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INTRODUCTION

In Tecent decades, ayuenus polymeric dispersions have emerged (o replace
solvent-hased products in many applications such as coatings, foams,
sealants, and adhesives. Not only do these systetns resnlt in the preparation
of products with mitigated environmental health and salety {LTI&S) issues
{salvenls, monomers, etc.], but the products have improved properties and
performande,

Aqueous polyurethane dispersions {PUDs) are an lmpociant class ol poly-
meric dispersions and are often produced by the emulsification of an iso-
c:,’anate-terminawd pelyurel bing prrepolyImer in waler vii the use ol wigar
ons shear and mizing. 'Lhe tvpe and amount of shear and surface active
apents emnploved are very aritical in ohtaining PUDs with submicron particle
size and colloidal stalyility. The bawch process, which s the rost cermmonly
utilized process © produce PUDs, relics heavily on the incorporation of
fonic molecules such as cacbosylates, sullomales, or wrliary anmaoniam salls
intos the palymer backbone.” These aroups impart water dispersibility o the
| resin Lpon neutralization and help minimize the reguirerment of shear in a

Prasarled at FUtireCoas. #00%, sponsnred hy FSCT, Drtnaar 15-76, 2008, in Chicago, IL
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batch process.” Dimethvlolpropiomic acid (DMIPA) is
the most coraenonly wsed tnternal stabilizer for the
preparation of agueous PLIDs. Solvents such as ace-
tone, N-methyl pyrrolidinone (NMP), and methyl ethyl
ketone (MLCK) are commeonly used in the preparation
ol PUDs. NMT, swhich is the most comimon solvent, is
preferred since it veadily dissolves TAPA, reduces Lhe
viscosity of the prepolymer and helps in subsequent
film formation. Increasing EH&S regulalions have cre-
ated an opportunity for NP free PUDs,

Bsocyanates and polyols ave important building
blowks of the polyurethane dispersions (oo Both svoe
thesis and application perspectives, Alipharic iso-
cyanates are cemmonly used for coating applications
because of weatherabidlty requitements. Yarious lypes
of polyvols such as polyether, polyester, and paolvear-
bomate palvols are commonly used [or comstmction of
pedyurethane dispersions. The PUDs produced using
these conventional polvols have not always been able
ter respond o lncressing pedormance requirements in
coaling applicaticns. Waler resistance [especially dor-
ing the early stages of drving] and superdor mechanical
properties ave some key requirenyents for PUITs in
coaling applications, Lhere is also a desire in the coal-
ings markel o produce FUDs [tom renewable feed-
storches, I particolar, the preparation of polyals from re-
newalle rw materials is highly desirable o order (o
reduce the dependency on pewolewns-lased vaw mate-
rials and provide sustinable and green solutions to the
coatings indvstry, Polvester polvils based on seed oils
have been developsed fur the coatings industm®* but
braver found limited wse due toa combination of rei-
sos, such as higher cost, lower reactiviny {secondary
hydroxyl groups), poor control of {unctionality {pres-
ence ol highet meolecular weight oligomers), and wolor
{from unsaturalion],

A niews comnposition of nataral oil polvester polyaols
(MOPs] has Deen developed based on a unigque process
iechmology.® The novel (ulvols have good reactivity
{primary hydroagel aroups), controdled fancdonality,
and are water white clear liquids with very low viscosi-
lies at moom temperature They provide eovirommentally
triendly {green) coating formulations that are Lo in
vilatle organic componnd (WOC) emissions, which
leael 10y coratings with superior properties, such as excep.
donal hydeolyic resistance and mechanical properties.

EXPERIMENTAL
Prepolymer Preparation Procedure

Preparation of prepolymers was carried out ina
310k, A-neck round-hottom Hask equipped with an
adelition device, water-cooled] condenser, mechanical
stitrer, thermometer, and nitogen inlet/outlet bes,
Mitropgen purge and an agitation rate of 500 cpm were
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applied throughoul the course of the reaction, An oil
Pratts was used as the heating source o maintain rewc-
tlon temperature. As in a twpical prepolymer prepara-
tivn, prelyester polyvels and dimethvlolpropionic acd
wele added inde the eaction (Mask, followed by the ad-
dition of isocyanate. The polvals, which were added ei-
ther individually or as a blend, were initially heated to
a lempeniinre of 15-207C below the desived reaction
wmperatuie. Lpon completion of the polvol and sol-
vent adeditions, the reaction mizure was healed o the
desiresl temperature {(E0-90°C) with agitalion {200
tpIny. {2nce the theoretical %M00) was reached, the §-
nal product was wanslerred to sample containers under
a milrogen Manlet and used (or the dispersion. The
UL recipe uiilived in this study s summarized in
Table 1. Suitable selvenus for the prepolvimer incude
acetone, methyl ethyl kewone, and the dimetn] ether of
dipropylene glveal.

PUG Synthasis

PLIT s were prepated in a sall scale {300 1) baich
process where the prepolymer was nentralized using a
tertiany amine {eg., iriethy] amine '1LAY a1 93-110%
slsichiometric amount [meles) of the acid used in the
prepolymer. Predetennined amount of water was
slonely added 1o the prepolymer as It was vigorousty
mixed using a special mixer generating high shear
{ 30, 000- 100,000 sec? ), Water was conlinuously added
as the dispersion viscosiy dropped below ~30040 P
(Brooklield Spindle #:1, 50 cpeoe). The dispersion was
then fully chain extended with an amioe ey, ethylene
dimine}, The tinal dispersions had a solids conmtent
~35 wi¥h and nomiber average particle size ~100 nom.

Contact Angle Measurements

Contact angle measiuremenls were performed at
25°C utificing a Kruss T25A 100 Surlace Bree Foergy
Sinion. The insuument had a movable sample stige
and an eight-needle selemor. The Kross software con-
trolled eperaton of the imstament and performed the
clata analysis, The measuremenis were pertorried in
static mode. Lach substrate, containing four coating
samples, was placed on a samnple stage and foor mens-

Table 1—General Rangex of the Recipes Used in PU
Dispersion Synthests

Ratio Males
WEDSUH g wmmpiirae sommi o Racsm s e 14 L7
COMIAH cmmiws sommar oo oo N3-0.5%
COOHSTER oo e o e e s 3.95-1.10
lrae NCOAethylene digmine ... ..., .. £:9-1.05
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Figure 1—Soy monemer chemistry.
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urcment teimnplates with predetined drop positions wers
run, one Tor each of the four coatings, Thregr volumes
were 5 uL and all measuremenis were made two sec-
omds atter drop placement. Once the drop was imagged
il the Taseline way determined, Teft and right conact
angles were computed by the sollware The reported
contact angle is the arithmetic mean of lett and rght
R }]Tlg]t':h'.

Coatings Test Mathods

Pengil lardness of the coating was meisared accord-
ing to ASLIM 1Y 3363 Penduluwm hardness of the coat-
ing was measiner] according to ASTM I 4386 amd re-
ported To Kerdg wrndls Tropact resistance of the coating
was measared according (o ASUM 1y 2794, Abrasion re-
sigtance of the coating was detenmined vsing a Taber
abiader {C5-10 wheels, 1000 & weight, 1000 cycles).
Gloss measurements were performed according to
ASTK T2 523,

Waler resislance of 1the coating was determined by
placing a large drop ot delenized water on the coatings
sinface and covering the drop and observing the visual
eflect o the (Ghn aller 24 br (raiing of 3 = no change ta
coating surface, rating of 3 = whitening of the coating:
suthace, mating of 1 = blistering of the coatings surface].

Acid etch resisbance of the coaling was measured by
placing 50 pL drops of a 10% 1 150 solution alonyg the
length of the panel. The acid drops were e uncovered
ol the coadng [or 5 he (rating of 5 = no change ta
coating surface, rating of 3 = whitening of the coatings
surfice, Tating of 1 = hlisteri ng oof the coatings suclace].

Dynamic Mechanical Analysis

‘The mechanical properlies ol the FUDs were ana-
lyzed uging RSA TIT Dynamic sechanical Analyser Dom
T hiscrwimends, The tests wers carcied ool in tension
geometry. The films tor the test were cast and dried Tor
sewen days befure measurement. The flois were die cut
o awidlh o' 0.5 i The thickoess of Lhe films was he-
tween .4-0.6 mn, The dvnamic experiments were
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for a period of one minute befure
t“.'rli'.}l IMEASTITEETIE .

Atomic Force Microscopy

'The morpholegy of the dried PUD films was probed
using an atormic foree mictoscogry (AT The lapmeing
mole AbFM images were oblained oo a Ligilal
Instruments dultibode, vusing a Nanoscope IV con-
troller. Silicom cantilevers and dps were nsed with a i
resonanee requency of 178 klle "Lhe Up Lo surlace in-
Letaction was Iepulsive. Both height and phase imagges
were collected. Anoarea of 05 pm 2 803 pm o was probed.
The sample was prepared by placing a drop of the PLID
o freshly cleaved mica and drving the sample for a day
before measurement.

Water Uptake Measurements

The FUD films after drving were tested for hydrolsic
stability a4 well ax for the extent of water alisorplion. Lo
measuge the extent of water uptake, a plece of the film
was immersed in deionized water and the weight of the
filony ws recorded before immersion and al regular -
tersals (daily). Lhe percent increase in weiglit was
tecorcded as o measure of water absmomtion. Opdcal -
apes were collecled Lo study e ellect of water uptake
o' the transparency of the clear PUD films,

Differential Scanning Calorimetry

The thermal physical properties ot the polyols wers
characterized using a TA Tistmurments TS 29040
ddocdulaied S0 Samples of 10 mg were cooled to
—100C and warmed at 16 C/min to W009C,

RESULTS AND DISCUSSION

Polvol Chemistry

‘the natural oil polyols (XO's) are prepared in three
reaction stepw from the Gty acid methy] exters
[Frabdls) derived trom sov oil. The IAMLES are fivst hy-
drotormvlated o the aldebnde intermediates and then
hvdrogenated in the second slep o the soy mononers,
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pilyol molecular strucure dilferences

Table 2—ph K Seed (il and Lomparative rather than freen PUTY formulation dilfer-
ences, The caprolactone wind adipare poly-
Bromkfreld . . -
e alsare diols, while the sov polyal possesses
Hidrmey. & 50°0 T, Mp a distribution of {H comtaining species
Polyct il o, Lampanent {epz) (*5) (*€) with an average tunctionality of 1,95, At
o 531 Unawol™ Dol 448 5 — 507, the caprolacione polyvol showed the
Caprolactone 415 Miethylene gheol 208 — 44.4 lowwest viscosity lollowed by the sov polyol
ad'pats e La-Buzanedinl 5P0) -5& 5.2 and the adipate polvol Tad the highest vis-

a5 ghowwen in Fgure 1. The average hwdrowey] Tunclional-
ity of the so¥ monomers is approximately 1.0,

The resulting monomers are then transesterified with
i suitable glycol, Tn this process, polyol roolecular
weighl advances bolth by comdensation of the
monemers wath the alveol inidator and self-condensa-
tien ol the monomers, By contrelling average lunction-
ality of the moncimers and their ratio o the ghyeol ini-
tator both polyol modecular weight and average
funclicmality can be systematically conteolled.
Lurthermworce, the sioucture of the inidator can be ad-
justed to enable desived perlornance charactenistics or
vompilibiling. Prefered glycol inittalors contain reac-
tve primary hydeese] groops, such as 1,6-hexanediol
aned Tnespol™ Diol* Unoxol Diol is a liguid ovelo-
aliphalic. dliol that is an approximately 50:50 mixiure
of 1L3-cvclohexanedimethanol and 1,4-cvclohexa-
neclimethanol” As a vesult of s chemistry, the paoly
ols conlain primary hydrossyt groups and ne unsatura-
tion. The unigue chemizlny enaldles polyol srmcre
design Lo e tuned to meet the diverse application re-
quirements e the coatings indusoy.

Polyot Physical Properties

Lhe phivsical properies of the polyols used tor the
preparation of the PUDs in this sudy are shown in
Table 2. %oy polyol is a transparent colorless liguid (hat
can be easily poured al rowem temperature, A caprolac-
tone polvol with an equivalent weight of 315 was vsed
as one of the contreds. The polwol is a diethylene glycol
{2 ) Initiated caprolactene drased polvester that is a
serliel at room temperature and forms a vansparent col-
orless liquid on melting. The caprolactone polyol has
no distinct T, as determined by differential scanning
valoritelry {TISHC), and only a number of possible mi-
nor transitions [rom -73 70w its melting point,
44427, were abserved. An adipate polyol wilh an
equivalent weight of 56 was also used as a contral,
This adipate polvol is a wansparent colordess Tiguid a
oo emperature that can be easily powred. All the
polyels had similar equivalent weights so that propeny
differences ohserved between the LDy were due o

=rorsnl shal s izl Ladeesel. ] Die Toses Cherrics |5 nmpame
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cosily A commerclally availalble P10,
based on a polyesier polval, was also used
as o comtrol for the studies.,

Contact Angle Resiifts

Contad angle measdiements using water webe car
riedl out to compare the film properties of polyure-
e dispersions based on conventional polyester
polyols to a sey-based polyoll The results of the study
are summanzed in Digwre 2. PL dispersions based an
comventional polyester polyols gave coatings (hat hiagd
contact angles lor water ranging fruom 67 to 73 degrees.
The soy-hased FUD coatings had a significantly higher
{95% conlidence interval} contact angle for waler of 83
degrees. 'Lhis dala indicales thi sy polyol can sigoill-
cantly increase the hydrophobicily and lower the sur-
face energy of PUD roatings relative to convenlional
polyester polvols. Tl 85 degres contact angle is similar
tor ithe value observed for ethvlene-propylene (RPR)
copabymers.® The higher hvdrophobicity and lower sur
face enerpy of sov-based PUDs are expected to Iimprove
the waler resistance and dirt pick-up resistance of the
resulting coalings.

OMA Resufts

Figleve 3 showws the DA results for PLIDs made wilh
diftevent polvols. [he lell axis represents the clastic
moddutus B and the vdght axds shows te lan & values.
Considering the elasuc moduhs, below 00 all PLDs
show a similar trend with modulus in gigapascals asso-
claled with solid-1ike behadorn Ilowever, close 1o GO
the commercial PLL, caprolacione BULD, as well as the
achipate TLITY, show a drop in modolus associated with

Figure 2—Contact angles of PUD Milms.
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Figure 3—DMA est results for PUD Glms.
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sefleniog, The tan & curves retlect a similar trend with
tan § increasing beyvond 5070 The peaks seen in the
tam i ane buoad, suggesting extensive phase mixing in
these PUDs In companson, the elastic modulus re-
mains higlh, up o 10050, lor ihe PUTY mace with sow
by, The tan & shows a small shoulder and the main
peak is seen close fo0 1307 C, which can be atmibuted to
the hard segment undergning glass transition. This re-
sult points to a phase-separated morphology for the
so PLUID with microphase-separated domains, which
may result from immiscibility of soft and hard Blocks,
which leads to favorable properly profiles.

AFM Results

Ty further probe the morphology, AbM images of
the PLID Ll sucfeces wers collected,

Figure 1 shows the AFy images of the surface of
PLITH films, Both height and phase images were Laken
over an area of .25 pm? in tapping mode in air The

Figuro 4 —&FM fmages of PUDS displaying height (top) and phase
[bottom}.

Com
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depiression in heighi is ooly on the ovder of 1 om, sug
gesting a relatively smooth swrlace. 1lowever, the: plase
images shew momphology that is consistenl with the
s data, The commercial TLIT? as well as the PUD
macde from the caprolaclone polvel show considerable
phase mixing, whereas the PUD from sov polyol shows
discrete domains. Analysis of the dominant length scale
in the image gives a value of 42 nim, suggesting well
segregated hard and soft blocks in a honey comls Tike
struciure. This morpbudoggy s known to ghve enhanced
mechanical properties ag well as domakility?

Water Absorption Results

Figure T shows the results of water absorption studies
measured o terms of the increase in film weight over
time. The images 1o the left depict the initial state of
the: lilms hefore they are immersed in water 1L can be
seen that all the [ilms are tnilially dear The images to
the right show the state of the {ilms alter immersion for
a pericd of 10 days, The comnmerdal PUD [ilm and the
LD film based on caprolacione polysl became
opague due to absorprion of waler. The sy polvel
PLITY, on the other hand, retained its clarity, The capio-
lactone polyal PUL Gl alwsorbs water teadily, dou-
bling in weight over the 10-day period. The soy (lyol
PLITY Alm, because of its inheremt hiydrophobic nature,
absorbs less than 109 of i weight inowater, The film
clarity, low water uptake, and enbanced mechanical
prrimprerlies allow the sos-based FUDs to be excellen
candidates {or many coaling applications,

General Coating Properties

The properlies of coatings prepared from the various
PU dispersions are comyprared in Table 3. With the ex-
ception of the commerdal PUD, all the dispersions

Figure »—Waler abserpbion studies for PUD flms.
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Sy LapralBetone Adipate Commesedal
FUD Properties man PLIO FUD FUD
Pandulum hardness {Knnig, sech
fiter 1 day diy 133 @7 20 44
Pendl hardzess [qouge/scratch)
BFtar 1 day diy - HE /58 2H /38 F/SE 2HsnB
Glass [20°/607) 5027038 | BH3AE 61.5/92.1 85,6971
laher ahrasion resistance
Weigat loss fma) aller 1000 oyries 139 5.1 2.4 0.5
TRpact resistance {direct/rowaise)
Gin. } 160,/160 160,160 1a0/150 labME0
Acid Resistance (aftor 7 daypy diye Hme)
10% H8, 5 hows fuRcovered)
[5 = nar offect, 3 = blushing, 1 = blistering} g 1 3 1
N Waier cesisfance [affer 1 day ay Line)
Wates, 1 day {cuvared)
[5 = no effect, 3 - blushing, 1 = lisLering) 5 3 1 1
were MbdP-free The soy-Dased PUTY had exceptional ACKNOWLEDGMENTS

water and add resistance compared o the PULS Trused
on convventional polvester polyols.

‘The sov-lased conling developed excellent water 1e-
sistance atter a dry time of only one diay. The appear-
ance [ploss) and flexibility {impact resislance] ol all the
coalings were gooel. The sov-based coating gave the best
hardness based on Pendulum hardness measurmemenl,
Lt had lovwer pencil handness, The abrasion resistance
ol all the coatings was good, with the sov coating hav-
ing slightly loveer abrasion resislance Bused on these
resul iy, the soy PUTY based on the NOP wechnology can
provide excellent coaling properties for wood, coment,
and plastic substrates.

CONCLUSIONS

Clear, low viscosity aliphatic polyester polyols Trom
renewable malural oil-based monomers provide coat-
ings with ditferentiated perlonmance. Waterbome
nolvurethane dispersions with excelleni siability were
prepared Mrom a soy lsed polyester palvol and its per-
fommance was compared with an adipate-based PUT, a
caprelaciomebased PUTY. and a common comumercial
PUD. The contact argle data supporn the inceased by-
drophobidy of the sov PUD coating. Fundamental ma-
terial science aned micregscopy vesults clearly demeon-
strate phase-separated morphology with micro-phase
separated domains resuldng from immiscibility ol solt
and hard Mocks in the soy PUT, while considerable
phase mizing was observed n the comantional FHIDs
The sov PLTY gave coatings with good hardness while
maintaining good impact resistance. In addition, the
soy PUTY led to significantdy improved water and acid
elch resistance compmared to the conventional FOLDs,

W Coatingstech.ang
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