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55 Fig. 1 is a graph of the compressive strength (wet and dry) of cured coating compositions according to
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percent methyl methacrylate.
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Examples of polymer latexes which can be employed in the compositions of the present invention
include those polymerized from sethylenically unsaturated monomers, such as alpha, beta-ethylenically
unsaturated monomers, including styrene, butadiene, alpha-methyl styrene, vinyl toluene, vinyl naphthalene,

5



In‘order that the coating conposition be free froman excess of nonionic
surfactant, which m ght atherw se E.gaq‘f.&?#ﬁg ard strength devel opment by
reduci ng water |oss fromthe surface o e applied 45 coating conposition,
it is preferred that the polyner |atex includes |ess than about 2 percent
by wei ght e#fyleRs)Ivinpdcead] ifld verbatdle) VinPiNéfori@d) viniibrddhiori€s) REISAIREG] Methidkyidhfle,
been f oundmbthyaérylariie, lviripus (€1 EROMENYIRSEIE of GribthfRryRESNd @% exaniplembthe (rRdth)actylate,
filler, arshyy@sthjiciytecnbityl (heth)acflias, iisobity $methactyiate) R@thiliexgiometh@crylbief dyelbhekypan
when enul gmbthiactylatp.oxgetyl gadthacrydates nalbayy abth)aEhylate, h-eladecy) émeth)esylate: [tatiatiecell (nethpw
sol i ds polagryiate, h-amydXwethjaayliie naspealyli (methlacrylas,vyclopeatyidinsthlaarylate,déunt lrestiyaratiater g
S0 conposide&ybfmetijacniaten paimityl smethlacrifate.ofriddsioand (weth)gervidies Latheb @wothigeryiaiésgsich as
whi | e t he isaborayl (methigerylate. penzyl H@eﬂﬂaﬁf@a‘ecmv' rigethigeryatai 2-bromogthyl daetjacndate.td be
| ow. A parRhpaylethyl (methiageylales andq! fe?e%x'nt( achyiate; [atkoryalierh dagthlaceiate puch [ae efyprvathvi t

i nvent i on (methjagndate;, mana grd ¢ Eﬁte’ t°f & PW%\VWUT rﬂ" A E'&?T?Pé)"!"sﬁfﬁ'svﬂnﬁh

conposi {4 cﬂ'?EV f' KFUe a%lﬂ 3;: :‘ 'r thy' 4prgnate, As
i t| ryla
E?Ejt | (1:u! 2‘r é ? ﬁ gmima i~ ca turated
coat i ng cm,m °' {E&" i ""sax{% ? Wiy @rr@r;é e%
at 6-

la
the wei gshtdl eth i h
| at ex pol ené cl ﬁet%)% % Mgi&'
at around g hﬁ&&lﬁt@rﬁivugﬁ;e 1dlv We)‘ %ﬁyl bﬂnzene EFc)l

graph; of thegmangotfs bivdtheply f:ém oly¥Eiiza & Frobinbls B auwse%dcnao@atnl tﬁwmonomer mix
copOsi t i Grem Wiichl i@ syHitREE Polyrhad IRdXbd (5dd I the prdsbrit linverktio® tanl B prégirddiN For example,

per cent agesmall amiainid\of adigefiflishialdopdlfinekigableandacrhér@6the typehidaily -d&aadmae eonkentanbiadi ny |
acryl at e cstepitilyycanr bd abeelx ®xamgiesgof aid-fancliongl’ agplolymbrizilike nacHrE Iiude abriyice Bad, h
(wet and dnetjaciglic acidr iadonicomtd bedp-acoinsyrsoplonio aaid,ahd thl dkeSSmadirap®entd oficopoiynistizable as
a functi ormanbmérs baving iothit typse otfaneticnglity can alse béiptluded.t suehcasabilisien-promoting swenaness. of
met hyl met habrapplas ef dynthstic palymer lalexss whiglb Canrherusbdhineldeacrylithespolyrner ilatayes, such as
corrp03| i JwWY! etviatadeetivl metepnryiatelacisrand eyl aprglate/methiianethpgrylate/agidbedpaliner latdxes; v t o
as "nor t aragetate "hompRdiyes and GorelymaR, iatexesg inclugieg pihilene(vigylt aeataty rqopolymey detexes | sty-

descri pti genefptadiepeico |atexes. apd dherlikai 1 appl i cati on and use can be found in
P. I\/BSI OW d'?earrpre%ﬂ"ﬂW@f’?daF@b@WmCﬁ rfeq i ‘?"0 ﬁ" 'Pd@?’h?@gwmtjf Ieg‘ﬁ'PY?Q e

10 £ é% [Penomprs 9“?? Ph"p’fﬂ H@Y-W&f 5
concretﬂJ d°f thyhgy éﬁ“’erﬁ - ;’}‘8'8*"111&"‘ Ii’° ﬁf &Y aﬁ‘fﬁ'ﬁ’ er
hydr auI I C On c X %nlle Ikﬁ'i ¢ almanép [Phl | hla s'leﬁls' ] Caiculatdd ©
from" ??( pol a vinyl

atur
m)nomar S c g%ﬁer ;B er %&M%P 't:'o fo;l;h 098 %a&d? %sgtgm ré (Bl%fe?rgd |JP Brder to
present g né(l&&"c}a%g' d?JﬁJIdJ%ﬁg 8 he Blatiiy dompBitiol '8F the lifdbritidn, el YidsE traidiior %MBerffire 10
| at ex t hatrgiof @ synelic poijrRetGs préfRiaBy IdsE Had LS 30 + &, TBh§ BidrekBly Usk8 Ghan RB&E 85 B! v,
t he{ Sy Nt heiiieR ceLRlysaRTof bitjeryRiSTEng Yidthyll otiadQis@and 1538 SyRIRBHR Soker® haRIGR 4ieS a
syntheti c tpasisoRed tebeRaturs €f Bpdatel thah O4BoRC25Y |+ CCan@OWNIIRE Sre | rAdré *@drophilic than butyl
st yr ene/ acdcilatefmetypbtiatBiatd cdpalyhiets cah talgd BéaelWhard waieCprovitia® migietlasticRtidn déring
chl ori nat eftim Sormatibn.pol ynmer | at exes, acrylonitrile butadi ene copol oyner
| at exes, andintopdir phadmizs the coplpregsiest skemgticdpiml quredrcodting eota®sitidBywhém ases lfar thdoor
pol ymer | &ioesng apeficatiezsnit lsa)rqmney thetthe glass transitibn/lempdraterel of theopniymsen e besgreater than
conpri si NS Cafpc coating arj qypr Ctg tyl? opitiensiinteridpd forsurhrapplications: [AugHnergl delseriptienr of |

i |

group (- ccms’quf =i appficatiens ey PPt mategipl ey provisgd inkGhapten b iPc Masjws yGhemical
acet at e*c r *is nmeant those copol yner | atexes of vinyl
acet at e, T e synthetic polymer latex preferably provides from abdut 60 to 75 percent by weight ‘of the total

organic solids of the coating composition, the remainder being provided by the ‘epoxy resin, amine
functional curing agent, et al.

The weight ratio of latex polymer solids to the sum of the epoxy resin, the epoxy curing agent and the

50 other organic components is preferably from about 60:40 to 75:25, and more preferably from about 70:30 to
75:25.

The composition of the present invention includes at least one epoxy resin. Preferably, the epoxy resin
is liquid at the temperature at which the coating composition is applied. Epoxy resins which can be used in
the coating composition of the present invention include epoxy resins containing an average of greater than

56 one epoxy group. Examples of epoxy resins which can be used include reaction products of epichlorohydrin
with bisphenol A or bisphenol F, epoxidized novolac resins formed by reaction of epichlorohydrin with the
reaction product of phenol (or substituted phenols) with formaldehyde; reaction products of epichlorohydrin
and an aliphatic polyol such as glycerol, 1,4-butanediol, poly(oxypropylene) glycol or similar polyalcohol
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epoxy resin is blended therewith. Addition to the wet component is preferred for simplicity. Mixtures of

silanes can also be used. The amount of silane employed is related to the type and proportion of fillers

used in the coating composition. Preferably, the silane is employed in the coating composition at a level of

56 at least about 0.1 percent by weight based on fine particle size silica. The silane component is suprisingly

important for retention of strength during exposure of the cured coating composition to water and for the
rate of strength development.
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Phi | adefépHf"d t"emmxvmﬁ ami Wm}a' silanecgndiran be prepared ysing 2y gemuendional lgw sheay wiing

t enper at ureé‘“'B'f‘e‘];é‘?' 'frg'dﬁ’ '“!g 8 ta égﬁié‘*'d phepragduead, gop “‘E!‘r ‘1983‘?"8%‘1‘ &t theng,
wat er - r esi °‘H'E?r?fng

ST e R AR

acr yl ate an mmaoms A?afar sém ﬁ.vém.& d4i B6lusePYoR lRpid surwa&wa %ﬁi@ ha,g &4 be
gl ass trangbd é&é‘b&& c&a@ BRiheive §radRd nnﬁl hévPbdRtiand BéMbn A(J" &E a8h®€
nor e hydr o dohéreth AeHaP rydn S6ting dnereidriobry las rgegrb.ﬁ% yép’afr Q:ra%%oﬂ &Wgscoﬁé}&e
al S0 bessUsdtictursd) 85 € bdkaing et ©\aHIERSHTeIP PéridAl Bsrhdnt Eohdrbte @stébl Folnfbind Godsfok bibfes,

f ormati on.as) for e&sips, it Prendsibnsbd 6r poStterRNGAr stichiral Rlefefits: g lahl adHosivd Pout kb B6hding
coat i ng coagpegatds] panels/ive thelike th walls tol praliiera debaaive Sfctapydd prowttive bsrlay for toficrete
pref erred sbeltres high gk alems,  briglges dacks) pierse ity pylons,cbutidiingsh endpibé Vikee subleett 18 >exidior
greater than
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about 0 C for coating or overlay corrp05| tions intended for such
applications. A genetal ,descriptiongg &3q'g4f | 0Oring applications for
this type of material is provided in C?napter 3 of P. Masl ow, Chem cal 45
Mat erial s For Construction. The synthetic polyner |atex preferably provides
from about 6&{osufs. The fuRipositivhs Ban beRUsed bs Moriigh®edagtand coatingadier osiSting @6 néW cdnéiéte,
coat i ng conmetai, orividod fidokisy, whére piofction lagdinsfichemios i atled isssited csuctpaily ciemical planBdiine
functi onal ofineriex) elagheplating ddcilitat,.and the likes whdté expasuredtoGitid lisndneouniaeld yare ralss slch ds int 0
t he sum of fobe prepanstipn fagilities,, solt-tkink dpiing plenis. imegt rrgkdngt facilities, aritiedaisies, wherh @xposure to
or gani ¢ conpeannacists jard alalifscceurs. Furfherp thesenoeling 6MppSitiang caibbeBed amalprigetive coating
pref erabl y for genend cancre:beiling dacaiss 2181 scqipiure sehigstio idpgrasiatianfiromiseid {ains e the like.

i nventi on i nclThejodowing eqrmples amqlusiaivy of theseompositiops-and Prasesges of fhe pesgent iventia, andj s
liquid at tHdbpy F%Q’QFP@’ %ff"“%?'@ t“!"?e"td’b&'?‘f"'ﬁ'gg E‘Bl’ﬂﬂﬂ@?’t‘ F"B‘?‘P"P’sth&ﬂﬁ?"i'"éb‘s in no
Epoxy resi n¥ay4mited,b he coat | corrpQS| ti 8” of the present

i nventi orf?i nQI lﬁs §' "ﬁ’s a' xINaNL '8‘?'%9 X ﬁs 8 by
one epoxy gl'd 8?('99;?0%'5‘?; roer 's
dO

"I ncl ude
reaction prod hé oL Eg;%%'g fol t.
epoxi di zed vg gt;e %%% e%aﬂ.t B hys,
| m or early

! &&%9'- t 7 mm
reaction ,pr A8 at%

reaction prpgiHebsSmed sur@rﬁé r e'rdn'si’- é;? “ncorﬁHPt 9 ulgtel r@éosely the
glycerol, Lufrddss GHRGHEM fodiRg u\(eﬂaw mmuésewa deholie® hfteP B4 Ars.Bub&y wehdleMted

6 . FP 0 4Ridde? 800 Voksad Q&HAP (5OMést. IncylLikeLESH 1LY borfprsabion B&rGSneeAR: ﬂihsanpdaeo provmg
employed. Avisgl Thefatecof IdaBifg) WaOL minivi IR0, Two Scubbsiweredtésted @ dad ey twdeditbr
Chem cal 26C0soakisg mpdeifn2éd Wat82fr &a®bk). Thwet cubes were repovied befsd festing. THel vadition) in
m Xt ures w sthengtesimstwese the raopbdsior ®@bdhdest matdhidl wasrgosarallg &10%l so be used. The
epoxy resin c&iexisa shérgticess determained| ugingiibarhsainbles fitiibe fodiewingodieensionse 1524 hrx 1207
provi de a " tmp'6.350mmpdhirkt0.55n x D&% inp Ceyling campositives were eged divecdaupio olds before fremaval.
present i nvEurabsirength wagimeaseredigrserion fo AHM D 2905936 ram 4 ip) Jpars ergerdinbipatiingt 46ed
and subseégudht I"Pﬁ"%ehl( b’etﬂ/"t"l) crasehead sneedy 236 B0%e R %mtusn@:'mwwm eanfidesce o
be applied. '“‘Fﬁ’ M®inent i ncl uding the epoxy resin can be nixed on
site with a \R’/@tt"st (‘9’6 EH?%’H'PW PHOPS PP & '{‘?'i%"dal?nwﬁ@’ f'lﬂﬁ'@tqh%éﬂe’ épﬁ’@‘k?"%ﬂ [Op¥§q The
‘agent. The P‘? 'Psé’é°f°rf’al? #ohe bI enged

particl e SI 49 °H“'

g [ IAS é? %_ - Q eg Weathering
convent i & séeﬁuggllgo’lg;g‘r%ﬁgsstg% OO ao?rﬁte?ﬁevzcﬁn f mg‘ tt lng cugéc{entl ica, Sclc:::: |
Trstn

easSUr

preferabl e E on a
the total promg UJ i g,san. c&%{ela@ oS B b|9 shaa
less than t Batecil oﬁ gﬁﬂaﬁ oss water fromthe surface
of the applied coatlng conp05|t|on V'rtuaIIy any polyfunctlonal an1ne
contai ning active hydrogen as a primary or secondary substituent can be
enpkgyed in the coating conpositions of the present invention as

functional epoxy curing agents. 15 Exanples of am ne-functional
.epoxy curing agents include ethylene diam ne, diethylamne triam ne,
triethyl eme tetram ne, pol yoxypropyl ene am nes such as Jeffam ne[err]
D- 230, ami ne-functional acrylic resins such as disclosed in US A-4, 120, 839,
nodi fied aliphatic polyam nes such as Ancam ne[err] 1922 and Ancami ne[err]
2021, cycloaliphatic Mannich bases such as Ancam ne[err] 1732, nodified
.cycl oal i phati c pol yam nes such as Ancam ne[err] 1955, tri nethyl
hexanet hyf ene di ami ne, isophorone di anmine, and 20 tetraethylene pentanine.
M xtures of am ne-functional epoxy curing agents can also be used. A
presently preferred epoxy curing agent is Jeffamne[err] EDR-148, an
ol i goneric ethyl ene oxide diamne. Preferably, the
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am ne-functional epoxy curing agent is selected to provide anple pot life
for the m xed coating conposition %ﬁ‘ﬂﬁ%&%{’ﬁfcog ty to ease application of
the fluid coating conposition to the subs e. For adequate pot life and
| ow viscosity, diam ne oligonmers of ethylene glycol and diam ne oligoners
of propylene glycol are 25 preferred. Early strength devel opnent is an

i nportant and advant ageous property of the coating conpositions of the
present invention. Early strength devel opnment is related to the

am ne-functional epoxy curing agent and the specific polyner |atex
selected. This property is especially inportant when industrial or
comercial floors are being overlayed or coated with the coating

conposition of fhe present 1nvention, as It 1s desirablle,_30 tojreturn a
floor to service fs|quickly as possible after an overl éor%:oati ng is
applied. Being pblefto return a floor to service within eIty four hours
after applicatipn|off the coating conposition is especialgyg @s|rable in
many cases. Dry| cpnpressive strengths of coating conpos "E.ifbgvary with tinme
and depend on the|&pn ne-functional epoxy curing agent s ﬁ‘@: d| Sone ami nes
whi ch produce hj ghTedi BvE < Gef i B Gisg BADE H@ £121E 4l gendenty 35 to
cracking during click.q @relges aibi® fhieo i ceng v.c B @mIg Dy gpners of
et hyl ene glycol| af@|preferr@d for tapld early strengih Svel®opfrent in
conmbination with §8¢pd pot life, resistance to cracking, ﬁ@ll?ond ultimate
strength. Early|l s{r¢ngth devel opnent can be accel erated #i3 1B phenol s or
textiary am nesp @and especially tertiary am nes derived Erg)ré Manni ch
reactions such ps|dilnet hyl am nonet hyl phenol s and di nmet hybeg Boxyphenyl . 40
The coating cpnpogition of the present invention also ﬁ IBudgs an

am ne-functional] @ lan epoxy- functional silane FExanpl § 8 spitable
am ne-and epoxy} flingtional silanes include N-(2-am noethylg£3-|am nopropyl
trimet hoxysil anpe N- ( 2- am noet hylg - 3- am nopropyl ne gé@ net hoxysi | ane,
(ami noet hyl ami np8gt hyl ) phengt et hyl i met hoxysi | ane, BE o
4- am nobut yi di ngBhyl|met hoxygsi | ane, &- ami nobutyl trieth B8 afe,
N- 2- ani noet hyl - B&ard|nopr opyft ri s62- & hyl hexoxy) si | ane, p‘g?gﬁo bhenyl
trL%t hyl silane,| 81 215 samg&or el 5d! neL%Let koxYgi | gne| €32 @i hopr opy!
mettyl di et hoxys| ka4, & a@ Hopromyd & rigE gxysg Pap® o3-| 8 <
ami nopropyl tri npBhSly i | &g, & &t Byl enkty FaniDrpL @ tgi 8t hpxysi | ane,
gl yci doxypr opyl | #{ gt hbxydi Band; S of 3-HiSyei ddxir Spyl ) o € £ B
tetramet hyl disi| g 5re§'?3sd-f_3‘[c%d?_3x O _&,drzn%t‘%gl‘%_tahﬁ_xgsﬁl@&a and
(3-gl yci dox- ypr%)yl)—@aﬁ@%@ ORVSHl Bie 2 A 1RBsPIghSo° cAny IEe§ndded
directly to the| et |@@pred EendthE §ani BB godnpg §| i5<{o be nixed
fromtwo conponenis DLt P EXLBRE LR LB F R &,:%tlgeog'gane can be 50
predi spersed or| disqolved in water or a solvent such as g@@a)l bef ore
bei ng added to | h¢—geat+reg—eorpesttior—ddure—or—sdeh] 8 @raea sper sed
silane can be appligqd to the dry conponent before the | §usz§§)oxy resinis
bl ended therewifh] Addition to the wet conponent is prefgr?iajd, or
sinplicity. Mxfufreq of silanes can also be used. The ahguit® gr si |l ane
enployed is relpted|to the type and proportion of fillefg §|§e in the
coating conposifien| Preferably, the silane is enployed grmtgh coating
conposition at p I¢del of 55 ~at |east ‘z_atg“o%t‘ro. 1 pes g,egtg'tg' ght based on
fine particle slz¢iTica. The Si ane—con'pon'erﬁ ~i's *supN| € hdr ¢| i npor t ant
for retention of $triength during exposure of the cured :Bﬁgi &| conposi ti on
to water and fof thg rate of strength devel opnent. 7 go °§32 921 Bl The
coating conposifi¢n|of the present invention additional gz@ ises a fine
particle size nlnérdl as a sgao

Eg EL
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fuhctional filler. Afine particle size silica is especially preferred. As
used in the present specification agﬁ I8 mqd fine particle size filler”
I $ one having a wei ght average particle Size of -|ess than about 50 m crons.
Exanples of fine particle size fillers which can be used include 120, 325,
and 400 nesh silicas, 5 available from Smth Chem cal & Col or Co.

Jamai ca, NY: Insil anorphous silica available fromlllinois Mnerals Co.,
Cairo, |L; Exampwiite[err] calcium carbonate, avail able from Thonpson
Weinman & Co., Carters- ville, GA, and No. 1 barytes (bariumsulfate),

avai | abl e f r 019804 parte by @eigh of Otiaws B30, md8j (rouid parti¢le) dFisher 3cientfie Col) sand fand 2680 parts
cont ri but esby weightef ZDasash GARG lpduskies; Bhilgdeliphiaf PA) mand wareeiiargagide a Higbagdede 4589 mixer
wi th conpr edibark Insy F@ng-?"ﬂ apchblenslad ef lew epesd. A€.4 iparachyswdight of Hpen®o8P8; (digypisiesther of
However, i f PigRignof An i8S ﬁapqxv Gﬁ‘é"a@rﬂz‘@'ﬂ |Shell: Chegnica faa, %éqmcbenoe% resip |“ﬁ%
coating conf8daly ﬂﬂﬁ'e‘bf”' ping rof Mo arghibe Mmidre l? u 939?6“3’ i ?

appl i cat i"dn a"|§rb¥fw819 l:“'“f"ﬁqt' 5 'E)éﬁ"t“f‘gﬁh%’“'g ' ‘ig Pafamaice, Lg '5’?1’ 2 it 2%
si ze of froff ﬁ? fr'efoertqd P f"'" av %gﬂt' E %”E'["f%? "psulng K BV
4 to 6 mcr ?ﬁ? ao g\?ﬁgﬁgz y" mer ex rIIBaEn ﬂ%%' rXér c% fés{tllg Qlat{stG' E c%ntsl%yze
silica, sucl ghenk! Hoi ,}?Q;f‘f olefas b 14 tg@b
filler tggc aﬂtmms ﬁm erks e ﬂg, EL%
fine partich&cent 4§ el d. ﬁﬂm FDR-148
coating, anghetiiehd $ite ARind p ﬁmgémgl cdi @bi tft hig, ?&acov&qﬁﬂlca Cfo' BSIais k), &1d8.0
size silicaphi@\lWaigh 218020 sikAé [alEbRi n&dtt&ﬁ’-alﬁlfio;gﬂ mlﬁQW§SII§16t I§bw7cd?ﬁu¢gr GUAS Midiand,
used;” the WeN)Ghing &akdpalied bgiioN® Mdvidel LChitufl Hafing b IpHESH abdut SO A BscEMTTRP Bioki 70N
sol i ds i 2o f cantpob.OSUbséquetily,t N4 PartsOby WéiGHl NopddaNXZ @bfeanter {Moptd IChéicals BiWC DiaMbnd
sand and ag@iiagatk €hersical 8b.Sewark, NJ) @hd 1b®chaits byt weightwadr iweg ndadiietiwith Biprdvide b werr
cost and proixi de desired properties. Exanples of sands which can be

i ncl uded i n t N&8.T peatss by geight ofvees mix weare added ta d@00@: pacsay WAhBE dryawia andABT\NI@ESDhy
avai | abl e f hanehwith shepatuBdprefiveininutesp formRi caatinguer ghortaiPgomposgitioNacording 19 theapréseatnd
70 nmesh ganiventignai | abl e from MDC | ndustries, Philadel phia, PA and

St oncl ad[ er r] Tlscepting, campagitionwagjpeeked dntg 15h ey Gringk) and §-ham Givagh) eubsHegis, They .
M xt ures of cybsg %’9 efpqidad) afters8:24 apq pged subspqupntly dndpare Jhe eompraspivR stiangtthef the cubes
pr opor tion B’f atfy 'a’hPfc?glﬂP I'Foeé‘PW’P '8 al?'? bdhe ’SSZB? e dhat e A mmy pubgs, f”H'c'Zs]_'t‘R?H”‘"“afe the

r heef ogi cal th Ee ?’ v "6¥ ?LE‘? 'iaﬁ' o ?YH’FI’?@H

nortar, EE g’%ﬂ'c |c . Ive s ov(j '8'f't °P t'°B§‘ 55%?\"{"

i nventi on i e » éﬁj‘ ':&A?w §d‘£ E@ Taiae fng,L L & f%’[:%

of 25 angul gﬂlnﬁlﬂ% ondi ?Ld&op%f &t in Biant 2cHdidbns: l}pﬁm
it

of
mesh, and f cX\ﬁ;Bogfv i Sdomiated ﬂ.a?@f”&’ thd e‘B xyi%%
parti cl es, hgdohmpgat Eswpreayﬁ. JA6%5 . ShePcmipaioR b 9 BisbentinsbnM shwil opitb Vot
2 sand, al opgsubkibriall 9Rild istdhgth! WheRl combated) G iR oonﬁﬁ&%uaﬂ@édaw/ﬁmﬁﬁ nioﬂ& §| h
be gs,ed Wi | boafh®y é&rﬁbs’ﬁbﬁﬁasmhlytéﬁ&tloﬁ& RiRClRSIokss 8F GanichiBiics e GheCRimoRE epoxy/amine
COMPOSi t i ONmoftdand isOedhsea@ntyPRss dodtlyi THI0atiRY d6HRdsioHaSse® bil 2RSS 6T A& trointal hock
Si ze such asst Whilb #opoxy ool cradk¥d ab&ep’ 8. sand, and "MDC #2" sand, and
m Xt ur es 4 hereof, can be used to advantage. In such nediun1grade sands,
fines will have been renoved, yet the sieve size of the sand nay vary over
a fairly wide range. Instead of or in addition to sand, it is possible to
use ground gl ass, enery powder, diatonmaceous earth, ground slag, fine
gravel, trap rock, and simlar aggregates. The coating conposition of the
present i“vention can be m xed fromthe conponents thereof using 35
conventional nethods and equi pnent. Preferably, two internediate conponents
are first prepared, pack- aged, and stored, and then subsequently
transported to the application site where they are m xed together in
proportlgp to provide the coating conposition. One conponent is preferably
a "dry mXx" including the fine particle size filler and the I|iquid epoxy
resin, and optionally, other fillers such as large particle size sand or
.aggregate. These conmponents can be m xed usi ng conventional equipnent for
m xing particulate 40 mnerals, such as ribbon or rotary bl enders.
Preferablsy, the optional large particle size filler is first charged to the
m xer, and the liquid epoxy resin is blended in. Subsequently, the fine
particle size filler is charged and blended in to formthe "dry mx." This
order of addition is preferred to avoid the formation of clunps which tend
to occur when the epoxy resin is blended first with the fine particle size
filler. The second 1




cofponeht or "wet m x" preferably includes the polymeric latex, the

am ne-functional epoxy curing agengp o482 §sye{ he epoxy- or am ne-functional
silane, and can be prepared using any conventional | ow shear m xing

equi pnent for liquids, with care being taken to avoid shear-induced
coagul ati on or destabi l'ization of the pabyemwy |atex. If desired, other
conmponents can be included in the wet mx, such as small anmounts of

def oam ng agents; preservatl ves fcﬁOﬂ\Pﬁesﬁ#‘{ﬁaM%ﬂﬁﬂ)dMﬂs such as

fungi ci des and bqﬁggr!‘gsm uv sga i ers Sib gch as colored

pi gmrent 8 and dye rs su%-h—ﬁ'—gé%%l ecﬁuﬁy@—ﬂé—cel | ul osic so

t hi ckeners; rheol ogyicontrol agents ag4@h as associ aggs/e t hi ckeners and the
like; cosol vents; additional water ts3sadjust the s288als | evel, and the

|l i ke. The conpositi of’is of the prese280nventi on ca%@dk used for multi pl e
purposes. For examp*8 they can be R%88 as a bond or adhesive in
adheri nd new Portl a cenent concrete to existing rete, such as a new
concrete overlay for an existing concrete floor; as a grout to repair
cracks in existing concrete 55 structures; as a bonding agent to adhere
fresh Portland cenent concrete to stealabﬂ.elmorm ng rods or plates, for
exanpl e;s i n pre-tensionsed or post-tensioned structural eIe nts

adhesi ve grout for bondi ng aggregat eswtggﬁ q:%ang@r t he ?ﬂ%ﬁ gnﬁgp‘
b

provide a @eugggaéd,%defihect as a pr FOR ay pgy CONgl Ré*ained
structures such as dans, bridge decko'IE ers, —\U{%&: ity pyl onsy_puiradrngs,

ansLthe |iateubject to exterior 8 +&B O 433).921 Ble&x@osur e. 9qHe
conposi #oi orﬁ%‘Yéaﬁ waéiiasfmi@orl ng Vwar | ay @ coat$ })% over éif%tl ng or
new concr et f S%8od flgﬂl@” ng"o-\ﬁnere P ecti BHEgai nst 8ttfeni cal
attack is des® 853'7? &alorélants+ ol refigpries, 5.8

el ectropl atl N&c Sll, d tbgg-orgr\ggi 55 wher e ‘exposure to aci dis
encountered, and al so such as i'n food preparatl on facilities, soft-drink
bottlin® plants, nmeat packing facilities, and dairies, where exposure to 5
organi c acids and al kal i es occurs. Fur!&ﬂ.&_l{bese coati ng conpositions can

be used as a protective coating for stogﬁﬁgg!co%r gtig bﬂ:éggg i1facades and
scuyl ture subj ecpyt® degradation froma , —The

f ol W pg exafpres are 111 ustrati veggimglee 120Mposi tions @.Emcestes of

t he present invention, and wll be USeTU 0 those of ordinary skill in the
art in practici Agd®he i nvention. Howevk8Q the invention is i§¥5nho way
limted by thes% ¥l es. 10 Unl €389 ot her wi se speci fi :ﬁi},ﬂal I
percent ages ang,p rtions given int foll owi ng exanpl e e by weight.
The fol hpowi ng fes rocedures were enp ed unl ess otherw sed stated bel ow.
to [err] nmultiply by
68%8 Conpr ePsilyel SBY @gﬂhmw&t oL 63 road cgiddedsows: Wet coating

conposi ti onp Wasg ,gagéfshd t?% / cube nolds. The cubes were
denol ded af %Qc oo?'néc%an(fﬁi

er .18-24 Lopns for 5 h d at
o LBt %&eagaasﬁafn SrBeRY RASHRARL: SEmeZrLal 4paxy/aRAT o, o
testing. For eznqumﬁarmstﬂeasurenents, the nolds were 6.4 nm (1/4 inch)
cubes in order to sinulate nore closely the thickness of an actual flooring
overlay. The cubes were denolded after 24 hrs. Cubes were tested using a
Model 900 ersla Loader (Soiltest, Inc., Lake Bluff, IL) conpression |oadi ng

machi ne R- 60 prowng rlng The rate of Ioading was 2 nmmin (0.08

| n/im n). TWo rEdIBeSa S PSS bxch 3SRInES B850

s sl R D B SR R RSP
i b 1 7 b Vi

gener al L-,y ohid ﬁi—f‘éﬁw ditiohd 616 FomORS Flfird "s{iﬂnﬂlﬁd:ayﬁbééﬁke@%corﬁiﬁm%%wb 4o

the fol | owps ﬁlh\rgﬁﬂ'ﬁ thPepointlicading, 4881:040%mnf/sec crosshead speed, 23 *C, 50 % relative humidity)
and compared with that of a commercial epoxy/amine mortar, the results bsing displayed in Table IV. The
coating composition according to the present invention is seen to provide good flexural sirength and
elongation, with comparable modulus to the commercial epoxy/amine mortar having almost twice the
s5 organic content. Table V shows the chemical resistance of 6.4 mm cubes of the coating composition cured
as described above. The cured coating composition shows good resistance to the aqueous base and acid,
with fair resistance to the orgamc solvent.
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mmx 6.35 mMm (6 in x 0.5 in x 0.25 in). Coating conpositions were aged five
days in nolds before renoval . Fl exuigplg forg@fi@h Was nmeasured accoring to
ASTM D 790 [101.6 mm (4 in) span, three-point |oading, 4.66 x 25 10-2

mm sec (0.11 in/mn) crosshead speed, [err], 50% R H.; six test specinens,
reported confidence intervals are 95%1lim tsl. To test water absorption,
cubes were imersed in water and wei gh 1 day and 7 days. The
percentage wei ght gains were cal cul ated. U tgguh2hetstdeanegati on was
determ ned according to ASTM G 53 (Q UV Acc‘e%‘t‘&'d"vm%ri ng 30 Tester,
Q Panel @o., C excatdng, Ohio, UvBsS8téndgtinp, 8 [Elicugaeson, 4 McBGAM$err]).
For col or neaswMatertall co| or gar d{BgEr em 1000/.05(8Eardner / NeuiBS4)

I nstrunent Div ifgc Scientific , Silver Spging, M) | r nt was
used to recor dg’f?{'@q&u ter L, a, andagﬂ?/al ues. To§e‘\%al uat e thié{ifr‘tneol'agﬁock,
coating cgrrposi:éd.gnmszappl ied to gornerete as desari bed bel py3w,00&s and
subj ect ed®to_a cold-hot cycling test as follows: 35 40 45 50 55 9 EP 0
432 921 B1 0.o x 0O

X 1. 3.2 mm thick barsg, pltimppe G580 co co co co N co coc

co cD co co2w W k@ergent hyDoweight-organic mategial)~~~~~~~~~~~~mmmnm 0
C 0~~~~~35~~37 13.0 percent by weibht)organic material, commercial epoxy/amine
00~~~~~~- - - i 0c co~ co coN co. co. Xa
00 ' polygikt concrate’ 0 E C—IA
U.  u.j, Ww. .. I~~~ u...~~- 0 EX~ co LI. L Lb. LL.
N . LL Lo LL LL L LL. --t .SL01 Ccc €9 E EIl -~
V- 0 EE24E Ec O ~~~~~~~~~~~~mmms TEdld v
Weight Change Compressive Strength
{Percent) After 7 Day Soak
Cubes Soaked in 1 Day 7 _Day Psi % _Retained
2%  10% acetic acid +1.4 +2.5 4450 59
10% sodium hydroxide +0.6 +1.1 5000 66
Xylene +5.0 +7.5 600 8
30
Examples 3-7

The preparative process of Example 1 was repeated using the components and the proporiions shown
in Table VI to provide Examples 3-7 and Comparative Examples 3-10 as given in Table VIIi.
35 '

50
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10~~~~~~~ EP 0 432 921 Bl Exanple 1 5 530.0 parts by weight of
Qtawa 20-30 nmesh (round particl e)gp Gisggdgss pfi entific Co.) sand and 265.0
parts by weight of 70 mesh (MDC I ndustries, Phil adel phia, PA) sand were
charged to a Hobart Model K5SS m xer (Hobart, Inc., Troy, OH) and bl ended
at | ow speed. 17.4 parts by weight of Ep g 828 (di gycidyl ether of

bi sphenol A, 185-192 epoxy equival ent we ; ell Chemcal Co., Atlanta,

GA) liquid epoxy resiprywwRig Foradiatighsadded with mad%gngfrdanISMs and
the mxture is subsequenily mxed for tive mnutes.” 187.6 10 parts by ‘
wei ght &f Smithco[err] 325 me¥! (Smith "8fiemical & Color Co., Ja Long
I sland, NY) silica, a fine tthl cI e iztg I#I | er, DR M=% hen addegﬂi'?&f

m Xi ng was continued for f| he rewﬁ,ﬁd}glg{:gxaﬂx appesy gd t
be free flowi ng sand with npi !ous Fi108ic§l presentysed@dsparts by wei ght of

an acryl iC | ymer | at ex havi ng a nononer conposition of 45 6 percent by
wei ght ~ 8n p&*}ﬁ‘!’ér 28039%s bu$9400a8r y| Ale8058. 1 peNeesn W wei ght mefdd 9

nmet hacryl at d J23 perce t et ha er a t ex
particle s.‘?’ec?%o %anorret erg(s ‘g’yogo p\égricgﬁtgby welsé#&@'"t a?dz{‘?l ds, g%d %
percent by ?eingish3sodi um | aseydo gul f ad12)sovgs N xedeona lsibameldart s d»ym/v@ ght
Jeffam pe[err] EDR-148 pol yet hyl ene oxi de di am ne (am® Byzom(IBTI8| ecul ar
wei ght 148, F*F@(&*:b €hi cal 38040 gBel [ aive, TX), and 1.0 parts by weight
Z- 6020 sil ane ;Z agri noet hyl ) - ami nopropyl trinethoxysilane, Dow Comi ng
Corp M dI and,® 03 i ng a propeller agitator to provide a mxture having a
'f/ aboutpﬂ;& Cﬂgndzv,l scosg-yy-,‘pg about., 70 20 centi poi se. Subsequently, 1.4
parts bze vvel gldarioee® NXZ def oanmer (Nopco Chemicals Div., D anond Shanrock
Cheni cal %ﬁgg NJ) a 6. 0 par }BP§ wei ght wat er were nmixed
t herewi t h t%p de a wet 16 7%‘ by weight of wet m x were added
to 1000.0 parts by wergmt—of—dry—mx—amt—were—btremded by hand with a
spat ul af;; or Ii\sandi nm'nsdmsbprrnsaeeoséamiucrwt,aummognx iF accordi ng
to the Preseqt [ Gs.tion was packed i'nto 12.7
mm ([err] |ﬁ€h)3%§gd Mwﬂg?ffe’fr i‘%d]ﬁg& Ids The cubes were denvl ded
after 18-24 and aged subsequently |ndoors The conpressive strength of the
es as a function of aging is shown in Table |I. The results show that the
6. 4 mm ¢ubes, which approxi mate the thickness of Portland cenent concrete
fl oor overlays, cure rapidly to provide high conpressive strength. 30
The chem cal resistance of 12.7 mm cubes, cured 14 days under indoor
anbi ent conditions, is shown in Table Il. Good resistance to organic
sol vents and aqueous acids is shown. The coating conposition was forned
into cykd nders 6.4 mmthick and 3.81 cmin dianmeter, and the splitting
tensile strength was neasured as a function of cure at indoor anbient
con‘ga,tl ons. The splitting tensile strength of the cured conposition is
conpared with that of a comrercial epoxy/am ne nortar 35 (Conparative
Exanple 1) in Table Il11. The conposition of the present invention showed
rapi d dewel opnent of substantial tensile strength, when conpared with the
comer ci al epoxy/am ne nortar, although the coating conpositon has only
about one-half the |level of organic solids than the commercial epoxy/am ne
nortar, and is consequently less costly. The coating conposition passed all
20 stepg5 of the thermal shock test, while the epoxy control cracked at step
12. 40

50

55

14



45 50 55 EP0432 921 Bl Table I Conpressive Strength (p5|) Cure (days)
30

6.5 mm Cubes 12. 7 mm Cubesgp g 432 921 B1
595 2 5350 2580 7
7280 5027 14 8080
6760 10 and, Mnczindustries. 7010 32
7680 Tabl e | %
Conpr essive &t rEMAHF PaR0enB3S, 400 mesh silicasy ersmﬁtlﬁamg‘%hﬁ &r%ﬁked
Co., Jamaical Lagg Island,DNY. Psi % Ret ai ned

mater 5 i 81
50 5 20 Skgdronl‘s a;/ @gﬁ: hous silica, 1119n6is Minefﬁsg Co., Cagrﬁ fr.
4930 §Gﬁ‘F6WC°%’E9‘H"‘t°' Thompson, "°1nm°n+6' O., +1.0
6140 eu:tbqﬁym&ibbecabefore wei ghing) 10% 1l actic acid
+0. 9 1B 8 t&@&, bef i gRing) 25
Table 11T SpFltt£ (%ifl tf%ﬁp ﬂ?l 5%3 Pfﬁﬁfﬂ *'iistalts! GAL
Conp. Ex. 13730P rﬁkﬁ} Y er of bisp enol A, poggmpquivalent weight
395 2 days 185-192, Shell Chemical ¥W]. Atlanta, GA. 850 7
ays 5 1120 14 days
940 35 115PSI go%ﬂper TrEre %tizg &Piﬁ?xes A'Ilna%rs )? 7.0, .we %ht per cent
organic material 39 ethyl %Yé‘%(bﬁtmﬂﬂ?éemtEPﬁﬁYﬂ%t%ﬁ éqh&’ Bcomer ci al
epoxy/an1ne pol ynpromotex /Al methactybi® a=id (w/w);

Q,f/ 6 percent by weight Triton® X-405 nonionic surfactant;

2 Polymer latex "A" has an average particle size of 230 nm;

Polymer latex "B" has an average particle size of 269 nm;
Polymer latex "C" has an average particle size of 212 nm.

9. Defoamer, Nopco Chemical Div., Diamond Shamrock Chemical Co.,
Newark, NJ. . '

10. Polypropylene oxide diamine, approximate mclecular weight
230, Texaco Chemical Co., Bellaire, TX.

25

o/ .
s 1l. 3-(2-aminocethyl)-aminopropyl triethoxysilane, Dow Corning
Corp., Midland, MI.
12. Tetra-n-butyl titanate, Du Pont de Nemours Co., Wilmington,
DE (optional component).
35 .
‘\, The mean particle size and oil absorption of various fine particle size fillers are given in Table VIL.
40 ) : Table VII
Average Particle Typical
Diameter Size oil
Fillers {microns) (microns) Absorption
% 120 mesh silica 10.2 - 15.0
325 mesh silica .= 5.0 - 26.0
400 mesh silica 4.4 - 26.4
Duramite calcium carbonate 5.5 12.5 5.5
No. 1 Barytes (barium sulfate) - 8.3 11.0
50 Imsil A-15 amorphous silica 1.7 2.5 23-25

The effects of varying the particle size of the fine filler, the particle size of the polymer latex, and the
silane on the trowelability of the uncured coating composition, and the wet and dry compressive strength of

s5 the cured coating composition, are shown in Table VIll A - C.
Compressive strengths are seen to be much higher when fine filler is added than when it is omiited,
and replaced with an equivalent volume of sand. In addition, compressive strengths are found to be higher
when fine silica is used rather than calcium carbonate or barium sulfate. The silane increased compressive

15



The preparative process of Exanple 1 was repeat ed, except that 10.6 grans
Jeffam ne[err] D 230 (pol ypropyle £m ne, = 230) was used in
pl ace of Jeffam ne[err] EDR-148. e res t| ng coatl ng conposition was cast
to provide bars (152.4 mmby 12.7 mm by 6.35 mm) and aged five days 50
under i ndeRénghsritiesdch GlRA Gsetl,| vain ShelxpéasEindres@Miing obdeandifoathe site sivgd. On Wasother
nmeasur ed aareipthel titagatet roduddsilivd E2mpBa8sivelstidngh. mm span, three-poi nt | oadi ng, 4.66
X 10- 2 m1i selo genect Steciner theppaviitie gizerof the fisdpdlicleciiza ffiller.ghehighedihe pompnessivec eirepgih ed
Wit h that obfervad.coriere peintb.g.cermpprecirme frwith ExamplelTd Newartheless. ihparticly sitp Spromped -
in Tabl & [top, smplhdhecwrd coating ecnppaion fommeatbebrsunkhgﬂn@ gells peickyy Eiwepcurted i imsid- | s
seen to priBwmawheys stica Campresiive sangthy em nahwioniirastly grepter for 40P mesh gl {Pampe 7)
nodul us t dhaphthc gshj sifica 4553 %?‘Paﬁ)ﬂ pwalability 0 they °n osfy ARSls $25¢ Ws@es"l"ﬁém%@g
or gani c cc?ﬁ'f‘%"f’it"°"s'l'%15wa'v°’§ imedh Silige o B?sg'f’ ﬁé somgyh Stl‘fk'

Compoarbl RN %,9' r; g’ﬁ?%ﬁ@é" eﬁ%gsg ggﬁgﬁ sﬁéa%fﬁ? | Tt ed Ry

resi st ancé? oaing g °s' SFI@I gﬁ al
Strength go?%?? SPS'V 809" St rengt h EI ongati on
Modul us Material[err] (psi) - (psi)
Exanpl e[ err] 3190 1.2 1,160, 000 10
Conp. EX. [err] | 3070 12ble VIIT A ' 5 1,430,000 1. 3.2
‘mm t hi ck b&@xsmplg { rrﬂ?mgusb 2Comp.1 4per Compl, HY wei yht orm.csrrat erial 15
3. 13 0 per t .py | ght organi c material, cormerm al epox m ne pol yner
cdaeTete 26 iﬂ Kohe Nooe Barytes TBAFYtes ange
Conpr esai Va,agek®ngt il (Lercent) , After 7 pay Soakacubes Soaked in
1 Day 7 Day Psii % Ret ai ned 25 10% acetic acid
+1. 4 Silsne /None 2-603D 10Wénesodi u@rhQ2R oxi Nene +0. 6
+1.1 A0 66 xyl gne +7.5
. 600 9§°330 xanpll es 3 SQ 7 The pf%‘t?ar atl\fg ?)rocesg 45 Exanple 1 was
' repeat e usEiagvelfe cpnpanents awdot he pgoporti ona.shown pa.8fable VI to
i provi de Exar;pl esSg 3- 7 and Corrparatlve Exanpl es 3- 10 as given in Table Vil.
'35 40 45 5@ i4d 15.0 14.7 14 14. 8_
R watervol? {11.0 11.0 11.1 11.1 11.0
%0  ratexpct8 | 74.1 70.1 70.6 70.1 70.6
EpoxyPct? | 19.8 22.4 22.5 22.4 22.5
AminePctlO | 6.1 6.8 6.9 6.8 6.9
% silanpctll| 0.0 0.7 0.0 0.7 0.0
1\ Trowell2 Sandywet Sandywet Excellnt Excellnt Excellnt
watriDayl3 | 2.18 2.01 0.19 0.70 0.68
“  watr7payld | 3.08 2.75 1.04 1.36 1.31
DryComprl5 | 3010 4250 8280 6280 8270
- WetComprl6 | 1s10 2570 3580 4500 3880
45 _

1 "Comp." = Comparative Example.

2. Type of fine filler employed.

3. Type of polymeric latex employed, see Table VI.

4. Calculated volume psrcent of sand; density of sand assumed to be
2.65 g/cm3.

5. Calculated volume percent of fine filler; density of silica assumed

50
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13 EP 0 432 921 Bl Table VI Dry M x Fornul ati ons Coat i ng

Formul ati ons 5 EP 0Ai32[Y Bl X 188.68 g (Wth
(Wthout Fine Fi ne Pol ymer | atex[err] 10.28 g Filler)
Filler) (solids) 10 Otawa 20-[err] 50. 00 g 61.80 g

\I}Igffcgm ne?err] to be %UJG g’@“ s‘#g’ity of barixy ﬂ'ﬁ'(%%tg asgym ﬁ% Q, 4.4 9Z°B
[err] 0.10 §ensity-pfccaliciym carbonate assumedto be 2.7 g/cmd.
Tyzor TT12 o6.[ Galfulited ¥oluherpercent of7orfangc material(densities qf [Leth]

3.28.9g *° 3.28 e@oiy/a‘iaad reQSIMnpr&cchﬂiﬁdem anbs fg/em¥p deRiitysber gh,

PA. 2. Sand, MGyl £5 Jgd @; .PA. 30 36 40 45 50 55 14 EP
0432921 B1 3_ S strl es. t 120, 325, 400 nesh silicas,
Smith Chemi car s “ﬂ'ar%ﬂ"fén 9"’? *and, NY. Insil anorphous

silica, 1]1i#foi SCWWSV@GM ereeat °|fL atex pabyereal ci um car bonat e,

Thorrpson V‘éBnnWal&unj:eﬂ @alume r parickhe ofGdpoxyO re$in.No. 1 Barytes barium

sul fate, Pfiigl daleflateddsditne padcedt df ehifd.dyl et her of bisphenol A

epoxy equi val ?”tCa‘i@hmedlgau?nngeénﬁyofcgmal Co.. Atlanta, GA

12. Observed trowelablity of uncured coating composition. The samples
ratings are abbreviated as follows:

_ Excellent ("Excellnt®) is the best rating. All other ratings

_kvrz' indicate varying deficiencies.

N CoodDry = good but somewhat dry

15

» ThikCrum = too viscous and crumbly '
Dryslsti = dry, sticks slightly to spatula
VDrySndy = very dry, sandy '

25 Soupy = too soupy (wet) and low in viscosity

VGSoupy = very good but somewhat soupy
GDSLSand = good but slighty sandy
oo 13. The precent weight gain of a 12.7 mm cube after immersion in water
s for one day.

l4. The percent weight gain of a 12.7 mm cube after immersion in water
for seven days.
15. The dry compressive strength of 12.7 mm cube, psi.

35 16. The compressive strength of a 12.7 mm cube after a seven day
water soak, psi.

30

50

55
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8. Mononer conposition (Latexes A, B and C): 15
met hacryl at e/ 2 adhesi on pr gy 842 21'@i hacrylic acid (wWw);
by weight Triton[err] X-405 nonionic surfactant;

nmet hyl

has an average particle si

particle size of 269 nm Pol yner

212 nm 9. Defoaner,
Newar k, NJ. 10
230, Texaco Ch -
triethoXysilan gorni
titanate, Du Pon e Nenoy
The mean parti qlgedx¥e and
fillers are given in Tabl g

E Eg! ii)EopyI

Aver age Pegilane
(m crons) (m crons)
10. 2 Sandvol4

26.0 400 nmesh silica
Duranite cal ci fdkivebRat e
Bar yt es;s( bari um sul f ag e)
anor phous si | i CQEgVol®7
varying the particle size
il

Nopco Chem ca

50 ethyl acryl ate/ 47
6 percent
20 Pol yner latex "A"

| atex "B" has an average
| atex " C' has an average particle size of
le d Shanrock Chemical Co., 25

ene gxide d';snineZ approginate gglﬁﬁubar wei ght
¥ } +nopr opyl

. M M t
PHafghiey, | GRPiR0 LRttt 8 TSR R ).
opl absorptign of varigus fine pagticle size

ze of 230 nm Pol yner

35

Vi'l. 40 Tabl e VI
Zy¥go20e! D geBbEr z-60R0¢€ None Ol Fillers
Absor ption 45 120 nesh silica
§9180 325 g0s0 silics9.9 60.0 ©5.0

4.4 - 26 4
14.9 5.5 14.7 12459 14.3.5 No. 1
- 8.3 11.0 50 Insil A-15
14.9 21%.7 143925 The dRfdcts of

pol ynpr | atex, Wakerye
composition, a he

coatingmconpos?g?%ﬁ¥P§£g S
are seen to be Lgger
omtted, and ré%yac gégﬁth
conpressive strgpnghBs-fL0

rat her than cal ci um car bonft e or

conpres®ive 15 g11&kpet112
greatest increases being o

the titanate rerpowdillBe c
pag&jcle size of the fine
st rengt

Neverthel ess, if partic
Y IWaQr?D;yk%

DryComprl5

% WetComprlé

obser véatripayd3a

of the fine filler, the particle size of the
ahd-3n the Lhokel abi | Adylof the dhkedred coating

dry conpressive strength of 55 the cured
ganlin TabM89 11 A 736& Cowpreggrge strengt hs

en fine fiLlLer is ded t han ep it is
gg‘gquivaléht'gvolunea ngand. | Y<4ddi ti on,
ouqq to be thher mhe% Eine siligqgis_used

bari um’Sul fate. The silane i ncreased

9819Bl streggighs Witheoggch fillegp,gsed, with the
served for the fine silicas. On the other hand,
DEREce11inte Excedlath. Exeeldnt aExceldnt ner the
barticle size filler, the higher the conpressive
pai.38 (e.g. 0.qoOmpare B3l e 5 wWOLIEOEXanpl e 7).
siééogécones

1.30 1.65 1.12

8860 8865 8660 9435

4660 3810 7280 5420

50
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5 ' too snall, the wet coating conposition becormes thick, sticky, and gells
qui ckly. This occurred with Insil Agpjaspepfghous silica. Conpressive
strengths are not significantly greater for 400 nmesh silica (Exanple 7)
than with 325 mesh silica (Exanple 6). Trowelability of t'he 400 nesh and

325 nmesh silica coating conpositions is simlar,

| at

sol ids, anionic polyner
results reported i

silica conposition is somewhat sticki eTABLE) V@ITaiQpe particle size, high
i ds, i oni s ex otherwise simlar to Latex Ais used. The

except that the 400 nesh

iller,

and espedially theéj‘ 5 mesh and 400 nesh silica, and the silane I‘OVI de a
fluid coating conpddil®¥on Vi t $iddtB2s 0 Blln325 v Sdcand nFibicda) i g
wi th high conpressiye strefgth. 15 Tabl e
Vi1l A Exanple §“a\{*ESonrp. [err® comp. £ conp. B A3z
[Cgm)] 6 [errl A s e Az-m Wzoﬁaéit?o%Barytef-S%%{?;nnge 20
S Bl s SHEL  DRIET gt
149 a8 CEAORL GHY agY weepll e it
. 15 - . k) . .
11.0 30 [err] orgiol 14.90.1 15.0 70.614.7 70.14.9 70.6
[err] 19. 8 22. 4 22.5 22. 4 22.5 [err]
8 é/ 00 6. &:stervoo.l?e .911.1 0 OGtﬁ,.J], fSﬂ.QJ(.jSS [EI.KJ(;I 0.0
' i : : : err andywet andywet
Excel | at 20 Excel | hatoxRgd ft [204] 2. 7%, 1 7026 01 70.D. 19
0.70 0.68 [err] 3.08 2.75 1.04 1.36
1.31 [err] 301cEp°xyp<=t 4222) 4 mm 226230 22.438270 [err]
1510 2570 3880 45 1. _"Conp." -
Conpar ati ve Exanpl’é““?l":tl') pe e Ql ne f| I$e$ enpl oy%cP 3. TyBe8of
polyneri &l atex e ee Table VI. 5 | at ed vgQl yme percent
of sand; density Bgf)igéig‘:%qsurre 'Jlo be 2. %57gl[err] . Cal cﬁ Zt ed vol une
percent of fine fi dersi P 1 Blto
be ﬁé{ 65 g/[err]; diéénsﬁ y of b%’g?%i‘r}ét g?%ggglggenedﬁiéeuo%é gxé;?%rar
de ty QJ, cal ci urp,g@fp@g?te agseqred to pegg 7 O/ [greg. 6. Capcygbat ed
vol ume percent of organic raterial; densitres of lalex 5 epoxy/ am ne
reaction product agatirEDay 1-9550/[err]1.¢§n5lty pi22 © 0.85
DryCompr | 11000 ‘5870 9390 11420
35 )
: WetCompr 8600 387 4970 8810
40
Examples 8 - 25

The preparative process of Example 1 is repeated using the components and the proportions shown in

Table VI, except that 1.09
45

50

55

g of Hardener HY-955 polyamidoamine (Ciba-Geigy Corp., Hawthorne, NY) was

substituted for the 1.00g of Jeffamine® D-230, and the polymer latex employed is described in Table IX.
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sil ane ‘assuned to be 1.02 g/[err]. 7. Calcul ated volunme percent of water.
8. Calcul ated vol une percent of | gdpeyssosaiey. 10 9. Calcul ated vol une
percent of epoxy resin. 10. Calcul ated vol ume percent of am ne. 11.

Cal cul ated vol une percent of silane. 12. Cbserved trowel ablity of uncured

coating conposition. The sanpl es 15,!5 Arﬂs are abbrevi ated as foll ows:
Excellent ("Excellnt") is the best ot her ratings indicate

varying dethgéNCi A6nomeét Compositadbly = dchmsneﬁe 3 dr ysdifidegrfim =
t oo vi scousS gnd cr P ate A1y, stlcggoﬁj ghtl y"T0 Spat ugs 8vDr ySndy
= very 8ry, Sandy m.thy§ngghacryfageo soupy (met) and low in viscosity

VGSoupy = very goodibuhethaceybid addpy GDSLSand good but slighty sandy -
13. The precent melghtthaaionprpmn:er nm cube after i mMmersion in water for
one day. 30 14. The perc gai n of 1 cub ter |} rsion
I n water for°seven ay et npré?g sagégpengtﬁ g% 12. 7" mm cube,
psi. 35%16. The co TYr Exet i@ a 12.7 mmcube after a seven day

wat er soak, psi. 402453&Eh§¥5n1§ram0639 0 432 921 B1 Table VIII B Exanple

4 Conmp. 7 8 Filler2 Duramte_ Silicl20
Silicl20 SBic32 Lae late A 120-13p am 33 € 6% N A 10

Silane ,  Z- 6020} 1 “metha None SandVol [err] 59.9
160.0 59.9 : egd egﬁgﬁ@, I 14.9 14.7 14.9

14.7

- F 10 ethyl acrylate 80 nm 103 *C 6% N
Ul 89.5 methyl methacrylate 2.7% A
20 0.5 methacrylic acid :
G 66 ethyl acrylate ' 219 nm ' 6% N

31 methyl methacrylate
1 methacrylic acid
2 adhesion promoter
25
H 43 ethyl acrylate 233 nm 6% N

54 methyl methacrylate _
1 methacrylic acigd

U 2 adhesion promoter

30 I 33 ethyl acrylate 226 nm ' 6% N
64 methyl methacrylate
1 methacrylic acid
2 adhesion promoter

. 3 50.0 butyl acrylate 170 nm ' 0.4% A
48.7 methyl methacrylate
&_g 1.3 methacrylic acid

butyl acrylate 170 nm . 0.4% A
methyl methacrylate
. methacrylic acid

6
1l
3
6 butyl acrylate 170 am 0.4% A
1 methyl methacrylate

3 methacrylic acid

0

7

3

butyl acrylate 166 nm 0.4% A
methyl methacrylate
methacrylic acid

50
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15 ‘OrgVol [err] 14.9 14 7 14.9 14.7 WaterVol [err]

11.1 11.1 11.1 LatexPct[err] 70. 1

70. 6 70. 1 70. 6 EpoxyPct Fléror 2o B 22.5 22. 4
22.5 Am nePct[err] 6.8 6.8 6.9 25 .
SilanPct[err] 0.0 Trovvel err

Excel I nt Excél’l Hgiaggcg?fc?&t %?ne‘ﬂ of 30 Watr| Day[err] [ 1] 38

0.70 0. @3 Mean paptipleusizepmeasurpd by bzser light sgatteringgs

1 1éODry[c;onp]r[ernhno-sB£e:0) 8865 8660 9435 35

wet Conpr [serr 4 EP
0 a5 b21 b1 PrASLEsE, Ff"&stgﬁ‘]’? temperktife gs “tﬁ“%‘f%y 51&%%5”%14

7 Filler torsienal m@ﬂ‘lll‘é,%z!f ) Birsdoied; fﬂdﬂld@ 1390c kg/cm®. A
C A4. Wweight péréént on ol?ds%“%olids of Zs ¥ ¥dttantTHaded BEdur dogie
- Z- 6020 S?.ondVOl ol 1% tion; N i & i 59.9 Fill Vol

14.9 15, §olymerizatl 'nPA"foB Fvapionic.” 1, g 15. 0
14.7 14. 9 Wt er Vol 11.1 11.1 11.1 11.1 20
- LatexPet ThY influence of Z)ppcaymer hardnese Bn ﬁle a pllcatloZ%roEerEJ%OBﬂﬂﬁcéoatmg cérpdition Is
22. 4 ﬁ%w in Tables X @2 XN 3dSH Figures 1 - Fhbles X and XPth8 properties of Gw <§ser|es of

6.8 25 Si agl ﬁr{gs composutugis Examples 8- QS nd Examples {% {21) prepared usidg 4 sdie@\bBbthyl acrylate/
Excel I nt  Exgiyinkethacriss @bpolyiner %8| ate Wopohled. The polyméPhétéxedd@y D - F) for Exéhples 8 - 15

0.83 wéle @fdpared using diffdreAponiierizalishyprocessés; While a single prodesy was used for the 2lymer
0. 85 DryConpfexes (A,160@ of Examples 1682{. The compr&39é strengths of clitbd 26atitds dddpaStiionsr of the
8600° first3Bries are shown hFid) 1; the compres8ihl ireriddhs of cured compositions of the second series are

20 shown in Fig. 2.
Examples 22 - 25 constitute a third series, based on butyl acrylate/ methyl methacrylate copolymer
latexes (J - M). The properties of this third series of coating compositions are reported in Table Xii, and the
compressive strengths of cured coating compostions of this series are reported in Fig. 3.
These results show that the compressive strength of cured coating compositions increases with the
25 glass fransition temperature of the polymeric latex, except. for compositions formulated using blends
including a very "hard” polymer latex, latex F (T; = 103 °C), Examples 13 and 14. Fig. 1 shows that wet
and dry compressive strengths pass through a maximum at about 55 *C. As the acrylic polymer/epoxy
_ resin /amine system became harder with increasing methyl methacrylate content, strength first increased
\ but then decreased. The first series, Examples 8 - 15, employed polymer latexes prepared using different
' 30 polymerization processes and having different particle sizes; yet the compressive strengths shown in Fig. 1
lie on a well-behaved curve, showing that the compressive strength of the coating compositions depended
only on the hardness of the polymer latexes.
Both the second and third series also showed increasing compressive strengths with increasing
polymer latex hardness, aithough the maximum level of methyl methacrylate used in the butyl acrylate
35 series was not high enough to provide a maximum in the compressive stregths shown in Fig. 3.
As compressive strength is desirable in a cured coating or overlay for Portiand cement concrete, a
S*_‘f polymer latex with a glass transition temperature of at least about 0 *C is preferred. On the other hand, too
great a polymer latex hardness may result in cracking or delamination. Thus, a polymer latex with a glass
transition temperature of less than about 30 °C is preferred. The type of famine curing agent used also
40 influences cracking of the cured coating composition. For example, a coating composition including latex L
showed cracking when trimethyl hexamethylene diamine ("TMD") was used as the epoxy curing agent,
while no cracking was observed when the Jeffamine D-230 was substituted for the TMD.
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Exanpl €s 8 - 25 The preparative process of Exanple 1 is repeated using the
conponents and the proportions shgpygigse gamBe VI, except that 1.09 g of
Har dener HY- 955 pol yam doam ne (G ba-Gei gy Corp., Hawt horne, NY) was 45
substituted for the 1 .00g of Jeffam ne[err] D 230, and the polyner | atex
enpl oyed is described in Table I X. 50 55 19 EP 0 432 921 Bl Table IX

Latex  Mononer Conpositionl Par tTable X Z&[ err] [err] Surfact.4 A
50 ethyl acrylate 230 nm 6% N 42 et hyl
met hacrylate 1 ic aciB2 adhesich promteldD
acryl ate 40- 150 qm thyI
met hacryl ate 1 SRetBRryli ¢ %{F&%@Iﬁg%‘?ﬁ%rﬁf&‘tszs 511]31 ?ﬂg
acryl ate rat 0-130 {nm [err] 6% %hyl matEacryI ate 15
1 nethacrylicacid 2 adhesiBn pr onot er® ng hyl acryl ate
80 nm g 103 C 6% N|89.5 net hyl net hacryl a
2.7% A 20 Siland- 5 NH I C acgdefn 6p_g620Y! 2gLgbabe
219 nm 6% N %ﬁ@% hyl 2tﬁacryl atg i met hacrylic acid 2
adhesi on pronotgdndrol 49.0 ethyl gerglate sg,4 283.1m
6% N 54 nethyl nethacrylatle 1 nethacrylic acid 2 adhesion pronoter 30
I 33 ethylrgllyébte | 13.9 229308 14.0 6%8N564 net hyl
nmet hacrylate 1 nethacrylijc acid 2 adhesion pronoter J 50. 0 butyl
acryl ate OrgvaX0 nmj 14.8 16034% A 14.9 16.2
= watervol | 12.1 12.6 11.7 13.2
2 .
LatexPct 69.7 73.7 69.6 73.3
Epoxypct 22.2 19.6 22.3 19.6
25 AminePct 7.4 6.5 7.4 6.5
SilanPct 0.7 0.6 0.7 0.6
N Trowel DrySandy Excellnt Fair Excellnt
30 '
WatrlDay 3.83 0.91 0.84 1.78
Watr7Day 4.24 1.65 1.61 3.00
35 DryCompr 2680 9310 10600 8920
(U WetCompr 1680 6720 8870 6840
40

45

&0
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but then decreased. The first series, Exanples 8 - 15, enpl oyed pol yner

| at exes prepared using different Qépgﬁéyggrmzatl on processes and having
different particle sizes; yet the conpressive strengths shown in Fig. 11lie
on a wel |l -behaved curve, showi ng that the conpressive strength of the
coating conpositions depended only on the hardness of the polyner |atexes.
Both the second and third series al so RabieeRI|ncreasi ng conpressive
strengths wlladi@Cr easi ng pol ynen,l at ex hgrdness,,al t houghy, t he maﬁ mum

| evel of ne ' not
hi gh endugh Ftblesr ovi éild-':ﬁa&i n$Ahich2s h8ikimIps e S414a3261 @gsmswﬁm\c:za Fig.
3. As conpregglye stfength is Eﬂe‘ brabl e |Jp a cureg coatdyggepr oveglay for
Portl and cenent concf ete a pokeymr latex with a glass 5tosa;|:15| tion '
tenperature of at |epst about errL IS preferred On the ot her hand

great a pol FHER9 at ek %18A20ness2TRF0r esArE020 crzaE%“ng F-6024 am%é??%n
Thus, a poI gm‘,ollatmswgh a gkpgs trasgigion tsgnperat rggof | emset han
about 30 * Cis preferred. The type of fam ne curing agent used al so 40

i nfl uences EFikMng pt3thhe curd¥beoati Ad-Conpoddtfon. PdrSexanpteé a
coating conppgkdil on ﬁgglydr ng hatex L sgoyed cngcking waep tringl.hyl
hexanmet Ryl ene di am ne ("TMD') was used as the epoxy curing agent, while no
cracki ng wad'steVetvedldtfen t heldd f ani A2-D- 230 W2a8& subsi gut ed ¥of the TMD,

45 50 55 21Late:ﬁ’%t0 433_,921 Bl %a,bl e X rrpl.,g 3 9
10 - 11 Filler Silica325 S|I|ca325 Si'lica325 Srlca325 Latex
D&J’\"! EpoxyPct 7390/ 19.7E 30%1& 710 Si llgne 18276020 1927 Z-6020
Z-6020 20 Z-08020-gandVgl, 59% G 6.6/ 6.0 D99 Ae 57%.% 15
Fi I | Vol 13.9 13.6 14. 0 13.5 Or gVol 14. 8
16. 3 E4lanPct 18:® \\at er YA 12.4 0. 512 6 0.6 - 11.0z6 13.2
20 Lat exPct &9. 7 3. Epgey alidk
T t E

19.6 234 Prooiph’ Exceljar Befiine mxfdlth Pfde, =x 7.4 -
6.5 Si| #Pctwatribay, 7 o 63 01624 1077 1.460. 6 T#-®2el 2.290r ySandy
"Excel | nt a4 el I nt ,30, Vit r | 0.91 ,, 0. 84
% V\ﬁtr?DaaErmaX ,) 15§€ 1.16% 9@{; 61 32.%?73' 00 235 2.66
: U DryCompr 8090 8780 10600 11200 - 11400

80 WetCompr 5610 6090 7450 8560 8020 7760

35

o
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35 * DryConpr 2680 9310 10600 8920 Wet Conpr 1680

6720 8870 6840 40 45 50 gpoad2921 BP 0 432 921 Bl Table X B
Exanple o 12 13 14 15 5 Filler
Silica325 Silica325 Silica325 Silica325 Latex E 70% E/
50% E/ F 30% F 50% F 10 Sriadle XII Z- 6020 Z- 6020
Z- 6020 Z- 6020 SandVol 59.5 —58.7 58.2 57.0
Fi | | Vol 14Bkample 13.9 22 13.8 23 13.5 12&xg\Vol 25 14.9
14. 7 14. 6 14. 3 Vét er Vol 11.5 12.7 13. 4 15. 2
20 bat exPcFiller 69. 7| S11lic3®57 S1iliqdes; Silicaap 7
22.2 22,2 22.2 22.2 Anmi nePct 7. 4 4 7.4
7.4 25 SilanpPct Latex g 7 Jo.7 Ip. 7 - Ko .7 Tro
Excel I nt Excel l Excel | pt_ Excel | nt 30 r
2.43  3.03 sllane, Sy \& 16038, zi‘.%” Wﬂi‘zg@ z'zta’lg& " 4. 36
yConpr 128Q0 939 7780 471035, Wt Co 10300
6910 5180 Sardvel;q 4%5153 50 55 276 Ep 0051%'2‘ 921 Bo83
Fillvel 13.8 13.6 13.8 13.8
16 Orgvol 16.4 16.3 16.5 16.4
. wstervol 11.6 12.7 . 11.3 11.5
R
S LatexPct 73.7 73.7 73.7 73.3
20
EpoxyPct 19.7 19.7 19.7 19.7
AminePct 6.0 6.0 . 6.0 6.0
Trowel Excellnt Excellnt Excellnt Excellnt
W, WatrlDay 0.21 0.35 0.25 - 0.31
30
Watr7Day 0.46 0.66 0.57 0.61
DryCompr 7750 9280 9030 10300
35 WetCompr 7160 . 7500 7720 9230
o

40 Examples 26 - 38

The preparative process of Example 1 was repeated using the components and the proportions shown
in Table VI, except that a variety of polymer latexes of differing chemical composition are employed,
including acrylic, styrene/butadiene, and vinyl acetate homo- and copolymer polymer latexes. The resulting

45 coating composition properties are shown in Table Xill. These results show that coating compositions of the
present invention can be prepared using polymeric latexes having different chemical compositions.
Preferably, polymer latexes which dry to give a strong water-resistant film, are used.
~ Two styrene/butadiene polymer latexes, Polysar® 9010 and Dow 640, and an ethyl acrylateivinyl
chloride polymer latex, Geon 460X45, gave cured coating compositions with high compressive strengths. As

s0 with acrylic polymer latexes, the compressive strengths increased with the hardness of the polymer latex
(with increasing styrene content in the styrene/butadiene latexes).

Polyco 780 polyvinyl acetate latex gave a cured coating composition with high dry compressive
strength, but very low wet compressive strength, presumably resulting from the water sensitivity of the vinyl
acetate homopolymer. Polyco 2186 polyvinyl acetate copolymer, also produced a cured coating composi-

55 tion, with a relatively low ratio of wet to dry compressive strength, reflecting the water sensitivity of the
copolymer latex. ZW-2028 polysulfide rubber latex provided a cured coating composition with a low
compressive strength, apparently resulting from the weak and brittle nature of the rubber itself. On the other
hand, the ratio of wet to dry compressive strengths for cured coating compositions prepared using this

25



Tabl e XI Exanpl e 16 18 19 20

21 6 Filler Silic325 Slép @gﬁm%{ ic325 Silic325 Silic325
Silic325 Latex G 50% A E 50% E/
| 50% A 50% 1 Sil ane Z- 6020 Z- 6020
Z- 6020 pdiyhél Iflex was High @2 the polyrder @Gr89to hive Shigbly/evhter resistanbim6 57.6
57.5 57. 4 57.6 57.6 Fill Vol 13.6 13.6
13.6 - 13.6 13.6 13.1apde0¥etr A 16. 3 16. 2
16. 2 16. 2 16. 2 16.73 I5  W&tervol 12.5 12. 6
12.7 s 1Bxsmple 12 26 12 RAatexPct28 73 729 7330
73.7 7 734 7..Epo t 9.7 7
19.7 jBifter  |dificazs s{pidaaOiTflazs pirdnice (spuadshs’
6.0 6. Batexl G @msoms 5:9:9%10&“86&640 Bsfri186 Dowled 0.6
0.6 0.6 .6 Trowel | nt Excel I nt  Excel | nt
“Excel | n? ExStlesn Exc5+soao 25 Z-60%0 | Daysozo 0. 63-6020  Z+6020
1,72 1.4 2.p 2,29 Watr 7Day 1. 1,84
2.13 2, 3%‘“""“ 2. 3%"" 26862 Dr yCortpt? 8083‘3 59s%g0
110600  112@@11v01 13.6 14490 30 14 yetCompy,.7 561G4.0 6090
7450 . 8560 8020 7760 35 40 45 50 55 24 5 EP 0 432 921
. Bl Table X | OEg¥odbl e | 16.2 15.022 14.8 14.23 14.9 24
125 5 Lller S|I|c325 Silic32S, Silic32 Silic325
§Latex wstervVol }2.8 10.6 [ 11.5 12.2 ¢ 11.7 M
' SiLdhe - 6D329 6020 - 9020 Z- 6020 10
LatexPc .7 7 7 7 70.1
- SandVol 2o 58. p 0 g? 101 §é. 4 58. 3
'Fi |l | Vol EpoxyPctl3. B19.7 22.43. 6 22.4 22348 22.4 13.8 15
- OrgVvol 16. ¢ 16. 3 16.5 16. 4
wst er Vol ppigePct | 6.0 €.812. 7 6.8 383  6.8. 1315
LatexPcl ~ &lidnpet | 0.6 0.3 7 0.7 0377 0.7 /3.3
Trowel Excellnt Excellnt Excellnt Excellnt Excellnt
U watrlbDay 0.72 1.77 0.63 1.85 1.57
DryCompr 11300 8630 8910 4050 3150
WetCompr 8780 7120 8320 1810 2700
35 - '
&_{ 1. Geon® 460X45 is a copolymer latex of ethyl acrylate, vinyl chlo-

ride and N-methylol acrylamide available from B.F. Goodrich Co.,
Cleveland, OH. -
40 Polysar® 9010 is a styrene/butadiene copolymer latex (83 wt. %
styrene) ailable from Polysar, Inec., Chattanocoga, TN.
Polysa 1186 is a styrene/butadiene copolymer latex (66 wt.
styrene).

® Dow 640 is a styrene/butadiene copolymer latex (Tg = 10°C),
available from Dow Chemical Co., Midland, MI.
Dow 460 is a styrene/butadiene copolymer latex.
50 Acronal® 627 is an acrylic copolymer latex available from BASF

Chemical Co.
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20 EpoxyPct 19.7 19.7 19.7 19.7
Anmi nePct 6.0 EP ©.432 921 B1 6.0 6.0 25
Si | anPct 0.6 0.6 0.6 0.6

Tr owel Excel | nt Excel I nt Excellnt Excellnt Watrl Day 0.21
0. o8 AcTgngy 18D 1s ‘“?ﬁ%%'lggy%;"‘%y 1383 dVailable from BASE oo
9030 1030Chemical Co.  \\at Conpr 7160 7500
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26 27 Trowsl 2g| GoodDry ygExcellnt RrySipti, E"“ﬁ%‘fl i 3@@3‘“‘
Silic325 SiligagpipddrJnitg 305 |1 c3254lat ex| gy &k 2(3g60X45, Bpar 9010
Dow640 Psarl | 86 %V\ASO S|:1 ane Z- 6020 Z-6020  Z-6020- Z- 6020
Z- 6020 SapdVol watr7Bay 4 0.6060.2 3.60 59.7 1.27 59.3.29 59.352¢i | | Vol
13.6 14. 2 14.D 13.7 14. 0 Orgvol 16. % 15.0
14_@_{-_ 14. §ryComplﬁ_4_ D 9090 3640 6060 2460 1100
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V&t er Vol 12.8 10.6 11.5 12.2 11. 7 Lat exPct 73.7
70.1 70.1 70.1 Q3%§% ct 19.7 22. 4
22. 4 22. 4 22. 4 Am nePctéP& XgP 6.8 6.8 6.8
6.8 25 Si | anPct 0.6 0.7 0.7 Trowel
Excel It Excellnt Excellnt Excel I nt'rEhn;eI kmtIV&t r | Day 0.72 1.77
0.63 1.85 1.57 30 Wat r 7Day 2 2.52 1.29
2.01 2.17 DryCBepmple 11300 36 8630 . §Q]Q 38 4050 3150
Wet Conpr 8780 7120 2700 35 1. Ceon[err]
460X45 §s a copol ynBLLlL®Fex of ePHy'PI“&'éPyI §tiéi°\3?§yl S4Ai&326 de and
N- et hyl ol acryl am ge,avail abl e h vel and, OH 40
Pol ysar[err] 9010 i 5 yrene bgP &?éﬁé Sﬁo%é IMSI Wt . %styrene_)
aai |l able from Pol ys ., Ohatt ga, IN. | ysar, 1186 is a
st yrenefobut adi ene c%é&%r I a k-?@g% %"gto ene) ! 640 is a
st yrenebut adi ene ¢ r e ( g = [err avai | I from Dow Chem cal
. Co., Mdland, M. gmbﬁg&l s a ?rene/ but a(?] éne cop ymer |atex. 50
“Acronal [err] 627 is ylic]cqrolgyner | 3igex avai l from BASF Chemi cal
. Co. 55 26 EP 04358'2'1%‘3} Acr )ngP 8D is an acryli ca'?lo%ol ymer | atex

avai | abj;e from BASFQQIM]_caI G
.ol ecul ar wei ght) avail - a

D. 1\W52028 i 9873 100l ysulyfg . @e rubber (300, 000
e from Morton-Thi okol, Mrton Chem cal
32

Xilo.38 10 gbganple 14.4 31
Silic325 Silic325 Silic325 Silic325
A%.2 18D 78cnl 627 MAn1627 Pol co780 15

Z- 6020 Z- 6020 Z- 6020 SandVol
20.9 224 FillVA2.4 14. 2 13.5
6.1 6.8 6.8
0.7 0.7 0.7
ThikCrum vDrySndy VDrySndy
0.59 5.22 3.87
1.35 5.90 4.28
6750 1230 1900
2460 . 991 1490

D| vi si on, Wodst ockmdﬁarv'&a_bl e
3 ; 34 35 Filler
' DuILaﬁ te Latex Latexpdtl 8D
"Si |l ane 20 Z- 6020 Z- 6020
.60.0 57. 4 EpoxyPct
14. 1 13. 4 13.8
AminePct
25 SilanPct
Trowel
Y WatrilDay
30
Watr7Day
DryCompr
35 WetCompr
e
40 Examples 39 - 41

The preparative process of Example 1 was repeated using the coatings formulations of Table XIV. The
effect of omitting the epoxy resin

compositions reported in Table XV.

and the amine curing agent is shown by the results for cured coating
Much poorer wet compressive strength is shown in the absence of the

epoxy resin and the amine curing agent. When amine curing agent or epoxy resin are added alone,

compressive strength is found to be less than when both are added. Comparison of the results for Example
39 with those for Comparative Example 11 show that addition of the epoxy/amine is advantageously more
effective than merely crosslinking the polymer latex in raising compressive sirength and lowering water

absorption.
50
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20 Or gVol 14. 3 14. 3 14. 8 14. 2 16.5 Wt er vol
110.9 14.8 11.5 15. Lat exPct 70. 1 99. 3
70. 1 99. 3 73.2 25 EpoxyP%Fom%S. 0.0 22. 4
0.0 20. 0 Ami nePct 6.8 .0 6.8 0.0 6.1
30 Si | anPct 0.7 0.7 ropable K1V 0.7 0.7 Trowel
GoodDry ExcelInt DrySlstl Excellnt Thi KCr um Wat r | Da 0. 30
2.39 0. 56 2Expmple: 23937 Mtd&ay_L.éc‘m .13) gl Commrl3,
1.27 3%8” mixl 3- 20 DryCoups.es 9Q90 188.8640- 186060 -
2460 611100 Vet Conpr 7270 831 4800 846 1950
40 45 50 55 Byy mixZp 0 432 921 B1- Tabl el88-RP C Exanpli®5-40 - 185.40 34
. 37 OP48.7 %3 Fi4 kar - - Dyram te.
Silicazs s EAEBIIET Y 29.89 BR800 w2080 72020120 il ane
Z- 6020 "(-/z- @ae2énal 627 GABO6LD SandVol - -59.4 - =~ - 60.9
57.7 Fil ol 13, 8 14. 3 . 13. 6,15
o gVol Acronal 1§B (§0.0%) - 15 1 - - 14.3 V\steﬁe’/b"r‘ 29.12
10. 3 Nopco Hx2 l4phdatexas . o0.13 0.78.2 0.13 0.13
70. 1 70.1 20 EpoxyPct - 20.0 22.4
22 4 Anmi quctd’effamina D-230 g 1 1.00 6. 8 .00 - 6. 819GP -
Si | anPct 7 0.7 0.971470

: -§020 sil . .10 (10" OWgl1o 0.10
Thi kCrum VD enay M8 ysndy wvat DSy 900 0197 552
3.87 30 Watr HRayic acid? 1.35 0.03 5.90- - 4-28 DryGonpr

P il 1230 1900,

6
' 20 1, pry mix of Table VI with 325 mesh silica.
2. Dry mix of Table VI with 325 mesh silica, epoxy resin omitted.
3. Latex N is an acrylic copolymer latex with N-methylolacrylamide
crosslinking functionality; oxalic acid is the crosslinking agent.

25
30
36
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35 Wet Conpr 2460 . 991

1490 40 Exanples 39 - 41 The prep rogess of Exanple 1 was repeated
usi ng the coatings fornul ations O?é%g?{fgﬁ@? The effect of omtting the
epoxy resin and the amine curing agent is shown by the results for cured
coating conpositions reported in Tabl Bpa Wlch poorer wet conpressive .
strength is shown in the absence of th'e%?poxy resin and the am ne curing
agent. Wien_am ne curing_.agent or epoxy reS| nare added al gne, conpressive
strengthis—#%’&g%—t-o o o

resul tssf orpfnaepl e BOLMChEs t hemcfaes GQﬂP@Jzat lsaqigxﬁmlsﬂilﬁzs hew idak
addition of the epoxly/am ne is advantageously nore effective than nerely

crossl i nki nB®%e pol yne™ | at ex i M rai siASERkEPhpracraléR sAFEHGER zi‘ﬁdﬂmerl ng
wat er absor giisae. 50 5550%3 595&0432 z92&zd31 T@Q‘osox' VaEsaudl e z-688h

Conp. 11 40 Conpj 1 188. 68

- 188. 68andvol 5&-98 68 57. o Dry mOxQ 57 4 59.6 56.285. 40

- 185. 40g411vol 5.40 L N ( % 3 29. 21.,10 -

- “Urillvel Aczr'%ﬁ'al 627(11%4@ 6% 19.4 3.5 ?9.1 _1]3.4 )

- - 10rg¥edonal | 183 (50. 0%&.2 - 14,9 14.3 14.8 -14.2

- 20. 56 29. Q.13 0.13 0,13 .13

0.13 0. 1%525%?% W‘L& 230 15-4 1.1(90’ 14.9 13-%0 %4

1.00 - 1batexB€R20 7éane 99.3 71;01 45 .30 70.110 (9l® 0. 10
0.10 oxalic_acid3 0. 03 -

201, DryERAXYPSF TrPEe VI wi i tA-B25 mRdsi|icd-02, Dr?zrﬁx of Pable Vi
Wi th 32 neahicebtt Cal €QOXY resplpomtt@de 3. Lag@x N isgan acryly.g
copol ymer latex wthf N-nethylolacrylam de crosslinking functionality;
oxal i ¢ aci dS+®aPRe cf 0%l i nki ng®elent. 25730 35 @ 45 50065 29 0.7

Trowel DryStick VGSoupy GoodDry  Excellnt DrySlsti  Excellnt
25  WatrlDay 0.43 1.92 0.30 2.39 0.56 2.46
Watr7Day 0.86 3.32 0.60 3.60 1.27 3.29
Y DryCompr 10500 7910. 9090 3640 6060 2460
30  WetCompr 6870 2540 7270 831 4800 846
35 Examples 42 - 44
b The preparative process of Example 1 was repeated using the components and the proportions shown

in Table XVI. The effect of omitting the amine curing agent and employing a reduced level of amine curing
agent and epoxy resin on the properties of cured coating compositions are reported in Table XVIl. The

40 results indicate that reducing the level of epoxy resin and amine curing agent may give poorer water
resistance.
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EP 0 432 921 B1 Table XV Exanpl e Conp. 11 40

Conp. 12 41 Comp. 13 5 i Silic325 Silic325
Silic325 Silic325 Silic325 Sili 05569{32#21 B1 N N

Acrnl 8D Acrnl 8D Acrnl627 Acrnl6e27 Sil ane Z- 6020 Z- 6020

Z- 6020 Z- 6020 Z- 6020 Z-6020 10 _ SandVol 59.7 57.0

60. 0 57.4 59. 6 56.9 EAPLeXVI 14 1 13. 4

14.2 13.5g 14. 1 13. 4 Qx,gVol 14. 8 14

14. 9 14, g EXamRLe) ) o 14. 2 Vi t-etvod comp14 4
10.9 5 14. 8pry mix11.5 15.1s8l.88exPct - 70. 1 - 99.3

70. 1 99. 3 ;0. 1 99. 3 EpoxyPct - 22.4 0.0

22. 4 0. 0 Pry mix%> 4 0 0 20 AniRS 18%.40 185.49. 0
6.0 0. 0 nPct

0.7 0.7 Latex °o‘§°'5 w3, ﬂild\?g 20. -'15ry5t| cksé- s\Fb'sOup;;rz “9%00dDry
Excel I nt "Brysl stm,pcoEmr |l at 25 V\at d.28y  o.1% 43 0.131.92 g,13 0.30
2.39 0. 56 2.46 \Watr 7Day 0. 86 3.32 0. 60

3.60 1.27 Jeffamsnegz-[anorrpr 1.@800 o0.50 7910 - 9096

3640 6060 2460 30 Wt Conpr 6870 2540 7270
831 ;4800 2%-6020 gitane; pyanp| esmzo 44 &N preparative profetd of
Exanpl e 1 was r d usi ng the corrpql%rb s and_the proportions shown in
Table XVI. The eftect of omtting the @mne curi ng agent and enpl oying a

reduced | evel ofcmpagycglmm ggegy4and epoxy gosd n on thegproperii,es of
ctedd coat | ng conpositions are reported in Table XVII. The 40 results

i ndi cat e 2b hat reQRRﬁQ?g the | evel of epoxy resin-and am n@.@2iri ng Qg@dt may
gi ve poorer wateit—tosistance 45 50 58 230 EP Q. 432 9021 Bl _Tahl o X\

?irlrpl e 1. Dry rrT og4gable vI wig’h 325 mesh éilica. C%rrrp 14 5 Dry

y
- 185. 29 Dry @@5°§0T=b1312¥5 with 5335, n\sst!eeﬂsi%-sepoxv 11?5199 omitbed 53
16. 99 25 22.9Batigx O is an acrylic copolymer latex with monomer composition

50.9 methyl methacrylate/ 47.3 butyl acrylate/ 1.8 acrylic acid
4. Genepoxy 370HS5S is an emulsified Epon 828 epoxy resin available

~ % from Daubert Chemical Co., Oak Brook, Illinois.
5. Dabco is a triethylene diamine, available from Air Products and
Chemicals, Inc., Allentown, PA.
36
o
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Nopco NXZ 0.13 0.13 ~ 0.13 0.13 Jeffamine

D- 230 1.00 0.50 - Z-6020 sil ane
0.10 0.10 - 0. 1%’ qg:"‘\’/v?ﬁ‘eBr1 2.00 -
- - Genepoxy 370H55 (55%94 - - 2.98 0. 87 1.18.
20 DabcoS - - 0. 02 0.03 1. Dry
m x of Table VI with 325 nesh silica. 2Table X¥VXIof Table VI with 325 nesh
silica, epoxy resin itted. 25_3. Latex Q_is an acrylic copolyner |atex
wi th nononer cd§¥%ﬂggggﬁ-50—Q—ﬁﬁ;hyL_neLhé2L¥LaLeL.&i.3.huEﬁEEac£#Late/ 1.8
acrylicsacid 4. oxy J7QkH55 _L§ean L, si.ti.ed. n 8 oxy,kLesin
avai |l abl e fron1Eg§g§?t Chenggiicégs, ngEéFaéh, ﬁ&&gﬁaﬁs. ggtgﬁiﬁgbco Is a
triethyl ene dia‘ga@g,6 availabls from A r Ppoducts ang Chemi calas, |nc.
Al l entown, PA. '35 40 45 5( 55 31 EP 0 432 921 Bl1™Tabl e XVITl Exanple
43 sfYane Z0882014 FigL -60205 | | 333 Silic325
Silic328 Duranmte Latex 2 8820 2-6020 ﬁ%&
0 Osé&ndvol 60.5 Z-6812Q0 59.1Z- 6020 g4 ,0Z- 6020
None 10 SandVol 60.5 61.0 59.1
64.0 Fill Vol Fillvel 14 34.3 14.24. 4 14.0 14s5Q1
15.1 15, Or g Vol 15. 1~ 15.2 14. 8
11.8 WaterVol Org¥ol 15.1 15.2 9.4 14.8 12118
9.1 20 Lat exPct 84.7 70.1 94.7
95.4 EpoxyPct Wageryol 10.1 9.42 4 12.1 4941
4 4Fm nePct L 3.k 6.8 0.2
0.2 25 a akexRet; | 84.7 079.1 94.7 (.7 95.4 0.7
0.0 Trowel Soj &dSl Sand  Soupy
GdSl Sand Wat r | DEROXYPCE 5234 22.4 0. 424 4.9 56
1.37 AminePct 3.4 6.8 0.2 0.2
% " SilanPct 0.7 0.7 0.7 0.0
Trowel Soupy Gdslsand Soupy Gdslsand
K._/ .
» WatrlDay 0.36 0.22 0.56 1.37
Watr7Day 0.80 0.54 1.25 2.53
DryCompr . | 10810 9850 8230 5520
| 3 WetCompr 7990 - 8190 5220 1920
_ _
40

Example 45

The preparative process of Example 2 was repeated using Latex A of Table IX, except that various
combinations of the epoxy, amine, and silane were omitted, and cure of the coating compositions was
45 carried out at 42°C to ensure that the polymer latex would form a film in the absence of added epoxy resin
and/or amine. The dry and wet compressive strength of the resulting cured coating compositions are given
in Table XVIIl. The results show that when the epoxy resin, or amine curing agent is omitted, the
compressive strength decreases; but when they are included together, compressive strength increases. The
silane improves strength and strength retention with all combinations.
50 :

55

32



WAt r 7Ddy 0. 80 0. 54 1.25 2.53
Dr yConpr 10810 8230 5520 -
35 Wt Conpr ' B%ﬂism B 8190 5220
1920 40 Exanple 45 The preparative process of Exanple 2 was repeated using
Latex A of Table IX, except that various .qombinations of the epoxy, am ne,
and silane were omtted, and cure of tmgcormositions was 45
carried out at [err] to ensure that the polyrrer | atex would forma filmin
t he absence of added epoxy resin and/or am ne. CPRrefsivaStiangtiof@tssi ve

strengt h sof Ekamplesul t Epexyur Aslime@aiSibane onposdDtyons ar Wet)i venRebadrdd (%)
XVI11. The results show that when the epoxy resin, or amne curing agent is

omtted, t heccmpmrsessi ve- st rength decreases; Bgaszwhen thgygare inglged
t oget her, co sisg ve strength jpncreages. The ane inp es str h and
%éiéz epope ?*‘%‘1

strength ret nt | o with all conbinations. 432 92 Tabl e
XVI 11 Cortpr eS¥F St rength (pst) 5 = Exarrpl Epoi} 235j|ane
Dry Cm 18 Ret ai ned(% Cenp. 15 4685 - 1991 -42 5 -
ggﬁ Comp A¥4 - ég-g %Wﬁl ég 5097 - 1658 + 32,5 -

- np. .
i 5 SompdP . » OOE %88, 1g 220 63
- Geme- 21 - 1991 * +  42.51236p. 19 1136 - 64.0
+ 5897 + 1658 + + 32.57809p. 20 S348 + 73.2
+ 3952 2620 66. 3 15 Conp. 21 -
7+ 1776 1136 64.0 45 +
+ 20- 7309 5348 73.2 20 Exanpl es 46 -65

The prepar aExanplopa®cesss of Exanple 1 was repeated using the conmponents and
the proportions shown in Table VI (dry mx formulation "A"), except that
suf fi ci ent polThergrepdrativee rrogass ofcixpiply & ovas repeated using the gomiBents and el rieRodipnst shown
provi de 12. incTabler VI ddnpfmbp fermuiation SAT). exieppt Hintesuticipnt @plymeflatenrasosmninyed; ifr the gaating
am no- f urket Mﬁ&#ﬂo'aﬁcpf@]ﬂei%‘f RAE Of RolYEIer plidsa Fhocefients ¢fieeployivg varieus @mingfungliopat gnd
coating conﬁ%ﬂ”ﬂ%’ﬁ@' &Hanes. am dher prgrarijes Tof ured Hoatin Beamﬂerss g ropoged i dable XIX
Conpar at i ve (FXBpies 46 - 8 and Tpa’#'M%§éa Lﬂzt 32§h ‘E"sssﬂ fhat suost "%1 arﬂ?ﬁ

(Chmpar ati e e e ST o f"ﬁgu,%f“ v'@sc ﬁ“PPé"' ?% 795 T’g@g’?ﬁ% N

coating ct

\gryfnp |Wereseq on g, al and epo: ional
functional i P s n: s| oyed e:;rovu edg:\l:refl co?tm com c;:‘non WI llar pr § 0;1? I@thg (ES&: i i CEL
L S e

and epoxy-f UL i h, %
wth S|mla;:0 ggings,ﬁﬂg{ RS |m r m no- anes
havi ng ang no ¥hectbrQtbRRy thé tvvg't ﬁh{ﬁn@ﬁt'oﬂg w@%ﬂﬂm@h%ﬁt&#@'r&ohﬁﬂ&t BkainfledIs6 - 66.
Exanpl es 46 ne4¥ét component of Examples 56 - 65 was heat aged at 80° C for seven days prior to mixing with the dry
&‘, component, in order to simulate long term ambient temperature storage of the components. Similarly, the
wet component of Example 66 was heat aged at 50 °C for 33 days prior to mixing with the dry components.
Comparison of the results shown in Table XIX for Examples 56 - 60 with Examples 51 - 55 (non-heat aged) .
40 and Example 61 with Example 46 (non-heat aged), respectively, shows that heat aging of the wet
component mixture before blending with the dry component mixture reduces the compressive strength of
the cured coating composition only slightly or not at all.
Examples 62 - 65 show that employing elevated levels of aminofunctional silane has little effect on the
properties of the coating composition.
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and 49) and either

for Exanples 56 - 66.

Simlarly, the

the wet conponent of Exanples 56 -
at [err]for seven days prior to mxin
sinmul ate | ong term anbi ent tenperatur

met hoxy or ethoxy "head" groups (e.g. Exanples 46, and
47) provided coating conpositions
effect of storing the wet conpone

r properties. 35 The
conponent systemis reported
65 was heat aged
dry conponent, -in order to
of the conponents.

2 blasbh b
dails Job %

Bainptenponegompf248xanpl gg66 was feat ageggat [errggfor 33
days prior to m X ng W Tl The dry conponents. conpartson ol tne resurts

shown i m Tabl e B4IkeFor E Mﬂ-e§256 Siddcrs hSEie&ﬂ?ﬁsesssliC”?S Bhbir3vSat
aged) 40 andl%% le 61w Exanple 36 (non- hgat aged), respectjvely,
shows that heat agi ng of the wet conpoftent m xtUre befor® blendiny with the
dry conponent rgogiade® redueoas the ceugheesi va-31ioenot A-pi1d he @uLesh coating
conposition only slightly or not at all. Exanples 62 - 65 show that
enpl oyi Wy el evaiandvVpdyel 4 53f.6am nof ®66i onal S3i-Fane h&I.Bittl eS8t Fect on
t he properties he coat.in conpo iition. 45.5 5 EP 0,432 921
Table XI X A Exa%ﬁlgf & 13464 158 :13" 48 137 49 5
Filler Si ddgiddd E>|1I5|.§325 Siylgi, 8325 §|5I.h0325 18.bi c325;asex
A s A A A Sil anel None Z- 6020
A-1100 A- 11Watervel113Q216 32dVol 12.757.6 12.7 5713.7 57.5
57.5 57. 5LF|IPVgI 13.6 13.6 13.6 13.
13.6_Or gVol atpXPS 74.116. 2 73.715. 2 3.7 15 737 1432715
VALET Vol 12.€>°xypct ’g§3§ 1%277 191%. 7 19.712. 7 Lgt ¢xPct
74.1 2 73. 73.7 : 73 7 EpoxyPct 19.5
19.7 19. 7aminePct9. 7 6.1 19.7620 Am nelco 6610 6.6.0
6.0 s E.O Si | anPct 0.0 0.6 0.6 0.6
0.6 Trowel BaBFFnt | Befel Int EB¢BelInt %fcel | nt O*Excel | nP+85
Wt r 1Day 1.f¥owel | ]Exallnt exbeiint Excglgﬂt Excelintl 2 B8BLYARY
1.71 = 2,13 1.46 1.76 30 Dr yConpr 7910
10600 1063@1::1133216(0 1.01 1140Q.wmet Conpre.21 4000.90 1459
784 863 at 8900 |1.. Z-6020 = Négz ani noet hyl ) - 3- an1noprop¥I
tngpethoxy3|laﬁ% 35| *7lcornin dfd, m 1
20 DryCompr 7910 10600 10630 11600 11400
WetCompr 4000 7450 784 863 8900
l. Z-6020 = N-(2-animoethyl)-3-aminopropyl trimethoxysilane, Dow
3% Corning Co., Midland, MX.
ghf 2-6040 = glycidoxypropyl trimethoxysilane, Dow Corning.
A-1100 = 3-aminopropyl triethoxysilane, Union Carbide Corp.,
w© Danbury, CT.
A-1110 = 3-aminopropyl trimethoxysilane, Union Carbide.
A-1130 = diethylenetriaminepropyl trimethoxysilane, Union
Carbide.
45 M9100 = methyl trimethoxysilane, Petrarch Systems (Huls),

Bristol, PA.

D5605 =

50

55

dimethyl diethoxysilane, Petrarch Systems.
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Z- 6040 ‘= gl yci doxypropy!l trinmethoxysilane, Dow Corning. A-1100 _
3-am nopropyl triethoxysilane, UniogpgﬁHQQQ@EQOrp., Danbury, CT. A-1110

3-am nopropyl trinethoxysilane,

Uni on Carbide. A-1130 =

50

55

di et hyl enetri am nepropyl trimethoxysilane, Union Carbide. 45 MD100 =
met hyl trimethoxysilane, Petrarch Systenms (Huls), Bristol, PA D5605 =
di net hyl di et hoxysil ane, Petrarch Systelsblé®XIH B34 EP 0 432 921 B1
Table XI X B ExagBie s 0 Conp..23 Conp. 24 . 25 51
5 FI | | er Exam . - S m 3 .- -y - e ex
A 5A piller A Silic3zs si)ic3as si1183287€1s111c326 604914399100
D5606 None Y- 6020 10 SandVol 57.5 "57.5 57.5
57.7 5Lageki | | VoI A 13.6 A 13.6 A 13.6 L 13.6 L
13.6 15 O gVol 1 16. 2 16. 2 16. 2 16. 2 16. 3
Wat er Vol Sijane 1£-$040  MILP07 D5606 5 ~ Nongp 7 | o{%sfP2P
73.7 073 13. - 7 .4 20 EpgxyPct 9.7
19. 7 1§2pdvol 15.7'8_5 5 aminefht? 6507 6%
6.0 6Fplllvol 9. Al anPctyz,g 0.6 13.6 0.6 13,6 0.Q3.6
0.0 0.6 25 Troyel Excel I nt  Excel I nt Excel | nt Excel | nt
Excel | nt \at Orgipl 1.16L 2 (0) X318} 16.39 160270 16.3.35
Wat r 7Day 1.79 1.59 1. 66 1.50 0.66 3Q DryConpr
10000 gHgfervol 7437 ¥®b 13980 Wt CéAp?P &#2d
6?3¢ AQexpct  [40P0 133P 35 40445,50 55 3.1 73.7
20 EpoxyPct 19.7 19.7 19.7 19.8 19.7
AminePct 6.0 6.0 6.0 6.1 6.0
- SilanPct 0.6 0.6 0.6 0.0. 0.6
% rrowel Excellnt Excellnt Excellnt Excellnt Excellnt
wWatrlDay 1.11 0.89 0.89 0.70 0.35
\~ . watr7pay 1.79 1.59 1.66 1.50 0.66
30 :
DryCompr 10000 8290 7850 6910 9280
WetCompr 8470 6520 6060 4080 7500
35
A
40
45
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EP 0 432 921 Bl Table Xl X C Exanpl e 52 53 54

55 Filler Silic325 Sili hi i C325 Silic325 Latex
L L L @6”3532.32@?1 anel A-1100 A-1110
A-1130 Z- 6040 10 SandVol 57.6 57.6 57.6
57.6 Fill Vol 13.6 13.6 13.6 13.6 15 Or gVol
16. 3 16.3 16. 3 TabXe Xrghter Vol 12.7 12.7
12.7 12. 7 Lat exPct 73.7 T 737 73.7 73.7
20 EpoxyPcEXample 19 7 52 10 7 53 19 7 54 19 85 Anj nePct
6.0 5 | anP
0.6 oﬁ’sﬂfg T ox%ef“zs @%e’ﬁ%s gg’c%:ﬁsn s‘B’& 339 nt -
Excel | nt Wt r 1L¥8ex 0. 68 0.67p, 0.83 Vatr 7Day
1.28 1. 29 1.14 1. 43 30 DryOorrpr 8680
8820 g63tlanel 8BSULOMt ConprA-1110 6230 A-1130 72266040 6940
7050 357°40 45 0 &5 36 EP 0 432 921 Bl Table XLX D Exanpl e 56
57 5%’“ ° 5976 Fi P78 8716325
Silic325 SilpeBdky I!is325 i c325 L e |
L L 155% f& BE 60204 A 1100
A-1110 ,, POBGRIL 1&:$040 10 15£§andVoI 16.3 57.6 1.3 57.6
57.6 57.6 57.6 Fill Vol .6 13.6 13.6
13. 6 WaterValdgvo] 12.7 16.3 12.7 16.3 12.7  16.312.7 16. 3
1%\3’; Latexpct | 73.7 73.7 73,7 73.7
20 EpoxyPct 19.7 19.7 19.7 19.7
AminePct 6.0 6.0 6.0 6.0
SilanPct 0.6 0.6 0.6 0.6
» Trowel Excellnt Excellnt  Excellnt  Excellnt
| WatriDay 0.68 0.67 0.63 0.83
>~ Watr7Day 1.28 1.29 1.14 1.43
DryCompr 8680 8820 8620 8380
WetCompr 6230 7210 6940 7050
35
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12,

50

55

37

15 Wat er Vol 12.7 12.7 12.7 12.7 7
Lat exPct 73.7 73.7 7 73.7 73.7 '
EpoxyPct 19.7 19.7 Epltg‘#m B 19.7 19.7 20
Am nePct 6.0 6.0 6.0 6.0 6.0
Si | anPct 0.6 0.6 0.6 0.6 0.6 Trowel
Excel I nt Excellnt Excellnt Excel | ntable XX p Excel I nt 25 Wat r 1Day
0. 47 0. ‘ 0.3 .45 0. 47 Wt r 7Day 0. 96
0. 96 oEdmple O 53¢ S oo ' 53205 802540
7380 5  6%10ler 5114682330 s11188b60MBR11c32s 6%3Dic32s 82Yfk325
6830 6190 6120 35 40 45 50 55 37 EP 0 432 921 Bl Table
XI X E Exanpl e Latex ! L 62 L L63 L 64
65 5 Filler silanel Sidiee2d®  a-110bUramMalerio DUrgmiif Duzapd s
Duramte Latex L . A A
A 10 Sand¥p} ang1l 57.6 57.66020 57.6 Z- 665206 376920
Z- 6020 16020 10 dvol : 60.0
59.8 P01 RNY) 1) 15:€ 136 13.6 13 g
13.9 orgSoB 16.3 13.9143 O gvYels 16.3 16.2 16.3
15.0 s %5.3 15.7 15. 3 Wat er Vol 12.7
111 Wapprypl | 12.7 13 ¢ 12.7 1247, 0 Lat &#PEt 12.773.7
.70.1 fitespct | 73.7 66.1 73,7 78873 20 4BPPXYPCt 45 4
- 19. L 22. 4 21.8 21.1 _ 21. 8 Am nePct
6.0 EpogyRrt 19.7 6.6 19.7 18.7 19.7 3.3 $PkAnPct
0.6 20 Anifedet 6.0 3.4 L4 6.6 2 Tr owel
: Excel | nt Excdl | nt ° Excef'lont Exg'e?l nt el I nt V\atEF&Day
'0.48 SilanBy 0.6 1.38 0.6 b.68 0.6 1.16 ‘o&ér 7Day
0. 87 2 . 89 2.07 0.76 30
Dr y Conpr Trofe 1000 Excelldt. Exeaigat Excellatgg fycellnt Exgaplot
9000 Wet GBnpr watripay OZhQ7 0.46 46609.39 2349 0.4P080
5740 35 Exanpl eg 66 -
Watr7Day 0.96 0.96 0.77 0.89 0.82
\/ DryCompr 8260 7040 7380 6970 7460
30 wetCompr 6930 6270 6830 6190 6120
35
40
45



The preparative process of Exanple 1 was repeated using the conponents and

t he proportions shown 40
that sufficient polyner

provi de 12.26 parts of polyner solids,
was cal cul ated to provi de epoxi de eq

ef fects of enpl oying

i n Tabl egp/h 48585 gy x fornulation "A"), except

| at ex was enployed 1nh the coating formulation to
and the amount of epoxy resin used

Hivalsni %o 3.28 g Epon 828. The

various am no-f epoxy curing agents on the

rate of devel opnent of dry conpressive strength of coating conpositions

(i.e. "ear|Bxampiengt
ef f ect ssof ing t
conpr essi vee/j'?'ﬁ' Engt h
for two di fifgeant am
property of coatjngs
coat i ngg} arsilapeti ed
out of Servyjce.for t
e

cure. The r
early strergiihvdevel
am ne curing agents,
pol ymer,/ at@8V@tth a

') arél reported2i n_Tabl e6XX (Exanpl®s 66 - 74)%S The

d f_the 45 pol ic lat dr
cTEl 3R imirgRn | RuTEGe sopOrBRy) ccimmmiteo)

ne gyring agentg. Early sfirength isyan inportgnt

for Portland cenent concrete, especially when such

t 0Z2+60R0st r i alZ-6lbRor s, &s662@r odug+6aR0 ar ea IB020e put
he %'me required for the floor coating or overlay to

hor &P i n Tabl®sOxX andS&® respet?t¥ely sho¥d tthat so
bpefig can be @chi eved ysigpg a nugheg of di ffprent

and that early strength is increased by enploying a
hi 463l ass tri@ngiti on t18rperaturds.Tabl e XXA%.¥ eports

t he resul t%,a(@‘erggiyi

cured coating conpos
great; for thuwtekeetin
ceging agent (Exanpl ¢
used (EwaniROXgRFE S
it Is possi t 1
hi gher stre%it%ﬁ?ggab
from curi ngsidaapetg
agent and TMD. Water
432 921%B1 TO¥Ssi t |

Ng L am ne curing agent on the exural properties of
ti 5)%67 Fl exur a‘ILi'é't r engt Hrafd m)du%sa(were t\/\i"g'é’ as

) cogppsition gured usi g, phe Jefggrine[err]gdr3230

b 82) than when trinmethyl hexanet hyl ene di am ne was 55
ncédthe ulti k.8 strairrd.8ere appleoki mat el y2xie sane,
urther curing of the T ured ex | e.coul d, pyovide

e ><?<T | shows 6to’ﬁe resu:vlt?‘gf waterglr'Tgss measut€hent s
Lonpose t i ons prgegar ed usigng Jeffangng[err] D@3 curing
was | ost faster fromthe TVMD-cured coating 38 EP O
hExXCeldntp| e 848xceldnt e ExcBhlit Exgpilatsi Becsilngngt h

6ot \%?;@nﬁ%&gr%rr] 6T 13570 da3f hréoagg‘%ézgz(hpiﬁ ¢ N
Di /mi ne) 104atr76dy Angagr ne 20213 (g3odi fied g9 194997 4520 ¢o,1470
74%6 al iafphat i ¢ pol yam ne)gerr] 68 Ancam ne 1922 (nodified 2290
5330 76(P*YCEBBY alli pAARP® pol yarRaed) 15 8949 AB88&i ne 173%0Q%kycl o-
2470 54104etRi 772 I phati c,.JManni ch 5 ) 70 ncam ne 955
(nodified - cnph_ 7 779a8) Pt 0" BRRE), phaPPE@pol yam he30 20

71 Epi cur 874 (DETA)Z 2840 4710 50650 7230772

Stoncl agf GS am nef[err] 3050 4660 3570 5260 73

I sophor one di am ne 4030 6790 7100 6980

{

LN Examples 66 - 84

The preparative process of Example 1 was repeated using the components and the proportions shown
in Table VI (dry mix formulation "A"), except that sufficient polymer latex was employed in the coating -
formulation to provide 12.26 parts of polymer solids, and the amount of epoxy resin used was calculated to
provide epoxide equivalent to 3.28 g Epon 828. The effects of employing various amino-functional epoxy
curing agents on the rate of development of dry compressive strength of coating compositions (i.e. "early
strength™) are reported in Table XX (Examples 66 - 74). The effects of varying the hardness of the
polymeric latex on dry compressive strength development is given in Table XXX (Examples 75 - 80) for two
different amine curing agents.

Early sirength is an important property of coatings for Portland cement concrete, especially when such
coatings are applied to industrial floors, as a production area may be put out of service for the time required
for the floor coating or overlay to cure. The results reported in Tables XX and XXl respectively show that
early sirength development can be achieved using a number of different amine curing agents, and that
early strength is increased by employing a polymer latex with a high glass transition temperature.

Table XXl reports the results of varying the amine curing agent on the flexural properties of cured
coating composition. Flexural strength and modulus were twice as great for the coating composition cured
using the Jeffamine® D-230 curing agent (Example 82) than when trimethyl hexamethylene diamine was
used (Example 81). Since the ultimate strains were approximately the same, it is possible that further curing
of the TMD-cured example could provide higher strength.

Table XXl shows the result of water loss measurements from curing coating compositions prepared
using Jeffamine® D-230 curing agent and TMD. Water was lost faster from the TMD-cured coating
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25 74 ° trinethyl hexanethyl ene 4720 6480 7170 - 7150 di anine
[err] 1. 1/4 inch cubes 30 2. pol _yp@m@ryh@gi de di am ne (average

nol ecul ar wei ght: approx. 230), Texaco emcal Co., Bellaire, TX 3.
Ancam ne[err] curing agents are avail able from Pacific Anchor 35

Chem cal Cocomposition4Bgmples4). CA or Air Products and Chemicals, Inc.,

Al l entown, PA. 4. Diethylene triamne; Epicure[err] curing agents are

avai l able from H -Tek Polymers of Louigyild &k KY. 40 5. Stonhard, Inc.,

Mapl e Shade, NJ. 6. Mxture of 2,2, 4- ~ &, 4- isoners, available from
Nuodex | rc. ﬁHuI Sgi Pi scatayay, NJ. 45 50 %arlg g3 116 [abi 2t
XXI Dry Conp e%bmg%@%@i—)—l—ae«'pl e e 43 AL : ;
24 48 62  J&€Ban(tnhe D-2307 D-2302 3570 5320 6060 llg20 3400
5470 1800 76 L (PPO Diamifle) - 1570 5320 6060
19620 0 77 M@D 230 2970 6110 7490
10500 78 6% “P§ ;getiul (modified 33940 4580 64790 74930 79
L TND atic palyamig®dd 5790 6980 15 80 M
™ 68 Ancahdd®192623fbatr8830  7088sd. 833 Crrreubesgssdd 2.
Jeffam ne[err] D-230 calipgatdgepblyaminéyi net hyl hexanet hyl ene di am ne.
Tabl e XXl,4 25 Fl exural @ U tinmate Fl exural St rengst h
Strain RBdul u@nEﬁ te’-lj.'732 (c e x 2629 r] SAPA) 6300 [FTA0 (op
x [err] (Pa) 30 gpiiphatic Magpp ase) > 14 + 0.18 15 + 2
7.16_+ 0.74 99 Ancamine©1955 (modified 2760 4160 4830 4880
e cycloaliphatic polyamine)
@ 71 Epicure©874 (DETA) 4 2840 4710 5650 7230
72 Stonclad GS amineS 3050 4660 3570 5260
73 isophorone diamine 4030 6790 7100 6980
25
74 - trimethyl hexamethylene 4720 6480 7170 7150
diamine (TMD)6 '
g 20 1. 1/4 inch cubes
2. polypropylene oxide diamine (average molecular weight: approx.
230), Texaco Chemical Co., Bellaire, TX. .
3. Ancamine® curing agents are available from Pacific Anchor
35 Chemical Co., Los Angeles, CA or Air Products and Chemicals,
o Inc., Allentown, PA.
Nt 4. Diethylene triamine; Epicure® curing agents are available from

Hi-Tek Polymers of Louisville, KY.
40 5. Stonhard, Inc., Maple Shade, NJ.
6. Mixture of 2,2,4- and 2,4,4- isomers, available from Nuodex Inc.
(Ruls), Piscataway, NJ.
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82 ' [err] 1.09 + 0.19 15 + 7 3.42 + 0.19 1. Aged 30
days at roomconditions before tesé+Bg‘3%gQ{B¥1eat cured; latex L. 2. 1.00 g
of Jeffam ne D-230 curing agent enployed tn fornula- tion of Table VI. 40

3. 0.69 g of TMD substituted for Jeffam ne curing agent in for- mulation of

Tabl e VI 45 Tabl e XXI'I| Percent Wter
Loss Exanpl el Ani ne T&blW XXT 20 hr 5 days 50
83 D- 230 29

TND 471 71

0 432 921 BEXRURAR) EAteX Jaime. o Heuxs X SP—Erae—t =t
repeat ed usingsthe cogponery.g3gad the proporti apsoshaweoi n S&id e X800/, to
prepare two cured coating conpositions (Exanples 85 and 86), and

ultraviol et d&§radatiBn 5 Dr"ggpstance of theselfiZPeriS¥20 wal0%hHnpaf2R with

that of an epgxy-am ng pol yWmrgconcrete using a,(,}gu-\g %%celﬂﬁ edyos00
weat herhg tester to sinulate exterior exposure. sma anount of red iron

oxi de pignment was included in the coating fornulation to facilitate -

foll owi ng the7Brogresd of dPadation with a caR@Pi meA%S0, SAhHA esSHRPe
renoved fromi{he a-u-Y unit_ar various tinmes for_colo ead] us| t he
Hunter |, a, gtﬁ]d b scgl es. or. was neasured (,‘8ﬁ'§ar e%’iﬂthkg%unt%g??ab
white standarggas wel y as g a retained standagd 10529 UBE¥®POSadosoati ng
conposition. The results of the evaluation are reported in Table XXV, as
the changes 1n a, b, and L (delta a, delta b, and delta L), as well as the
tIiefEfi ff er edeeOvet tH CMRe®o| or space, delta E. Delta E for the epoxy-am ne
pol yner zscone.etref £amaimg@dps2 nicuirtngtdgentn j ust 48 hours, evidence for

ext ensive d még;a; 0 = & The coatings conpositions of the
pr esent in\l/J(\aérit ?gn di lngte{‘%ﬁéattn égré?)pdr%'ea?:‘?'ggfy in color until sone tine

bet ween 270 and 414 hours, and were therefore much nore is resistant to W
degradati on. The faster color |oss of y-am ne pol yner concrete can
al so beasseen in the "a" (red) di nensilgoﬁ.tfd,i—swg% delta a for the epoxy
conparative exanple was -3.96 aftPledfralours, wiitimatedelta Flesfuxadi s

magni tude was_not_apserved for th§t€¥_§ghhl es of t%g?ﬂention“ﬁﬂé‘ls SQne
tiyre between d 41 AR IO (BRA)os B 1O b)) | (ol XS0 dB3ds were
gr&éater for thgysanpl es gi 4@ presgpty ignygnti g than for thegepaxyqan ne
pol yner®concrete, reflecting the greater inital color of the inventive
exanpl es, 20 m®Bather thanTgpdater 1degriadaapon. B @ XXIV 2542 + Bxaopl e
Conp. 35 86 Stonhard GS gray sandl

525320 . 1. Aged 30 days at room conditions beségPeC|t%gt§_?g'%)£yh£ Iozél ad GS
anm nel cured; latex L. 5_3¢ - -

o 2. 1.00 g of Jeffamine D-230 curing agent employed in formula-
tion of Table vI. : |

3. 0.69 g of TMD substituted for Jeffamine©cuting agent in for-

40 .
mulation of Table VI
% Table XXIIZX
Percent Water Loss
Examplel Amine 3hre — 20 hr 5 days
50 83 D-230 29 60 86

84 T™D 41 71 98
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Dry mix2 - 188. 68

18.13 35 Nopco NXZ

0. 13 0. 13 Jeffam ne D230

1.00 Examples 85 -18600 Z- 6020 si | ane - '

0. 09 0. 09 Mobay red iron oxide3 0. 42
0.42 The preparatife rocess ofSixampleit was tepenatedvbipg the ShrabegntsNind tid, praporionsi showh

of Tabl e VI in Table XKiNnte @eepéye twgtcured 4@ting com@ositiongExpnpies 85énd 86), andovitraviolet degradation

Pi t t sbur ¢h, resuptppce Dthesy magerials wapcanpapd wily thaizf- a’FﬁEﬂxé'a’X‘)@/pWWAW ysing a@ﬂ"v

Col or accelerated wtr@rlnm?fq@ si BE'P‘LQ rior gxposure. A small amouni gf red “'°ER’§@E'EI9'@PM was

Exanpl e or g gmlpq’ed qn] Hﬁr leng foqr_\ ation to facllltata followmgbthe progresiof degrad ion with B colonmeter

Conp. les ore rer@ ved fro he@U-V B't arﬂfs Bfees for color readings usm_g the Hunter Eépa‘}g@
lo stan

48 g ed camp d w§1 unteslalb hite sgngﬁd sowell as with a retaine
96 gb Bfgme)T 4?° lg_g maosltgn uI g;lth e@ atu :%ig‘gv '%?ml th;:z §the f%angef
a%? %&e coZtin ed e ans f pres nt gngdgf)

11.05 8 o@
-0. 76 ba oy
67.3 ange al p between 270 and 414 hours and were theref'ore

48 oxy-a er COI'ICf Sééz mn

Jg
16. 75 3ﬂ16 '"5- (3611) dlﬂer%%n whare E&ta?aﬁ& the epo arataae p E3an 5396 afle h&@s le a
-1. 07 3 Bdeltd kbt this mé@ﬁtuﬂl@was]ﬂ dbdorkedt 1B8i5the dxAmpiBs ofthebinventidn Bftil sdnve tﬁﬁb Gobkben 270
59.96 15. 8hdl4i4 Hérs. ADioat expdburé Imes] dBifa E valieghbre§rediér for the samples of the preserfdinvention
39»4’24 24. 1fhad ¥r 3@ epoxy-amine polymer concrete, reflecting the greate3iaitaB Adlor of Ghelinventive eddnples,

39. 17 232¢ 3atherthénlgreated d@jtada®n68 0. 30 0. 80 96 39.42 22.51 16.91
0.61 -1.47 -0.60 1.70 270 41.43 22.01 16.79 2.49 -1.24 -0.26
2.79 25 414 51.75 19.69 15.56 11.15 -4.83 -2.49
12. 40 510 59.53 17.38 14.06 20.90 72!2;243532 22.61 1. The delta
val ues do not corrfspond exactly with differences in
25 Example Comp. 8s 86
Stonhard GS gray sandl 185.40 - -
Y, Stonclad GS epoxy resinl 22.34 - -
3o Stonclad GS aminel 5.36 - -
Dry mix2 - 188.68 188.68
Latex A (49.6% solids) - 18.13 18.13
o Nopco NXZ - 0.13 0.13
_ Jeffamine D-230 - 1.00 1.00
S\ Z-6020 silane - 0.09 0.09
Mobay red iron oxide3 0.42 0.42 0.42
40

1. Stonhard, Inc. Maple Shade, NJ.
2. Dry mix A of Table VI, calcium carbonate.
3. Mobay Chemical Co., Pittsburgh, PA.
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L, a, and b as the the delta val ues were obtained by neasuring 30

ver sus unexposed retai ned sanpl es BB k?ﬁl - 90 35 The preparative
process of Exanple 1 was repeated u5|ng e Same conponents as Exanple 1
except for addition of surfactant to prepare coating conpositions having

differing levels of nonionic surfac%g*e e effect of increasing the |evel

of nonionic surfactant on early spl rength is reported in Table

XXVI for two differ® I evels of total solids. These results show a | ow

| evel of noni oni c’A§ Egggv is pr ef er P or ear|y Qelof: Faangen(Delta)

devel op#ent. 45 50

87 EiSmple Organ 189; ours) 9Q;, 5 V&al ghtb% watgr: a b B

5.38 5. 38 0.0 6. 01 75001 ﬁl ca 325:

0.32 °§g 0.3 +79/A3e8§ act ant qn

None 0 (e ’gz) Nonegz ‘é P%r% exasg% (gsgelod%i S{f{ %@gt h3
200 105 170270 41@' .09 -3.85 -0.54 8.97

595 625 515414 1114dﬁ/ntozengvh31 -3.62 -0.76 8.20

925 1110 920510 19&(381511-30 LAt 4& L7.323aR2 nd -BOR- 14892

curing agent. 2. Post-added Triton[err] X-405 surfactant, Rohm and Haas

Co., Philadepghia, 63 20 @ SpaidstiBg f£7351 4 strengtl, psi.. Exanmples 91
- 96 25 Thqsp‘rvpar ative pregess pf.7oxapplss 17Vee -opesi-©desi tohsyarijalsgon of
the epoxy resin in the dry9%i x apdi2Def 2&m7hé§e‘r$] -D. 280G-1alitled.R3 t HolBat ex

to maint th ht toduliz-8
S o e &' R B TR B 8

water cantents of the m xtures were held constant Exarrp es 91-95). Sanpl es
for conpressi testing vvere cured 2 weeks at either [err] 30 or [err] and
tested dry((3

VT . 14 meg%'?ﬂ,a?éga&;isg, gg gg“ger'rffgﬁggg_ﬁgg@g?;

Strengths (2 Weks) Lateg7éol i dg]. 43 22. 01 16.79 2.49 -1.24 -0.26 2.79
2 414 51.75 19.69 15.56 11.15 -4.83 -2.49 12.40
510 $9.53 17.38 14.06 20.90 -7.52 -4.23 22.61

1. The delta values do not correspond exactly with differences in
L, a, and b as the the delta values were obtained by measuring
80 versus unexposed retained samples

(_

Examples 87 - 90
35

) The preparative process of Example 1 was repeated using the same components as Example 1 except
&;, for addition of surfactant to prepare coating compositions having differing levels of nonionic surfactant. The
effect of increasing the level of nonionic surfactant on early splitting strength is reported in Table XXV1 for
two different levels of total solids. These results show a low level of nonionic surfactant is preferred for early

40 strength development.
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Exanpl e Epoxy + Ani ne Cure at [err] ‘Cure at

[err] 91 0/ 100 EP 0 432 921 B1 996, 940, 932

2296, 1984, 1744 40 92 . 30/ 70 3936, 4212, 3632
3264, 3752, 3816 93 50/ 50 4720, 5768, 5072

4988, 4864, 4720 45 50 55 43 EP 0 432 %gglgjlgaé 70/ 30

5348, 5576, 4756 5584, 6380, 6572 95 /0

3744,3928,3240  44émpiéd4, 4126 5 96 g7 0B&00 g 90
3700, 2344, 3424 M%BO, 3868 (no water) Tablre XXVITT 10

Vet Conprées Hedghts ScwWgtar:Lat ex Sol i ds/ Exan®lis ESc3g + ABidk  6.01
Cure at [errfater/silggpa3gb:err] 91 0.3%/1000.32 0.36 0.36
680, 716, 756 8 84 15 92 30/ 70

3064, 2924, 30"5;,02)%%??%2%%%%%#% NeRfso 2.0  Neme 4.0
14620, 40960 477 4604, 4520, 0 94 70/ 30

4756, 4396° 4276 1 €ag0stbé8q¥EB0 95 2660/0 105 170 75
856, 884, 864 1V Bay38Lyr ©h 96 0/ 499 625 52840, 244y 2444

3776, 3448, 4904 YandayasbrengbhExanpl e 97 30 A92%ieni calyyp resi 92ant cIoRo ng

for application by spray qr conbéragke rather than trowel was prepared using
‘the prepaggatjve process of a 1 with the follow ng dry and wet m xes:
35 1. I“t‘éofrpoﬂéﬁ%émme EDR-148 curing agents,rts by Weight Dry

m x: 45 mesh2sarrbst-added Triton® X-405 surfactant SaohfD ands Haasnco.,

333 Smthco 325 Rash bi 1000 40 .
Epon| err] 828 PR 1bh?'g' PA. 59 Wet m x: acrylic | atex

‘of Exanplee 13- Splitting tensilegtrength, psi.

Examples 91 - 96

25
The preparative process of Example 2 was repeated with variation of the epoxy resin in the dry mix and
Jeffamine® D-230 added to the latex to maintain the weight ratio of epoxy/amine constant while varying the
ratio of latex solids to epoxy and amine. The organic solids contents and water contents of the mixtures
e were held constant (Examples 91-95). Samples for compression testing were cured 2 weeks at either 25°C
30 or 42°C and tested dry (Table XXVIl) or after soaking in water for 24 hours (Table XXVIlI). in Example 96

water was omitted. .

Table XXVII

% Dry Compressive Strengths (2 Weeks)

Latex Solids/

s Example  Epoxy + Amine Cure at 25°C Cure at 42°C
o 91 0/100 996,940,932 2296,1984,1744
92 30/70 3936,4212,3632 3264,3752,3816
93 50/50 4720,5768,5072 4988,4864,4720
45
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Jeffanine[err] EDR-148 11 45

3-(2-am noet hyl ) - am nopr opyl ' 1.7 trinmethoxy silane water
98. 6 Nopco NXZ def oaner EP 0452821 B1 1 50 The dry and wet

m xes are m xed together to formthe chemcally resistant coating
conposition aad applied 7@/30 concrete susB&ssssme ATsecnt | 6584, 63I8®6572at i ng
equi pnent. Exanple 98 55 The preparative process of Exanple 1 was repeated
with nodific#®3 on of thel@@40 and wet ni x3%44s3928.43349; 444444 608 4326021

:I\B/%)COONO”P‘QQGQE 86 0/100 3700,2344, 3434 S b%z%'.??%&@’sggn X:
mesh sand (0o water) 500 120 nesh
sand 500 Smithco 325
mesh silica Table XXVIXI 200.6 Epon[err] 828
37.2 Wt m x: acrylic latex of Exanple 1
'222.8 J¥ fami nepeferr EFDEI-SMS p Wet Compressive Strengths

-(2-am - s
5t aaRy ) - e, | anecuesat 25 cure st aave !
17.0 Nopco NXg def oamer staﬁé-ru?’oﬁs 888,1300,1384 3.4

20 &he dry and wet mXxesS are m xed toge orma coating
conposition Wpch is apphpgflpt 0 a concr et3pealr92g £3dB6 CORADAL, 2208/, 2482NS.
This coating conposition was easier to trowel than the coating conposition
of ‘Ejfarrpl e 1 9hd showed BAPYBOved resi st ad620, 4096 267172 sSAGOH.A§80c435Ki ng
I R Jarge areas of variable thickness. As shown i'n Table ) XXl X, the coating

conposi td on of4 Exanpl e 989£RBwed good corkISE34396,42T&Nngt4580:#EAB4F80
resi stance ang. abrasi on resi stance, conpara t of d a
commer ci al 259%poxy pol y%@?’@oncrete contro%.gSBégﬁ'gﬁé ccﬁwﬁnﬁg:{{%%ghigfg
Exanpl e 1 andgghat of Exgprhg 98 showed suenerebol 4™l $FECle4a8shssance
conpared with the conmrern@oalag@gxy pol ymer concrefe control. ‘30 35 40 45

25

"t Example 97
80
A chemically resistant coating for application by spray or comb-rake rather than trowel was prepared
using the preparative process of Example 1 with the following dry and wet mixes:

35 Component _ Parts by Weight
: Dry mix:
b 45 mesh sand 666
70 mesh sand ' 333
Smithco 325 mesh silica 1000
w0 Epon¥s28 ' 59
Wet mix:
acrylic latex of Example 1 36
‘Jeffamine”EDR-148 11
4 . 3-(2-aminocethyl )-aminopropyl - 1.7
trimethoxy silane
water 98.6
Nopco NXZ defoamer 1

50
The dry and wet mixes are mixed together to form the chemically resistant coating composition and
applied to a concrete surface by conventional spray coating equipment.

Example 98

The preparative process of Example 1 was repeated with modification of the dry and wet mixes as
follows: .



50 55 45 EP 0 432 921 Bl Table XXI X Exam e 1 Exanpl e 98

conp. Ex. [err] 5 Conpressive strepgt h gl day 1137

769 4292 2 days %ﬁdjﬁ{%&'ﬂm 2896 '
6275 10 3 days 5118 4206 5616
14 days 6534 6016 7122 28 days

7240 . 6662 com nen 8568 Fraction of %ﬁﬁiq‘ﬁﬁﬁgth
15 Ret ai ned #m—i—'é:a'y-ngwértte%&mm—am d .

0. 65 Dry &hxk0%citric acid 0.69 0.76

0. 98 wat e MDC No. 2 Gafid 0.83 1004 09 20
skydr ol 60 meshGand 0.63 0. 9%oe\br asi on
Resi stance2 nass | 0s122b nd¥sHsand 70 ny 80s0@ Ther nal
Shock 30 Smithco 3dmamesh Isflica Pass all 20 200F&i| at 12

1. Stonclad GS epoxy.Egh 87 wheel, 1000 cycles, 100 grans whee2 35

Exanpl e 99 40 The preparative process of Exanple 1 was repeated, and the

pot life of theWelsmiXng coating conposition was studied. Cylinders for

measur enent of splitta gl’é?l tex o€ Exampieclcast i nredi at el $28f8er

m xing and at 2, 4, & The wet'imrtar was hel d ftlanbi ent
i enents*

ge Rroté
t enper at 3ge in a cl os%‘o(%"am opthyL);raminoprepyli | e neasur here made
-after 2 days and 2 wee trimethoxy, s ® and the results are g#‘zei’ in

Tabl e XXX. 45 Table Oi».t a# n - Splitti ensil e
‘Strength (psi) mxin 3 cﬁ%li ?jgg&“\l\gg © 2 Day Cure 2
W8ek Cure 50 _

: 20 The dry and wet mixes are mixed together to form a coating composition which is applied to a concrete

surface by conventional means. This coating composition was easier to trowel than the coating composition
of Example 1 and showed improved resistance to plastic shrinkage cracking in large areas of variable
thickness. As shown in Table XXIX, the coating composition of Example 98 showed good compressive
strength, chemical resistance and abrasion resistance, comparable to that of Example 1 and a commercial

25 eopoxy polymer concrete conirol. Both the composition of Example 1 and that of Example 98 showed
superior thermal shock resistance compared with the commercial epoxy polymer concrete control.

vﬂ
30
35
,.
40
45
50
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1

493 1182 2 hours

None :

525 1105 4 hoygsg 432 921 B1 599

1143 6 hours 569 1075 55 8
hour s 565 1144 24 hours

757 1187 46 EP (rabla XXIXB1 The unusually | ong pot

life of Exanple 99 is of great practical value, and is very surprising,

considering the good early strength. Exanples 10Q - 102 5 The .pre araiive
process of Exa 1 was rep.m;&dt.h var Example; 98; e M:—ﬁ
si | ane, 5as gﬁ ﬁﬁ Q XXXI'. Sanples were cast for splitting tensile

strength the results are also reported in Table XXXI. 10
Tabl e XXXI C0np1Eaay 27 11$x. 100 7% 101 4292EX. 102
Si | ane typel 2 days 402§\Ione 2896 A 6275 B

B Silange |evel3 days 118 O 3206 O0.30 5616 0. 30
0.15 Slettlngl4TdaysIe Strengt&ss(p3|) 20 6bl1gay cure 7122

66 - 28 dags 7240 190 6662107 2 day 8568

175 520 525 315 4 day cure

330 5 ' 485 25 7 day cure

520 5 Fraction g oCompressive strqng;h 685 14 day cure

715 Retain Aftet 1 Da SOQ 865 30 1. Sil ane A

[ 3-(2- I I h I I
i;n nﬁpﬁop?lrﬂﬁogtc%éé): g@iagﬁ;Opy 6\/\&{5& O;grczlnt qg;%ga?l:% gzef :BnE gl | er
8

(sLcha) fE&e strong effect o gl ane on the y strengt served for
Exanpl e® 1@kydrdd2 in conpari sonoy\ggh t he corrpar(ﬂt“ve exanpl eowgghout t he .
silane is very surprising, and of great utility. Clains 40 1. A conposition
for use in coating or overlaylng Portl and cenent concrete or netal, the

conposi t i orAbee@ions Registance2synt hetic pol yner Iatex

mass loss
25
80 mg 70 mg 80 mg
. Thermal Shock
.\\./‘;
30 Pass all 20 Pass all 20 Fail at 12
1. Stonclad GS epoxy.
2. CS-17 wheel, 1000 cycles, 100 grams wheel
35
| Example 99
40 The preparative process of Example 1 was repeated, and the pot life of the resulting coating
composition was studied. Cylinders for measurement of splitting tensile strength were cast immediately
after mixing and at 2, 4, 6, 8, and 24 hours. The wet mortar was held at ambient temperature in a closed
container. Splitting tensile measurements were made after 2 days and 2 weeks of ambient cure, and the
results are given in Table XOOC
45
Table XXX
Interval between Splitting Tensile Strength (psi)
5 mixing and casting _ 2 _Day Cure 2 Week Cure
None 493 1182
2 hours 525 1105
4 hours 599 - 1143
6 hours 569 1075
65 8 hours 565 1144
24 hours 157 1187
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(b) an anine-functional epoxy curing agent, the epoxy curing agent being
sol ubl e or dispersible in 45 Bg P2 gi@y @ sil ane selected fromthe
cl ass consisting of epoxy-functional silanes and am ne-functional silanes;
(d) an epoxy resin; and (e) filler having a nean particle size of |ess t han
50 microns. 50h@unusuaiiplopgsit tife ohExample B8l isrpggrea pekivalvaliie, aidie véry Burpridfig Sophdidaig C
pol ymer | at the geasisarly sirengtin synthetic polyner selected from (nmeth)acrylic

pol ymers, styrene/(meth)acrylic copolyners, styrene/butadiene copolyners,

chl ori nat ed 1 rs, and hydrophobi c vinyl acetate copol yners, and
preferabl"y has a | ass transition tenperature fromf[err]. 55 3. A

conposi ti on P '&9 PIACesTSf Exaepiest wasiTepepted wish vasigtion instidpsand lomel pksitaner ashove
to 75 percelit B? ‘"P ecaf"off”elfp"ﬂ?%%?"e skpafhmeassroment 208 Hisowepylts gre slsp
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life of Exanple 99 S of great practical value, and is very surprising,
consi der| ng the good early strength. Exaigiies xk%¢ - 102 5 The preparative
process of Exanple 1 was repeated, with-varratromr in type and |evel of

silane, as shown in Table XXX Cofaipke27\er e gxashobor spkitiding t ewrsi ko2
strength rreasurerrent Pzind the results are al SO0 reported tn Table XXXI. 10

Tabl e XX Exond 00 A EX. AlOl B EX. BEOZ
Si | ane type 2 None y

B Silane ev%&i?‘ level 0 0.30 .30 0.30 0.18. 30
g;JSG;SpI [ tt| ng TeniI9|2€ strengt h (pil )E Zﬁttin &'eggil curt(_.e ! si

175 2 1 dapre 66 525 192 315 y cure ;49

330 2 day cure 175 640 520 485 day cuies

520 4 dayzre 330885 755 685 Ig4glay curegss
715 970 960 - 865 30 1. Silane A is

3-(2-am noet hyl ) -am nopropyl trinmethoxy silane; silane Bis o
am noprofyl trinethoxy silane. 2. Wight percent silane on fine filler

(silica). 7 day cure 520 930 88s - 685
14 day cure 715 970 960 865
h '
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1. Silane A is 3-(2-aminoethyl)-aminopropyltrimethoxy silane;
silane B is aminopropyltrimethoxy silane.
2. Weight percent silane on fine filler (silica).

-
: The strong effect of silane on the early strength observed for Examples 100 - 102 in comparison with
g___,z the comparative example without the silane is very surprising, and of great utility.

Claims

1. A composition for use in coating or overlaying Portland cement concrete or metal, the composition
comprising:
(a) a synthetic polymer latex;
(b) an amine-functional epoxy curing agent, the epoxy curing agent being soluble or dispersible in
45 water;
(c) a silane selected from the class consisting of epoxy-functlonal silanes and amine-functional
silanes;
(d) an epoxy resin; and
(e) filler having a mean particle size of less than 50 microns.
50
2. A composition according to claim 1, wherein the synthetic polymer latex comprises a synthetic polymer
selected from (meth)acrylic polymers, styrene/(meth)acrylic copolymers, styrene/butadiene copolymers,
chlorinated vinyl polymers, and hydrophobic vinyl acetate copolymers, and preferably has a glass
transition temperature from 0°C to 30°C.
55
3. A composition as claimed in any one of the preceding claims, whereln from 60 to 75 percent by weight
’ of the total organic solids of the composition is synthetic polymer latex.
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1. Silane A is 3-(2-aminoethyl)-aminopropyltrimethoxy silane;
silane B is aminopropyltrimethoxy silane.
2. Weight percent silane on fine filler (silica).

35
The strong effect of silane on the early strength observed for Examples 100 - 102 in comparison with
the comparative example without the silane is very surprising, and of great utility.
Claims
40 .
1. A composition for use in coating or overlaying Portland cement concrete or metal, the composition
comprising:
(a) a synthetic polymer latex;
(b) an amine-functional epoxy curing agent, the epoxy curing agent being soluble or dispersible in
45 water;
{c) a silane selected from the class consisting of epoxy-functional silanes and amine-functional
silanes;

(d) an epoxy resin; and
{e) filler having a mean particle size of less than 50 microns.
50
2. A composition according to claim 1, wherein the synthetic polymer latex comprises a synthetic polymer
selected from (meth)acrylic polymers, styrene/(meth)acrylic copolymers, styrene/butadiene copolymers, -
chiorinated vinyl polymers, and hydrophobic vinyl acetate copolymers, and preferably has a glass
transition temperature from 0°C to 30°*C. .
85 :
3. A composition as claimed in any one of the preceding claims, wherein from 60 to 75 percent by weight
. of the total organic solids of the composition is synthetic polymer latex.
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gekennzel chnet , daB der FAlstoff Siliciundioxid ist. 5.
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30

Patentanspriiche

1. Zusammensetzung zum Beschichten oder Abdecken von Portland Zementbeton oder Metall, enthaltend
(a) einen synthetischen Polymerlatex,
85 (b) ein in Wasser 18sliches oder dispergierbares aminfunktionelles Epoxyh&rtungsmittel,
{c) ein aus der aus epoxyfunktionellen Silanen und aminfunktionslien Silanen bestshenden Kiasse
(] ausgewshltes Silan,
(d) ein Epoxyharz und
(e) Fullstoff mit einer mittleren TeilchengrSBe kleiner als 50 um.

40
2, Zusammensetzung nach Anspruch 1,
dadurch gekennzeichnet,
daB der synthetische Polymerlatex ein synthetisches Polymer enthiit, das aus (Meth)acrylpclymeren,
Styrol/(Meth)acrylcopolymeren, Styrol/Butadiencopolymeren, chlorierten Vinylpolymeren und hydropho-
45 ben Vinylacetatcopolymeren ausgewshit ist und bevorzugt sine Glasiibergangstemperatur von 0°C bis

30° C aufweist.

3. Zusammensetzung nach einem der vorstehenden Ansprliche,
dadurch gekennzeichnet,
50 daB von 60 bis 75 Gew.-%, bezogen auf Gesamtmenge organischer Feststoffe der Zusammensetzung,
synthetischer Polymerlatex sind.

4. Zusammensetzung nach sinem der Ansprliche 1 bis 3,
dadurch gekennzeichnet,
55 daB der FlUllstoff Siliciumdioxid ist.

5. Zusammensetzung nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet,
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Zement bet on oder ' {pdimdn syntBélistReN Polghheriabk,0Ns 1. Conposition a utiliser pour
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ubwagent dur ci ssolslasselhtspméplte&snmnmm ons amine, |'agent durcisseur d' epoxy
6t ant sol2ubl e odR) ding prsits Kdyhponeigermeit | ' eau; (c) un silane choisi dans |a

cl asse const it ueeldheiremsiEdogyherz ued f onct i ons epoxy et des silanes a fonctions

am ne; 40 (@) Fllpteft migeines nittigsencTpiichengriBe KleingralsSAamge ayant une

gr anul orretrl e m) enne |nf~r| eure a 50 um 2. Conposition selon |a

revendi cati & Eﬂtqné‘efgés‘?"éﬁﬁ &eoupRis it ginah Sehulzgehichicaul windestepsrpinesmdeilun

pol ynbr e2§ynt ‘\ﬂg’%‘h i%ﬁa%ifzzggw IeRe! B SRS 318 (ofpagysyTneNgeizung Inaah einem

copol ynbres st ot wurde acryl i ques, I es copol ynbr es

Zté\; 2 ? gi 2 uégﬁi \Bﬂfé dulniy agrcguéanb re%ssetz\lljrllgn u S deq' Lfcﬁ hé réoé:eﬁ ng S%/t&lm’cgttfeﬁ e
e

de transigion VI treuse %%eﬁ:éup eme | on % 'une quel conque
des revendi ggleh@Bations ecddent es, dans Iaquel I e de 60 a 75% en 50 poi ds
des mati bres solides organiques totales de |a conposition sont le |atex de
pol ynbre symt hgdinpsiitn 3 utiliSé? "Bo0S biirbtiah o GbQvrir ' NSt Uk Elﬂgrql*'leorﬂﬁd; ou un métal, la
revendi cat i OnSorhpdkition coipfRant:aquel | e | a charge est une silice. 5.
Conposi tison sel @hut laldinde shiyalepyRikdiqees revendi cations 1 a 3, dans | aquel | e
| a gr anul onet ri ¢) v \agenmalurcisseur d'époxy & fonctions amine, I'agent durcisseur d'époxy étant soluble ou
' dispersable dans l'eau;
(c) un silane choisi dans la classe constituée des silanes & fonctions époxy et des silanes 2
fonctions amins;
40 (d) une résine époxy; et
(e) une charge ayant une granulométrie moyenne inférieure 4 50 um.

2. Composition selon la revendication 1, dans laquelle le latex de polymére synthétique comprend un

polymére synthétique choisi parmi les polyméres (méth)acryliques, les copolyméres styréne/(méth)-

45 acryliques, les copolyméres styréne/butadiéne, les polyméres vinyliques chlorés et les copolymdres

d'aoé;ate de vinyle hydrophaobes, et posséde, de préférence, une température de transition vitreuse de
0°C4a30°C.

3. Composition selon I'une quelconque des revendications précédentes, dans laquelle de 60 & 75% en
50 poids des matiéres solides organiques totales de la composition sont le latex de polymére synthétique.

4. Composition selon I'une quelconque des revendications 1 & 3, dans laquelle la charge est une silice.

§. Composition selon I'une quelconque des revendications 1 & 3, dans laquelle la granulométrie moyenne
55 de [a charge est de 2 & 20 um, de préférence de 4 2 6 um.

6. Composition selon I'une quelconque des revendications 1 A 5, dans laquelle le silane est un
aminoalkyltrialcoxysilane ou un glycidyloxyalkylirialcoxysilane.
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deux conposafuX cepPospisAt 4un prem er conposant, contenant: (a) un
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am ne, agent sabl e
dane | eau 2 'gﬁ;@ o> e - T ron o B BRBRTRL

fonctions epoxy ( le ,ﬁ;gilgrh%ﬁs @ Jlag&C%ongﬂﬁe %Q% Q%gas% fogél)ms %hb gtocpes shanes 3

conposant, COI’]t ne resine

ayant une gran@j&rgeggnggo,ﬁgggﬁp%tdngﬁfrl eure a 50 um 9. Article forrre &
partir de beton (g uhe@8ndlbpoky; BENt Portland et possedant un revetenent

protect gur f or MRp)Sié chakye Enfishe GRAulGAsiie Royelhe ifkiriswts h8gemde | ' article, le
revet ement protecteur etant forne d' une conposition solon |'une quel conque
des revend. caiticle fmd A parfir. dodBtod @ baddldelcintet PoRfandlet PHRESRANTA0SBlomEM pRclil fbrmyne
quel conque des auemeinsl iute parie) sle lia Buracel alesradlies, B fel8idnat PloteCOIMEant AXAE aIRB
pr-q,rz ect eur dtempositdnessipn fune qurongiie dessewodistionati 9,8. f or nds de beton a base de
cinment fortland ou de netal. 26 30 35 40 45 50 55 50
10. Utilisation d'une composition selon I'une quslconque des revendications 1 & 8 dans des articles ou
comme revétement protecteur d'articles, y compris des substrats, formés de béton 2 base de ciment
Poriland ou de métal. :
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