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wo-commpoient {(PK) solvemtbome polvuretharnes are the benchmark
stamclard] for high perlormanoe coatings in the magpordoy of coutings markets.
For the Tormulator the advantages inclade:

o Wide lormulation latitude due wr the variely of co-reactants and
crosslinlers available

Righ quality appearance

Uy stability and weatherability using aliphatic polyisocyanates
Chemical and solvent resistance

lardness, Mexibility, and wughness due v the wrethane and weea

linkages

[Losrever, there have been many markel and legislative forces pushing for-
mulators to comsider waterhborne systems, Traditionally, PLDs {polyarethanes
dispersions) have been used o obLain the henefits of urethane properiies in
a waterborme system, These systems are dependant on hedrogen bonding,
physical entanglement, and coalescence 10 obtain their physical properies.
Ivpically. these thermeplastic systems have nod een able 1o obtain the same
high lewel of properties as a crowslinled 21 solvemtborne syslem.

From the inwodouction of 2K witledorne T systeims in the eacly 1990x,
market drivers hawe undergone a wansiormation. nitially, the diivers were
achieving low VOU, low odor, and easy application and clean upr. The
unigueness of this chemisley and the ability to meet these demands resalled
in Bayer MaterialScience being awarded an LA Green Chemnistry Award in
20041, As the wearkels Tiave roatured, ever higher demands have been placed
on these syslems and the challenges have been el by ever-improving svs-
temis, bost recently, the dominant diiver has been to mawd 2K solventbome
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characteristics wherever possible Performance advan-
Liges rom 21 waterharne poiyurethanes are:

Lo WIOC = 1 Thfgal o as low as < 50 g/

User friendly application and dean up

Lonw oder and emissions

Multiple market sperific properties; fesl {haptic),
grillin resistance, dry fime, abrasion/mar resist-
ance, efc.

* Typical salventlryme properties mentioned above
* ltobust technology platform for meeting today's
challenges

Today's walerbome polyurethane systems show
erual, or sometimes even better, overal]l perfonmance
thian womparable solventbarne systems.

Lxtensive resin design has 1aken place 1o allow 2K
waterborne polvurethane systems to reach thelr current
sl of pedormance. Weorl: had to be done on both the
resin, ar Bayhydrol® polvol portion. as well as the
Bayhydur® polyvisoevanate cresalinkers. Fither research
thrust would make [oc interesting reading. However,
the tocus of this report is w0 discuss the chemisiy ane
development of the polyisocyanale crosslinlers that
have heen intreduced Mrom the carly 19905 until today.

here are 5 mumber of properties Important o coat-
ings formulators. (ne of the important propertics of
coatings is their clariey and overall appearance, The im-
portance ol effectively dispersing an isocyanale
crosslinker can be easily demonstrated simply by ob-
serving the appearance of two similar svstems.

DEMONSTRATION OF IMPORTANCE
OF DISPERSIBILITY

Lo the it example, shown in Tigure 1, i oan e seen
ihat a standard hydrepphobic polyisoovanate is not
property dispersed in the pelyol dispersion when using
2 hand mix application. 1n the electron microscope vie-
ture om the right of the Agure, the undispersed domains
of polyisucyanate in the polvel matrix are plai nly visi-
Dle, On the lefi, an actual tilm is Taid over the top hall
of the system label. The poor dispersion of the polyiso-
cranate is demaonstrated by the apadty of the Dlm.

n the second sysiem (Figure 23, a hydrophilic poly
Isocyanmite is hand mixed with the same polyol disper-
st as the Nrst example, In s system, the eleclron
micrescope picture shows a unidorm sucface and even
disparsion in the film (Figure 23, Again, on the lefi an
actal film is Laid over the system label. Tn contrast w
the tirsl example, this iln has high clarity and good
appearance due to the excellent dispersibility of the hry-
drophilic polyisocvanate chosen. Closs readings as
high as 95 are now rowtinely available This eleserly
demnanstrates the importance of a good dispersion on
coating prroperies,
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WATER-DISPERSIBLE CROSSLINKER CHEMISTRY

Tritferent approaches using botl inlemal and exter-
nal emulsitying agents have been tried inthe market
for supplying waler-dispersible polvisooyanates. In our
study, the decision was made very carly on (o focous on
internal ermulsifying agents. [Uwas [elt that using exier
nal surfacians could lead o problems such as blister-
ing, decreased waler resistance, and blushing. 1his 1y
mainly due to the inevitalile migration of an external
surtactant thromgh the coating 1o the surface,

Initial development worl: was locused on moditying
HDI polyisocranates with monofunctienal hvdrophilic
pelvethers as the emulsitying agent. These were incor
porated inio the stindard tvdrophobic polvisocranate
crowslinleer througty a urethane linkage. This was the
[irst generation of hydrophilic producs (see tigure 3.
The generic slruciire shown is based on an HDI isocya-
nTate trimer

Generation 1 products Dised on HOH have a good
overall blend of properties. ‘Lhey are relatively easy 1o
disperse and [orm stable emulsions. 'Lhey have good
reactivity and can be used ina wide range of focmula-
tions. 101% also possible to use lower viscosity starting
polvisocvanates o gel a lower viscosity wirler-
dispersible crosslinker, which improves dispersililiny.
Anelher leatore of this product line s the ability o
tailor the products for adhesive applications, having
higher Fonctionality and less water sensitivity. Lven
todav the miajority of development effort has been
dome with 1D -based producs,

Generation 2 producls were developed with an eve
toweard mudking o step change incresss in the overall

Figure 1—5tandard hycrophobic palyisacyanate in palyol dispersion,
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Figure 2—Hydrophilic pulyisocyanate in polyel dispersien,
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properlies af the final coating, The monaluncional hy-
drophilic polyether used to madily Lthe siarting polyso-
cyanate is incorporated into the warer dispersible
crigsslinker throwgh an allophanate linkage insiead ol a
urethane [Fgure 4).

This alloaws the use of less polyether, while obaining
a higher level of dispersibility, Correspondingly, Lis re-
duces the waler sensilivity of the [inal (ilm because
there is less polvether incorporated. Tinally the ross
linler has a higher funcionality, resulting in beder
chemical resistance and hacdness, with Gster property
developiient.

I the msl eecent developments, the nse ol ionic
emulsificrs has been pioneered. Llsing a unique sul-
fonic acid, ionic emulsifiers are reacted into the resin
backbone using o area linkage. The urea Tinkage pro-
vides addillonal hydrogen bonding, conlibuting to the
overall propernties of the svstem. This combination re-
sults v impresed dispersibility combined with higher
hardness and compacable, or even improved, chemical
resistance relative to the Generation 2 produces, Tnoad
dhition 1o a higher NCO content, these procducts also
give lower walel sensilivily relative Lo the non-lonic
emulsitied crosslinkers. Similar to a polyurethane dis
pemsion, the negtalization amine shown in Flgure 5
evaporales, leaviog a lower residual hydrophilicity in
the tinal coating,

Polvisocvanate product line overview:

& H versus IPTH

—Speed of cure, Mextbilily, Towe VOU—L11
—Ilardness, fast drving, long potlife—IFTH

Figure 3—Water-dispersible polyisocyanata—paolyether urethane modification Generation 1.

& Lo viscosily
—Lasier to disperse, better appeatance
» Iligher functionality/ KOO
—Chemnical resistance, higher crosslink density,
adhesive strength development
» IIvdrophilic versus hvdrophobic
—Fayy to disperse, emualsion stabilivg Tigh ap-
pedrance—hwdrophilic
—Low water sensitivity, chemical resistance, high
shear depemdence—hydrinrhalie

GENERAL INDUSTRIAL SPRAYABLE
APPLICATION

Whet developing a formulation, it is necessary to
slart trom a good base and choose the palvol and poaly-
isocyamate carefully. For indusirial coatings, polyacty-
lates are a good stacting point for the polyel portion
due o their {13 crystal dear colorn; (2) hardoess and
flexdbilite: (3] veactivity; {43 Tight and bean stalsilivg (3]
curability; {6} resislance w solvents, waler, chemicals;
(7) drving and cure; and (4} pigment dispersing abiliny.

(o the polvisocranate side, the formulator can
choose g Generation 3 coosslinker, which is characer-
el Loy { 1) case ol mizing. (2] reactivity, (3] durability,
4} compatibility, and {3) foromlating Aexibility.

Te illustrare, a forrmualation was Jevelopeed Tor spray
application {Figere 7).

There ate soume general observations that should be
made about this formulation:

o Alihough il containg no piz-
menl, WO amount is less than 1.0
Ibjgal. One would anticipate an
event lowver V0O depending on the

b,

- J\p:l}m-"'ﬂu-"‘“m-' L

chobre of pigmentation.

* Tn this guide formaulation,
NGO =300 The formulaor §s en-
couraged to test different indexing
ratios of polvol and polyisoowanale

Mgure 4—Waser dispersible palwisocyanate—polyether allonhanate mocilication Generation 2,

Loy oblain desired properies.

s Llsable pol lile will vary, de-
pending on environmental condi-
tioms and choice of components,
such as plaments. to be used in the

j formulation,
O e j\ __;* | : - Tir llusirale, Firae 8 shows the
(i ol lopharate ] rapid dewelopment of this coating
e ; - when sprav applied onto a flat gliass
I} -|"'h & S!?E{'.i.ll]&:[l.
s T LR “arr“vﬂuw”w-’“n’“v““ﬂu”“f“m This coating also demonstrated ex-
T cellent resistance to chemicals such
G5 ! as 10% aqueons hydrochloric acd.
Hydraphohie: Hydrophilic Graffin resistance was demonstriled
Iy e ol removal of Blue Sharpie
52 January 2009 JCT CootingsTech



Figare B—Wates-dispe-sible polyisocyanate-

donic ueea modilicalion Generalion 3.
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side a low-viscosity 3rd Lieneration polyiso-

1
A |

|
" oy
O D

QS

DN

Hydraphckic

Hyirophilic

T : .ﬁ'ﬁgm.w,—wﬁ-&; INl-i._!H

cyanate DD -rimer. Because of the low viscos-
ity of the mocyanale, the addition of solvent
was nidt necded, allowing (ormulators to
achieve a low odor angd an ultra low-v040 coal-
ing. Testing was done comparing the new wa-
tethome systerm with the solveniborne system.
A mamiple of the resylty are shoswn in Table 1.
An advaniage of the new 2K waterbomme

aller il wag allowed 1o doy for one hour on the coating
[~50 microns, air-dried for three days at~23°¢).

CONSTRUCTION TOPCOAT FOR FLOORING

For ronstruction flooring, a standard solvestlorne
topooat focmulalion has g VOO conenr ot about 400
E/T. Crver the past few vears, an increasing tmend in the
comsiruction industy has been 1o promete a healthier
environmetit by reguiring "greener” technelogy, Proot
uf these trends comes in thres major areas; stricter
Federal regulatioms of VOCs, increased communication
of environmental issaes impacting consumers, and in-
oreaser sensitivity to salvent odor Mo solventhomme
teclinwlogy entrently being used n e miarkel. Clinnges
made by California o is VOO regulatdons ave expected
to be adopted by other states. Parts of Califormia insti-
tated o 30 gL limit for residential Hlooring apglica tons
and 100 g/L limit foe commencial applications in 20046,
These limitations severely restrict the coaling systems
that can be usedl in the flooring market.

To respond 1w the ingreasing demand for low-
VO topooats, a waterbome polyurethine topooat resin
was infriduced into the market years ago. Coatings
Based on bydrosyTunaiomal polvester dispersions in
combination with a hvdrophilic | TR1-7rimer {1t
Ceneralion iseoyanate} gave moder-
ate performance, whicl roade them
suitable for decorative flooring, bat
this syslem was nol equal o the sol-

systermn ovel previous waterborne and solvent-
bomne systems is that the final gloss can be Lai-
lored. Depending on the hlend ratio of the
polvel dispersions, the clearcoal formula can
e cnstommived te achieve any gloss level. Fiure 9 de-
picts the reladinnship of the gloss level to polyol disper-
510 blends,

SOFT-TOUCH COATINGS

One of the biggest markels currently utilizing soft-
touch coatings is the antomotive Industry, Aulomotive
companies ivve been applying soft-touch coatings to
the intertors of cars since the: early 1990, The 1nitial
soft-fee] coatings were solventhorne, which yielded a
very scll few] and good chemical resistance. | lowever,
one ot the biggest deawlracks 1o solventhome systems is
the WO level, Governmental regulations have pushed
facrenalalors 1o search for mome environmentally
triendly technologies. Therefors, the contings industry
has seen sott-touch coatings shite towards 2K water
Trorrne dhermistry, utilizing polywitethane dispersions
{PUDY) and water-disperzible isocyianaes

A typical waterbarne soft-louch Tormulation conssls
ol an OOH-functiomal MON, a non-tunctional FULD, and
a water-dispersible polyisocyanate. The formulator's
choice of dispersions and crosslinker can vield a variely
ol sofiness woul resistance levels, Choosing an tao-
cvanate that would resuli in a higher crosslink density
coanng often leads to a coating thar is less sofl. Lhe

Ficure 6—Polyisacyanate producl line averview,

ventbome system in lerms of chemi- il aa &
ul resistance L. - zin L ] F sle———— o2
cul resistance, thivability, and ease of o = & E
. . —-- -ar
application. ¥ g o - e .
} N 2 : &
The B&D work during the st g o g o
lewe yeurs has included the search for * 1':: # o2
r ' 3 -ic
new resing and isocvaoates that have N ar &
1hsical properties equal (o selveni- e @ rn g
' ’ i r In . - —_— L ——— - . ——
bDlll? a]ij”.H w”.].l ](}\J. l:IJdDI alld LllT-ra [ PN Al L b cUa =0 =n kA H £n LXR 44
lovw VOO, Our worldwide develop- —— Funetionalily
ments have been complered wich .
X ) : B - min: mlaz Ganissal [ ST
three hydroxylunctional pelbyacrvlic B cminontaniey A R mane

tlispersions, and on the isocyanale
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Figure ?—5piay applicatian Turmulation.

2K Clearcoat - NCD:0H=3.0/1.0
Weight Yolume
Raw Material Weight  Yolumie 5ofids Sokids Supplier
Lenmpomant 1
Polyacrylate disporsion® 3615 408 17.08 1.81 Bayer Cutporation
Witer, 0 7.4 1,589 q 0 Fichey Srisntific
Baysilane Paint Addiliwe VP AL 3568 Q.23 002 n.z3 0.0z Lamuss/Borchers
|egn Foamex AR2 0.49 0.1 12 0 Geldschmidt Chemical Corparation
BEK 1514 (8% in OF water) 173 n.21 .08 0.0l Caynis Curparatitn
Subtptal 1 45,0 5.1 1841 1.04
Cumprnent 11
Hydiophilic poiyizocyan ket 3145 .24 531.45 3.24 Bayer Corperration
Bty ghyrol B [ 0 4 Fizhar SoertHic
Subtakal 6. 45 i.181 31.45 3.24
Cempongnt T
Watar, 0T £2.05 2.75 0 ] Fisher Scienzitic
Subtolal IIT £a.95 275 [H 1
Total 106 1186 4086 518
LpTay Wiscosity 26 sec DIN f4 Cup
- Thewretical Resutts 5 L
Weight solids 47.40 Nt /gal 8.59
Volume =alids 43,72 Mix ratio fval) 1,33:1.0.7%
F/H o NLDHH 3
FYL ] Triccretical VR 0.41
. 120 Moyacles dispoesionz ednoey Fanctineal acrle rein disperce *wal=-o S0 @50, 00wt 1% Deeaaal Ped: eguisaler. wetghl = supssdied = B47 wiul.
by Aydreptabic polvisozeanale: HDL-based, snineedlonic 2o miciliad; 1005, sakiés as sapploc; wpaivaenl veigl-l - 382 ¢ Ancl,

challenge [or the (ormulaton s 1o obliio i sofl tooch
formulation that is highly resistant while maintaining
sirliness. One can also vary the isoomnate choice Lo
generate a coating wil hapucs that range [rom a suede
ot velvety feel to more of a ubbery, grabby type feel.
This variety in feel is o benell bhecanse dillerenl areas of
the world define soliness dillerendy

wuch worl: has been done to significantly improve
the preclommance of wiler-disprersible wocyanates tor
soft-fecl coatings. Additional work lias been dedicated
o explonng how the improsements made have en-

Figurs A—Hardness dovelopment of 2K clearcaat.

Hardnass Developmert of 2K WH Slaarcoal
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hanved adhesion, resislance. haptic, and application
pIopertics,

SITE-APPLIED WOQOD FLGORING

Waterbome systemns are o well estalilished lechinel-
oy i the site applied wood [boor coatings market. The
primary reasons tor this are the significant reduction in
VOCs, Tow odor, and gase: ol apylication. igh molecu-
Lirr weight, co-solvent-free PLILYs offer rapid diving

Fiqure 8—Gioss madilicalion using blending of acrylic dispersions.
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Tahle 'l—f.ornpariE.cln of Waterbarne and solventhorne

Tapcoat Farmulation for Floory

Waterhasad Solventhased

Test — Oearcoat Clearcoat
L -20 gL 400 gL
Qardner circula: oL £ hr 1.5 hr
Mry Time (70°F/50%RH]
Taber abrasicn

(CE-17, 1000 ocles) ooy vuy s 34 oig) 25 my
Chenical reslslance ..o 0. L. viery good very qoed
Gloss oo ia S — adjuslasle clussy

1= Chenreale Lesled oy g ape. Lesl incded 10% ane=: asd, 105 9 fi-2 sic. 10% by
uchlesac poic. L% amman Jm i tsie, 3% seciam apdmeics, iseerenaaal, methyl sy,
ketane, 37 wate Artadice, 10 hieack. s gasel ne, Skad-ul and Lreoe Eaid s e by
SR

while low mean particle size leads 1o high wet il
transpirency and weoeodd warmeh, The selection of
polyurethane dispecsion alse determines a coating’y
ewverall hardness and drving rate | loweser, waler re-
ducible polvisorwsmates are added to LR coarlngs far
on-site wood leor applicitions that requine a higher
leve] of chemical and mechanical resistance properties.
Fxarmples of such enhancements are resistance to
heuseheld reagens [nail polish remover, househald
cleaners) and resistance to scufling by shoe soles, called
Black Heel Mar Resistance (RHMR), Other key factors
tor the acceptlance of 4 2K sysletn are ease of mixing,
ease of application, and acceptable podile.

Tor 2K site-applied applications, i is esential thal
the muting agene can be easily incorporaced into com-
ponent A When desigming a crosslinler for watethomne
coatings, an oplimized level of hydrophilic characer
must be identified to achieve target properties. fn short,
an elevated armaent of hydrophilic groups simplitics in-
corporation of the crosslinker while an excessive con
ient of hydraphilic aroups, on the other hand, impairs
the chemical resistance and increases water sensitivity,

The first gencration of watethorne 2K polvurethane
parguet sealers consisted of 3 combination of compo-
nent A and a Ceneration L polyisooyinale. lo (hese sy
tems, the rrosslinker does not become sufticiently ho-
megenized during manual mixing, and the parquet
finish frequently turns out ratier coudy. 1Tuis limieed
the ke of this techmidogy 1o matte and semi-gloss in-
ishes, Lhis was overcome by uilizing o Ceneration 2
water-dispersible polyisocranate that could be easily in-
corponaled under practical conditicns, thus vielding a
more finely dispersed polvisocyanate having an apii
mal level of hydrophilic modification.

This modification o the crosslinker struciare im-
proves the dispersability so greatly that it can be easily
incorporated sinypdy by sluaking 1he conlainer alier ad
ilition fo component A, Resultant particle sizes are in
the range ol appoox. 100 nm, which are also the tepical
values tor polyurethane dispersions. Therefore, for the
first fitne, thorough mixing under pracical floor refin-
isher conditions is now possible

wvi cofingstech, org
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Table 2—performance Enhancement of Sit =-Applied

Tro-Fack Two-Fack
One-Pack FIC/Urethane  PIC/Allophenate

Touch-dry {4 oL L 1.5 1.5 1.5
Herdness =) 1d7d ... 104,137 57,130 1= Fackird
Acetane 1057 .. ... .. 4 I 1
BHMR . ... ... 4 ] 0
Gloss (GA%) ... ..., a5 a4 25
Transpaivngy ... .. .. [lear Cloudy Cleat

i) = oan damege e cectrued.

A combination of this polyisocyanale with a high-
gloss component A produces a clear, highly resistant,
high-gloss walerbome 2K polyarethane coating, as seen
in Tible 2,

Upon incorporation of the crosslinker, the coating
svstern has a pou life of abouwl fve houry and still vields
consistent propentics. After this period of tme, the
mosl significant chamge is gloss reducden,

CONCLUSIONS

[ s elesar that we have come g long way from the
early shepticism tha this technaology was grected with
when it was first inroduced. There has been a greal
deal of developmental elfon it into optimizing both
the corcactants and polvisocvanates necessary 1o make
this technology feasible and allow it to reach the high
standards of perfommance Thial we have come to expect
trom polvurethane coatings.

Iy this wark, a quicl ovendiew of waterborne poly-
isorvanate crosslinker development and how each gen-
cration has turthered the pedformance window of 2K
walerborne polyursthane coatings has been presented.
Obvieusly, this is complemented by the ongoing devel
vpment of watethome coreactants. [lowever, the en-
abling technelesy Tor this area is the performance of
the variety of hydrophilic polvisocvanate crosslinkers
availahle. There is a wide range of formulating expertise
Lt allows e wiloring of properies Tor o maldtwde of
applications for coatings, adhesives, and sealants, As we
expand upon this, it wdll allow us to continae 10 el
eviel more stringenl requirements and leglslation re-
garding VOO and HAPS, and market needs for im-
proved performance, user lriendliness, and “green”
characteristics,
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