in q verv low monomer con-
ventration in the reaction vessel. CRVY is performed o
bateh or semi-hatch reactions because of its short reac
ton lwes: monomwer concenmalon is high and the re-
ActvIty ratios of Lhe monoiners become important
Fven under conditbons witen the reaclivity ralios of the
moncmers in (TP becomme Imponant, il s lmown from
literature that CIP and CRI* reactivily tatios ditfer due
w differant active polymer chain ends

We can flned these differences between GTP and CRI?
in the properties of weuing and dispersing additives.
The properies of two polymers, made using GTP and
AIRE, respectively, were comparetl. Lhe (GTF polymer 1
is a commercial BYK preduct based on an A block
copolyimet, where A is a binder compatible Blodk and F
is a pigment affinic blodk based on ionic amine detiva-
tives. The ALRP polyiner 2 was svnthesized with the
same nonommer compasition and characeriaation dala
as the GILI polymer | (Figure 1), The differences in the
petlormance of polymers T and 2 wre sumnarized in
fable 1 and Figure 2. Comparing the rheological per-
[ormance of both additives in the mililase, the CTE
polymer 1 gives a lower inillbase viscosity than the ATRE
polymier 2. Paings prepared from both millbases show
similar differences in (ransparency, gloss, and seeds,

As the GTP milymer and the ATRP polymer have the
same monomer compasitions, chain lenglhs, and simi-

Figure 2—Rheclugical perlormance of GTF polymer 1 (H) and its ATRP
eounlerpart, polymer 2 {4, in tho millbase of the carbon black pig-
mert AW 200
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Scheme 1—Bhock and graft copolymer structures, L) = liquid/
binder compatible portinn &nd B = particle compatibile portfon
{ancharing groups}.

lar poTydispersity indexes, the dilferent propenties of
both stroctures must be the result of different
monomer sequences along the polvmer chalns—retlect-
ing the differences tn their synthesis and reactivity ra-
tiers of the monomers.

WETTING AND DISPERSING ADDITIVES

Wetlirgr and dispersing additives are trpically uzed to
disperse and stabilize plament particles in liquid media
such as pains and selvens. They function as comwari-
Bilizers al the solid/liquid inerface. Therefore, they
tust have (wo different charactensiics. In solventhorme
systems, the binderfliquid-compatible ponion of the
wetting and dispersing additihves are made ol either

Ficure 3—Rheolegical perforinance of the stalistical copolymer 3 (H),
the gradienl copalymer £ (&), and the block copolymer 5 (4] in the
reillbase of the carbon black pigment Y 200,
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Table 2—Charscledzation Bata of the Pol

Polymar 3 & &
HEa? o S0% G S
DMALMA-EATE o, R B0 509
Moo 0 #00 gfmel £700 a/ el G800 g,/ mol
MM e 25 14 L3

i) ME cebted sty e dRaid L TAer Cops Shie.
L) I ARRA-BD s mod atdardosy st dimethylber ez =anc e Jiledce (anchuring graug ).

non-polar monomers o1 polvether-containing
monemners, amd the pigment-anchoring groups ave very
ofien amino derivatives sach as Lerdary amines, their
salts with carbnegrlic weids or (uaternary armmonium
detivatives. In agoeous systems, carbosylic acid salts
arul polyethers are nsed Lo provide water solubilite of
the wetting and dispersing additive; the pigment-an-
rhoting groups are hydrophobic monomers.®

These reguired ditferent chiaracteristics can be ob-
tained with different polymeric stractures. Stawe ofthe-
art polymeric structures for wetting and dispersing ad-
dittves are Tandom copolymers, graft copolymers, and
blowk copolymers.” Selecied block wnd graft copolvmer
smuclares are showen in Schamae 1. Both bloclk copoly-
et struciutes of the AB and ABA type ane easily ob-
tained by wsing controlled polvmenzation technigues.
Obtaining grafl copolymers by two-slep technigues ane
common and conrralled polymerization technigues are
1ol necessary®

in mandom copolymers, the pigment-anchoring ar-
eas and liguid/hinder-compatitle portions ace ran-
dermdy distributed and generally oo small 1o provide
stronyg stabillcirion effects, 1o gratt copolymers and re-
spective Llock copolvmers, the wo different regions
are large enough 1o provide greater stabilization of the
particles in dispersion, but the separaiion of the prop-
erties within the polymeric structure causes other draw
backs, These polymeric struciuves may have a stwong
tendency 1o stabilize [oam. Micelle formarion, mainly
due to the mcompatibility of the anchonng groups
with the liguid medivm, can also resgle in loss of wet-
ting amd stabilization activity.

Tor comparing the structural inflizence of polymeric
welling and dispersing addiives, a indom copolyiner
3, a giadient copolymer 4, and an AB Dlock copalyimer
3 were svnlhesized using the same monomer coinposi-
tion. Free radical polyinerization was used for the rn-
o copolvmer; the gradient and block copolymers
were: synthesized with ATRE using i standard protocol
published elsewhene® Table 2 summarizes the charac
terigtics of polymers -3, The pefommances of poly-
mers 3-3 as wetting and dispersing wddithves were
compared on the basis of millbase viscosity and ap-
pedrance of their respective pigmented paints.
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The millbases contalo the weiting and dispersing ad-
ditive, carbon black pigment T 200 {Degussal, a poly-
estel resin, and additienal sobent Muring grinding,
foam stabilization was obsered with AR black copoly-
wer 5, The viscosity of the millhases 1s shown in Figure
3. The millliase of the statisiical copolymer 3 shows
high wiscosin: Due o the randomly distibuied anchor-
ing groups, welting and dispersing additive 3 acs as o
aosslinker between diftferent pigment pariicles o form
a networl, 'Lhe millbise of the gradient copolymer 4
shinys 3 smali increase in the viscosily at low shear
rates, probably due o some crosstinking; this elfect i
much less than in the statisucal steucture of additve 3
At hdgher shear rates, Memntonian flow behavior is real-
feed] for the millbuse showing an oprimally dispersed
and siabilieed pigment, Concerning the high viscosity
of the millbase with the Dlock copolymer 3, the pizg-
rnented paint provides the infonnation for its inferpre-
tatkon. Dhue 1o the AR sttucure of 4, perlect stabiliza-
Hon of the pigment s expectel, bul the seeds in the
paint and the slightly lower tansparency of the painl
conpared 1o the paint with 4 sl that the pigment
was insofticiently ground with 5. Larger agglomerales
rernain in the millbase. As the ganding condilions for
all millbases with (the additives 3-.7 weee (he same, the
conclusion bs that the ock copolyimer is slower o wet
the plgtient thao the polmer smuctures 3 and 4, The
DMAERA BeCl anchoring group is a weiry polar gronp
that is incompatible with non-polar media. Therelore,
micelle formation s the most probable cause Jor the
slone wetting behavior of 4. Gloss and lueee values as
well as the wansparency of the pigiiented prafnts with
A-3 can e divided inwy 1wo groups. The paint with s
poor gquality, reflecting the poor siabilization of the

pigment with | inthe presence of CAR, which generally

leads to pigment floccularion. The pains with 4 and 5
are (mnsparent, wWith high gloss and low haze values in
the same range. The wetting and dispersing addithves 4
and 5 are ahile 10 stabilize the plgment in the presence
ol CAER,

Far a moder high-performance wetting and dis-
persing additive, the combination of the benefis of
stalistical copolvmers. which gives fist plgiment wei-
ting and low [naming tendency, and blocle copoly-
mers, which gives good stabilization of the dispersion,
is desired. [n this comparson, the gradient copoly-
mel structure is the only one that meews all these
CeLIECITIe s,

LEVELING ADDITIVES

A smooth paint surface without defeets is the goal
following the application of paint on a substrate. &
less-than-perfect paint swlbace is the resuli of localived
differences in surtace Lension —ditferences hetween the

v coatifgsiech.arg
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Table 3—Hsuat Assessmert of the Pigmented
Paint: Carbon Black FW 200 in a Polyester-Melamine
Eaking Enamel with CAB 381-¢

Additive Transparzncy? 20" Glass Hiuw Seds
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Scheme @—Polymer structums,
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Polybubyl acrdale sdaned polysiowcarss

Stherne 3—Synthesis of polybutyl aendate polysiloxane
block copalymers,
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&

Leheme 4—Polybutyl acrddate polysitoane block copotymer
structures 68, 1 = patyaceylate and M = polysiloxane,
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Table 4 - -Assessment of the Disforent Levelling Addivites in an Aciylic-Melamine

Haking Enasnel

Additive Apnount af Additive Palysilouane Content
LI 0 1 | Gl % 20
B o e e 1% 20 %
TR e 1'% 11%
B L g s e 0.1 % 11 %

(@) Wawe Hoan Dyk-Gardnor'

praint and substrate o because of changes in surface
tension dus lo evaporaton of solvent or contamina-
tion. Leveling additives can be used 1o adjust the differ-
ences in the surtace tension as well as provide longer
apen limex {or the paint. Leveling additives are mainly
based on two chemical classes: polyacryliles, which
prowide small adjustrents in surface tension, and mead-
ified polysiloxanes, which can provide large adjust-
ments in surface ension, Unmodified polysiloxanes are
usually oo incompatible with the paint, resuliing in
cratets. Typrically, a physical mixture of modified poly-
siloxanes and polyarmylates gives better leveling than a
inyacrylate- or a polysiloxane-based addilive alone, as
e muixdicre: covers 2 wider range of surface tensions
than each additive imdividuaally.

We report a new coneept for leveling additives hased
on polyacrvlate polysiloxane block copolymers ® These
polvmeric hylarid materials are easily obtained with
ATRF stanting from readily available polysiloxanes.
First, hydrexy]l groups containing polysilozanes or
modified polvsiloxanes were functionalized with ATRE
initiators, In the second step, poly(butyl acrylate) side
chains were grown from these polvsiloxane main
chains (Scheme 3). Scheme 4 shows the different poly-
meric architectures 6-8, which were used in this stady,
In & and 7, the weight ratio of polysilovane to poly-
butyl aaylate was 1:8, in 8, a 131 rato was selected,

The hybrid polymers 58 were compared (oa 101
miixiure of two commercially available additives, poly-
cster-modified dimethyl polysiloxane 9, and polybutyl
acrylate 10, in an acrvlic-melamine baking enamel
{lable 4). Compared to the mixiure of the polyester
modified polysiloxane and the polybutyl acrylate, hy-
rrid structure 6, with the same polysilozane conlenl of
20 witthy, gives a wmoother paint surface with hetter DML
(distincive of image). Beducing the polysiloxane con-
tent similar 1o polymers 7 and 8 still gives a smoother
paint surface than the mixtures of the polyester-modi-
[ied yudlysilovane and the polybury] acvlate.
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Film Thickness Leng ‘Wave? Shart Wawe
40 um 3.6 6.2
40 um 1.4 3.0
40 0 14 3.6
40 um 14 iz
SUMMARY

Comtrolled polymenzation technologies can revolu-
tionize the way we looio at polymeric addidves. o
longer can we assume thal polyimers with the same
ecnomer compositions will provide the same set of
perforrmance properties, Two different examdes ane
wetting and dispersing adeitives and leveling additives
lyased on structured polymers. Wetling and dispersing
additives based on gradient copolvmers combine rapid
pigrent wetting with excellent stabilization.
Molvacrvlate polysiloxane block copolymers give a more
superior performance as leveling additives than do mix-
tures of polvacrylales and polvsiloxanes.

Difterent conuolled polymerzation technigues are
available for the spnthesis of lilor-made polymers.
LFach ol these technigues has its awn characteristic that
parily detines the properties of the pelymeric additive.
This Fact was discussed comparing (wo wetting and dis-
persing addilives anad three leveling additives macde
with GTT and ATRD
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