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Towe- VIO 2K waterfrarse polyurethare ant graffitt coaling has heen dereluoped 1
sadddress ihe indrsirial need for loweador formudations wsing less salvann, The farmudation
pletform methodnlagy hes effectively beer applted 1o eaplove and optimize the film properties
dnit o nuember of forntulation paremees, The effect of isncpanale composition, NOCHOE
vietda, et perientanr of Muorine contert ot anti-sraffin paforstancs hos bacr studied. The
surface and bulk film properdies hame been correlared with the anti-gtaffitt performance. 1t i
fruntd thal the fluoring content at o Wair the coating sutface ard incorporating ehini-a -
ening (PIT Ly dimfrowe barrie properties ave the wmosl important factees for excellent anii-
eraffiti performance. tn addivion, these waterborne coatings Jemonstrate svcellent recoatab]
ity gl chemicel resfstande,

INTRODUCTION

Whether it s viewed as art or awhil, gratfit has been targeted by Lhe
growing arsenal of technology, It is estimaled that the cost of graffit abate-
TENT PIOETAMms funs in excess of $12 billion annually in the (8. alone 12 It
has been reported that fluorinated polymers are the best candidates to give a
coating swrlace with low surface free energy. 1o render hydrophohic and
alenphobic characteristics. In addition, fluorinated polymers excel in dura-
bility and weatherability in comparison with other malerials *4

The development of coatings having ant-graffii performances has been
ongoing for many years in the coatings indusuy. Coatings based on urethane
chemislry remain the prefemed technolugy for permanent anti-graftiti coal-
ings due to the overall il properties, including mechanical properties,
durability, and light stability. Lhe most common appeoach is to make a coae
ing with a very low surface free enerey by incorporating fluora-, perfluora, or
silicone component in the formulation, However, the resulting non-shck sur-

Fresented at tae 35tk Annual International Waterborme, Higl -Solids, and Powder Coatings Symposiom,
Jan, 30-Feb. 1, 2008, in Mew Orcans, LA
*150 Gearge Pallersen Bled., Brisiol, PA 19907,
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face would Tead 1o the problem of recoatalility. Aller
i service lile, the coaling has o be suwipped belore a
new coating is applied.

The graffitt paint containg at least one composition
ul dye and solvenl. Adler the pralTild paint is sprayed or
applied onto the coating surface, the dye and solvent
malecles will tend 1o diffuse or penetrate into the
coating '1he deeper the penetration, the more diflicult
the removal process will be, Therefore, an important de-
sign concept of a good anb-graffit coating is the harrier
properly. For wilethorne polyarethane coalings, the
coating should have high enough crosslinking density
for rewist or guaned agains the swelling and diffusion ol
the grallil paints, especially al e surlace or near the
sutface, Tn addition, since anti-graffitl performance is
more of g anrbace properly, g coaling sutiace muos have
Levw surlace energy to minimize the contact of the graf-
fiti paint. & key to the formulation is to find the right
composilion of the Tuainated pobvol used in order o
balance the lower surface cnergy, cosslinking density,
recoatability, as well oy the cost effectiveness. Tt shonld
also he noted thal the chain siilfness ol the polymer
network strucre plays a very important role in the har-
rier properlies. Lherelore, Incorporading the chain sufi-
ening strucure of [PDT in the polyurcthane networls
will be a new design concept to achieve improved bar
rier praperies fow the ant-pealid peclormance.

Cwrently, the trend in the coatings market is mowv-
ing towares waleshoroe aond Tow-emission “green”
products. o this article, the emphasis on undersiand-
ing the filim propeties that camribute to the anti-grat-
fiti performance in two-component (2K walerhorne
polvureiliane coatings and finding the best method to
characterize these coaling systemns has been addressed.
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In addition. the formulation plattorm methodology
has been applied 1o analyze and optimise the and gral-
Mt performance by using a stalistical desizgn ol experi-
ment (DI approach to deliver a cost-ctfective coat-
ing system.

EXPERIMENTAL
Materials

In 2K walerhome polyurethane coatings, a blend of
a waler dispersible acrylic polyel {Tolvol A} and Moori-
nated acrvlic polvol {Folyol F] s used in the polyol
part, ot Mart A, Both polyols are commerdal products
and used as recelved. The flucrine content in the coat-
ing tormulation can be adjusted Ty the lend ratico of
the acrylic and fAuorinated polyol.

In the isoovanate parl, or Pard §, hydrophilically
modified polyisocranates are used. Hardener b is
haseed on HDT technology, tnimer of hesmmethylene di-
isocyanale (L1}, and lardener Ly s based on both
HIIT andd IFDT, wimer of isophorone diisocranate
(IPE wechnelogy. HEH as o linear stroacture, which
gives a soit and flexible nature to the malecules, thus
the T, of its homopolymer is atound 5620, The inlnoe
ductioon of the cvclohexyl group inlo the siuciure of
LPL signiticantly increases the chain stiffivess or ogid-
itv. The T, of its hemopolymer of 1IPDI s alwoul 73207
ln the formulalions, either | lardener ki with 10 wi%
solvent is used as Hardener § or a blend of Hardener M
and Hardener T al 121 weight rulio is used as | lacdener
2. A Jormuladon example is presented in Appendix A

Regarding the praffiti removal, the representative
testing paints and markers as well as the remrval sys-
werms are Jisted intiable 1 in order Lo evaluate the anti-
gratfiti performance of these waterbome coatings, The
remowal systems are typical brands availalde al big box
home improvement retall siores and used with tools
such as cotton pad, sponge, or brush to clean the coat-
ing surlace.

[ shiould be noled thal good anti-graftiti pecform-
ance is more complicated due to the large variery of
choiees in paines and permanent markers widh dillerent

Table 1—List of Testing Graffiti Pz

anc Markers as

wietl as Bemova ams

sFermanent Sharpie Marker = Gratfit removal agent
- Blue. ted, black, silver - Mulsenbackers Liftoff 43
metallic - Mntzenhackers LifLofl #4
®[Iry eruse marker - Motsenbocker's liftaff #5
- Green, blug, brown - Kleanalrip brand of graffiti remowvar
# Blup spray paint
wiveen enamel paint
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Table 2—D0E Design for 2K Waterborme Folyurethane

Anti-Graffiti Coatings

Sample # Pulyol A Falyi F Isacyanate Type HCD,/TH
L F 2 ad A0 Hardeacr L 1.0
P et s a0 20 Harde=or 1 1.50
L 100 ] Harcencr 1 1.5
Taé ..., ] L) Hardener 1 2R
185 ..., .. B0 20 Hardener 1 2,30
186 .. ... un 14an il Hardener 1 £l
e B A0 Hardener & L.a0
M e L 20 Haidenar 2 1.50
ire ..., 100 i] Hardenar 2 1.5
17 ..., &0 40 Hardenar 2 250
174 ... ... Al M Hardanaer 2 280
176 ..., ... 104 [ Hardane 7 2,60

chemical compositions. o addition, selecting the
proper graffitl cemonval agent is eracial to reach & good
resull fe, Liftodl #3 for latex paints; Tiftoff #4 for
spray paints; Tiftoff 5 for markers; KleanSimip Brand of
graftitl remever Iy WM. Barr & Co,, Inc s 2 mone ag-
gressive remnoval ageni). In some cases, a combination
of two removal syatems is found necessiary o be able to
reach total surface cleaning.

Dynamic Mechanical Analysis

Drenamic mechanical analysis of the waterbome
coatings was performed on g TA Instiuments DMA (-
00, The film samples were analyzed in tensicn at 1.0
11z and 0.2% strain over a temperature range of 300C
and 16090 a1 ramp rate of 3%C/min.

Instrumented Indentation Method

The mechanical peoperties of the coatings were also
studied by the micro-indentalion method. The hard-
ness of the waterborne coatings, or Manens hardness
Had, was measured on a Fischerscope HMM2000 by
Fischer Technology, Inc.™ Uhe indenter is a square dia-
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Scheme 1—Loadfindanlation desth plot?
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niond pyramid indenter with an opening angle of
1367, The walerbrorne coating was applied on an iron-
phesphiated steel panegl and cured in s Conoolied
Temperiore and Controlled Humidite (CICH) room
{75"T and 5M% RH), All indenalion measurements
were conducted al the coating surface where the (1m
thickrwss 1y 2.5 mils.

‘The est condition in this study is performed as tol-
lemrs: the normal test load inceesses at constant spreed
liy reacl 30 mN owver 4 20 sec period of time, and holds
thereafier at 50 m lor ¥ sec to allow the coating to
creep. Subsecuently, the lowd is released at the same
rate as in the loading oycle. Lhe result generates a lovad
ancl indentagion deph plot as shown in Scheme 1. 1L s
tllusirated 1that during the loading stage the indenta-
tion depih reaches | at the maximum load. Al the
creep stage, the Indentation depth increases A, w i,
Alter unloading the [mne, the residual indentation
depth is au by, Mantens hardness HM ol the coating is
determined froim the plot during the loading stage.

Coating Formulation Design

Based vn the previous siudies. it was (ound that
using acrvlic polvols with hydreophilic pelylsocyaonates
resnlied in film with excellent hardoess and crosslink-
ing " 1L was also found that the fluorinaced aovlic
polyvel has lower reactivity towards hydrophilic poly-
isccvanates, especially Hardener 1y thal contains 1PLY)
In addition, using above 30wt blend o of Polvel
T in Polyol A cesnlts in poor Gl formation and phase
separation ooours ® Therefore, the Bend ratio between
0 and 44 wids of Polyol F in Polyol A bas been selected
in the design at three levels including the midpaing at
0, 20, 40wt Obwionsly, the enrichment of fluori-
nated moiedes at the surfice or near the surface can be
adjusted by the amount of Polyel T used for the needy
of anti-gratfid performance,

M1 the polyisocyanale side, two tpes of bydrophilic
polyisncyanates are wsed: Mardener 1, which is HTOIT-
hased polvisocyanate, and ardener 2, which incorpe-
rates, Toh HDT apd 1101 The third Geor inthe coat-
ing design, the NCOSOLL Index ratio tn the
formulation, is sindied at two levels, 1.5 and 2.5.

Theretore, using the full factorial design, the design
ot a ol of 12 experiments is listed In fable 2. TMP 7.0
software tom SAS Tnstitute lnc. wias used 1o analyze
the anti-graffitl perlommmee of the coutings,

RESULTS AND DISCUSSION

Tirst. the film properties of these walerharne coat-
ings were evaluated after curing at CTCIL room. LU was
found that the coatings studied in s formulation
ramge result in films having:
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High gloss: = 84 @ &0

Facellent MUK doulde mub test [Eday]: 200+
withont fluorinated polyvol; 3004 after incorpo-
rating Muorinated polyol

{3)
()

Cood N hardness: = 200 sec {7 day Persoz)

Cood dey timme: Taclk-tree ~ 3 Tu; Dny-through 8 ~
14 br

{7} Pot life: - 6 hr

The unti-graffit performance of these waterhorne
coatings alter seven-clay cure §s then evaluated by ap-
piving the grailici und leaving for one day before the re-
meoval system i3 used. The ratings tor the ol seven
paints or marlers are recorded andd listed in table 3
with 1 equaling no removal and 5 representing total re-
mowal, Plus, an average rating is caloutawed.

Using |8l 7.0 sodbtweare and s Prediction Protiler,
an understanding of how changes in the (hree factors
alfect the and-grafiit performance is shown in Fige 1.
The analysis suprests that:

{1} Tuorine conent in the coating formulalion has
the greatest impact on the anti-graffid performance w-
walds all graffiti paints with increasing fluonne concen-
tration, resulling in improved anti-grallin perlormance.

{2} incorporating IPLYL in the HDT-based polyise-
cvanate {Hardener 27 will improve anli-graffid per-
formance towards every 1esting gratfiti excepl the black
Slhurpie.

(3] Yior e case of the blue Sharpie and Dloe spray
paint, increasing the ~COYOH ratio does not improve
the anti gralfitt performance; while for black Sharpie
and green spray paint, higher NCO/OH catio slightly
Favors the anti-gratfiu performance, Cherall, however,
higher index does not impreve anti-gratfiti perform-
ance as indicated by the average ratings (or all seven
Lesting gratfiti,

ltegarding the fluorinated component in the formu-
lation. due Lo the
very lony surface
ftee energy, fluo-
rinated polvols

Table 3—=rvaluztions of Waterborme Coatings on ARti-Gradfiti Per

Technology Today

Figure 1—DIE statistical analysis on arti-grafftl perfarmance.
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of the fluorine in the formulation.® Therelore, the
maoddel indicates that the higher Miorine content at the
suclace or near the surface, the betler the msi-gratfit
performance ¢f the fonmilation,

The seemingly swprsing analysis an the factor of
NCOYOLL ratio suggesis that a large excess amaoumnt of
pulyvisocyanate does not {faver anti-groftiti performarne.

. Blue Red BElack Silwer atallic Gre=n Graen Blue
tend 10 IHErate Sample § Sharpe Sharple Shiarple Sharpie Erasey Fairt Paint Avarage
L the surface -
dugine 4ilm fos- 17 U .4 5 5 5 5 4 4 4,57
VINE 1 162 ..o, 4 5 4.5 g 5 4 3 436
mation, An ZPS 163 v, 3 4 4 5 5 z 2 157
study reveals that 164 . . SERaEEE 4.5 5 b 5 5 5 4.5 488
the disnibution 165, casamis v e oo 4 5 ] 5 5 &5 i .2
of Muering aforms R 3 & & 5 5 FA 3 4,100
at the coaling, L[ I 5 3 b 5 5 5 5 500
S-l_'lrfﬂ’:ﬁ Ol TIear 171 | cowsireeaG 5 9 4.4 q L} & 4 46T
ear . . ; ; 3,49
the surface is lin- R R 3 4.5 4 ] ] 2 3 .
e I : ; ; 5 : 5 4 47
car with Lhe W, " 5 5 5 5 4 471
weight fraction T 4 5 7 5 5 2 z .0
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Figure 2—0MA studies on the watetborne coatings after seven-day
Cure,
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Ume possible explanation ix that a large excess amaoumt
of polyisocyanate does 1ot parLicipaie in the initial
crosslinking networlk fuormation doe to the bow reaciv-
ity between fluorinated Polyol T and hydrophilic poly-
imocyanates, As a vesult, these polyisocyanate colloidal
patticles stay in the crosslinking morphology during
the film formation and are eventually partly consumeil
bry rreodsture o fomm urea. Therelore, o Targe excess
amounl of polyistcyanate is not favored [or early anti-
pxaffiti pedormance.

Besides these two factors, the siudies on the bulk
and surtace properties of these waterborne coatings by
A and insoumented indentaiton methods provide
{urther siractural and morphelogical evidence an the
crosslinking and viscoelastic properties of these water-
by coatings.

The bulk prroperties of film rosslinking density are
smichied by DA Lhe representative results that include
all {our sanples comaiming 10 wits Polvol Faller seven-
day ouce ave shovwen i Figure 2, The storage modulus T
and] glass transition tem perature as well a5 the crosslink-
ing density wof the coatings are caleulated and lisied in
Thble 4,

‘Lhe crosslinking density is calculated (rom the slor-
agre: mioculus B at emperature T = Tﬁ + 507C where the
material is in the mubbery plateau region using the fol-
lowing equation based on the classical rubber elasticy
theany:

Table 4—0oMi Results on Waterharne Coatings After

Seven-lay Core

Storage Amaunt E

Crosslinking Density u,

Sample § @ 30°C {MFa) T, (=€) {melfem®
G, L] BE b4 E-4
164 ..o .o G613 RE.4 %46 [-4
10 s wnmaneas. ] B 4.1% F-4
I TG 0&_ & 520 E-4
! bz 2008

v.= E{3RT

where v, Is the moles of elasiically effective crosslink
chains per cm? of the coating®

The results in Table 4 show that using HDT-based
Hardener 1 [Sample 161 and #164) ghes a coating
with higher crosslinking densivy bt a lower storage
modhalus and glass transitici emperatume, while using
the IPTFC-conaining Hardener 2 [Samiple #1170 and
#173) resulls in coadngs bavang higher storage moduolus
and glass wansition temperalure, b lower mosslinking
density and a relatively broader molecular weight disiri-
butbon in the networs strocure, indicated by e hall
peals width of the tan & resulis. The lower qosslinking
density of the coatings incorporating P11 dees mot give
a delinile explanation o the THOE analysis as | lardener 2
delivers better ant-grallic perlommance,

The film properties are [urther stndied by the micro-
indentation method, and the Martens hardness resaley
are listed In Tidde 5 andd compared with Persoz hardness
of the coatings atter one-day and seven-day cure. Both
harelress values show similar trends as Glm hardness
develops. |owever, Persiovs hardness measures the
damping time ol an oscillating pendulum on the coat-
ing surface; while the micro-indentation medhod vses
an indenter Lo prelwe hoth elastic and plastic delorma-
tion behaviors of the coalinegs.

More importantly, the load/indentation depth plot
shoree distinetive advantage to interprel the mechanical
properties ol e coatings. The results of four represen-
tative samples [Samples #1063, #1064, £170, £173) after
one-diy and seven-day cure are shown In Figies 3 and
1. Lach of these vwo sampsles (#163 and #1641 versus
#170 anul #173) is selected to demansirale the tange of
indentation depth for Hardener 1 and 1 lardener 2, re-
spectively,

Tabl.e b—Martens Hardness HM and Persns

gs Afler (ne-Day

18 Persnz 10 HM 7D Persnz 7D HM
Sample ¢ (sex) _ (H/mm?) (sec) (Nfmm?)
161 psmisee vt 156 28,4 TR 1136
162 v e o 171 A5.7 28 15,2
185 caeilae 15 474 bl 100.5
T T a9 Té 2R3 1114
165 csoiesions v ] 14,0 789 117.1
TEE e 18/ A2.4 2063 171.6
170 gacew o o 230 £2.9 27h 1336
I 226 ik, 2 264 130.9
172 L. 17y 8.8 3B 125.7
R i1 A 206 1326
I £37 £3.2 303 1422
TS o eieiaie g a0.4 2H1 1448
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Figure 3—Loadfindentation depth olot for coatings aller one-day cure
{sequence Trom left to 7ight, #4170, 4163, #173, ¥164).
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The plois of the sgquare voot of the test load versus
indemtaticn depih during the loading stage {Tigures 3
and 47 have shown an advantage [or stadving the solid-
ilication ol the walethorne coatings as we consider the
rclationship

Hir-— =¥ {1}
AR 2643k

We can rewrite this as

RSN S (2)
TpdS e T

For homogeneous malerfaly, the haredness will Te a
constant and now dependent on the applied Lest Ioad.
The abwwve Torrouls can then be expressed in tenms of 2
constant slope tactor "y

P G)
20,43 = HA
W can then TewTite
h— ...","rr.rJr AF (2)

Therefore, any changes in the slope of the indenta-
tot deph versus souare root of load plot during the
ipading stage indicate an inhiminogeneily in the mate-
rinl umdler test, ™ Tor coatings using | 1L¥1-based
Uardenet 1 {# 163 and #164), the curves of one-day
cure as shown in Figirre 3 ace [ar feom linear, indicadng
thal the: (ilm is still st and curing is not complete at
the surface and theoughout the flm. Using the IPOT
rontaining Hardener 2 (#1700 and #173), on the other
hand, the curves ol ooe-day cute are relatvely more Tin-
ear indicating the nature of pliysical drying by incorpo
raling the Trigher T, compoment of TPTHT.

Alter seven-day cure shown in Figure 4, as the
crosslinking density increases and medolos Builds up,
the coabings hecome mere resistant to penetration. ‘Lhe
indentation deph i, decreases significantly, In addi-
tion, all the curves show better linearity, suggesting that

Ww, Coatingstech. org
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Figure 4—Eoadfindentation deplh plet for coatings after sewen-tay
cure {sequence from left to right, #173, #170, §164, #1632).
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the coatings reach sulficient cure and result in homaoge-
neous solid films.

Tf we ool inte the indentation depuh of the coatings
aller seven-tlay cure at each stage of the indentation test
as listed In Tuble 6, we van lind systematically that in-
corporating [FDT lowers the indenlation depth after the
cerating resches sufficient crosslinking, '1he reason for
that is 1°D L increases the stilfness of the network
chaing and thus increases the glass Wansition tempea-
L ol the coatings, giving rise to a higher degree of Te-
sistance and elastic response [or the coatings.

The micro-indentation method cdealy demons rates
the difference belwesn the two havdener systems, which
lrelps imterpret wlhiy | lardener 2 hays beter anti-graffit
perfiormance than that of Hardener 1. Onee the coad-
ings reach a ceriain degree of crosslinldng density, the
stitf chain network stoucture becomes more fmportant
thran the molecelar weight disoibution in the crosslink-
ing morphology, as i significantly slows down the dif-
fusion of the dye and solvent molecdles. As a result, n-
corpurraiing [FDT in HDT-hased polyisocyanate
enhances the barrier properties of these waterbome
cotings for and-grattit performance.

1sing ihe: hlending approach on both polvols and
liydrophilic polyvisocyanates, the resulting coatings have
the advantage of mecting the anti-gralfit performance
witly excellent barrier propertics at lower fluorine con-
tent, thus sutticient [or recoatability. It #s found that all
the fonmulations in the design have a wide recoatability

Table 6

Tndentation Depth at Each Stage

uf the Micrg-Trdentation Test for Coatings &

Sever-Day Cure

Jampled L ..eiaaiiaaia i, 4, Hn

L e e ey 4.13 0.37 288

104 civerivmiass sumims s - 3.%3 D.2a Z.40

170 3.53 0.&1 Z 17

S 3.58 0E1 214
Mlay 2008 71



window, confiomed by the excelient results inthe
adhiesion lesl.

Based upan the above siadies, it is detenmined that a
fonmulation using 40 wid Polyol Fin Polyol A with
Hardener 2 containing IPDT at NCO/OLL ratio at 1,548
delivers the best anti-graffin performance, The apti-gral-
firl performance ol this formulinion is validated and
demonstrated in Appendix B [n the first Shirple
miarker test, a white primer was applied onto a stecl
panel belore three layers of antl-graftit polyurettane
coatings were draw down al a wel [m thickness ol &
mily, The time span between each layer is one day. The
coating was el cure ar ambient conditions for two
weeks, Then the Sharpie roarker and dry erasers were
applied and left for one day. Alter using Lhe removal
syabetns, Lalal remnoval is seen 1o be achieved.

In the secomd wst, on an epoxy primed concrets
board, two lavers of anLi graflith coalings bave Deen
brushed in a time span of around 6 b Lhe coating
wars et rure at arnbient conditions for one week, Then
sprav painls were applied and left for one day. Spongs
or brush was used with the remowal sysiem (o achieve
easy cleaning,

CONCLUSEONS

Using the instrumented indentation method, the
evalualion of elastic and plastic deformation behaviory
of the coatings help interprel the amiear properties. 1L s
foumd that incorporating proper amounts of LIPLFL in
LI bised] hydrophilic polyisocranate increases the
stiftiiess of the network siruclure, thus improving the
barmier properties of the coatings ence the coating
reschies sullicient crosslinking, Since the mioo-indenta-
tion test is also recarded as a nondesimuctive metlod
andl antomation capable, it could be an ideal cholee for
the work Mow in the formulation development,

Lhe formulation paiform methodology has been ef-
fectively used in the development of & 2K walerborne

palyueethane anti-grallit cosling lo achieve gocellent
anti-graffiv perfonmance below 100 g/L. IUis found that
the tluorine content in the formulaton and the barrier
properties ate the key factors o anti-graffin perform-
ance. Llsing DOLE desigin, an opliondced fommalagion is
obtained to achieve the filin properties necessary lor
the anti-graftiti performance at low VOC, [n addition,
thiese walethorne coatings demoosimte excellent re-
coatahilily.
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APPENDIX A
Farmidations for 28 Walerborme Polytirathane AnelGraffi Coatfings

APPENDIX B
Graffitt Removal

Inqqredients e Formulakion & Farmulation B _ _
Frlyel & 17.38 2443
Polyal F 17.04 25,24 | | r i
Eastman EEP T A7 o |
Water 20,05 17.09
Defoemer naz a2
Surface Additive & 0.4 .55
Surface Additive B 0.2 .21
Hardenar D 13.840
Hardener # 30,35 13.89
kastman EEF 3043 —
Tatal 100,00 108, 00
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