1% 5 METHOD OF PRODUCI NG WEAR- RESI STANT TRAFFI C MARKI NG

AND TRAFFI C PAI NT USED THEREI N Field of
the I nvention This invention generally relates to a nethod
of producing traffic 10 markings on roadysurfaces and nore particularly to
produci ng wear resistant traffic markings on road surfaces.

Background of the Invention ' White and yell ow traffic markings
used fors demarcating traffic lanes is a comon sight on al nost al

roads. These narkings ensure safe driving 15 conditions under varying
weat her condiMETHODIOF PRODUCING WEAR-RESISTANTTRAFFIO MARKINGhways,

airport runways, exit anwmmpmqfs DAPAREEN si de wal ks
or parking lots for vehicles, such as, autos, %I kes, trucks, and the .

roads are usually paved with as , veit@dn O fromconcrete,
general ly made from Portl an égr?ef\r?tﬁgq?he mg‘}%ri ty of these traffic

mar ki ngs, such as, This irsehntion genaralyerelates to amhethodpf prodicing taffiar e

pai nt - hased argptradi t%@ng#ﬁy iqr:}g{{ude . sol.vent-borne binders, which are _

pr edonitPantPHTHPES 4R reRAY SEHRESS 3t B9Tre B larly to prodpcing wear ssistantioveyer |

since the s _ er wat er bor ne traffic paints have
%e ' xﬁﬁﬂhh@é‘ﬁﬁ%ﬁ% k¥rfaddst

al so been ese waterborne traffic paints are primrily based on
acrylic emul sions and producecBdekgréoundlofitheduventidn eni ssi ons than 25
traditional solveni-hased traffic paints, ' However,. t hese

conventional wat er BeRtfeand Fellew traffig maykingsitped fopdemarcatingstrafiicdpnes is
[e3| stant th }nﬁx%ﬁcyiéﬁtoﬁ?hhﬂéiya‘fl Hﬁag.d Thedd LA&%%&&#@?& PREzEI to.
raffic condrtions, Such as, wear and tear resulting Irorm exposute to

vehi cull® conditiomafdnder vEigirigeweathien torditiofis. aThe témd foadstgétedallg ndéans
resistance of the traffic 30 markings to detaching fromthe road surface
when the neioRtefy highweays, aiporiorunyeays, exit andrentry ramps,masses, Ravementsy

degr adat i o, | |.S.: @XDr r e area
CpoL A haad PRINES! %%’?‘i‘:‘%&g?‘?eﬁ ‘{ei?@en%isﬁ?ﬁggb%??%’zﬁ}%%&r‘%ﬁ%f afghRee @ 08
i ts ext endetadx peeuseallyppavedwithaisphalt; #0604, mets or ffonh dasndrety) gbrerallyt hat

substantial portiong of conventional waterborne traffic markings_ tend to
wear made from Portland cement. The majority of these traffic markings, such as,

20  solid, transverse or interrupted stripes, are paint-based and traditionally include
solvent-borne binders, which are predominantly alkyds and chlorinated rubber-
modified alkyds. However, since the 1980s environmentally safer waterborne
traffic paints have also been used. These waterborne traffic paints are primarily
based on acrylic emulsions and produce dramatically lqvw;er VOC emissions than

25 traditional solvent-based traffic paints.

However, these conventional waterborne traffic markings tend to be
less wear resistant than traditional alkyd based traffic paints when exposed to
traffic conditions, such as, wear and tear resulting from exposure to vehicular
traffic. The term wear resistance means the degree of resistance of the traffic

30 markings to detaching from the road surface when the marking is exposed to the
traffic conditions and to UV degradation. The wear resistance is expressed as the
percentage area of a film of traffic marking still remaining on the road surface
after its extended exposure to such traffic conditions. It has been found that

substantial portions of conventional waterborne traffic markings tend to wear



2~ 5 away in less than a few nonths after exposure to such accel erated

traffic condi ti ons. Attenpts have been nmade to sol ve
t he problem of the excessive traffic mar ki ng wear. For exanpl e,
Clinnin et al. inthe U S. Patent No. 340, 870 describe a fast dry

wear resistant traffic nmarking paint corfaining a hydrophobic 10 pol yner
enul sion polymerized in the presence of a water-soluble support

pal yner gt Ngyal $n RYSWERRIZ RS foft LafiB O i 008}kl Bt acid,
styr ene agn% sgbstltut ed s?tgi?ene no orr%r s%%;cgfagr ag*y é|ln eq%al
proportlonsondﬁnenstf the probl ens associated with such a styrene based

traffic paint is t It end degrade over tine when exposed W
radiation from su ttﬁﬁ’tpt‘F aY?E?ehmaﬁets solyg the prokiem ofphe exsessvetraflicngs.
Thus, a neﬁﬂu‘ﬁé ?’Insei 1?8{ P%EI?J{J' g P tent&@& %tSM'M]g
|nproved wear I'stance u typlc e condi 1 ons.

St at enent  désdrile 4 fasediy &ear re81stant traffic markéngp£ine Bontaiviagtd Rydrophéebicect ed
to a nmethod of producing a wea resistant traffic_marking on a road

surfacdl t pelymanssauisinnpel mglzeém the presence of %Wpt%l’rﬁ?éubiﬁ supportoad surface

a |layer of B A4S es ohyner

pol yneri 2e8°PFom A ?rgsn%&ng’ 3#0213?%9% xl‘m&gu?g gfg?g‘nsggre&e from
80 per cent ahd s@Bstituyted @%&bne @idndxﬂer‘éepx@ﬁram?fﬁ%&ftﬁggﬁoﬂ&ﬁﬁﬂs OQOne of the0l yrer
solids, of one or nore hydr gﬁhObl C nononers; drying the

| ayer to f®Fohlems Wahedﬁ gHeh astyrene haae&tm@@namwﬂga it teywds tour f ace.
One of the t age, .of e_net ho ent enti on that it
e daces 't BRI REF ritle Wilen BEbORA OV iR B R pin MR 1 RBiI, Docur e ¢
W 1571 adkﬁénéﬁteﬁmﬁm mmtmﬁ%sel Thiy i £6dd stilP¥Pi8td PP asHateybirnafitiaffic
mar ki ngs. scription of the Preferred Enbodi ment 30

As used hepaint:having improved wearrpgistanse’ undsamlaalcmﬁsrcgedmoml ubi li zed or
a sequential polyner, "Di spersed

ned be
pol yner" neans particles of p%# %)PFB*‘%&PVﬁnfﬁo?per sed and
stabilized in an aﬂ&@?ﬁb”seﬁ?ﬁiﬁéﬁhoﬁ@s d1rectedto ameﬂﬁﬂl dfPrbdd@Hg BRbedrer

I ncl udes "Water sol ub ol yrer reduci bl'e polyrmer” or a
m xt ure t heesistiant Wwafbe markutg en pabgzdmurfaearthe method comprising:
20 applying on the road surface a layer of an aqueous traffic paint, which

comprises a polymer polymerized from a monomer mixture that includes in the
range of from 80 percent to 99.9 percent, all in weight percentages based on
polymer solids, of one or more hydrophobic monomers; and

drying the layer to form the wear resistant traffic marking on said

25 road surface.

One of the advantage of the method of the present invention is that it
produces traffic markings, that are wear-resistant even under exposure to UV
radiation from sun, which is typically experienced by traffic markings.

Description of the Preferred Embodiment
30 As used herein:

“Polymer” means a dispersed, solubilized or a sequential polymer,
defined below. _

"Dispersed polymer" means particles of polymer colloidally dispersed
and stabilized in an aqueous medium.

35 "Solubilized polymer" includes "Water soluble polymer", "Water

reducible polymer" or a mixture thereof. Water soluble polymer means a



5 polynmer dissolved in an aqueous nedium Wter reducible polynmer nmeans a
pol ymer dissolved in water and a water m sci bl e organic solvent, such as,
met hanol , ethanol and glycol ethers. Solubilized polymer results in a

pol yrner sol ution characterized by ving the sel f-crowdi ng constant
(K) of the Mooney equation [1/In[err] = 1/BC - K/ 2.5] equal to zero.
By contrast, dispersed polyner 10 has (K) equal to 1.9. The details of
Money 5q Uﬁélyﬁiér digsolieddh Pl idousd inatitiht: | Water redabibld psl§merlhyédrisod
Characterization of Water Di spersed and Sol uble Acrylic Pol yners by
Brendl ey epolsmer digsolwedripovater and aoaatarngscmomq spiventosudsas

publ I shed b Pl enu Pre on and, . Pr ane.

" Sequent i a f)tb‘ﬂﬁie g?gdﬁg'rca%g °13gM9ﬁ8 ‘EH"BPH&FWPB%’“‘H sper sed
and stabi | énﬂﬁﬁiob RhafacBiRA Sy HRANEThb 3XIfRgowding cBhstaak kaﬂHéqueaﬂey

"Tg of a polyner"” is a neasure of the hardness and nelt flow of

pol yner . Teguatighbylnnpel g/B(E h&/2.6b equalito|zerd By hentrast; diSpersedmblymﬂ har der
wll - be the coati nga g i.s described in Princi pI es_ of Pol yner,
Chem s19y bae@ﬁ)em@értﬁé Th ede&gﬁlﬁw@l\@qqnfymegeonvne disglosedhiman getiglel | v

Phyai co. soeatitiod “BholedtCrltBietisaRin SRWaG Plipaia hd SiubR Bl 17
actual ly np gh b‘ﬁBbl@@dley et al.,, in "Nonpollutigg cmdge&mremm BfocelesTg of a
pol ynmer, difrerential scanning cal orinetr DSC) can be used. To
nmeasur e t hpuliished by Blepgm PE@SSO&IWQﬁbdedltedbml pn andfragevere dried,
preheated to 120][ e L£00l ed_t

prahest o Lo L0l G B AR o BB SR, 15 =

The Tgwlas dfé%@?ééﬁ%@étabh&é&hﬂ laalarafueeas hrihR Haehgd 8 RorgsHH bfpRiAbdy. hei ght
met hod nber” average nol ecul ar wei ght" neans the

nunber average  “Tgndl Iaemlmr’Vwagmaﬂme@f i¥he bdﬂb}esg andpoeltflont ofithe

Chay act or | DU CyBeHOEDFE s Dehe drar o pe the it g A e HapgsB gl "
Phi | adel php@a th&esHifg. g% WebdHbA B Pﬁhézble%'dfg’olymer @Bé;umylmbs@ﬁm@ﬁélyl ate

as the standard. The C nunber average nol ecular I ght can be
esti mat ed Bipiversity|PressigThe Tgean berachally mﬁas'am thembalcalculated@Sght I n

oot dengthecry pnih bl iine, B o poes faf OB i ahdned
gram; . hgfe\{hp,eeqle,gxotagﬁlélgtﬁgagwearvamgnt of chain transfer agent used
uring the

For the measurement of the Tg of a polymer, differential scanning
calorimetry (DSC) can be used. To measure the Tg by the DSC method, the
polymer samples were dried, preheated to 120°C., rapidly cooled to -100° C, and

25 then heated to 150° C, at a rate of 20°C/minute while data was being collected.
The Tg was measured at the midpoint of the inflection using the half-height
method.

"GPC number average molecular weight" means the number average
molecular weight determined by gel permeation chromatography (GPC) which is

30 described on page 4, Chapter I of The Characterization of Polymers published by
Rohm and Haas Company, Philadelphia, Pennsylvania in 1976, utilizing
polymethyl methacrylate as the standard. The GPC number average molecular
weight can be estimated by calculating a theory number average molecular
weight. In systems containing chain transfer agents, the theory number average

35 molecular weight is simply the total weight of polymerizable monomer in grams

divided by the total molar amount of chain transfer agent used during the



4 5 polynerization. Estimating the nolecul ar wei ght of an enul sion

pol ymer systemthat does not contain a chain transfer agent is nore
conpl ex. 'A cruder estimate can be obtai ned by taking the total weight
of polymerizabl e nononer in grans and dividing that quantity by the
prioduct of the nolar anmount of an iMitiator multiplied by an

efficiency factor (in our persulfate initiated systens, 10 we have used a

factor pof ' I . . t ' | '

o coutar BOVERFZEEbE, Jostintdtind WIS HElecklroitBhi APa B MBA BuISERE ¢ o1
2nd G%yﬁéﬁ&habﬂo@@ét%nﬁihaﬂhﬂb i dadek dpent dhmoYé beyiphaxd ASanslerN. Y. ,
N. Y. in 1981 and in Enul sion Polynerization edited by Irja Pirm

publ i shed estimatejean ke obtaingd bigtaking the totalweight pfgolymeriZable monomepgn /ey

particle size" neans .tbthe di aneter.. o e_po rty.cl asured by
using a Br me&ﬁ%&é&g fg\a?%‘aﬁﬁ?% f’%ﬁge g?"zdel%ggﬁg%aﬁné%gbﬁ ount Ofgggokhaven

| NSt unent §iGatdahattiglied biPhk SHididy fHewr oY dur péislifateTRiteited aystems,

quasi -el astic light scattering technique to neasure the size of the polyner
par t i cl®s. wehaventsedsi fagtopfof approximately 0y iFurtheninfarmatiosf optheoreficalsi ze. -

The 20 dianeter based.on ap.intensity. welhghted avera | s used. This

t echni que P?fe ar §& icglgapthn&?&&b ¥f°%‘,‘dg’é6§%"%’%¥-g%‘il? P %l%ﬁelezggortégg and
Abuses of EletodNhy Geor§ODUMRPHIISHAYH JAHSE Wiley! dhdSdrs, N.¥., ¥\ Ao 1981 Vi ner
et al. in 1987 edition of American Chem cal Soci ety Sy;po& um series.

To measur eabéén BamglstnePolymeridution edited by IrjadPidma puhlished by Acadamie of
acrylic po meva\gs | utiéj o atotal of 25 40 mlIliliters (nmLs) with
distilled Wat%r R H ?)%rtion was delivered into an acrylic cell,

whi ch y@s then cappggmeHfarbitleldife" GnSdrklthe HiBRRAEIHThE pBner partitRasur ed

for 1000 cycles. The“neasurement was repeated three tifes and an
aver age wameaspred bylusing a Brookhaven Mddeb Bl126r PansicdlelSizensappliediby pol yner in

its d tate. .30 " th AR "o d l. at d
et hact y! abgookhaven Instrumentd Cppedeafinbooltamanite™ had otith SHBHEE havi ng a
Hansch 11 ﬁﬁ!aéi‘?elﬁéﬁc '6hta§ﬁ£te I If:l‘?x\lligue to measure thei si%b'ﬁﬂﬂfé%lﬂﬁg@r mononer "

nmeans a noroner havi n nsc | ue of ess than 2 35
The first pheticled. The imenkityl obthe svatierivigesacfinetibn of perticlesizeh&her esent

it rméfe P ;[ '38 i gaxgétgg %taggd ;[Jl'? aggg{:eﬂs?t% vgggﬁtehogxa%rggé Isat;:seed?1 ’Illgg%ch%tht?enisaq ueous
described in Chapter 3, pages 48-61, entitled Uses and Abuses of Photon
Correlation Spectroscopy in Particle Sizing by Weiner et al. in 1987 edition of
American Chemical Society Symposium series. To measure the particle
diameter, 0.1 to 0.2 grams of a sample of acrylic polymer was diluted to a total of
25 40 milliliters (mLs) with distilled water. A two mLs portion was delivered into
an acrylic cell, which was then capped. The particle size in nanometers was
measured for 1000 cycles. The measurement was repeated three times and an
average was reported.
“Polymer solids" means the polymer in its dry state.
30 "(meth)acrylate” includes acrylate and methacrylate.
“Hydrophobic monomer” means a monomer having a Hansch IT value of
2.2 or more.
“Hydrophilic monomer” means a monomer having a Hansch IT value of
less than 2.2.
35 The first step of the method of the preferred embodiment of the present

invention is directed to applying on a road surface a layer of an aqueous traffic



5 5 paint. The layer of the coating conposition nmay be applied by the
nmet hods wel | known in the art, such as, for exanple, by spraying the
conpositibn on the road surface by conventional nmeans, such as, truck
nount ed spray gun(s) where the paint is supplied froman air

pressuri zed tank or by neans of an airle$s punp, or by neans of plural
conponent sprays. |If desired, the traffic paint may be hand 10 applied by

nmeans of_ a pai tmﬁr sh, ueegee or a paint roller. |f desired, the

road su aﬁ% ?anemi the geating comppositionmay he apnlied hyathe methoglsrelkbd,
may be f [ . di Lt or L. ren ri to
thg appl i cal%tlft'l(;ﬁr%]}él gffh&éﬁc, ﬁgpé%gﬁﬁéa%é%g%% {hel%ogx $%| é%%éghgfoﬁ e

| ayer of t herfapedyudnientibngl meany, such as,3eaek Alolyite@Epray guntNwitdle the
m cronmeters to 3000 nmicroneters, preferably from350 15 microneters to

1000 ni cr ongaiBt is supplied from an air pressusized hank ox by ofeanseof aptdiddsopumpeor
present inw i i ryi ng the | a to,fogrmt weay resistan
traffic mrﬁ{r?ge.ggf)ﬁfpﬁﬁq .vnwnﬁgp.ga(ygp?fe ired, ﬁ“’aﬁﬂﬂfﬁf?‘@%ﬁwm@‘{:ar rier
contai med vagglied By ¥ehhdbf b pafftittush SsqRkapd i £Hafnt 3Bller. If delFed AXE"

applied to the road surface. The rate of evaporation of the aqueous 20
evapor abl e rvadrsuzface ondehich dbelayep of thdaquenws draffic paihtt isapplied, mayde t he

of he | ayteape b o Sl B3 PBS ARt B popBes st °°°
hi gher the gNelRfebES biafis Phiit! The thickneS\Sthe thldr Aﬁgg Qﬁgeeaﬂxﬁkﬁ{paih&hﬁe

for the |layer, as evaluated under ASTM D 711 or exanple. en
t he rel ati vgenenallylvasies fromn3¢thmicampdensfto@®0fanicesmeters IfrefFablyciremr850 t he

no- pi ckup tinme for th er varies in the range of from1 mnute to

60 m nﬁtgés,mﬁrgpggﬁﬁlt?ﬁphgh@r%ﬁﬁé&of from1l mnute to 20 ninutes and nost

preferably in the ' AWt . I cation
TRE 86coBld &5 5F &m%@ﬁﬂoﬂ dthd %ré?eﬁggxgéel?%feo%gg ‘g?gxéﬁ%;l',bﬁ'e |

of t he | ayer. e applicants
di scover ed lafett todorm thetwedrfresispaitriraffic matking. Duringltie drypet yteer an

pol ynmeri zed froma nonoppr m xture contaj.ning 80 wei ght percent or
nore, pref FBIFPYS Fﬁaﬁ‘ﬁégf%?ﬁé‘eﬁf’mﬁab‘?‘ﬁ Ve %rﬁtragimpt f%ewosateﬁ e ght

percent, g 1Ry&! é‘ﬂr%@dytoitﬂf ter?ﬁ) F&‘Hﬂ@e. Oahé P&@o@ngl%n@g ‘%ﬁg Igg,ﬁ%&s%

wei ght percent and st pre y In the range o rom per cent
to 90 20 eweppgteble eamriertis depemdentrupunrthe myshiophadriditiomstowhichtheilagera
ﬁ 2? ¢ ?e IS Il S ;/(g.l ﬁgg tgagﬁg g@m{ﬁip l@gggqtegztb 23.’ndpar1§c]>c S{)(%P Lﬁ/e ﬁiicllmegg tof %ﬁe {aifeg Sa;e)glieci ts
to the road surface. It is to be noted that, higher the atmospheric humidity,
longer will be the no-pick-up time for the layer, as evaluated under ASTM D 711

- 89. For example. when the relative humidity is in the range of 65 percent to 90

25  percent, the no-pick-up time for the layer varies in the range of from 1 minute to
60 minutes, preferably in the range of from 1 minute to 20 minutes and most
preferably in the range of from 1 minute to 10 minutes from the application of
the layer.

The applicants have unexpectedly discovered that when a traffic paint

30  which includes a polymer polymerized from a monomer mixture containing 80
weight percent or more, preferably in the range of from 80 weight percent to 99.5
weight percent, more preferably in the range of from 80 weight percent to 90
weight percent and most preferably in the range of from 85 weight percent to 90
weight percent of one or more hydrophobic monomers having a Hansch II value

35  of at least 2.2, preferably at least 3, is used, its wear resistance is significantly



6 5 inproved over those traffic conpositions which do not contain the
foregoin? pol yner. The polyner in the traffic paint
used in the present invention has a Tg in the range of fromO[err]Cto
60[err]C, preferably in the range of from10[err]C to 40[err]C, and a
GRPC nunber average nol ecul ar wei ght var¢?;g in the range of from 1000 10

to 1000, 000, preferably in the range of from 5000 to 200,000, and nost

pref er aé{) ichPrdved W@?os@ftraﬁa@oﬁ%ggltfoﬁs %Qﬁ Qo nbk %o:?&llﬁ( oS fd?fa%&ﬁ
cénposition di spers pol ymer havi ng pol ynmer par

di sper sed F&b@nnaqueous evaporabl e carrier or it nay either be a water
sol ubl e polyner, a water-reducible

m xture of. the er
sol ubl e and wat er -MR!Y‘BPE“})QF%/WE@ Pﬁ‘\‘ngﬁée‘ggl f:l'gquggggt ’Q\Y&Bé?%lg‘iaéva\kgfﬁ rier,

or a mxtute of t I e gggg e

pol yners i it f}ﬁ% %&ﬁef ?é‘pé @%&Pé% éxée:f“ giryﬂ\@e es ?é%frtﬁg po &Pi(}"@ may
include a %ﬁthGPCpﬁuﬁth §%§6%dl@d\ﬂﬂ£ﬁvei/g}ithaﬁym§hﬁlths Phiigd sfmmaaomt er-
reduci bl e pol yrer. Y in the form of Mersed pol ymer particles

is 10pr &6 éﬁ%@oow:@f@ah metlpawamge pﬁfrgmzéﬂQﬁ to padsmestool yner

ticl t bl
PR Lhe r angEeGrany dpBp rige S5 o0k 80,00, Pheilgmb P 58 Klrloodlfifiy O 21
range of froHy BOQ (ﬁé})&@é&i pélpaige hRkfng polymer particles dxs-ﬁbﬁseﬂﬁﬂrdipﬁ@iﬁo&s

nononers suitable for use in the present invention i ncl ude m)norrers
havi ng a Hawapérable sarries opfit may|esther be owaggselubie polymer, a watprr

Val e 3. 10O U ot PRy ook bl et ke RRRIY et e%ﬁ‘@”s"h :

met hachyl afagub@ﬁbsmﬂokamalcuﬁuér 48 metFd dhawé éﬁé&&ﬁdﬁi—@é@d\ﬁéﬁﬁﬂh Il

val ue , Stearyl (net h) acrylate, |aur (rret h)acryl ate, butadi ene
et hyl ene, avater solublmp;ﬂym&rs imthet armeeus evgmry.b ermecr destreddhe pebanreted.
However, even th h st, subs styrenes h _ar

subst i t ut ed®3y ’c”r? Xéﬁ?l&aa‘ilﬁ %K&r?%a“"? S\A@b?%?r Ri aigr'gr oups
have a JRGBI dH'm@PrThEEb@ 12m ﬂhlé%ﬁn%f 8 Bapdriée ol paliclen o mer
mxturefrom h the pol'ymer is polynerized, since traffic markings

made from zprbfem‘éd wherein qhaupmtmme ofithg dispersedspalyhwes pdricles veries émds t o
K SACICTIES - X NLE 1 T SRR PO S
descri bed %@ onitiers, more rp?@ﬁh'élﬁ? lin Rhe LR BFTPER100 t61250endrwehdteans at
| east one or nore of the foll
The hydrophob1c monomers suitable for use in the present invention
include monomers having a Hansch IT value of at least 2.2. Some of such
hydrophobic monomers include isobornyl methacrylate, butyl methacrylate
25 (Hansch I value 3.19), isobutyl (meth)acrylate (Hansch IT value 2.22), ethyl
methacrylate Hansch IT value 2.43), 2-ethylhexyl methacrylate (Hansch I value
5.22), stearyl (meth)acrylate, lauryl (meth)acrylate, butadiene ethylene, and
combinations thereof. Butyl methacrylate is preferred.
However, even though styrenes or substituted styrenes, which are
30 substituted with alkyl, aryl, alkoxy, chloro, bromo, iodo, or nitro groups have a
Hansch of more than 2.2, these are excluded from the monomer mixture from
which the polymer is polymerized, since traffic markings made from a traffic
paint containing a styrene based polymer tends to degrade when subjected to UV
radiation, which is typically experienced by traffic markings.
35 In addition to the hydrophobic monomer(s) described above, the

remainder of the monomer mixture includes at least one or more of the following



7 5 hydrophilic nononers having a Hansch Il value of |less than 2.2. Sone

of these hydr ophi I i ¢ nononers i ncl ude: Met hyl acryl ate,
ethyl actylate, nethyl. nethacryl ate, hydroxyet hyl (meth)acrylate, and
hydr oxypropyl (neth)acrylate; (neth) acrzl am de or substituted

(et h)acryl am des, substituted with al pha-al kyl or aryl groups or N~ 10

aIkyI or aryl groups vi nyl nmononers, such as, for exanple, vinyl pyridine,

R |
copol yrrer Ih?%?@iﬁ { hy‘? 10K Call‘{%@fr%%}&ﬁaﬁfsbﬁ?l 9£1u@%tf|l@§rtlrihﬁ'2'2 r§b@e of\tilidel Onal |y

saturated acid nononers in the range of

from l’@rdi&@hlhciﬂ&ﬁodmrsmclgﬁé based on the tot al wei ght of polyner
solids of an acrylic net hacr yI|c a cr ot oni cid aconic
acid, fumaric aci Methﬁl %qrzzlaée» Q]:hyllgcry F}F |m?bhée*a' %'ieeﬁ %’Fgﬁg’cli

f urmar at e, but f
2-acryl am({ﬂ)m% "r #ﬂﬁ% 8’%%5#?10(%1%11?{5 gfeﬂ?)na\‘;lly 1aﬁmde or sul fonat e,
phosphoet twbsﬁe&ttéaqmdtma@rylamddéso Eblbstﬂixltailmﬁﬂ'ﬁphaialhﬁwrlmythps or N-

The pol yner nmay be prepared by any known_ procedures, such emul sion
pol yndi0i z alkphor axl grouns: mﬁmomrsowchoﬁ%ﬁ@ W%dﬂ%’e?ﬁ%oﬁ 20 and
solid phase zatian A3 [ ferred. Sonme of

t he enul sf’dﬂ%‘?‘ﬂ%tﬂg Foce uxggglodg%g%%'{r%@% dg d]tﬁm%]? known texts on
tD heC Sdégbl Biterssible athyldibdlly-ansatak el dcid iriondimets dothe pageRfdnih ce” by

ackl ey publi shed by Wl e%/ in 1975 and " Emul si.on
Pol'yner i za.1%rto 19%.mby weight basebew thestotal Wew% lof splyenegiolide of av penic

Publ i shers Ln 19 h [ c sed to
prepare a %t g@(‘f’%&ﬁ 3igy crotonic 3?% ’&3? ngi&m% aél&lgf P{&%E%SJS per sed
poly ﬁ? Ofﬁ@n%@ﬂ?f fAbEohdRE SRahAHethy] fumar£iel nbnebulid fyiarateainadeic Ei t her

t her redox initiation processes may be used. Redox systens using
the same ianhydrids, Q-mlamdmeﬁlyldrmqpanewdmg agid, sodiumy Hayhal syst ens

wh | e h t t
e Cou) AT b A, Dbl B Ay e
process is typicaline pdlhephity wpx“eﬂﬁi‘&ﬂby afR knbw@eprocedures,astichals

initiators, such as, for exanple,” hydrogen peroxide, benzoyl peroxide, t-
butyl hyd r expalsmon peiymertzampn sdution @abepezamtmn tdmp@naoa IpRbReniZAAAN.  at es,
E )c/)P gf y ol a p aseoll;obgm?egoz/(z)a ion. 3 II(IJ/IOI].B on pol ht ehza (158 gs gxneféxlggd Wgt,g,@t £Of
the emulsmn polymerization procedures are provided in well known texts on the
subject such as "Emulsion Polymerization: Theory and Practice” by D. C.
Blackley published by Wiley in 1975 and "Emulsion Polymerization" by F. A.
Bovey et al. publfshed by Interscience Publishers in 1965.
25 "The polymerization techniques used to prepare a dispersed polymer
are well known in the art. The dispersed polymers are preferably prepared by
emulsion polymerization. Either thermal or redox initiation processes may be
used. Redox systems using the same initiators may be used at similar levels as
thermal systems when coupled with a suitable reductant such as, for example,
30 isoascorbic acid and sodium bisulfite.
The polymerization process is typically initiated by conventional free
radical initiators, such as, for example, hydrogen peroxide, benzoyl peroxide, t-
butyl hydroperoxide, t-butyl peroctoate, ammonium and alkali persulfates,
typically at a level of 0.05% to 3.0% by weight, based on the weight of total

35 monomer.



8 5 The conposition of the polynmer nmay contain one or nore

conventi onal chai n-transfer agents for controlling the nol ecul ar
wei ght of'the resulting pol ymer. Suitable chain transfer agents
i nclude, for exanple, Clerr] to (Jerr] alkyl or functional al kyl

mer capt ans, al kyl or functional al kyl nercaptoal kanoates or

hal ogenat ed hydr ocarbons, which may be enpl oyed at |levels in the range of
from 10 5 about 0. 1mﬁréaamosmo@9mhrepk@yxﬁ coR¥ainn@ltr ha®adnoantictaal
pdl ymer sol i ds. | f desired, e polynmer may be a sequenti al
pol yrmer , V\/m}rahmtrmisfeheagents foqmntmillmgtlwnmbecnlargﬂelght thhemeéubmg/rrerl c
phases, such as,

wher ei n t hePYHMET- %ﬁ@%@%‘ﬁ@ﬂ%ﬁﬁ‘?ﬁ%?ﬂd&gg %%?%’ggﬁ’lgnggﬁ’[ (gef"ﬂﬁ&}t% t he
agueous Meckitol yn\grkgbg%ﬁfag%%& 'kl drFoflAPRAISARy] thorcaPRIETRGALLS bS

cont ai ni ng ric phases i ncl e core/sh particles,
core/ shel | palogenated hyidirbcarbenhd, wiiels amyi bmemplog’eé lay lemﬁsapsﬂieatangg of frem
core, core/shell particles with a nulti I|ctl%/ Sores

i nt er pekbt r Ak Q- hoevesnt to a °utp]a9 petepRL by weightt based on totatpalyzaer solidsal

pol ymers are prepa I bﬁﬂg;r cess,
preferably by well Iggg%%mﬁu L}!['ng ee Waséegﬁeﬁﬂalg& rre’r*@%t‘“llgglu}a%% whi ch
at |east t cﬂ@eamdai‘rﬁﬂg two or more pplysériophages, ém:hrmj for exanmplepan

sequential fashion. Such a process usually results for tlon of at
ey

| east two mnnfamhpse,mputﬁr@m e WRered hr) %‘i‘ftei"(i’Hé‘se% ?’B&Hﬂntl ng in

:)gﬁymar parg)ﬂg‘% 1%nc2§&a&tm|t§§§§al e gﬁg%?%n Fr%%n%%s e%‘%%l r?ri? sﬁﬂ#er 'aglents,

surf act gyt SSome galtieRs contaLdin‘gCﬂvﬂ;S(ﬁdneﬁ ﬂ)dl?mei'ﬁrpliabés ftichpdw cweefshell yner . The
emul si on pol yneri zation hni ques_used for preparing such seghent I al
in

pol yner s ar paxtidles, Kﬁtﬁlﬁhﬁﬂpm‘i@les with shell phases incemplgtelyancapgilating
the US Patents No. 654
 neor por at PRt B al TAch e T e sytblicity of Bis ot ferbbrertBnE heb B, |

contacted wphRidied.yam ne i medi ately pr| or to, during or after
applying the layer on the road surface. The am ne may _he applied
as a separ at e spraylhe sequentipl pdyme@ﬁawpmnaﬁed gﬁ cenyaRsional gmulsmn The
pol yam i ncl ude an ani ne

pol yner tR S AAOR BTSS! Pﬁ :9136 ng@ tﬁ%t% %gr %E?y in equal
35 proport heRerPdation i wdich 2 MEasftvsbapes m@ﬁn 6 degiposition dtecfobedd

i ncl udes fromO to 20 percent, preferably O to 10, and nore

preferably in a seGuendialdashionf Such a process usually results in the formation of at
least two mutually incompatible polymer compositions, thereby resulting in the
formation of at least two phases. Each stage of the sequential polymer particles

25 may contain the same monomers, chain transfer agents, surfactants, as those
disclosed earlier for the dispersed polymer. The emulsion polymerization
techniques used for preparing such sequential polymers are well known in the
art and are disclosed, for example, in the US Patents No. 4,325,856, 4,654,397
and 4,814,373, which are incorporated herein by reference.

30 If desired, the layer may be contacted with polyamine immediately
prior to, during or after applying the layer on the road surface. The polyamine
may be applied as a separate spray or it may be blended with the composition.
The polyamine may include an amine modified polymer, or a blend of the
polymer with a polyfunctional amine or a combination, preferably in equal

85 proportions, of the blend and the amine modified polymer. The blend includes
from 0 to 20 percent, preferably 0.5 to 10, and more preferably 1 to 5 percent, of



9 5 the polyfunctional amne, all in weight percentages based on the

total weight of the blend solids. The presence of the am ne nodified
pol ymer,, or the blend of the pol ymer with the pol yfunctional am ne or
t he conbi nation thereof enhances the dry tine of the traffic markings.

Essentially all of the polyfunctional agine or the am ne nodified 10

pol ymer suitable for blending with the polyner is maintained in a
depr ot onat ed state by raising the pH of the aqueous evaporable carrier
of® t he5polthemolfonttienal amineaslyén wieightqerderBages Wased pndthertatsl weightefo. 5 t o

10. 5. Thi tiall Il qf . th 1 he f ti I in th
poi yi unct itoA BlenhFaElsor e Presence: At the amine maieed Rolyme,or the iep obthe 7
depr ot Onatp;aﬁ’,gggg%&%@‘simfcﬁsﬂa LRSS BRI 6h feresfnhatited the ai sed

a
by addi ng , , ammoni a; al kal1 netal hydroxide, such as,
sodi um hy ddrgtirle of tive frlaffi¢ markingst he | ower al kyl am nes, such as, 2-
nmet hyl am noet hanol , 2-di net hyl am noet hanol ,. N- et h%m)r hol iqr}ﬁ and

£ Bedt volatile

et hyl enedi ani ne. Keeatially alhatdhe polyfngtiona] amine pr 1RE P}

bases dn ' . | ' A, I :
Amoni D 2P BB BF BRoaRE it AR (RHEERER BN EBRIEE |
of the amigdtgte by raibibcthieqT bf theoaqieous eviponable/darriet obtled paiyinee to the
essentially all of amne functional roups e uncharged,, (. e.

neut r al i zexangeleffrom ddcto} Iy preferakly fegm @tgiﬂ No-ﬁﬂ‘&s mgans esse“ﬁ’éh@rﬂyr of

The pol yf ugct i onal - [ i r C 25 ercent,
prefgraﬁl y r%n‘g'cfn%g%rl glgaﬁltg%f) gs%ﬁga%eé‘gg%&cag* a|"&r%iat{veve| g tth%e"‘g‘%g‘ﬁt ageg

based on thgdifidaiolyvaes bte i a doprabenatbd 3tdtep The pifiof theajuadas @vapirablmst

one or nore classes of the am ne containing npnoners are, disclosed in
the Uii& edearrier israisedsbpadding abase, suepas,ggomonia sbkalyme, t ent

Appl i cation . . 6/ 22338 , ' |_1C bei n by
rofer once. susd s, Sodium hyditalded oy in hr Ve et IR AR RRECS 0, A7

obt ai ned byefigflainiRcethanol, 2RBMEERYlaFAhbetRansl, Mpethnepheineander neutral ,
al kal'ine, or acidic, dependin upon the particular polyner, sought,
for exanpl ethylenediamine. | Volatilebaseasush as, ammopia; ey, &guxiyre of vplatile

i ted herein by raf . : . i ,
ol yrer balReeBang BrvbIAs SroHe purhgsisedismm brtrorifh R RELEEY Anfoaa T
functigpal i.d’?éz@idﬁlﬁlg_xﬁ&& pRelebfed. UAEA reiat of @igbtbnation of the aniipei shed by a

two stage polynerization process in which one stage contains .
functional groups in the polyfunctional amine, essentially all of amine functional

groups are uncharged, i.e., neutralized, thus preserving colloidal stability of the
polymer.
The polyfunctional amine is polymerized from 20 percent to 100

25 percent, preferably from 50 percent to 100 percent, all in weight percentages
based on the total weight of the polyfunctional amine solids of at least one or
more classes of the amine contaim'ng monomers are disclosed in the United
States Patent Nos. 5,527,853, 5,340,870 and PCT Patent Application No. WO
96/22338, all of which are incorporated herein by reference.

30 In general, the polyfunctional amines may be obtained by solution
polymerization in aqueous media, either neutral, alkaline, or acidic, depending
upon the particular polymer sought, for example, as taught in U. S. Patent
4,119,600 which is incorporated herein by reference. '

Alternatively, the same polymer back bone of the polymer may be
35 provided with both the acid functional moiety and the amine functional moiety,

accomplished by a two stage polymerization process in which one stage contains



10 5 the acid functional noiety, and the other stage contains the am ne
functi onal noi ety. A process for preparing such binders is disclosed
in U S ;Pat. No. 4,760, 110 which is incorporated herein by reference.
| f desired and depending on the intended use of the traffic paint,
addi ti onal conponents nmay be added to t{@ conposition. These additional 10
conponents include but are not limted to thickeners; rheol ogy nodifiers;
dyes; sequestering agents; biocides; dispersants; pignents, such as,

t it ani Um ditexacié functionab nydetiyc and gheother stagemntiainadhe amine fidestmonaduch as,

cal cium carbopnate, talc, cl ays, ,si.licas, and,sili.c —fi]lers, such
as, glass WOEHF M&ssrﬁoemam%& hsbmdeﬁi}aﬁ?écl%ﬁélgiﬁ?,- Pati Nof 1 eeze

agents; pl hGi - | e X cent; 15 wetting agents;
waxes; sur?’Z?Pgll%??;&ﬁgP?%h%gtﬁ}?%s; cﬁgé’éﬁgﬁﬁ‘%‘ﬁ“% agents; def oaners;

col orants; tackif Ifdesiredearsisdegendivegy orathe/tendedoesedfithawraffio paixitor s,

corrosion iphipbitors; anti-floccul ants; and al kal ] or_water, sol uble

pol yners. additional component mayshe ,edt*}?é’?‘ﬁéf’ﬁ’é’ﬁs’&?‘mt Hehese @ddionaly ent i on
may i ngd udg, dronni qads r affl i nt of
t he pr@senfo’?%venttlg%}\d%%? 1c’)‘fgée iﬁe& mfeg?/%?ﬁ?g&gérig’ fk%glec{%gﬁ?é&?%g’ ggﬁ%si on of
the gl ass bsarstdring agentabdocider) digdriantspigments,stoh as tifadem diogide| | v

di sposed gl ass _beads on the traffic markings_act as_ |ight refl ectors.

I'f glass bergaRiepigments, saghon blask; extendersysiely 3y salghumsaongte.tale| ¢ t o

ar ki ngs. 2o neinen A HERLRIGR AN A ant M Dol itpBireb 00 of "L he

25 coat i ngaarteuad sandf ahtidrdeat agents)plasdticizers; Adkesion profhoters @atespeait; | i t er
of paint for ni ght and wet weather visibility. The glass beads are

dr oppelp by Wetting agents; wakes; urfagtants skipradditives; srosshipkingragenty t he gl ass
beads entrgj . . J | L. t he

| ayer or b§é@§%e%§%?ﬁ’§g¥%é%l%%%“b§§é§s’é’? E%a%aﬁ‘bésdgé%%f ra? fejOt? Fom’a

st orage hopgiebsitg shkibitofy] ankioftécctilts;oafl alkhlitdrevitenbblublepilpinesd) of the
present invention. The glass beads are applied over the layer, while the
layer is still inlfdesiredethe methad of the presastinvention maydnclyde dsoppingo f or m

the traffic ain rkin Theanmun f, al ass ,beads,. d.;on t he
aver s aglen bert ol tn BlsS SPne SRoR TR} oLihehrBSfrdBRRiGH PRRRT U

treat nemt Riyet iedB f5énsaee tite adiddion of tHeylﬁéé‘s'ﬂ\lbeﬂsQS shobals appHed to ek f or
traffic markings are described under AASHTO 35 Designation 247-81 (1993)

devel oped padstnfaceaFasiallydiapossd glassheads on the trafficwngrikings autasdightt ati on
Gficials, ré%est:lgtlargg LIP El’ass[)bga'ds%)}el z%@%lslea,’ th%lt%ast%c markings would be difficult to

see under night and wet weather conditions. Thus, almost all of the traffic

U

markings are beaded, i.e., glass beads sprinkled and affixed on top of the

256  coatings i'oughly at the rate of 0.72 to 2.9 kilograms or more per liter of paint for
night and wet weather visibility. The glass beads are dropped by methods
known in the art, such as, by spraying the glass beads entrained and conveyed
by a jet of air and dropped atop the layer or by sprinkling the glass beads at a
desired rate from a storage hopper positioned above the layer of the traffic paint

30 of the present invention. The glass beads are applied over the layer, while the
layer is still in its "wet" state, i.e., before the layer dries up to form the traffic
paint marking. The amount of glass beads dropped on the layer is dependent
upon the size, refractive index, and surface treatment of the glass beads. The
typical glass beads specified for traffic markings are described under AASHTO

35 Designation M 247-81 (1993) developed by American Association of State
Highway and Transportation Officials, Washington, D.C. Optionally, glass



5 beads may be prem xed with the traffic paint before it is applied to road
surfaces. The traffic paint used in the nethod of the present

i nvention not only provides i nproved wear resistance over the

al kyd-based traffic paints, but it also provides I nproved bead
retention, which coomonly refers to the degree of retention provi ded
by the traffic paint binder to the facially disposed gl ass beads. 10

| f desired, the no-pick-up tinme for thg | ayer of the traffic paint of the
pfesent invention may be further inpro éd by contacting the layer with a
coagul ant, which includes, weak acids, such as, aqueous acetic or citric

aci d, ats a beads mtyrber;gbhnieﬂ with gee whfficrpaimtiifdre fcieapplied tropd sarfates. Nor e
preferably '@E ent. Alternatively, stronger aC| ds, such as,
hydr ochl ori %ﬁra@flﬂaéﬁ'i‘\‘?e é@%mi’ﬁlﬁpftheeﬁfeﬁﬂtdn%%t@ﬁg’(oﬁ RrAWdesinge of 5

to 15 per C%ﬁyro%d%é‘a{ﬁ%ﬁrb ahle BFdr A8 bk @Ha%é&trafﬁc afi'ﬂsdbﬁtsit Ris6pesviges The
be applied by 1}' r?e

coagul ant na any one o conve tlona hods known
in the art,impreveddseadiretentinnsmhich c@ympba;eferg to the degzepdfantention t he

layer. It is out.r.el hance, t her t ha gul ant when
cont act ed vﬁ’r°ﬁ‘%ﬁ‘i§y%g§/grak§o%a§nﬁb%%r ﬁgeg%cll@ﬁ'e s%“@ég%ts bﬁg‘féhe | ayer to
i mprovel@0 the dryIfdesifed] ﬁxd)ﬁo-plbbuba;mé for the la3eP vhtheafaffib paim® aftHeant

sprayed on the Iayer ) n S ypon t anount, of the polyner present in
the | ayer aRFESEAtIBVERKR ‘P‘Wéb efy’B@’WHt%ﬂé‘%mﬁ%F B VHR@he traffic

paint. The QaRuRhLt whilkidtideB Sk Ucid, such as, EHSed%B%Gé\:‘i@&Imﬁ-W &Y&%Q” the

| ayer of the Goating composition depends upon the type of acid, its
st rengt h andrength iy pangsfof fromald mcmupﬁﬁmrceusmonerprefamw at2dut 25 the

coagul atio ]gg nt
strength, %e%eq%p&}[&?ﬁ at & ﬁg%%‘ e n’ ?‘ﬁ ?ﬁj cﬂgﬁggg%)%r Cenf Ifse
per cent 15 prditwtedbd ¥ sa‘bnéth in the pargeaf5.to ab betd@nﬂ;@r%i‘ahbﬁ LC patcante Sthas ed on
the total weight o oatin |ona as a
suit abl e. g?s pre. erre coagvﬂant may %e a ?‘t of?}gg aoqv,gnggéﬁm
bel ow method E% in the art, such as, for example, by spraying thé Sod@ldht!on
nmet hacryl ate | BVA | so- but yl
net hacr y| atthe layer., It is beligped without reliance thereon, that the coagulant whept y|
met hacr yl at " rovdityl
acryl at éontacted thhml% coagulates the polymer present in the layer to w ﬁacr ylic
Aci d 20 the drying rate of the layer. The amount of the coagulant sprayed on the layer
depends upon the amount of the polymer present in the layer and also upon the
type of the polymer used in the traffic paint. The amount in weight percent of -
the coagulant sprayed on the layer of the coating composition depends upon the
type of acid, its strength and the type of spraying equipment used in carrying out
25  the coagulation step. The coagulant, such as, citric acid at 20 percent strength,
applied at the rate in the range of 0.6 percent to 2 percent, preferably at 1
percent, all in weight percentages, based on the total weight of the coating

composition applied as a layer is suitable.

Abbreviations used in Examples below

IBOMA Iso-bornyl methacrylate
IBMA Iso-butyl methacrylate
BMA Butyl methacrylate
BA butyl acrylate
MAA Methacrylic Acid
MMA Methyl Methacrylate
n-DDM n-Dodecyl Mercaptan-Chain transfer agent (CTA)

30



MVA Met hyl Met hacryl ate n- DDM
n- Dodecyl Mercaptan-Chain transfer agent (CTA) 30

12 5 ‘ Exanpl es of Various Pol yners
Conpar ative Pol yner 1 To 1058.4 g of deionized (D) water
under a nitrogen atnosphere at 90[ &2r] C was added 7.2 g of ammmoni um

bi carbonate di ssolved in 55.6 g of DI water, 4.7 g ammoni um persul fate
dissolved in 46.3 g D watergand 144. ol 10 seed | atex (solids
cdnt ent §42% average particl & ?%?P%%ﬁ?ﬁ%?¥%\l\ed by 27.8 g of
DI water to forma reaction m (dihPatativeiFdlyhtd f ol | owi ng nononer

m xture was then added over 3 hours at 81[err]C along with a sol ution of

2.4 g amoni UFe @38 4 gf ofideiatiizedo(DId water wades aynibrogentaémospherewasd by
46.3 g D \%LE rvsias ad]az5|7.%\gtog %@%&mﬁégﬂﬁme dissolved in 55.6 gzzgly wa{:erxl', grans

(9
Dowf ax 2Al[gef é]aﬁﬁﬁoﬁ%@ﬁ&s‘g%t%%sgﬁ%&m 163-¢p1 Waﬁ?ft ayrfd 144.9 g polyiky/!

nmet hacryl ate acrylate

760.0 40 seed latex (solids cenfient 4R%t dvacagd pardicle diameter of 600GD) followed by

met hacryl i I d 46,0 .  * The .surfa nt. was supplied by
Dow Chen ¢ 37 RPEPLARteR . fgr.freaction mixture to Whishthe frlsaing Gronorier

pol ymer i zatygBurelw i tibnF4dled dver 8 touds Bt 81 SlongWith a Zelutibndf 248
tetrasodiumsalt of ethylenediamne tetraacetic acid in 0.9 g of. DI water,
1.8 g t - butayhyoiump pexsulfate dissdlged in9IR6 B eratemfdllowed dyidbohg Preateraci d i n
18.6 ¢ DI water were added at 60[err]C to the reaction product.

Anmoni um hydr oxi de was added to give a final pH= 9.9 followed by the
addi ti gg of 6. 0Muldnrshix@hsd: GXL bacteri ci gg gtdrh8q@cti ve ingredient)
dissolved in 9.3 g DI water. Proxel GXL 30 bactericide was supplied by
Zeneca, Inc. WI m ngPbwat®el aware. The resul ting628.9 polyner had a solids

content of 48. 8% andpan - vs. Qag R LIS LATELE RS 200

butyl methacrylate 234.0

butyl acrylate | 760.0
20 methyl methacrylate 960.0

methacrylic acid 46.0

* The surfactant was supplied by Dow Chemical, Midland, Michigan

At the end of the polymerization, 0.01 g FeSO4 in 8.2 g DI water, 0.01
25 g of the tetrasodium salt of ethylenediamine tetraacetic acid in 0.9 g of DI water,
1.8 g t-butylhydroperoxide in 18.6 g DI water and 0.6 g isoascorbic acid in 18.6 g
DI water were added at 60°C to the reaction product. Ammonium hydroxide was
added to give a final pH = 9.9 followed by the addition of 6.0 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 9.3 g DI water. Proxel® GXL
30 bactericide was supplied by Zeneca, Inc. Wilmington, Delaware. The resulting
polymer had a solids content of 48.8% and an average particle diameter of 200
nm. )
Comparative Polymer 2
To 1057.7 g of deionized (DI) water under a nitrogen atmosphere at 90°C
385 was added 7.2 g of ammonium bicarbonate dissolved in 55.6 g of DI water, 4.7 g
ammonium persulfate dissolved in 46.3 g DI water and 144.9 g polymer seed



nm Compar ati ve Pol yner 2 To
.1057.7 g of deionized (D) water under a nitrogen atnosphere at 90[err]C 35
was added 7.2 g of ammoni um bi carbonate dissolved in 55.6 g of DI water,

4.7 ¢ ammoni um persul fate dissolved in 46.3 g DI water and 144.9 ¢
pol ymer seed 13 13 5

| atex (solids content 42% average particle di arreter of 60 nnm) foll owed by
27.8 ¢ of D

t h t |
nomar® n latk (eolids Sonteat S ARl PR Gamaietitho S Bibohed P ATE &1 h S
sol ution ofrgy Gvagemﬁh%eacnon ﬂ?i'kﬁﬁjeft@twﬂuai ﬁ?@tol’l@@xﬂgﬁm%ﬁoﬁeg n@ktlﬁ‘@t er

followed by 46.3 g DI water. Monomer m xture:
in grams (wgs then added over 3 hours @ISl\%ﬁtaécmg with a solution of 2.4 g ammonium 629. 6

Dowf ax 2Al err 45_6%.ac Su n but yl
met hacryl a fgzte dlssolveé 5% f)& atte ttolloweg by 46,3 ¢ HI vg&tpg,' at e

600.0 15 nmet hyl nmet hacryl ate 720.0

met hacrylic acid 46. 0 At the end of the

pol ynel@zati on, MonbthegniigB@¢:in 8.2 g DI water, lagbdms(g). g of the
tetrasodi um salt of cﬁth 'Eenedi am ne tetraacetic 85%% in 0.9 g of DI water,
20 1.8 g t-butyl hy }.’ﬁé‘ﬂ’xide in 18.6 g DI wate d 0.6 g isoascorbic
acid in 18.6 ¢ ?g] gt BoALld Q‘Ic'ffg& igtothereactlon
product. Amoni um hydr oxXl| Fvg okgfve a final pH= 9.9

foll owed by the addlhutyhmthzﬁ:r@lag;ePr oxel [err] GX634.0 bactericide (17%

active ingredient) | Ive in 9.3 g DI water resul ting pol ymer
had a solids contentP®¥ ﬂ@y ffand an aver age parg{?@Pe di aneter of 191 25
nm ethyl th te Conparative Pohygner 3 To
1058. 41% of dei oni zexg (hg me a ?Jr?der a nitrogen atnosphere at

90[ err] C was added 7mé‘t}gzcnjh<aamdn| um bi car bonat e46i0ssol ved in 55.6 g of D
wat er, 4.7 ¢ ammnl um persul fate dissolved in 46.3 g DI water and
144.9 g pol yner

At the end of the polymerization, 0.01 g FeSO4 in 8.2 g DI water, 0.01
g of the tetrasodium salt of ethylenediamine tetraacetic acid in 0.9 g of DI water,
20 1.8 g t-butylhydroperoxide in 18.6 g DI water and 0.6 g isoascorbic acid in 18.6 g
DI water were added at 60°C to the reaction product. Ammonium hydroxide was
added to give a final pH = 9.9 followed by the addition of 6.0 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 9.3 g DI water. The resulting
polymer had a solids content of 48.8% and an average particle diameter of 191
25 nm. |
Comparative Polymer 3
To 1058.4 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.2 g of ammonium bicarbonate dissolved in 55.6 g of DI water,
4.7 g ammonium persulfate dissolved in 46.3 g DI water and 144.9 g polymer
30 seed latex (solids content 42% average particle diameter of 60 nm) followed by
27.8 g of DI water to form a reaction mixture to which the following monomer
mixture was then added over 3 hours at 81°C along with a solution of 2.4 g

ammonium persulfate dissolved in 92.6 g DI water followed by 46.3 g DI water.



30 seed latex (solids content 42% average particle dianmeter of 60 nm

fol | owed by 27.8 g of DI water to forma reaction mxture to which the
fol | owi ng. nononer m xture was then added over 3 hours at 81l[err]C
along with a solution of 2.4 g ammoni um persul fate dissolved in 92.6 g
D water followed by 46.3 g DI water. 14

14 5 Monomer m xture: in grans (Q)

DI water - ) ' 628. 9 . Dowf ax

2A/1[ er r§( 45. 6% MOnPwer miFbyrget ant  43. 9 in grams (g)but y| net hacryl ate
1034.0 utyl acrylate 440.0 10

nmet hyl nmet hacryl ate DIwatQ' 480. 0 628.9 nmet hacrylic acid
46.0 D& A PAFNA5.6% dctivepOhna@aheza8oon, 0.01 g FeSO4 in 8.2
g DI water, 0.01 g of the tetrasodiumsalt of ethyl enediam ne

tetraacetic acid in @nglebhawlaﬁ@ter 15 1.8 gl@340tyl hydroperOX| de in
18.6 g DI water and 0 6 Do gagascorblc acid in 18‘?, g wat er were
added at 60[err]C to ‘ftﬂ% FLEEi on product . Am’ron? 911 hydrOX| de was

added 9 give a finametHyl méthlcryRiteowed by the aggppion of 6.0 g

Proxel [err] GXL bactericide (17%active ingredient) dissolved in 9.3 g
DI water. The resul tingthacrylic geid yner had a sol i d46.8ontent of 48. 7% and an
average particle diameter of 199 20 nm

Pol ymer 4 To 1146.3 g of deionized (D) water under a
ni trogen at nospheisg thk end oftl@@{aﬁ&fﬂeﬁzwﬁéna@df‘é ﬁesﬁygmpé 27 DPHadR, 0.01
bi carbonate di ssolved in 60 g of DI water, amoni um pérsul fate

di ssol ved igrefthe tetrpsodiurasaliraf ellademecbameymaaset;d aga in|0a9 g»fpslovatds

vater 881 ¥ RGBS oR el A TR R ovelen 880 0 e oreroret vt Bnfs g o
was then agiegatey Werd al@sd &t ea"cﬁcl,[tﬁé&b&tﬂinomd\%ﬂ AR nfoidihl mreildé’ whs0

anmoni um (s)ersulfate di ssolved in 100 g DI water foIIovved by 50 g DI
wat er . 3@dded to give ptfinatwi 7i9Q followed by the addition of 6.0 g Proxel® GXh grans (Q)

bactericide (17% active ingredient) dissolved in 9.8 g DI water. The resulting

polymer had a solids content of 48.7% and an average particle diameter of 199

20 nm.
Polymer 4
To 1146.3 g of deionized (DI) water under a nitrogen atmosphere at

90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,

5.1 g ammonium persulfate dissolved in 50 g DI water and 156.4 g polymer seed
25 latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of

DI water to form a reaction mixture to which the following monomer mixture

was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium

persulfate dissolved in 100 g DI water followed by 50 g DI water.

30 Monomer mixture: in grams (g)
DI water 680.0
Dowfax 2A1%(45.6% active) surfactant 47.4
butyl methacrylate 1980.7
butyl acrylate 129.6

35 methacrylic acid 49.7



D water 680.0 Dowf ax

2A1[err] (45. 6% active) surfactant 47.4 butyl nethacryl ate
1980. 7 ' butyl acrylate 129.6 35

met hacrylic acid 49. 7

15 5 At the end of the pBiynerization, 0.01 g FeSO4 in 8.9
g DI water, 0.01 g of the tetrasodiumsalt of ethyl enedi am ne
tetraace%gc acidin 0.9 g of D water, 1.8 g t-butyl hydroperoxide in
20 g DI water and 0.6 g isoascorbic acid in 20 g DI wat er were added

at 60[err]C to the Ae@ké bRd oPtHOBEmeATRRM WD Y Fe8O4da 80§ D0waed@d1t O
give a final pH= 9.9 foll owed by the addition of 6.4 g Proxel[err] GXL

bact eri ci de g tfthetetrasediumysaly |0énth)ylenedwhu@ctema¢_@1€ga€m imAi19%g of Dhwater,
resulting ?T‘gtig %@r&pe@oﬁ L d§0 gcﬁ'f water and%ﬁ gg%sga%go Pic 8435396 g DI

particle dia

Conpar ati ve waterPéreadlied at 60°C to tHPrehefidn Predurt. ﬁ%xﬁ@hﬁﬁﬂh&@o}ud@%% under

a nitrogen atnosphere at 90[err] C was added of amoni um

bi car bontll e addexiotogive afinad pBl g 9 fot}bwadtbarrthe addxtmm. o7f694 grﬁmmlﬁrﬁlﬁer sul fate

di ssol ved i r and e e atex,.(.solids

content 42%%?7‘8?’&88 gﬁ%ﬂ em%ﬁé’ﬁap Q}?ng %{qgﬂld\’/éa eresulé.r-)g 8 g of
water to {)(ﬂﬁdﬁeﬁ ha@arddlide cBhicht bE48 9% \EnE Bntaberatgelﬂasmueml&memziﬂ

mxture was then added over 3 hours at 81[err]C along with a solution of

2.4 ¢ anmoni um persul fate dissolved in 92.6 g DI water foll owed by
46.3 g DI water. : Comparative Polymer 5 16.
15 To 1083.6 g of deionized (DI) water under a nitrogen atmosphere at

90°C was added 7.2 g of ammonium bicarbonate dissolved in 55.6 g of DI water,
4.7 g ammonium persulfate dissolved in 46.3 g DI water and 144.9 g polymer
seed latex (solids content 42% average particle diameter of 60 nm) followed by
27.8 g of DI water to form a reaction mixture to which the following monomer
20 mixture was then added over 3 hours at 81°C along with a solution of 2.4 g
ammonium persulfate dissolved in 92.6 g DI water followed by 46.3 g DI water.



5 Monomer m xture: in granms (Q)

D water 629. 6 Dowf ax

2Al[ err] (45.6% active) surfactant 43.9 butyl methacryl ate
234.0 butyl acrylate 16 760.0 10

met hyl nethacryl ate 960. 0 met hacrylic acid

46. 0 n- dodecyl ner capt an 25.0

At the gnd of tRe DoldRLtagdi on, 0.01 g FeSOHA i gy ram@( water, 0.01 15
g of the tetrasodiumsalt of ethylenediam ne tetraacetic acid in 0.9 g of
DI water, 1.8 gDismtey!| hydr operoxide in 18. 628.6DI water and 0.6 g

| soascorbic acid in 18.6 g Dl water were ad at 60[err]Cto the
reacti on product. A mf%?ﬁ}?éﬁﬁéﬁ%e% S“"fra‘:ta&&ggg; to give a final pH =9.9

foll owed by the addii Proxel [err] GXligggg bactericide (17%
active ingredient) dlﬁ)gggln\?ée%gfxggl%% g DI water. The resulting 20 polyner

had a solids content bafyl48rfdteand an average part?60l0e di ameter of 199
nm Conparative P%I ynmer 6

1174. 918 of dei oni ze®pethyhmethasrylateder a nitroge?®8thosphere at

90[err] C was added 7 : ni um bi carbonate gigsolved in 60 g of Di
water, 25 5.1 ¢ amnl)%ltg?h g?gg‘q]af ate di ssol ved in%SO g DI water and 156.4 ¢

pol ymer seed | ahedodesylmedcaptant ent 42% aver @jed particl e di ameter of 60
nm followed by 30 g of DI water to forma reaction m xture to which
the foll owm ng nonomer m xture was then added over 3 hours at 8l[err]C

along with a sol Utéﬁ%é%gﬁﬁh?\éﬁgm%%ﬁﬁon, 0.01P£FE80k3h 8 £ DIGheRE, 0.01 100 9

DI water foll owed

17 515 g ofhedetrasodixinisat of ethylenediamine tetraaceticracig m@.9(g9f DI water,
DI wat er

s .0 . . Dauf.a
2A1[ err] (451-8% trbutyibydeaperoridein 18,6 H%Pwater and 0.6 g lsoascmg,ﬁm\fi@{l ﬁgcer@| at e
684.7 DI water were added at 60°C to the reaction product. Ammonium hydroxide was

added to give a final pH =9.9 followed by the addition of 6.1 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 9.3 g DI water. The resulting
20 polymer had a solids content of 48.8% and an average particle diameter of 199
nm,
Comparative Polymer 6
To 1174.9 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,
25 5.1 g ammonium persulfate dissolved in 50 g DI water and 156.4 g polymer seed
| latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of
DI water to form a reaction mixture to which the following monomer mixture
was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium
persulfate dissolved in 100 g DI water followed by 50 g DI water.
30

To .



butyl acrylate 648.0 10 met hyl nethacryl ate
777.6 nmet hacrylic acid 49.7

n- dodecyl ner capt an 27.0 At the end of the

pol yneri zation, 0.01 g FeSO™4 in 8.9 g DI water, 0.01 15 g of the
tetrasodium salt of ethylenedi am ne tetddacetic acid in 0.9 g of D water,
1.8 g t-butyl hydroperoxide in 20 g DI water and 0.6 g isoascorbic acid in
20 g D water were added at 60[err]C to the reacti product. Amoni um
hydr oxi 8¢ was MonomprduiXtereyi ve a final pH = 9. engmﬁ&gd by the addition
of 6.6 g Proxel[err] ppdate bactericide (17% aggp\e | ngredient) dissolved
in 10 g DI water. The resulting 20 polyner had a solids content of 48.8%
and an average parti Do@fsh 2AE?@6.6% actidd) surfactamt 47.4

Conpar ati ve Pol yner 7 To 1083.6 g of deionized (D) water
under a nitrogen at nbubfanethaerylate 9o[err]C was 884ded 7.2 g of anmmoni um

bi car bonat e di ssol ved | of DI water, 25 7 g amoni um persul fate
di ssolved in 46.3 g g}x{x/\q&%&@%eﬁd 144.9 g pol ymer 6180 seed | atex (solids
cont entypd2% aver age padthylchethdicaylateer of 60 nn) fa7ledOwed by 27.8 g of
DI water to forma reaction _mxture to which the follow ng nonomner

m xture was then addmetbeevligapi@urs at 81[err]C #%hg with a sol ution of

2.4 ¢ ammoni um pe ltssol ved in 92.6 | water followed by
46.3 g DI water. 30 RdGHCN Bl Feda #.Y | 18
5 Monomer m xture: in grams (Q)

DI water

2A1[ err] (45. 6% act Aythe end Pfafé]@awﬂmexigazt?érs 0.01 g FeSO4 in 8~%5Rﬁ¥@?§%}y| at e
rlng? ﬁylo Bt 18, 8; %eaﬁegasodiugijgéﬁ o?%t%ﬁiamine tetraacetic acid in mg : Qh% gf?ll iglg'%%éi d
46.0 1.8 g t-butylhydibpdesiedyinred g water and 0.6 g isoascd@bidacid in 20 g DI
water were added at 60°C to the reaction product. Ammonium hydroxide was
added to give a final pH = 9.9 followed by the addition of 6.6 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 10 g DI water. The resulting
20 polymer had a solids content of 48.8% and an average particle diameter of 200
nm.
Comparative Polymer 7
To 1083.6 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.2 g of ammonium bicarbonate dissolved in 55.6 g of DI water,
25 4.7¢g amxhonium persulfate dissolved in 46.3 g DI water and 144.9 g polymer
seed latex (solids content 42% average particle diameter of 60 nm) followed by
27.8 g of DI water to form a reaction mixture to which the following monomer
mixture was then added over 3 hours at 81°C along with a solution of 2.4 g

ammonium persulfate dissolved in 92.6 g DI water followed by 46.3 g DI water.
30



At the end of the polynerization, 0.01 g FeS™4 in 8.2 g DI water, 0.01 15
g of the tetrasodiumsalt of ethylenediamne tetraacetic acid in 0.9 g of

D water, - 1.8 g t-butyl hydroperoxide in 18.6 g DI water and 0.6 g

i soascorbic acid in 18.6 g DI water were added at 60[err]C to the
reaction product. Ammoni um hydroxi de was 18 added to give a final pH =
10.0 followed by the addition of 6.1 g Proxel[err] GXL bacteri ci de
(17% actiye ingregien [ ved in 9.3 g DI water, The sulting 20

pdl ymer had a solﬂisoé%ﬁ?%l%?&lgf 48. 8% and an aver ab‘%gﬁaﬁ?@l e dianeter of
202 nm DI water 6286l yner 8

To 1174.9 g of deioni zed Dlg vat er under a nitrogen atnosphere at

90[err] C was added 7. 8D #5.6%h aitivey barfactentid88ol ved in 60 g of DI
water, 25 5.1 g ammoni ersul fate dissolved in DI water and 156.4 g
pol ymer seed | at @Pm&ﬁt&crggh?ent 42% aver ag@%‘gpti cle diameter of 60
nm followed by 30 g Ofutyl acryldtevater to forma reggpipon mxture to which

the foll ow ng nonomer m Xturé was t hen added over 3 hours at 8l[err]C
al ong wi 48 a sol uti on metiylenethacrybatieum per sukBeOe di ssolved in 100 g
DI water followed by 50 %}DI 1wate(ri. 30 46.0

19 5 Monomer  ni RELRALTYC acy 4% ans (g)

DI wat er __n-dodecylmercaptan 680. 0 25.0 Dowf ax
2Al[err] (45.6% active) surfactant 47.4 butyl nethacryl ate
1548.7 butyl acrylate 302.4 10

methyl methacrylate u e gggeo&pﬁé%@%ﬁon, 0.01 g FeSO4 i B 2 & D ¥vatér, 301
At the eng ofy dfiBe B&HraSBRALUrAYaltT etRyldhediaiini fetraa Bti8 agidin 0181&F DI0w Ater 15
g of the tetrasodiumsalt of ethyl enediamne tetraacetic acidin 0.9 g of
D water, 1.8 g tgbutylhysiropenoyidledpdiBti g & watep@and O gistaecorhiviadaid én 38.6 g
ir Zggf IC 8 L blpf Ogﬁ;‘%’j?gegﬁfz?gﬁ Iggﬁlfch 9& §%‘;Q’\%}e§%§v‘gcr:§or9 890 Gkt Aren%gx{i{lln%g'é)rogn}h% was
added to give a final pH = 10.0 followed by the addition of 6.1 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 9.3 g DI water. The resulting
20 polymer had a solids content of 48.8% and an average particle diameter of 202
nm.
Polymer 8
To 1174.9 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,
25 5.1 g ammonium persulfate dissolved in 50 g DI water and 156.4 g polymer seed
latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of
DI water to form a reaction mixture to which the following monomer mixture
was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium
persulfate dissolved in 100 g DI water followed by 50 g DI water.

30



added to give a final pH = 10.0 foll owed by the addition of 6.6 g

Proxel [err] GXL bactericide (17% active ingredient) dissolved in 10 g
DI water. -The resulting 20 polymer had a solids content of 48.8% and an
average particle diameter of 195 nm

Pel yner 9 To 1174.3 g of d&Ponized (D) water under a

ni trogen atnosphere at 90[err] C was added 7.8 g of ammoni um

bi carbonate diss ved in 69 of DI water, 25 5.1 grarmpr}i um persul fate
di*ssol vetl in 50 d 156.4 g pol ymer seByETAMS & oy™ (5ol ds
content 42% aver age ngwaeéIe di ameter of 60 nm fggpowed by 30 g of DI
water to forma reaction mxture to which the foll ow ng nonomer m xture
was then added over 3Dbwfax24t®(88.pd%radtiSehbarfgctant 474 sol uti on of 2.6 g

\?/arr]tTgpl. ug)}n0 per sul fl%t?rlg{e a?r.! VFa%e' n 100 g Di vvatlg48f70I I owedzgy go g D
I\D/Fn\(/)vanfér m xture: butyl acrylate 680. 6 In grgos.4(9) ouf

: ax
2A1[ err 1045. 6% act i vex)zeﬁwlfmeﬂhacutylmté 4 259.2 Dbutyl nethacrylate
1980. 7 but cryl ate . 129.6 10
met hacrylic acid metha ryhc aadyg 7 497 h_dodecy! mer capt an
27.0 %oag@,lﬁgpc g{aﬁ he pol ymeri zabrgn, 0.01 g FeSO4 in 8.9
g D water, 0.01 trasodi um sal t of et hyl enedi am ne

tetraacetic acid in 0. 9 g of DI water, 15 1.8 g t - but yl hydr oper oxi de in 20

gO[DIer\rA?tCe'[ o' The' s cobibbrindabe bobRAtston ApmRFRe ETE DEHEE 51 e

a final 18H 7 Ji4hQ téphddies é%l't 61*1&% ?\@Hé&hﬁﬁn@ftet@aﬁceﬁcarcm(ﬂ 0.97g df ]ﬁxlvater

bacteri CI de (17% active ingredient) dissolved in 9.3 water .
resulting 1.8 gpbbt]tyéhydmpemxablmcﬁﬂ g Ditveater ahd 06 g%oan@rhm awbm@bg DI
particle dianeter of aratlve

Pol ymer 10 Water were added égﬁd}?eﬁo%rﬁ%@w&ﬁ é??’]‘nmdé'f’fgﬁo AVlic

emul si on supjalded¥o BiePHAA] pH = 10.0 followed by the addition of 6.6 g Proxel® GXL

bactericide (17% active ingredient) dissolved in 10 g DI water. The resulting

20 polymer had a solids content of 48.8% and an average particle diameter of 195
nm.

Polymer 9
To 1174.3 g of deionized (DI) water under a nitrogen atmosphere at

90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,

25 b.1g ammonium persulfate dissolved in 50 g DI water and 156.4 g polymer seed
latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of
DI water to form a reaction mixture to which the following monomer mixture
was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium
persulfate dissolved in 100 g DI water followed by 50 g DI water.

30



and Haas Conpany, Phil adel phia, Pennsylvani a

Pol ymer 11 25 To 1143.6 g of deionized (D) water under a
nitrogen atnosphere at 90[err] C was added 7.8 g of anmoni um

bi carbonat e dissolved in 60 g of DI water, 5.1 g ammoni um persul fate
diessolved in 50 g DI water and 156.4 g @8 yner seed | at ex (solids
content 42% average particle dianeter of 60 nm followed by 30 g of DI
water to forma _reaction_ mxture to which the follow ng nonomer m xture 30
wds the® added dderomenmixtareit 8i[err]C al ong wi tif &22361@ i on of 2.6 g

anmmoni um per sul e ssol ved in 100 g DI wedgye fol | oned by 50 g DI
wat er . 21 5

Monomer mi xture: Dowfax 2A1®(45.6‘7g 8agti\ée) surfaetataim4 ( 9) " DI
wat er : Dowf ax

2A1[ err] (45. 6% act i voptgunethermates7 4 1980.7 j so- butyl

net hacryl ate but crylate

583.2 10 bu%ﬁ'eatcﬁégryl ic acid ]Yél?él At

the endipf the pol ympidthatrylio.acid 01 g FeSO4 in 8.489 D water, 0.01 g

of the tetrasodiumsalt of ethylenediamne tetraacetic acid in 0.9 g of DI
wat er, 189t-t§lﬂqﬂeﬁ¥]mmf6¥|deln 20 g DI2%ter and 0.6 g

i soascorbic acid in 20 g DI 15 water were added at 60[err]C to the
reacti on product. Ammoni um hydroxi de was added to give a final pH =

10.1 fol |l owed by tAetieslehd bmheqiolﬁnénzaﬂi’émxlam £ FeBOP4h 8.9 g Dbwatez] 0.0lde
(17% active |n redi ent) dissolved in 10 wat er. The resulti ng

pol yner hade af the tetrased) mt@feﬂwIMIWequgéa%mP&@ﬁD weten of
199 n

To 1143% o8% fgrhydrpreryids n 20 £ Dlueter and0 8 g oA g in 20 g D1

90[err]C wmawide&eadaea aOBOWﬁhdmbtxcﬂ pbediset eA&uﬁsﬂilum ﬁydfbxﬁdb ‘Qas)f Di
wat er anmoni um g}oqr:sul fate dissolved in §" and 156. 4

g pol ymer s%déi?d = give afinel pHor 104 felaved by ﬂZ%‘id@’éW&gé' %gtPrex@ &GXmet er of
OO T L) A 00 B BB B SLA DFBRLZ IR g 2
al ong W th polsfiledthiada $olids contend 6T W8.7% Aand an average particle diameter of 200
20 nom.
Comparative Polymer 10
Polymer 10 was Rhoplex® AC-630® acrylic emulsion supplied by Rohm
and Haas Company, Philadelphia, Pennsylvania
Polymer 11
25 To 1143.6 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,
5.1 g ammonium persulfate dissolved in 50 g DI water and 1566.4 g polymer seed
latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of
DI water to form a reaction mixture to which the following monomer mixture

30 was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium

persulfate dissolved in 100 g DI water followed by 50 g DI water.



persul fate dissolved in 100 g DI water followed by 50 g DI water.

Monomer m xture: in grans (g) 30 DI
wat er . 680. 6 Dowf ax 2A1(45. 6%
active) surfactant 47.4 I so-butyl nethacryl ate

1494. 7 et hyl hexyl acryl2dte 615. 6

nmet hacrylic acid 49.7 35

22 5 MAt the end of the polynerization, 0.01 FeSO4 in 8.9 g DI
water, @ 01 GoFReT FIXRILLY o5 odi um sal t of et NEEABEIBhi ne tetraacetic
acid in 0.9 g of D vwitwster 1.8 g t-butyl hydrgggegoxide in 20 g DI water
and 0.6 g isoascorbic acid in 20 g D wat er were added at 60[err]Cto

the reaction product Dotwfam2A1(45/6% actide) suxfactant 4Zdided to give a final pH
= 10.2 followed by the lf;ldd'tio of . 6.4 g Proxel [2{5@7 GXL 10 Dbactericide
(17% acti ve i ngredi ertyPuviDsthagylate10 g D wat e¥®Z2%he resul ting

pol ymer had a solids ygentepjiaed 48. 3% and an averggegparticle diameter of
188 nm Pol yner 13

To 105410rg of dei oni methaBiylicmider under a n#®fogen at nosphere at 15
90[err] C was added 7.2 g of anmoni um bi carbonate dissolved in 55.6 g of DI
wat er, 4.7 g ammoni um persul fate dissolved in 46.3 g DI water and

144.9 g pol ymer — ag ﬂ\%ee%ﬁ df%hﬁ{:oty%ﬂﬁz@%igﬁgﬂg)gf%rl‘é’é% Y 8979 PIRAItEE, V.61

di aneter of 60 nm) followed b water to forma reac%ion

m xture to eftheftetrasodiahl sait nfjethiylemediamine tetraateticeacidiin 0 9epofdbiwdtayer 3
O o L Bl e B oSy St o R TR 301 B
vagtng?er 18N X{dE& were added at 60°C to the lée:%:ffigﬂ p26Buct I Ammonium hy%xc‘)ovz\?%?( was Dl
2A1[ err] ( 45addédintigive a fixial pEL+A40t1 f6Ho®@ed by the addition of 6.4 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 10 g DI water. The resulting
polymer had a solids content of 48.5% and an average particle diameter of 199
nm.
20 Polymer 12
To 1143.6 g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.8 g of ammonium bicarbonate dissolved in 60 g of DI water,
5.1 g ammonium persulfate dissolved in 50 g DI water and 156.4 g polymer seed
latex (solids content 42% average particle diameter of 60 nm) followed by 30 g of
25 DI water to form a reaction mixture to which the following monomer mixture

was then added over 3 hours at 81°C along with a solution of 2.6 g ammonium

persulfate dissolved in 100 g DI water followed by 50 g DI water.

Monomer mixture: in grams (g)
30 DI water 680.6
Dowfax 2A1%(45.6% active) surfactant 47.4
iso-butyl methacrylate T 1494.7
ethylhexyl acrylate 615.6
methacrylic acid 49.7
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25 et hyl nethacryl ate 1314.0

butyl acrylate 640.0 nmet hacrylic acid
46. 0 _ At the end of the polynerization, 0.01 g FeSO4 in 8.2
g DI water, 0.01 30 g of the tetrasodiumsalt of ethylenedi am ne
tetraacetic acid in 0.9 g of DI water, 99 1.8 g t-butylhydroperoxide in
18.6 g DI water and 0.6 g isoascorbic acid in 18.6 g DI water were

added at 60C to the reaction product. Ammoni um hydr oxi de was added to
gi‘ve a fiBnal pH = J@tﬂlefmdmﬁlbbdnoyymémaidm,ﬂl&lrg £S©4 dn §.9¢ Hlevater,Q.0LxL

asult ng 3% OLabe TS HRRS b ceviebRiantios feraaaiehal 0 SRV REVRIT ol o

(Zji?)ametSer of {89 t-butylRA§droperoxide in 20 g DI watsx(; la)x}crlré)rﬁ g Lilsoascorbic acid in 20 _ci’;(PI

1054. 7g of deateniwerd added atv60%C tcuﬁmeneammi prodgets Atomperitior kydroxide was

ag%:;r]c vvas added 7.2 %HﬁIB&:mD bi C&%?%%Sqlﬁil ss ?@j&owﬁi&ﬁﬂg of DI

144.9 g ! t WL
di amet erﬁc))f y%%‘%%%‘d? gf?g\%ﬂf%%%&%@f%s qullog?ér tola?gl?ér)n?%ﬁ?tgg%t I on
m xture to whlginet hed faddolidsicomtent nH48:8% and amaxe¢rage pasticle diametddof 188 er 3

hours at 81[err]C along with a solution of 2.4 g anmoni um persul fate
di ssolved inf®2. 6 g DI water followed by 46.3 g DI water.

Monomer m xture: (g) 15 - DI water
630. 2 Dowf ax 2A1[errﬂ)§§@g§7o active) surfactant 43.9

i sobornyl et hacryl ‘B @054.7g of deioflizéd {DI) water under a nitrogeratmosphers atit e

A the et o0 "OreapaadetkT- ?égfmloblc%g %&O‘!‘FE%‘* dipsglved dn 85 4.8EPI waten

0 Ot he L 3Bt pePlufl0 Wi RBRAN A48 § DIWARSFLAG 18410% bllyfhe? O Of
seed latex (solids content 42% average particle diameter of 60 nm) followed by
27.8 g of DI water to form a reaction mixture to which the following monomer
mixture was then added over 3 hours at 81°C along with a solution of 2.4 g

20 ammonium persulfate dissolved in 92.6 g DI water followed by 46.3 g DI water.

Monomer mixture: in grams (g)
DI water 630.2
Dowfax 2A1%(45.6% active) surfactant 43.9
25 ethyl methacrylate 1314.0
butyl acrylate 640.0
methacrylic acid 46.0

At the end of the polymerization, 0.01 g FeSO4 in 8.2 g DI water, 0.01
30 g of the tetrasodium salt of ethylenediamine tetraacetic acid in 0.9 g of DI water,
1.8 g t-butylhydroperoxide in 18.6 g DI water and 0.6 g isoascorbic acid in 18.6 g
DI water were added at 60°C to the reaction product. Ammonium hydroxide was
added to give a final pH = 10.0 followed by the addition of 5.9 g Proxel® GXL
bactericide (17% active ingredient) dissolved in 10 g DI water. The resulting
35 polymer had a solids content of 48.6% and an average particle diameter of 199

nm.



1.8 g t-butyl hydroperoxide in 18.6 g DI water and 0.6 g isoascorbic acid in

18.6 ¢ DI water were added at 60[err]C to the reaction product.

Anmmoni um hydr oxi de was 25 added to give a final pH = 10.1 followed by the
addition of 5.9 g Proxel[err] GXL bactericide (17% active ingredient)
i ssolved in 10 g DI water. The resul ti n%f pol ymer had a solids content
of 48.6% and an average particle dianmeter of 197 nm

Conpar atg ve Pol yner 15 30 %MQ,_? 479 of deionized (D) water
under a nitrogen atnosphere at 8 err was added 7.2 g of amoni um

bi car bonat e di ssol Ted0b4. ﬁﬁﬂe@ﬂedQDImwr,underaxﬁtﬁ’)ggnamsphmmr sul fate
dissolved in 46.3 ¢ wat er and 144.9 g seed |l atex (solids

I
cont ent 42%"9\%7"’&5 edga(# 2% of ammepiwp kiga Gn?ﬁ?)dlﬁsﬁﬂ‘f%‘v%@(ﬁs‘o@g of DI wat eB g of

mxtar o was S ARG bRt A WS g rph s L IRREGRe”
2.4 g m@hmm@bdewﬁteﬁmz% avetage dbairticle Aidmetddlof 6Qtrdi) ﬂ‘oﬁbiveavbgi by

46. 3 Dl wate 5
Nbno mgr 19y X@'@B@ of DI water to form a reaction migugado wipjch the following monomer DI

wat er o 3
2A1[ err] (45m6l 0 aetwllave exslljilrd actog?ﬁ:;gg%zat 81 Calongmthasolutlm‘?fg )&ﬁ

met hacr yl at @ammonium persifdteddidédlved in 92.6 g DI watedtfoldwel by 48135 DI water.

860. 0 met hacrylic acid 46 0

At the end of the polynerization, 0.01 g FeSO4 in 8.2 water, 0.01

g of the tetrasogy . et hyl enediam ne tetr C|d|n09gof

DI water, 15 1. Oémtn?glkﬁlfakfdroperoxi de in 18.6 g.‘a%lgtnj1 Sng and 0.6 g

| soascoltbic acid in 1Bl water Di vvat er were addegp.at 60[err]C to the
reaction product. Ammoni um hydroxid added to give a final pH =
9.9 foll owed by the m&@/ \(45\36@43'5@%5(‘@1@‘6@’}4 bactericide (17%
active ingredient) d'1§ pylg wat er . Thg1 Ssul ting pol yrer
had a solids content b ahd an average particl'e dianeter of 213 20

nm . butyl acrylate Pol yme104(k0

methacrylic acid 46.0
20
At the end of the polymerization, 0.01 g FeSO4 in 8.2 g DI water, 0.01

g of the tetrasodium salt of ethylenediamine tetraacetic acid in 0.9 g of DI water,
1.8 g t-butylhydroperoxide in 18.6 g DI water and 0.6 g isoascorbic acid in 18.6 g
DI water were added at 60°C to the reaction product. Ammonium Ihydroxide was

25  added to give a final pH = 10.1 followed by the addition of 5.9 g Proxel® GXL .
bactericide (17% active ingredient) dissolved in 10 g DI water. The resulting
polymer had a solids content of 48.6% and an average particle diameter of 197
nm.,

Comparative Polymer 15

30 To 1054.7g of deionized (DI) water under a nitrogen atmosphere at
90°C was added 7.2 g of ammonium bicarbonate dissolved in 55.6 g of DI water,
4.7 g ammonium persulfate dissolved in 46.3 g DI water and 144.9 g polymer
seed latex (solids content 42% average particle diameter of 60 nm) followed by
27.8 g of DI water to form a reaction mixture to which the following monomer

35 mixture was then added over 3 hours at 81°C along with a solution of 2.4 g

ammonium persulfate dissolved in 92.6 g DI water followed by 46.3 g DI water.



To 1007.2 g of deionized (D) water under a nitrogen atnosphere at 90[err]C
was added 12.8 g of anmoni um bi carbonate dissolved in 57.7 g of D water,

4.9 g * ammoni um persul fate dissolved in 48 g DI water and 150.3 g

pol ymer seed latex 25 (solids content él%% average particle diameter of 60
nfm followed by 28.8 g of D . water“to forma reaction mxture to which
the foll owi ng nononmer m xture was then added over 3 hours at 83[err]C
along wth a solution of 2.5 g ammoni um persul fate dissolved in 96.1 g
D water followed by 48 g DI water.

25 5 Mdiooomer mixtunee: in grams (g)i n grans (g)

DI water 653. 2 Sodi um | auryl
sul fate (28% acti ve)DI waberg but?‘?a%et hacryl at e

1763. 8 DowfdX BA1®(25.6% &fve) surfactant 43.9 51.9 10

met hyl nethacryl ate 0 ( '1%’6% ) surfac met hacrylic acid

72.6 iso-butiddeethlanmlatept an 1094.0 25.9
At the_end of the pol rization, 0.01 g FeSO»4 i .5 g DI water, 0.01 15
g of tﬁ@ t et rasodi urﬁtggf?"raat%t hyl enedi ami ne tetgﬁ‘ieeti c acidin 0.9 g of

D water, 1.8 g'?%ﬂ%é Jwdgoperoxide in 18626% DI water and 0.6 g
. e

i soascorbic acid in DI water were a at 60[err]Cto the
reaction product. Ammoni um hydr oxi de was added to give a final pH =7.2
foll owed by the addition of 5.9 g Proxel[err . bactericide 7%
active ingredient %t&§’§§8fl\f’gah? polymg: aBanﬁpigg(eﬁ%%%gglﬁﬁi@aﬁ’o yner
had a soli % : i | f

o gor Rt PLsodium Qatt &%ﬁ?yl@@gﬁé(&&ﬁ&é‘et%%?g %grd%ﬁi@&%?m Wi,

mparative
Pol ynel518 1véag tHhutylhepdreperbxidedn ri8dg BXIvé0 Gnd Or8/f ispascarbkiaeid suphpbiged by

Compar at | vDIPEHGRBEr sdded af 66°C'to tho rearipLprgapt obmaMIwE PRI under
it ' | f at
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cont ent 42Y%aeteeicidys 1% dctiviedngiedieite disedlvedimtP g DI water. The resulting
polymer had a solids content of 48.8% and an average particle diameter of 213

20 nm.
Polymer 16
To 1007.2 g of deionized (DI) water under a nitrogen atmosphere at 90°C
was added 12.8 g of ammonium bicarbonate dissolved in 57.7 g of DI water, 4.9 g
ammonium persulfate dissolved in 48 g DI water and 150.3 g polymer seed latex
25 (solids content 42% average particle diameter of 60 nm) followed by 28.8 g of DI
water to form a reaction mixture to which the following monomer mixture was
then added over 3 hours at 83°C along with a solution of 2.5 g ammonium

persulfate dissolved in 96.1 g DI water followed by 48 g DI water.



followed by 20 g of DI water to forma reaction mxture to which the
followng 30 nononmer m xture was then added over 3 hours at 81l[err] C al ong

with a solution of 4.3 g amonium persul fate and 11.6 g of 28% NHAOH
di ssolved in 100 g DI water followed by 35 g DI water.

26 5 Monomer m xture: 25 in grams (gQ)

DI water 700 Al i pal CO 436
(58% actj ve) sufactant*27.9 2- et hyl hexyl acrylate

927 5 ﬁ"mm%’ml’éth’é& in‘grams(g) 1112 4 10

met hacrylic acid D t 75.6 n- dodecyl nmer capt an
27 At tIhvgaeeﬁd of the polynerizati 06r15,3' .01 g FeS™4 in 9 g DI
water, 3.6 g t- Sodiuth hywiryd palfatei (88%i axtiz@) g [39.8ater and 1.3 g sodi um

sul foxyl ate formal dehyde 15  in 20 g DI water were added at 60[err]C to the
reaction product. AmPusYlmethacrylatedr oxi de was add¥$3% give a final pH =

10.6 followed by the il f 5.9 g of f | deyhde (37% active)
and 103 g of pol yoxa%’%l@ﬂd% n@i g‘?hyl nmet hacryl ate 19 (26.4% active)

foll oweth by 20 g D \wéthyl metieacrglaté t i ng styrene is6&d conparative
pol ynmer had a solids content, of 50.2% and an average particle 20 di aneter
of 192 nm methacrylic acid Pr epar at1%® of pol yam ne

To a 2-liter reactor ¢ mf@ i g of DI water der a nitrogen
at nosphere at 60[err]nCi9 %ﬂ%&g?ﬁg% aqueous sol ut%‘%‘g of ferrous sulfate

hept ahydr at e (0.15% and 0.8 g of an aqueous solution of the
tetrasodiumsalt of 25 e h%(I enedi am ne tetraacetic acid (1% diluted with
gnd o

10 g DI water werefh the palymsrization ).0hg Fe8P4in f’cé( wates; 0930 g
2- ( 3- | j, di . . .
(3- oxpgo %Qiéaﬁéoi?g?}a%éhm&@_&ﬁgﬁ?Xt}h?ﬁe‘?ledlasﬂz{e@éﬁlw?@é‘%q&% ) gggﬁg@eﬁs’as

added over riod mul t'aneou eeds conpo
t - but yl hydr bgey phuiythydicopermxideVia) 1806 g DI watbriahdB6 g isdascorbic sedd 6 18180 2 ¢

nere added By sater TerRdsScR: GHC tntherersiop RORUH. dmaNEBdTdronewas
added to give a final pH =7.2 followed by the addition of 5.9 g Proxel®°GXL
bactericide (17% active ingredient) dissolved in 9.6 g DI water. The resulting
20 polymer had a solids content of 50.4% and an average particle diameter of 226
nm.
Comparative Polymer 17
Polymer 18 was Rhoplex® Fastrack®2706 acrylic emulsion supplied by
Rohm and Haas Company, Philadelphia, Pennsylvania
25 | Comparative Polymer 18 _
. To 925 g of deionized (DI) water under a nitrogen atmosphere at 92°C
was added 6.5 g ammonium persulfate dissolved in 35 g DI waterand 195 g
polymer seed latex (solids content 42% average particle diameter of 60 nm)
followed by 20 g of DI water to form a reaction mixture to which the following
30 monomer mixture was then added over 3 hours at 81°C along with a solution of
4.3 g ammonium persulfate and 11.6 g of 2.8%'N H40H dissolved in 100 g DI
water followed by 35 g DI water. ’



reaction was held at 60[err]C for 30 mnutes then 0.16 g of

t - but yl hydr oper oxi de (70% active) dissolved in 10 DI water was added.
Fifteen mnutes later, 0.1 g of t - but yl hydr oper oxi de (70% acti ve)

di ssolved in 10 g DI water and 0.06 g sggiunl sul f oxyl ate formal dehyde
dt hydrate dissolved in 10 g DI water wereé added. 35 Fifteen mnutes |ater
the reaction was cooled to roomtenperature. The

27 5gpol yf ungd ) -had a pH of 8.2, soli ent 17.6% and a
B 0ok i ol d M‘*’*&?ﬁ%&?ﬁ“&’e‘? spindle 2 at 60 rpn)ul 3%@3ps.

Preparation of TraffDEwademts Traffic Paints 1 tRAPOugh 15

Traffic Paints 1 thr repared accor dj to the follow ng
formul ati ons. The i néﬁg& éﬁt‘&\éﬁ%’ aftyed s Cﬁar?ég%jr']ger gi ven under | ow shear
10 ~ laboratory m xi agthAhbefl aﬁ\%gegdi tion of thgoextender (identified in

Table 1 as "H"), stirri continued for 15 m nutes before the
addi tion of the renastyreme I ngredi ent s. 1112.4TABLE 1-1ngredi ents

for Tralffic Paintslthlaé)u 15, (Pt1 through Ptl%. Pt A B C D E.
F G HO | g k  methgarflicacd” 1 4601 56 15,9 7.2

2.8 2.0 100.0 23.0 1546 3.5 7.0

P1 2 4go, plolGifercaifal 250 IO SO 0 Teoe
30.0 23.0 11.6 3.5 7.0

At the end of the polymerization, 0.01 g FeSO4 in 9 g DI water, 3.6 g t-
butylhydroperoxide in 20 g DI water and 1.8 g sodium sulfoxylate formaldehyde
15 in 20 g DI water were added at 60°C to the reaction product. Ammonium
hydroxide was added to give a final pH = 10.6 followed by the addition of 5.9 g of
formaldeyhde (37% active) and 103 g of polyoxazolidinylethyl methacrylate
(26.4% active) followed by 20 g DI water. The resulting styrene based
comparative polymer had a solids content of 50.2% and an average particle
20 diameter of 192 nm.
Preparation of polyamine
To a 2-liter reactor containing 600 g of DI water under a nitrogen
atmosphere at 60°C, 2.8 g of an aqueous solution of ferrous sulfate heptahydrate
(0.15%) and 0.8 g of an aqueous solution of the tetrasodium salt of
25 ethylenediamine tetraacetic acid (1%) diluted with 10 g DI water were added
with stirring. A feed of composed of 200 g 2-(3-oxazolidinyl)ethyl methacrylate
(OXEMA) and 100 g DI water was added over a 2 hour period. Simultaneously,
feeds composed of 2 g t-butythydroperoxide (70% active) dissolved in 23 g DI
water and 2 g sodium sulfoxylate formaldehyde dihydrate dissolved in 23 g DI

30 water were added over a 2 hour period. After completion of the feeds, the

reaction was held at 60°C for 30 minutes then 0.186 g of t-butylhydroperoxide
(70% active) dissolved in 10 DI water was added. Fifteen minutes later, 0.1 g of
t-butylhydroperoxide (70% active) dissolved in 10 g DI water and 0.06 g sodium
sulfoxylate formaldehyde dihydrate dissolved in 10 g DI water were added.

35 Fifteen minutes later the reaction was cooled to room temperature. The



P2 460. 1 4.6 15.9 7.2 2.8 2.0 100.0 760.6

30.0 23.0 11.6 3.5 7.0 P3 4 460. 1
4.6 15.9 7.2 2.8 2.0 100.0 760. 6 30.0 23.0 11.6

3.5 7.0 5 460. 1 % 6 15.9 7.2 2.8

2.°0 100. 0 760. 6 30.0 23.0 f . 3.5 7.0

P5 6 460. 1 4.6 15.9 7.2 2.8 2.0 100.0 760.6

30.0  83. Golyfuhdtiénal a3n§1e had a BH o? sohds content 17. G%P &d a?go%kﬁezci 460.1
4.6 15.9 7.2 . 6 6
3.5 wscoglty (spmdle 2 at 60 rpIP?ofSO cps 460. 1 15.9 7.2
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2 32 0 formulatiops, The mgrechents wer@added in the order givefAirdler lowdshéar 3. 18
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>3 o TABLE Hngréaidhts ﬁr%ﬁ%ﬁﬁm Nhroug%é‘fﬁ 3%5% gikough RIS 3 o5
1. 44 ptS{GA )(1)134c C PmOo El?f | Gcolog X EAR) 728
é' fJnI ess qtdt ed“i?lﬂ nettni|sB? | HE { ot quPhg D€ a‘1°-°coﬁ"13901éhi 4 %erle 7dsed
2 460.1 4.6 15.9 72 28 2.0 100.0 | 760.6 30.0 23.0 11.6 35 7.0
P2
3 460.1 4.6 15.9 12 2.8 2.0 100.0 { 760.6 30.0 23.0 11.6 3.5 7.0
P3 .
4 460.1 4.8 15.9 1.2 28 2.0 100.0 | 7606 30.0 28.0 11.6 35 7.0
P4
5 460.1 4.6 15.9 72 2.8 20 100.0 | 760.6 30.0 23.0 116 3.5 7.0
P5
6 460.1 4.6 15.9 72 2.8 2.0 100,0 | 760.6 30.0 23.0 11.6 35 7.0
P6
7 460.1 4.6 15.9 72 2.8 2.0 100.0 | 760.6 30.0 23.0 11.6 35 1.0
P7
8 460.1 46 159 7.2 2.8 2.0 100.0 | 760.6 30.0 23.0 11.6 35 7.0
P8
9 460.1 46 15.9 7.2 2.8 0.40 100.0 | 760.6 30.0 23.0 11.6 3.5 1.0
P9
10 92.0 0.65 3.18 1.44 0.56 0.40 20.0 152.1 6.0 4.6 2.32 0.7 14
P10
1 1 94.9 0.65 3.18 1.44 0.56 0.40 20.0 152.1 6.0 4.6 2.32 0.7 14
P11
12 94.9 0.65 3.18 144 0.56 0.40 20.0 152.1 6.0 46 2.32 0.7 14
P12
13 94.9 0.65 3.18 144 0.56 0.40 20.0 152.1 6.0 4.6 232 0.7 1.4
P13
14 94.9 0.65 3.18 1.44 0.56 0.40 20.0 152.1 6.0 4.6 2.32 0.7 14
P14
15 94.9 0.65 3.18 144 0.56 0.40 20.0 152.1 6.0 4.6 2.32 0.7 1.4
P15




t hroughout. All weights are stated in grans: A nmeans Polymers P4, P7,
P8, P9, P11, P12, P13 and P14, and Conparative Pol ymers P1, P2, P3,
P5, P6, P10 and P15 descri bed above. B neans Triton[err] X-405 Cctyl
phenoxy pol yet hoxyet hanol surfactant supplied by 10 Union Carbide
Citenmi cal s, Inc., Danbury, Connecticut @ 78percent solids by wei ght .
C neans pol yam ne descri bed above D nmeans Tanol [err] 901 D spersant,

%g, anmoni 5'P hm iﬁﬂéslﬂtaﬁd mbwslé,%b%ﬂévﬁgg comxﬁé&l@i;ﬂl %%ﬂpgﬂerﬁg W@r@{i‘lﬁe@aals_ g
npany, i : nnsyl vani ercen ased on the solids.
E neans Surfy}r?%%[ggrmrl' %ﬁ%%@%lff?ﬁ%tgt“} ggq‘f“%tcetyl enic surfactant supplied
by Air P weans FobymaersiRdyPdaP8, P9,R11, PAR] b3 and P12 and Wowspirative F
means Drew Lpjian&aiPp upg! t heal any, Boonton,
New Jer sey. 0%%&5 n&,?_g%?f@'g’ fg’dg ﬁ%ggs%%bfegn%bggggl de supplied by
E. 1. duPont ée”‘ﬁéﬁ% on™ A- @mia gnoxyyokyethewrethangl susfagtant supplipdrbyns
Omyacar bl@r r Urion Gavhide Cladmicals, Ik, Datibur g/ Oomedcticu@Usdreshtidlias by
ASTM D 1199, “Hé}ﬁ GC, Grade Il having a nunber average particle size of 5.5

| .

mcrons with mum oi | _absorption No. of 10, supplied by Owa, Inc.,
Proctor, 25 B polyamine deseribed abgyeianol * J nmeans Texanol [err]

Est er alc 0{1 oD siepps Tachdl 9Ehﬂisms£ﬁggﬁhbgﬁhﬁoni|ﬁiﬂ‘ sflpef 5% pdyel[?f%mgs see* |
nmeans wat er* S < suppli e em ¢
Company, - goofPRpLed by FSRECal Atk Cohupart, PRIBIAIPREL Pegasviiapadhotppienta by
Aqual on, 18 nc bases emthesdids. Del avar e. * premixed prior to adding to

pai nt prepar @ inefns Surfynol® OPIB6 Shrplctbah B@éegﬁéxﬁ&' S&rfRltant g;h;& ifNgs
fromthe For 8&&1&%&2%11 ical © Iéaf?'c aiynts 1 tﬁ;rlioﬁﬁ l%g’\@;ﬁﬁrn

t hr ough Pt15§9 nd Chemicalg Inc., Mlentewn Pennsylyania. by spraying | ayers
of Traffic P&imesnsDrew® Li493d0efoatb®r supplial byrDotw Clenticalt Gohpaiy, [Booakon,
havi ng no exmgpglergggr egates on the surface (supplied by Patio

vsed to 2y aft Bennt B Plaret Hribh SEn3ln aloside spphad bu -1 AaPopt deRlmas: <
were dried a& CompahpyWenington, Delawse. tine specified below to
H means Omyacarb® 5, Ground natural calcium carbonate, evaluated under
ASTM D 1199, Type GC, Grade II having a number average particle size of 5.5
microns with maximum oil absorption No. of 10, supplied by Omya, Inc., Proctor,
25 Vermont.
I means methanol*
J means Texanol® Ester alcohol supplied by Eastman Chemicals, Kingsport,
Tennessee*
K means water*
80 L means Drew®L-493 Defoamer supplied by Drew Chemical Company, Boonton,

New Jersey. '
M means Natrosol 250 HR supplied by Aqualon, Inc., Wilmington, Delaware.

* premixed prior to adding to paint preparation.
Testing of Wear Resistance of Traffic Markings from the Foregoing
35 Traffic Paints 1 through 15 (Pt1 through Pt15)
Test panels were prepared by spraying layers of Traffic Paints 1
through 15 onto a smooth concrete test block having no exposed aggregates on
the surface (supplied by Patio Concrete Co, Levittown, Pennsylvania). A
conventional air spray was used to spray a wet film thickness of 0.38 mm. (15

40 mils). The layers were dried at room temperature for the time specified below to



29 5 produce traffic markings, which were then wear tested under the

procedure descri bed bel ow, The wear test used herein
nmeasures-the durability or wear resistance of a traffic markings under
accel erated conditions by contacting the surface of the traffic

mar ki ngs repeatedly with rolling wear wheéPs under pressure through 10 a
curved path by neans a testing device called Trafficoneter, which is

Serial noo  ProdlseBRRaRa el R e SRRl BBl g PRI S TR

rol I i ng wheeldesaibed belowiol |y of the Trafficoneter simnulate actual wear
condi tions experienced by traffic . markings _on roads. The test panel
placed in the Traffi ERerdiear tegtused herein measupgs thechurability og weay resistansg

condi ti ons bygfl ' : AbE ke . . Mars
cunul ative r)c()){ %{tt?%g %Mtﬁﬁ%stﬁ%?%& conet%&%%%gy F‘;“tsﬁ‘%%fﬂtg |é1n fe éFfabI es
2, 3 and 4 slbewrdfft markigs repedtedly withfrolinigatéaansheelé andenpressure thsough
presenteg in Tables 2, 3 and 4 as the area i Fqéﬂ%zﬁe m | lineters of paint
renoved fPomaWEvedpath by meapsa testing drwne cal fompetiE| whigh ig desgribed
precondi ti ongg ofbpbhdiREomiriiGilY laBsihed fhftl !a%gﬁgét%n Hhvillg YR &Ial NG, 2
specified nuﬁber of cycles, then renovi fromthe %r afficoneter and
dryi ng t hem [$0/029,9%8, which ishacenpptated hieveindfy tefarencenf The rolling wcheels on
Pras. - hydPlsefEhe Traffcompter simplate aitusl gspr condigions experiensed by thadic, 30
ggngger S Midykings on M¥ds. The ted¢panel placedivi the 'I‘ra.fﬂ4¥l9:ﬁ3 (yetlzg\ wereldled

. 0 0
MVA 1Ry dbepwiessi wet amhdry testipgponditionsiyrflooding thetest chazahar with veer.

(r)m NOMEr S o The number of cubhulative 60ta§'5|ﬁ‘s of theOTra%cometer Swheléf‘dol%yr @hogﬁgklp ok

50 Thbles 2, 3 and4 shown belowwere in 1000’of rotations. CThe wear datads 7K

125 0 .0 0 0 . 20, wet 14. 6k 150
0 0 presented jn Tables 2, 3@nd 4 as thepyea in squazxe millimeters of pgint 0

0 0 " 0 0
20 0 removed frgggthe panel. Iég(}mi fo%fﬁgs £H¢ test %Zx?els were 20
0 2075 preconditignedby’kunning 6Hém in the TPafficometer With water fo#@ specified 0

610 wet 39. 2k 675 0 60 . 0 . 970
dry 47.3k niygaber of cycleg) then removigg from the g‘eafﬁcometerzﬁpd drying thesg prior to

precondi ti onithg appfcatior-fth8tradfic PaftsNg dry time: 24hrs

Table 2
Pt10 Ptll Pt12 Pt13 Ptl4d Pt15
hydrophilic 1.3% 2.3% 2.3% 2.3% 2.3% 2.3%
monomers MAA MAA MAA MAA MAA MAA
53.3% _ 43% EA
MMA
hydrophobic BA IBMA IBMA EMA IBOMA IBMA
monomers B A EI.IA B A B A
wet 8.5k 0 0 0 0 0 0
dry 8.6k 50 0 0 0 0 0
9.7k 125 0 0 0 0 20
wet 14.6k 150 0 0 0 0 30
dry 21.4k 745 0 0 0 0 50
wet 24.5k 875 0 0 20 0 340
27.1k 1150 0 0 20 0 375
dry 34.7k 1675 0 0 40 0 610
wet 39.2k 1675 0 0 60 0 970
dry 47.3k 1850 0 0 80 40 1590

preconditioning: 50.5k cycles
25 marking dry time: 24hrs



30 5
hydr ophobi c nmononer s

Table 2 indicates that as |ong as the anount of
in the polynmer is at | east 80 percent by weight,

vari ous ‘conbi nati ons of such hydr ophobi ¢ nmononers woul d result in wear
resistant traffic paints. 30 Table 3
ptsl Pt 2 Pt 3 Pt 4 hydr ophilic 2. 3%
MAA 2. 3% MAA 2. 3% MAA 2. 3% MAA NoONOMer s 48%
MVA 5 36% WA 24% MVA hydr ophobi c BVA

EXA BNA Table 2 1nd1cate5|\£ﬁat as Iongfﬁ%q:!ﬁ%ra%ount of hydro;h@ﬁc monomers

2020 in thq gglymer is at least 80 en@nt py avaight, variaimcomidinatipos efsuch

mar ki ng dry Tabl e 3 .i ndi s _that as the anount
of hydr ophi IhSJ gﬁ%lho%%{pgno%leﬁ\gould res’fjl(gllﬁ}l’f’@eiar(ff" lﬁ?@tﬁaﬁf PR nt decr eases,

the wear resistance of the resultant tmqgblé@ 15 narkings increases.

Table 4 PPl O Pta2r L O Pe3 TL 7 Pta L O

Pt 9 hy TR A TVCRAL . ST TV VAA
BVA ' sf % LN BA

BA hydyophobic RRMA BRMA BMA nppv BMA  nppwm
nDDM B 110, nDRA 170k BA 1B80 1820

1080 1708 Q700  preco020i oni hg: QlBooycl ek -0 nar ki hg

dry timap 24heéonditioning: Ok cycles Tabl e 4 i ndicates that as the anount of
polynmer of the traffic paint decreases,

mar Ki ngs i ncreases.

hydr ophi lic
t he wear

Addi tional ly, when 'H}ﬁe
i mpr ovenent

further

BPy tithe: Rhrs

he " wear r

resi stance of the resultant traffic

hEEH A IPLO.

ot ol Snmoert B 46

mar Ki ngs i s paiater of the traffic paint decreases, the wear resistance of the resultant traffic

15 markings increases.

Table 4

Pt5 Pt6 Pt7 Pt8 Pt9
hydrophilic 2.3% MAA | 2.3% MAA | 2.3% MAA | 2.3% MAA | 2.3% MAA
monomers 48% MMA | 36% MMA | 24% MMA | 12% MMA
hydrophobic BMA BMA BMA BMA BMA
monomers BA BA BA BA BA

nDDM nDDM nDDM nDDM nDDM

170k 1380 1400 1080 0 0

preconditioning: Ok cycles
marking dry time: 24hrs

20 Table 4 indicates that as the amount of hydrophilic monomers in the
polymer of the traffic paint decreases, the wear resistance 6f the resultant traffic
markings increases. Additionally, when the molecular weight of the polymer is
reduced, further improvement in the wear resistance of the resultant traffic
markings is seen.

25 From Tables 2, 3 and 4, it can be seen that Traffic Paints 4, 8, 9, 11,
12, 13, and 14 of this invention exhibit superior wear resistance in comparison to
Comparative Traffic Paints 1, 2, 3, 5, 6, 7, 10, and 15, the latter having more

than 20% by weight of hydrophilic monomers.
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8, 9, 11,
resi stance in conparison to
7, 10, and 15,

From Tables 2, 3 and 4,

the latter

hadr ophi | i ¢ nononers.
Preparation of Traffic Paints Traffic Paints 16 through 19

Traffic Palnts 1@,
fOrnuIatlons

t hrough 19 10

Pol ymer

( P16)
15. 8
20. 3*
D
38. 1
37.2
100. 0
R

272. 1*
208. 6*
171. 9*
95.0
M

| aborat ory mi xi ng. Traffic Paints 16 thrdvH E9 %k@g{eqﬁrm @ilhh&oi'%hg}b&fxé fsllokahgt s 16
throu
| ngr edi ent dormulations. Fhedngredients were adqqu_up the order g1vgn ungey dpw shear
laboratory 57 8568. 5 433.6
(é%?é' (P18) N 85. 1
OTABLE 5-Ingredien®s f6r Traffic Paints 16 through 19
Q 3. 6% .
65. 3 A-(Pt1g through Pt18). g 7 E
> — +8. 1
Ingre%st Pt16 Pt17 907, 0 Pt18 13k 3
Polyrher 4123.6898.9 8568.5 14%2 358 433.6 60. 6
558. 7* (P16) 19| (P17) ) (P18)
L 7o op s
No16 o 851 o 15.8
o 95.931. 7/ 65. P .5
f3 5 12304 20 _D*** T
P 20.3%
Q 3.6*
D 65.3 134.1 6.7
E 38.1 52.1 2.8
F 18.1 37.2 2.0
G 907.0 1862.3 100.0
H 6898.9 14164.8 760.6
R 14.5
I 272.1* 558.7* 19.8
J 208.6* 428.3* 8.7
K 171.9* 216.0*%
S 95.0
L 31.7 65.2 3.5
M 63.5 130.4 20.0%#*
T

The

havi ng nore

it can be seen that Traffic Paints 4,
12, 13, and 14 of this invention exhibit superior wear
Conparative Traffic Paints 1, 2, 3, 5, 6,

R a8ion B 1R RARAG FritiicPd

iR,

t han 20% by wei ght of

31 5

owi ng
| ow shear




32 5 B- (Pt 19)
I ngredi ents Pt 19 Pol yner
459.67 ' (P17)
D 7.2% E
2s 81 L 2.03
G 99. 57 H
757.67 5 | B-(Pt19) 29. 84
3 2 .00 | il

%. 53 Ingredxexms il_lld Pt19 ‘r7_ 00
P T30 ' U
1.73 In additiongoéy?ﬁle'terns statgd earlier in4?3§7e 1, the folljowi ng
addi-ti onal commerci al conponents wgre used. Al ghts are stategd in
gr ans: —N-eans—14%- arbRi-a- —0 -
nmet hacryl ate 10 R meansD30 % benzophendqne in net hanol7:23 P, S and |T
mean wat eff @ EAaS e L2030 AT pat—C 43€rbrir§fu,i art—current] y
supplied by Rhone Poul enc, Cranberry, New Jersey“urider the nane of
Rhodaf ac 436 surfactant. 15 U rfeans 28 % ammeo3. * preaned
prior to adding ta paint preparation ** _prem xed T
confirmthe results obtalned on a Traffilconeter test 928&ribed
earlier, ' ' ' Hr—a-f—H—e—Pa—%;‘—mc—rvad—fest ed
20 under actual conditiofis for 24 nonthgd in Texas by ying them ovef the
r oad surface as tramnsverse Tines Tdr exposing theggigo maxinumtraffic
condi ti ong

J 22.89

E 3.53

M 7.00

p 11.50

U 1.73

In addition to the terms stated earlier in Table 1, the following additional

commercial components were used. All weights are stated in grams:

N means 14% ammonia.

O means polyoxazolidinylethyl methacrylate

10

P, S and T mean water.

R means 30 % benzophenone in methanol.

Q means EP-120 (30%) Alipal CO-436 surfactant currently supplied by Rhone
Poulenc, Cranberry, New Jersey under the name of Rhodafac™ C0-436

surfactant.

15 U means 28 % ammonia.

* premixed prior to adding to paint preparation.

** premixed

To confirm the results obtained on a Frafficometer test described

earlier, Traffic paint 16 and Comparative Traffic Paint 17 were road tested

20

under actual conditions for 24 months in Texas by applying them over the road

surface as transverse lines for exposing them to maximum traffic conditions.



33 5 The wear

paints are

shown in Table 6 bel ow

resi stance of the traffic markings obtained fromthese two

Tabl e 6* , Test Date Traffic Paint 16 Conpar ati ve
Traffic Paint 17 fromDay 1 Beaded Not Beaded Beaded
Net Beaded 7 days 33 98

70 29 days 100 83 36 days

3gy S 5 The weaS.r resistance ofStge ‘%'?Q'fﬁc markings obggiged from these twoAfgints are ?27
days 5 244 days

a5 shownngableGbelo 551 days

3 405 days 80 Table 6* 33 412 days

3 588—d€z-& & 25 59 &

3 * The Tes DaP%SJMMP inhd6ar png qump@@ﬁivsv ;’aﬁic Paint 47

mar ki ngs sit i from Day 1r elni Beadedn t heNot Béaded f hce Beaded Not Beaded\s | seen
from Tabl g 6 ab@yﬁ thle wear resisfance, expregsed ®g the hrea g9 of
traffic markipg KLETT Femalpgig onj the fggad Sufface, of Trarfric parnt 16
was S SN T better—ta Lﬂd.L proviagd Dy’gﬁl)llpd.l rtTve—Fraf-f

Pai nt 17. Fhe—efeect P —-aeh-at+oR—oR—Sty-ere—based—t+raf f i C
pai nt VerSUS—éﬂi&—fi—)d-éﬁE hncnh fr:\fgl cpalnt was alsolmeasured

Styrene based66slayaratj ve Traffic paint 16 and 3t yrene Ereed

Conpar ati vie TI2¥ days Paj nt 18 were foad tested o¥er asphalt and
concrete rjoad2guddyrcesy for 88 nontnps i n3Bennsy|vani a by appl yi ng them
as transversegdy §gy T 0] obTal n maxi rum exposurejto sug and the tralfic.
The traffifcTp A ayies Ti xeu th—2{ 72T 3| ogrd v ofTeftective grass 20
beads per i j es—of pal rt—t f-ov-ee—re Faﬁc—fi. Frec— S it —ght
tinme /s Ay Th L he traffic harkins Dy
nmeasuring jLhe588 days efi ecti 8ty of [the #26afficimarkings. The
retrorefl ect ab@eddyRef )} of the refl pctive raffi8 markings was neagured

in mlli Cand?hé wstaebszﬂesré}ﬁivfh ARAH HERE{n percentagh of vl Markgsstillf M rol ux

12 Port abl

Cre

Patersofp New Jersey. The results are shown in Table 7

15

20

25

As seen from Table 6 above, the wear resistance, expressed as the area
of traffic marking still remaining on the road surface, of Traffic Paint 16 was
significantly better than that provided by Comparative Traffic Paint 17.

The effect of UV radiation on styrene-based traffic paint versus non-

styrene based traffic paint was also measured. Styrene based Comparative
Traffic paint 16 and Styrene Free Comparative Traffic Paint 18 were road tested

over asphalt and concrete road surfaces for 36 months in Pennsylvania by

applying them as transverse lines to obtain maximum exposure to sun and the

traffic. The traffic paint was mixed with 2.721 kilograms of reflective glass

beads per 3.77 liters of paint to provide the traffic markings with night time

visibility. The wear of the traffic markings was determined by measuring the
reflectivity of the traffic markings. The retroreflectance (Ref) of the reflective

traffic markings was measured in milliCandellas at certain measurement

intervals by means of Mirolux 12 Portable Retroreflectometer supplied by Miro-

Bran Assemblers Inc., Paterson, New Jersey. The results are shown in Table 7

for Comparative Traffic paint 16 and in Table 7 for Comparative Traffic paint 18

below:

8RB kaFfagsiPpl i ed by Mro- 25 Bran Assenblers Inc.



for Conparative Traffic paint 16 and in Table 7 for Conparative Traffic

paint 18 bel ow: 34 5
Table 7. + Measurenent Pt 16 Pt 18 Pt 16
Pt 18 | nt erval Ref on Ref on Ref on Ref
ore Asphal t Asfhal t Concrete
Concrete August 94 350 405 375
394 glovenber 94 313 Tabl ;116 338 360
Novenber 197 210 ‘tabe 198 240
Cct ober 96 | Measureadét Ptl6 9 Pt18 o0 pti6 P18
August 97 82 87 No bleads | eft No beads |eft
As seen frqm Tabeeral above Retﬂw st yr eneRéfamed t|r af fRef quai nt| wealRef ot
at a fastern rate than 4 pai|nt fr rom styrene, as| shqwn he
| oss of retroreflectan fBcltthe roéﬁeﬁ@# i ngs. Soncrete 8 é/q
clained is| " August 94 I350~ NELINOd QfgPT OQUCT NG gggiear [ eST S3g
traffic majking on a rgad surfiace, said hod_conpri s ng:
appl yi ng of Na‘iretnbexa% surfadﬁ3a I ayer of818n aqueous 33%f fi cf pai 360 whi ch
conpri ses é ““ e yHeZea—-am-a—ReRerer—dur-e—t-hat—nreludes i nj t he
10 range of %ﬁ‘gﬂ'ﬁrcent 99. 9 perdg'r‘l"[, Il in 388 ght per ce?liges
based on October 96 106 97 56 53

August 97 82 87 No beads left | No beads left

As seen from Table 7 above, the styrene based traffic paint wears out

at a faster rate than a traffic paint free from styrene, as shown by the loss of

retroreflectance of the road markings.



pol ymer solids, of one or nore hydrophobic nononers; and
drying said layer to formsaid wear resistant traffic marking on sai d

Contacti ng said ayer 15 W-tﬁ'pllhiaﬁtnﬂgfm%dfé?ie{"ylpﬁ?‘HIIML]HH@IHTI@IHIII'

ajter applying said |layer on said surf ace.
nmet hod of claim 2 wherein said paint or said polyamne further
conpri ses r §WhAGE ickSmiaasts. 4. The nmethod of claim1l or 2

farther conprising spraying reflective 20 beads on said |ayer

5. The method of clkhifmethiodo§produging myeappesisant trafimmarking on a reasbbor ny!
nmet hacryl ate ut vl . et ha ate. isobutyl (neth)acrylate, ethyl

met hacryl at gl,xrfggeé%éﬁilﬁg%q%#&msép% ate, stearyl (neth)acrylate, |auryl
(meth)acryl ate, butgshlping ol dad esal sifateGOlReraf A Aguddisteific pant, which

6. The method of claim1l wherein sajd hydrophobic nononmer is_buty
met hacr yl at €emprises a polymer polymeniged fremwmospmer sixture that indudesiin thenoner

m Xt ur e {hS r hyts 1S
5. At APF; shEe bk 80 porBit B8 S herBbn I H e} g R BRE PR 4
9. An aqueopslyniadolids nfionk of digreilsidisphvbivmynemerayder i zed from a
nonomer m xture that incl u,a?s in the range of from80 percent to 99,42
percent, al | i‘;’wmﬂﬁ pysr da forap saidiyrearresistany ty mgarkipg ongpidne or
nor e hydr Op?%ﬁﬁm-face. NoONONer s. 10 The aqueous traffic paint
of claim9 further conprising a 35 pol yam ne.

2. The method of claim 1 further comprising contacting said layer

15 with polyamine immediately prior to, during or after applying said layer on said
surface.

3. The method of claim 2 wherein said paint or said polyamine further"
comprises reflective beads.

"4. The method of claim 1 or 2 further comprising spraying reflective
20 Dbeads on said layer.

5. The method of claim 1 wherein said hydrophobic monomer is
isobornyl methacrylate, butyl methacrylate, isobutyl (meth)acrylate, ethyl
methacrylate, 2-ethylhexyl methacrylate, stearyl (meth)acrylate, lauryl
(meth)acrylate, butadiene ethylene, and combinations thereof.

25 - 6. The method of claim 1 wherein said hydrophobic monomer is butyl
methacrylate. '

7. The method of claim 1 wherein said monomer mixture is free from
styrene or substituted styrene monomers.

8. A traffic marking made in accordance with the method of claim 1.

30 9. An aqueous traffic paint comprising a polymer polymerized from a
monomer mixture that includes in the range of from 80 percent to 99.9 percent,
all in weight percentages based on polymer solids, of one or more hydrophobic
monomers. -

10 The aqueous traffic paint of claim 9 further comprising a

35 polyamine,



