" I Solvent-Free
H - Urethan e-ACl"yliC

Hybrid Polymers
for Coatings

by Ernest C. Galgnci,T Charles sitthatie-ecrtic lbrid pobemer dispesions (TTRO8) can affer cosy/net forrdttee dilwan-
R, Hegedus, Frederick H. tages orer comalarl 1K cogting naterials such ay ;!'.:'{II}'umerfw dispersionts (PLIDsE qorplic
i sraulsinns, and Blends theref, O disadvantage af borh PO and HIYDs &5 the incfusio of
Walker, Baniel J. TEITI]’.'I'EL d-stiephpinprmelidone [NAP) solvend, wicll i comenly @ necesiary procassing solient -
Frank R. Pepe, Kenneth A, cluler| af levels vangheg fome abowt 4 0o I53%. Since NMP hay recertly feen audded
Yoxheimer, and Alan 5. Boyce Claliformia’s Proposivion 35 Fist and has generally become oljectioneble for use in Burope, 1@ las
. i feerante desirable tor eliminate NP fom these pavdiens, Coseguendys solvent-fiee versions of
Air Products and Chemicals, Enc.* TIPS b been developed that, desprite e Tack o Nx P sed :a:: fflt’i::f ,[?lm;?dmf;:rr.', Nt Dt
Femnd Lo perfora Tavevsttty conppared @0 analogous sofvent-containimg polpmiers [botl lgedoid
and UL Like their solvend-connaining countensarss, the ourstandieg propertics of the new
solweri-fran versions are apparendy die o el Lrde Dl natwrz, which & analagmes oo an
el wetiwork (0N as fndiceled by o G slasse o Don emefeTanme g
Although el NAAP-Teee vecsions sl reguive coalescing solvents for adeuare filim tormation,
thay affer greater flaxibilily in cheosing alternale solvents when formularing figh pedfortiance
PERIHITE

BACKGROUND

Thermoplastic polvurethanes are well known Tor their excellent balance of
mechanical foughmess and chemical resistance. * Unfortunately, Lhe solvent-
hawed vermions require exceedingly high levels of YOO for application by
cowventional coating technitues. The walerhorme versions {polvureihane
disprrsians or PUIDS] requice significantly lower VOO and are, therelore, be-
cotning increasingly popular choices as binders for a variety of one-compo-
nenl coatings for wood [(Aoors and Tamilaee], plastic (business machine
howsings], leather, metal, and conecrere. Their superior physical and chemical
properlies have been atrributed to a combination of heic molecnlar stnac-
ture and hard/soft domain manphology.® "
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Iy general, PLILS ate prepared
by reacing an excess of diiso-
cranate with a polyol, dispersing
the resuliing prepolyimer in water,
and completing the reaction by
adding a water-soluble diamine 1o
consume the residual isnovanate
and, therely, chaln-extend the
preprelymer to a high maoleoular
weight, The dispersed PUD pari-
cles are wsnally anionically slalbi-
Tieed, which is commonly accom-
ished by incorporating a
carboxvhc acid-functional puslyol
into the hackbone of Lhe
polyurethane and neumalizing the acid groups with a
tertiary amdne, Thus, in many cases, no external suclac-
tants are presenl o conlribule adversely to the water
sensitivily o PLIL-based coatings.

Type 1

[*[] s are available in both aromatic aned aliphatic
varieties, Avomanc FUDs are not snilable Tor applica-
tions requiring line yellowing and, therelore, the
aliphadie PLIDs are required for such cases whene expn-
sure to direct or indirect sunlight oeours,

Unfortunatery, one of the imin disadvaniages ol Lhe
aliphatic P iy Ltheir relatvely high cost. As a result,
formudiloes have sought ways 1o reduce the costs of
their coatings, The most popular strategy is (o lend
the PUITY with an acrvlic polymer emulsion that costs
lews than one-halt of a standard aliphatic PLTED,
Although the acrvlics reduce the system cost, they also
reduce the overall pecformance of the binder Lhe re-
duction in performance can be lower than what weould
e predicted from an adthmetic mle ol mixnres, 47
One possible reason foc his hehavier s that, on a mo-
lecular level, the aavlic polymers are not soluble in the
pokvurethane polimaers. Thevefore, the polvimers re
main phase-serarated during Olm lormation. Arpuably,
the resulianl phase morphology is at least partly re-
sponsible for the diminished performanee Telundor,

In arder 1o take advantage of the polential cosl re-
chuction alforded by the acrvlics and maintain a greatex
shiare ol the advantageous PUD propertics, so-callel
“hiybrid” systems have been developed. The hylwids n-
comoraie holh the wrethane and the acylic polymers
inty the same dispersion. As outlined in the simpAified
process flow diagram [Figure 1], there are generally o
methids Tor peepracing LD [Yype 1 and Type 27, Tor
Iype 1 hybrids, a PUD is fivst prepared, acmylic
mnonomers are added 1o the PULD, and the aceylic poly-
mer i [ormed o the presence of the PUDRY To prepare
Lype 2 hybrids, a polvurethane prepolyier is formed,
the arrvlic monomers ire added 1o the prepolymer the
misiure is dispersed in water, and the urethane wnd
acrvlic polyroerizalions are completed concurrently, 447
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Finure 1—Simplified process flow diagram lor preparation of Type 1and Type 2 Hybrids,
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Lhe urethane and acrylic polymers in 1PDs exhibit
improved maolecolar compalibility versus simple blend-
ing. the impreved comparibility is demonstrated Dy
the dynamic mechanical analysis (DMA] data thad is
shown in Figoe 2. The simple hlend has two distine
tan delta (lan 8} peaks, which cortespond to the glass
transilion lemperatures {T, ] fov the phase-sepurated
wrethane and acylic polymers. The hylid prepared
from the first method previowsly described also shosys
twaor T peiks, but the peaks have become somewhal
broader, which is indicative of some limited molecular
mixing, In contrast, o 'Type 2 hybrid, in which the ure-
thane prepolyner and acrvlic monoimers are homesge-
nenusly mixed prior wo dispersion and solmeduend
polymerization, exhilis only a single, verv broad tan &
peale The single peak, which spans the temperature
range berween the theoretical T,s of the urethane and
acrylic polvmners, is strong evidence for a significant
amonnt of poelymer-polymer mixing, in which, presam-
alily, Lhe difterent polymer molecules are interiwined
similar to that of an interpenatrating neveork [N
Possibly, the improved compatibility for the hybrids

Figuie 2—DMA data comparing a simple blend with HPDs,
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Figure 3—Tensile strengths of free films prepared from a simple Bleed
aid HP s, 122
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(especially Type 2] is at least parly the result of some
mobemalar-level grafing of the two polymers.

As mentioned previously, the rationale for preparing
the liybrids was 1o impnove the perdormance velative to
a simple blend. L figure 3, the lensile sirengths of
fils prepared from the individual polymers [ie, a
Lrlend) and the: two hybricd tvpes are compared to that
predicted by a linear rale of mixiures. The hlend and
the hvbtds contain equal amounts of the same wee-
thane ard acrytic polymers, As expected, the urethane
pobvmer lad a significantly higher fensile stength than
the acrylic polymer Interestingly, the tensile strenglh of

have been reported ds well." One inlerpretalion is el
the phase morphology of 2 urethane/acrylic polymer
swstern has oa signilicant influence on the ultimate per-
[omance.

1ypically, PULs and 11PLYs are paepared using am
aprotic solvent such as N-methvlpvorelidone [ N8P
The Nt iy regquited in the palyurethane prepolymer
step Ly dissolve the dimethwlolpropionic acld (DPA),
which is a aystalline carboxylic acld palyol that s vie
tually inscluble in the polyol-dilsocranate mixiure Lthat
reacts o Torm the urethane prepolymer, Being a rela-
tively high boiling solvenl, NMP canmo be readily re-
moved from the process and, thus, emains in the Ninal
dispersion product, Although the amount of NMEP can
vary according o the procduct, typical NMP levels ave
1% o 15% for MUDs and 3% 1w 8% for Tivbrids. In
the final product, NMP is beneficial as a toalescing sol-
vend Tor Blm formation. Conversely, NME and high
levels ol residual acrylic monomers are undesired due
1o their odor and, In the case of MM, s ceguliaiory
status [eg., inclusion on Califomia’s Proposition 65},
Therelore, there is 2 markel newd for NMP-free, low
residual monomer L1115 that meet those regiitermsnty
and still provide outstanding pedformance Ueal is com-
jrarille ter it ol Their NMP-containing counterparts.

I Lhis arlicle, the properties and performance of
new;, WM solvent-free, Tvpe 2 urelhane acrylic HP D
are discussed,

the Dlend was found to be lower than that predicted by
the simple averaging rule. {3n the other hand. the hy-
brid systems showed higher tensile sirengths than pre-
dicted. Remarkably, the Type 2 hpbrid was found o
have a tensile surenglh approximately equal to that of
the polvurcthane, Sinlar resulis for other properties

EXPERIMENTAL

Sovent-containing (Hybrids A and B) and solvent-
lree (Hylridls Agp and Bgp] HPTYs wete prepared accord-

Table 1-'—T\,:p1LaL Characteristics

- of the Type 2 Hybrd Polymer Dispersions Evaluated

Property Hyhrid A2 Hybrid &8° Hybrid A_- Hybrid B
hppearance .. -, itpague, Slight Milky Apaque, Slight Milky Bpaaue, Slight Milky Opague, Slighl Hilky
Wiscosity, cP, 25‘-‘(. Bruukrueld 50-150 Sf1-150 Z0-150 0 15O
Hon-volatiles, " by wughL............ 36-41 39-41 30-41 F0-41
Selvent content, % by woighl ... &) 3 =0.2 =1,1
Solvent... Eoly HE+ ¢ Beplone Acetane
WO, qfL {’b,-’galj“ ......................... 160 [1.33) 184 £1.37) 30 [LES) 24 (0,20
Q=nzity, g/ml I:ll:l,.-'gal} ................... 103 (A6 1.4 (8,50} L0 (3, 7B) 1.67 (8.03}
pH... . f 7.6-0.0 T.5-4.0 7600 7.5-9.%
Acid numl:lar rng KI.']H,.g r4.5 14.5 16.0 14.5

T ) ] ] L -35to 35 =55 to 100 S35 to 35 =35 to 100
Hu:utrahzmg ..mme" TFA TEA TEA DHEA
Particle diameter [wt, avg} it T5-a5" 75-ani 7585 75-25!
Residuak zcnylic manomer, ppt....... a0 500 RG- 200 10-50
Farh u:le (o 1171 SR Anianic Amehic Aniohic Bnicanir

Iz boovo d) Reles Lo Aprercic C T malesial "dentiScating.

[ W0 drcheees cartbomior foen £0e walialic g zmine (-5 e weivilh,

11] Caleulated an o salies 3z

[a) 1g5 ezt fpon JMA meurements (Ereadth of @e & peaky a=d anlume - reepastHnns,
[h) TCA = trizts =ine, K K& = AImettiled oalamin e,

1) Pusgival values
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Table 2—Tast Methods eri to Evaluate
the Performance Characteristics of tho
Coatings

A5TH Test
Property Procedure
Adbesian, dey and Wt TAPE o v 3352
5 [iErmsaoncoociorooeaooone o T L O TTE T UL TE F T
Frexizility (mandrei band]...
(Bl o agoabosonocnnonoNonooCRonoan . o
Hardnss [PRIS0TY cvrnermrearsrairnerascnnmsissmmsimsiem e senre

Hummidity *esistance [Elweland}........,.........................
Immersion resisiance,.,
Impact resisance,.

Soivend resistanne r-:In h B ruhs] e e e ATSE
Tensile peaperties. ... D b
Miaimum film f:lrrrr.-:l:mn Lenlpem (1] {7 SRR | 5+

ing to the procedures oullined previcously' ' The letter
designalions [ie, A or B reler to the analogous poly-
mel compositions, and the subscript “ST" indicates the
solvent-free wversion, The typical properties of the LD
used in this shudy are provided in teble 1Lhe composi-
tien ol the arethane {aliphatic) potion was identical
tor all of the hvbud polymers. The acrylic polymer
comnposition was kept the same [or the vbrid B vand-
anls, while e monomer ratios were varded within the
A series. Nevertheless. the acrylic podymers Tud ajpprox-
imately the same theoretical ' within a glven series {ei-
ther A or B]. The amount of either wethane or acrylic
was about 50 for each HPT, With the exception of
dimethvlethanolamineg (MMEA] Tor Hyleid B, the
newtralizing amine used was tiethvlamine [TEA).

Coaling formulations [Appendia &) were prepared us-
ing standard technigues. Coating properlies were Lesled
orvet cold-rolled siee] with a wine phesphate treatment
(Bonderite 952), untreated cold-rolled stecl, or om
sealed-paper charts {Teneta Coll The coatings were ap-
plied using a #60 wire-wound drawdeswn red and were
allonwed 1o drv at 21°C [70°T) and 50% relative humid-
ity for seven days, Depending on the fermulalion, the
dhiee filem thickoess ranged from 30 pm (1.2 mil) to 76
o [3.0 mily.

‘The standard test methaods Hsted 10 Talre 2 were used
1o evalyate coating perfonmance. Spol Lesls were pel-
furmed on clear coatings applied by drawdown on
sealed-paper chars, The coatings wete drieed for 24
hours at room ternperalare [«25°00), and the spots
[2 -3 cm wide) were rated atter exposure to each
J.'EE.EEI]I fO]_' oI hL'I'L'I'I'. TI'I(:‘ 'I'Q".i;'l,g[“T'lf H]‘.Itﬂ& WETE: {'.{]'\"t‘.l'&fd
Juring the exposire 1o prevent esaporalion. Prior to
evaluating the coating, the reagent spots were remened
by lightly patting with a clean paper towel.

Tk A dala was obuained on clear resin coatings

W coatingstech, org
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{Apieraliz A) using a Bheometrics Solids Analyzer BESA

| {kheometiic Scientific] 1n a tensile dynamic mode
with a thin filim fixture. The Glms were: anilweed over
the temperature runge rom -1307C 1o 150°C Lhe
samples were not preconditioned with regard to hu-
midily prior to data acquisition, but dry nitrogen was
wsed as the atmosphere during the measurements. Dala
wete acynired al intervals ol 6742 2 one-minute soak
Eime was used at each measurement teIDPETATUIE (0 eN-
sure isothermal equilibration, MFFT results wers ob-
tained ﬁsing a binimuom Film Bormation lemperatuee
Bar sdowdel bAFE 20 [Rhopoint Instramentation Ltd. ),
Films were applied by dravwdown to a wet film thick-
ness of 152 pm {6 mils). Tensile dita were olitained on
clear filmms tht Trad an average thickness o w132 i (6
mils} and were diled at 21*C (70T and 504 relative
humidicy {R_II} for seven days, The crosshead speed
used was 3.7 omngfmin {2 in frman} and the temperature
weas 230G {73°F) with 50 BLL Panticle size determi-
naliong were 111ade using an LA-910 Laser Scattering
Larticle Size Distribution Analycer {Horila).

RESULTS AKD DISCUSSION

Dispersion Propertios

with the alwious exception of YOO and residual
monomer levels, the physical property data as provided
in Teable 1 are quite simnilar for all of the HPDs: slodied.
Boh the solvenl-containing and the NAP-Aee versions
exhiibiled similar viscosities at the same salids levels.
[nterestingly, the patticle diameder disteiliations {Figue
47 anel the respeclive means for the NMP-free disper-
sicns were similar to those that contained NaaP, Al of
the distributions were mono-tnadal with no particle di-
ameters grealer than 200 nm and weight-average panti-
cle diamelers berween 75 and 50 nm. The weight-aver-
age particle diameters {in nanomeders) for the samples
in Figure 4 were 81, 77, 79, and 78 for LIybrids A, B,

Figure 4—Particle size disLributions for the hybric polymer disparsions.
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Table 3—MFFT (~C) Data for the HPDs

Additive % wt.) Hybrid & Hybrid B Hybrid Ay Hybrid B,
KOME e 2 -G = -4, 10,1 625
ROAP [E%) s ¥ . =0.0 183
[FIGR [6'?::] i i -1.0 408
St el * 3.1 *
L e L. * v 5.5 *
53 (270 vevneimaraas * * 0.4 *

"ok wdn e delersned.
S, FE. and 5-3 &0 surfzolanle jcoli jed CuAppeiuti i sodessripl eLLE

daze and B, respectively. Since all ol e hybrids have
similar acid numbers and degrees of neutralization, the
similarily in prartivle sizes suggests that, reganidless of
the N&L level {al least up e 6% by weigli), the aver-
age pacticle diameter is determined by the zeta poten-
tial,*® In addition, the particle size distributions proba
bly explain the similar viscosigy-solids relation shown
for these HP'Ds, Because of the lack of NMEP and the
Tovw tesicial momamer levels, the NP-free HPDs hivve
very low odor compared 1o the solvent conLaining ver-
sions.

Film Formation Characteristics

Film formation characterislics ol lype 2 hybrid
polymers have been reported previously for systems
containing Sl solvent L7 Our experience wilh
LIybrids A and B has shown thal aliimale performance
is impacted by particle coalescence which, of course, is
greally inluenced Iy the type and amount of oo sol-
vent wsed. Both Lybrids A and B which contain NMP
formed clear films {from drawdowns) at room temper-
ature (25703 Hybrid A Tonmed a clear T non-con-
rinucus {cracked) film, whereas 1lvbrid B, tormed a
white, flaley film, which i3 indicative of poor coales-
cence. Filrs prepared using co-solvenls {lonmulations
in Appendic A} were clear and continuaus.

In ovder to characterize and understand the effects
o co-solvents and additves, roinirmowm Glm-Gormaddon
temperatures (MITTs) were determined tor the NMP-
tver HPTs; the results ave prosded in Teble 3. Tn line
will the dravwdown observalions, lioth of Uwe oeat sol-
vent-containing products had MITTs below 0°C,

site Properlies tor the

Hyhrid Polymers

Polymer Strength, psi Elengatien, %  Modulus, 10% psi

Hylrid A, 2433 + 453 236 £ /B 30+ 11

Hybriad Ao i 2576 £ 650 245k £ 17 38+ 11

H'_.,".-?rid S} certocee 4552 = 400 15 =2 115 £ &4

Hybrid E-}-j e AAOT ks a0 165 + 11
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Table 5—Chemical Spot Testing Resulis

for Hybrids B and &

Chemical Hybrid B Hyhrid B,
1% i, NH,OH inwater ... .00, 1+ 140
Clorow (B 25% wt. Mall0fwalery ... 1 10
A0% wt, ethanol 7 water ., ....... ji¢] i
IR a5 adas el S S T T
Commescial clea=er 17 . .00 @ )

2

Commeroial cleaner 2 . _ .. ... ... &

‘Lemmarss, wear= |- lanm=k (5. cahrsanty Sammerzs . cleaner £ - Termola
RUEN R

*aing Key: 10 = g elol: 5« rodea e weslicg, setenirg. and akitaTing: 9 -
cumpde gly dissaleed.

wheresns (he NMI*-lree versions had, as expecied, moch
higher x5, [ the case of Ilybrid By, the MEFL was
62, The addition of co-sobwents {6% by weight of ei-
ther NMP ur DMM-dipropylene glycol dimethy] ether}
was found to signiftcantly lower the MEFLs. Compara-
tively, NMP was shown to be somewhat more cfficient
fespecially [or Hybrid Bae] Dor fowering the MBFT
Despite the addition of the co-solvents, the MEFLS tor
[Ivbrid By, were unexpectedly much higher than for
Hybrid B, Perhaps, the order ol adidition s an ellecy
o the coalescing etficlency of the co-solvent.
Altemately, it mav be thar the formulations had not
reached sguililsrivr poor (o lesidng, slthough a sweal-
in lime of between 1 o 3 days after preparalion was
emploved. Another possibility is that some fundamen-
tal differences Detween the polymers o palymwer mor
phology exist. although the DA data o be discussed
in the next sub-section does not seem 1o support this
hypnHhesis

Besides Lthe co-solvents, several novel suracianis
were tested in Hybrid A, as potentially ulta-low VOC
conlescing agenis. These surlactanis are low volatility,
alkyl esler-based produces that are purporied o have
weility to reduce MTTTs, The vesults in Tibde 3 show that
these surlacianis dir indeed sigaificantly reduee the
sMEFLs. At a level of 2% by weight {total emulsion ba-
sis}, the MTFT was found 1o drop by the amownt of §°
o 1670 Thus, the use ol these swfactanis may ofller
the potential to signiticantly lower VWCs in formula-
tioms developed from hese malerials.

Clear Film Mechanical Properiies

The dynamic and static (tensile) mechanical proper-
tiex ol the hylirid polvomers were delermined. Fiaoes &
and & compare the dynamic mechanical properties
{storage modulng B, and Llan & = B [Toss modulus]/F'Y
s function of emperature, below the 'L, [~ -3570) of
the urethane polymers (the same composition for all
four hybmds), Both series (A and B) ol hylerids had F
values belween about 2 to 3 = 10" dyn/om?, Above Lhe

fCT Coafings Techr



Figure G—Comparison of the DMA properlies lor Hyb-ids A and A,
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urethane T, the B values declined to about 10?
dynfems néar the 1, of the individual acrylic polymers.
Having the higher 'f; acrvlic polymiers, the B-series did
ot reach an B owahe of 107 dynfom? until = 1007 C wer-
sus abol K07 [or Lthe A-series materials, The Hybrid
A-series showed a pronounced rubbery plaleau abose
the aarylic E s, whereas the B series did not

For the A-series palymers, the B and tan 8 responses
were similar, and both polymers showed very broad
preaks i the tan & over the expecind V| ranges as listed
in Telle 1. Hylrid Ay did have a somewhat higher F'
ence mot af the wmperatire range smdicd, The
B-series polvimers showed companable K and lan & be-
havior. although Hybrid B, did have a slightly higher
F' orver mmost of (e temperamre range examined.
owever, unlile that for the A-secies, Lhere was no ap-
parent tan & peak aver Lthe anlicipated 1 range. The tan
s did, honwever, show a steady increase with increasing
(emperature as the B decrensed. In geaeral, beth the
solvent-containing and NMP-Iree versions displayed
dymunic mechanical propertics which wonld be ex-
pecled if there were some molecular level mixing of the
urethame and acnvlic polymers.

The T emperaluce tensile mechanical propertics
ol thin [ilms of the bybrids are sumroariaed in talle 1.
within a given series, the ensile properties were com-

Broperty/Formulation ¥ 2 ¥
Dry-hard 1ime, mig ... 40 4l A0
A WS eanonomtoanademe 75-30 i 33
Rowerse impact, it-lb ... 160 180 150
IPA* dosble rubs, ., 23 R 1z
MEK* dauhle nibs . ... =200 =200 00
1000 ar (UY-B, AE ... =2 =0t =3

Table 6—~tear and Figmented Coating Performance Froperty Comparison
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Hyure 6—Coriparison of Lhe DM& properties of Hybrids B and B,

1.E-1- LE-LI:

1E-1E

Stekage Modulua, B', dynicm
o
i
m
tan &

LE oo ,ri'f'!@.f [—a—HycE = ‘5'2‘5,
e %‘iﬂ —=— kv i E;- E P ]
B voar e lwreFio b 1
- aomyron lwrrls- anh & l
- . h = + e
100 A H =l 100 150

Temperalure, "C

parable. As expected the A series, having Lthe lower T
acrvlic polvmers, hiad lower tensile strengths and med-
uli Taut higher tensile elongations, The A-series poly
mers showed a relatively good halance ol properties
with high elomgations (> 230%) and mederate tensile
strenpgths,

Coating Performance: B-Series Hybrids

The performance of |lybrids B and B, was evaluated
andl compared using chemical spot tests; the resulis of
which ave provided in Tobfe 5. Both hybrids showed
comparable perlfonmiance, as e spot test resistance was
relatively good lor both systems, OF the chemicals stwd
ied, isopropyl alcohol {TPA]) showed the maost edlect on
the coatings, and this could be a potential area for im-
prowertieL

Coating Performance: A-Series Hybrids

In TeFle 6. the performance properdes of the A-series
hvbrids in cleir and plgmenied coatings {Appendic B for
1 and 2) are compared and benchmarked versus com
mercial MMP-containing PUDs, an HPD, a PUDfacrvlic
blend. and an acrvlic. Coadng propertdes for the NME-
Mree Hybrid A, were similar to those of Hylrid A Dy

rd Nl B ™ B
b £ ] whil ile]
hA HA 4 i a1
1Hk 160 28 4 72
2% 25 ik 200 40
25 5 =] 115 =11
MA HA z 1 b

bt © = Hohrid A i = Hyhid 837503, 4, 00 5= 720 5 HFN: 7 FURacls hlenc: 8 = condis, fermolalon 5 oea. 2 piqmented aht= caating anc 4 and 4 owers clear caakieres azied anorecommen-
aeTinns Fom b respeive suseies, Foomela oz 6, 3. 200 8 ownw oo —ormally available paisls See Appedsi far csoenial iderTFsabicas

* I - izaprapy. alenbe; K-K = mothul 7= kretane.
shoul-h,
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time, gloss, everse impact resistance, MEK registance,
and LTV resistance of the NaP-lree Hybrid Ay com-
maredd Favorahly 1o Hybrid A and the benchmarked
commercial materials, The IPA resistance was better for
Hvbrid A, than that for three of the other sysiems
tested, Tnterestingly, the commercial paints had com-
paratively much lower impact resistance,

Further Study

A potential area for improvement of the Ny P-(ree
Diylaricls is their IPA resistance, Crosslinking of the
LI*s theough their carbesytic acid groups is a poten-
tial way to improve thelir resislance properiies. deed,
the resistance properties of add-functional polvmers
have Been found Lo b improved when aosslinked with
an epoxy-silane crosslinker, B-{3,4-epoxyoyvilihesyl}-
ethyltriethenowilane [a cpdoaliphatic epoxy-silane) '51?
shell-stable (st least six months) formulations vsing
[TIybrid A have been [ocmulated # The vse of epoxy-
silane amd orher crosslinkers to improve the perlonm-
ance properlics of NhMP-free hybrids needs to be
examined. Another marker need i for Towver cout for-
mulations, Acrylics are often blended inle PULDs [or
thal prarpese;, and showld be evaluated in the SMP-free
11PL s,

SUMMARY AND CONCLUSIONS

Waterhome, high-performance, urethane-acrylic
LIPLrs have Been develogred to offer cost) pedommance
adwantages over standard LK coating malerials such as
polyurethane dispersions {TUDs), aovlic emulsions,
amd blends thereal These so-called Type ? hybod pole-
mers provide many of the benelis {eg., superior me-
chanical properties and chemical resistance) of PUDs
but at an intermediate cost erween MU and Jow-cost
acrylics. The Type 2 hybrid has an 1PN-like polymer
simicnre which is chavacterized by a broad glass twansi-
Uon temperature range s measared by DA, The TN
lile stacture is the result of the chemical comprosition
ol the raterial and, particularly, the process by which
the urethane and acrylic are polymerizeld together as a
homogenous mixture thart-is dispersed as colloidal par-
tieles in water. The 1PN-like moarphology is apparently
responsible for the hvlbrid's owistanding jrroperties,
which would not be predicted from a simple, arith-
roelie rule ol mixiares. New NhP-free HFDs have been
developed to meel Lhe markel needs [or lower odor
privducts that comply with increasingly stringent regula-
dons. The NMP-Tree 111PDs have been showen to provide
dispersion and coating properties comparable W their
NMP-containing counterparts, Due to their lack of
MBAL and low Tesidual monomer contents, both MAMD-
free HPDs were observed 1o have reduced odor, which
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s alwicusky desiralide from a health and satety peospec-
Uve. In addition, the lack of MM cilers potential regu-
latory benefits [e.g. California Proposilion 63].
Reciuse the perfurmance of the HPTY systems was
und o compare favorably with other polymer syy-
tems (PLUDs, HID, and aovlic) evalualed, the poasibil-
ity existy 1o replace or partially replace those types of
polymers with LHE0s

ACKNOWLEDGMENTS

Many peoqple bave contrilwited over the years to the
development of 1D Lechinicdogy, amd the authoms ex-
tend their gratitude 1o all of them. Special mention and
thanls st be made 1o Tick Derby who made signifi-
canl conwibutions through the years. Many thanls w
Jeanine Snyder for tommulating expertise; Bruce Crulwr
for hig work in the field of hybrid sythesis; Chris
Cimnsser [or synthesis support; Menas Viatsanos and
Chris Walsh for their DA wotks Dennis Nagy and
Gregg dMeixell for particle size analyses; Steve Deppen
ardl Jim Malloy Tor residual monomer analyses; Steve
Eaobbins for the tensile measuremments; btk bamisiak
for process support; Ehalil Yacoub for surlaclant advice;
anel Xy Risinger. Bob Slevens, Panla Mc Daniel, and
Yllen O'Ceonnell for supporing thes wor and the pres-
entaticn of this paper. @

References

{13 Hostawser, T3 and Nachikamg. K. “Watethome
Polyurethanes,” Advaces in festheoe Sgivnee angd Tcksaloey,
Frisch, k.0 and Klempner, 20 [Fds,), Techoomic Pub., Lucesie,
[, 0, L2L 182 (L1987,

(21 Diewerich, Tr, “Aqueous Tooolsions, Tsperdony and Solotisne
ul Polypwethanes; Sendesis and Propertees,” Mreg Cog, Coal, 9,
ZE 3400 (19411,

[} Mererich, 12, “Inradntion to Urethane Ionomes,” Adidnes Tn
Lirrmhiatie faposiers, Kiao, HE and Trisch, I20. (Tals ), bechnomic
Pub, Lancaseer, BA, 1-21 (1993].

[3) Padpen T "Polyies lor Water-Tasol Onatings—aA Systematic
Cheervivs, ™ [OTIRRAL OF UOaTheas 'm0 oy, &5, o, 83%, 59
105 (19943,

[3] Kim, BK. “Aquecus Polyorethane Dispersions,” Colloid Foken:.
Bed, 274, 393 6L {120

(5] sonock HL, "Mew Developoents o Falynrthane and
P A ylic THepeisions,” Fignmenl & Besm Techinedngs, 79, 143 151
{20,

(71 'Pimrak, Rk andd sarkeach, PH, “Aquenus Dispesiong of
Crrsalmbed Pobrurethanes,” Jounsas of Coarracs TRO=0no0T,
G& Mo 738, 40 (1986

(8] Gardon, TL. "A Perspecdve on Besios [er Aoguenos Coatings, ™
Tewhrvluuy for Wterbo ny Coolimgs, ACS Svmpesiyn Series G673,
Cilasa, 10 [#d.). Amecican Cheraical Soc, 27 43 (1997]

(4] satmim, B, kacsdahom, L, Padget, Lo, and Coogan, G,
“tquects Polyurethanes—Molymer Colloids witly sl
Colloidal, Mephological, and Applicalen Clurcleristes,”
Totkan Or COATNGE TRCANDZOCY, H6, Mo, $30, A7T-55 (19917,

[10]) Wang WE, " Therwal ancd Meclanical Properties of Waterhome
Poolaerethanes,” Mo, Amemcan [hemingd Soclatp azioa] Adosig,
Han brandisco, Apnl 32100 @ 216, 1937

(1) Derber, B, Couber, BA, and Chan, 8.5, Ayl UTie0iane

JCT CoatingiTech



Hybrid Polymers: A New Technology for Graphic Arts
Applications,” American Ink Maker, 56, June 1995.

(12) Hegedus, C.R. and Kloiber, K.A., “Aqueous Acrylic-Polyurethane
Hybrid Dispersions and Their Use in Industrial Coatings,”
JOURNAL OF COATINGS TECHNOLOGY, 68, No. 860, 39-48 (1996).

(13) Honig, H.L., Suling, C., Dieterich, D., and Reischl, A., “Process
for the Production of Modified Cationic Emulsion Polymers
with Cationic Polyurethane,” U.S. Patent 3,684,758 (Aug. 15,
1972).

(14) Loewrigkeit, P. and Van Dyk, K.A., “Aqueous Polyurethane—
Polyolefin Compositions,” U.S. Patent 4,644,030 (Feb. 17,
1987).

(15) Vijayendran, B.R., Derby, R., and Gruber, B.A., "Aqueous
Polyurethane-Vinyl Polymer Dispersions for Coating
Applications,” U.S. Patent 5,173,526 (Dec. 22, 1992).

Technology Today

(16) Chen, Y. and Chen, Y.-L., “Aqueous Dispersions of Polyurethane
Anionomers: Effect of Countercation,” J. Appl. Polym. Sci., 46,
435-443 (1992).

(17) Rynders, R.M., Hegedus, C.R., and Gilicinski, A.G.,
“Characterization of Particle Coalescence in Waterborne
Coatings Using Atomic Force Microscopy,” JOURNAL OF COATINGS
TECHNOLOGY, 67, No. 845, 59-69 (1995).

(18) Chen, M.J., "Epoxy Silanes in Reactive Polymer Emulsions,”
JOURNAL OF COATINGS TECHNOLOGY, 69, No. 875, 49-55 (1997).

(19) Bechara, I. and Lipkin, A., “An Overview of the Cross-linking of
Polyurethane Dispersions (PUDs),” Proc. 42nd Annual Technical
Symposium—Waterborne Coatings: Sink or Swim III Conf.,
Cleveland, April, 1999.

(20) Snyder, J.M., unpublished data.

Appendix A—Clear Coating Formulations and Formulation Properties.
(See Appendix C for list of materials and suppliers as indicated by superscripts.)

Table A1—Clear Coating Formulation for Hybrid A

Material Weight %
Pre-Mix: Mix a solution of the following

Solvent® . ... e 5.98
Surfactant’ ... ...l ot gt teR s iR 0.40
Defoamer? .. ......c..c.outnn. . sy amMasant . we 0.21

Resin Blend: Add to the following with agitation

Hybrid A® ..o 79.76
Letdown: Dilute to brush and roll viscosity

Water % oida s d ' & Welgn o o s R e vl aop o 0 g 13.65
Total wvn i e e 100.00

Material Weight %
Pre-Mix: Mix a solution of the following

Solvent® ... ... e e 11.93
Surfactant® .. ... ... ... et D s 0.40
Defoamers ..........ovoveen .. i L b 0.21
Resin Blend: Add to the following with agitation

Hybrid BY .ot e 79.51
Letdown: Dilute to brush and roll viscosity

Water 2., i Easi Enir e A s & GrnoE ey ») e et 7.95
Total ..o 100.00

www.coatingstech.org

Table A3—Clear Coating Formulation for Hybrid A,

Material Weight %
Pre-Mix: Mix a solution of the following

Solvent® .. . Tafiii™y. .Jb SRR EEET DS 2.15
(0] WYL M o B 5.49
Solvent! ..............ccwEwTn, o T LA 1.93
Surfactant’ zremmass. .u T e e AT PN 0.05
Defoamer . swsii gty - vt e BEE von g et T (0 Lt 0.10

Resin Blend: Add to the following with agitation

Y i 566066 6006000600600006060000060000006 90.28
Total sediamad Sotkd. clEras - SaaEl il b it G i & 100.00
Table A4—Clear Coating Formulation for Hybrid B
Material Weight %
Pre-Mix: Mix a solution of the following
Solvent® .. ... 4.13
Solvent' . ... 5.27
Solvent' . ooy’ gt SRals oMt . Ut deeneeren = HE e 3.71
Surfactant’ ces: scyasy gl o i . Sy e 0.05
Defoamer .. ..ttt e e 0.10

Hybrid Bl wirle £ mils b - oae s o(iitaarys e Ia i by 86.74
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Appendix B—Pigmented Coating Formulations and Formulation Properties.

{See Appendix C for list of materials and suppliers as indfcated by superscripts)

Tahle B1—Pigmented Coating Prepared from Hybrid A

{Formulatign 1 in Table &}

Table B2—Pigmented Coating Prépared from Hybrid Ae
(Formulation 2 in Table 6)

Material Gal

Resin-Free Grind: Mix the fallewing under eild agitetion und! dissalved
waler (defoniced) . L e o 2.31
Fiamenl d78persanl® ..o e e e s . 274
Deloamar® e e R [ i

Cantimse agitsion winle adaing e plament belowe
T, plygment' oL 2E.85

Increase sooed to hiph and Srsperse to Hegman = 7 geind,
Do ot excesd 140°F

Faeitte spesd angd Go3 1he followdeg with mediem sqitafion entfl blendad
Weter fdefomized] . oL e e 2.03

Blend: Mix the fallowing in o soparate container wirtil blanded

FPra-bigad the poxt faur lefar before ddiing ta the Hihd A with
sireng anitdtian

Rurfactant’ Lo . Sy . TR T . 013
BT 1.67
R 1.80
L Ty 003

Fimal Bland: Simwly 298 tike resia-free gring to the blead and mix with
mild agitaton wntl hamcgenegus

17 T 10000
Weight soids, % G284 PYE, - 174_
Yolume salids, % 41,2 WOC, [ 2gal g/ 1685 (199

Wiscosity, rP 300 Cemsity, Wgal {grmly 10,3 [1.23)

Noter Propestics reparled are based on theorelical calrufalions,

Material Weight %
Resin-Free Grind: Mix the molliawing under ol agitation antll disalved
Waler lein 2l oo e e e e e e s 215
Pigmenl aispersanl® oo io o e e 2.R5
DefiamEr o a e e e e e 0.06
Contirue agitation whils vdaing the pigiment helow
Tio, pryment! .o e BL24

Tncrease sgoon to high and disperse fo Heaman » 7 griong,
o mod oxcepd I40°F

Reduco rpaad and aod the following with medivar sqitation ool hlendod
Warer [deiomized] o, .o e e e L.20

Blend: Mix the fullowing in a separdte cemtainar el dlesded

Pre-blend the next (fea fems befors adding ro the Hpbrd Az with
slrong Faitation

Surfactant™ L. e iy .. WOR
BOlEI L e e e 346
b = 1.56
T L 1.39
Defuamen .« . e e e e e 04

Final Blend: Sty add the rosin-free giing ta the blond aed mix with
mild gptatie antll Somogenems

L | 108,00

WO, tbygal (940
Dersity, /gl {g/ml)

Waignt wulids, % 48.5
Valume solids, 5.9
UL 17.4

Nole: Proprriies reported die Pased on theamtica! calenls tions,

1.65 {184
10.1 [1.21)

Appendix C—List of Materials and Suppliers.

Superecript Material Supplier Supercaipt Material Suppler
a . ... Aybridur® 50 palymer dispersicn Air Froducls Mo Oowanal™ OPnH D Chemical
b, Ryaridur® SKO polymer dizpersion Rr Fredects [ D EOY PI-4 Ultra Additives
[ Hybridar® 7000 polymer dispersios Al Producls | LI Envdrotem™ Akl Adr Mosdnets
d..... Hybridu-® BY& polyner discersion Air Products [ Crvizobrm™ BEOZ Air Vreducts
B Arcuscly® OFNE Lycndar T Enwirehem® AEDE Air Producs
| BYE¥-346 B¥k-Chemie 3o HecRerd KOBO MenRusing
Yoo Surfynols OF-58 detogmer A3 Produocts t .o Witcobend¥ W-236 Uniroyal Cherrical
RN Praglyde™ DHM Deww: Cherniral oo Wilka white industdal costing Wilke Paint
[ [axanols ester awoho Eastmas Mo NenPac™ RO0O0D HeaResing
i, BYK¥-024 BYE Chemie W Pala~e® TOUT Snewih Wiilliams
koo Disperbyks-180 BYE-Chaznie oo Rastee Lastic Gloss Acnylic (OTK) HMAB Paints
R TI-Pure™ RF(5 DuFart maintrnance Snish
m..... BYk®-333 BYK-Lhamie
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