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Preface

Preface

Methacrylamideethylethleneureawasfirstpresentedasa

usefulchemicalintermediateintheUnitedStatesin1950'S.This

compoundreactsby七hedoublebondwithvariouscompounds

havingreactivehydrogen.Italsoreactsbytheamidegroupof

ethyleneureawithformaldehydetoformusefulcondensates.Its

polymersandcopolymersbyradicalpolymerizationwereusefulin

coating compositions such as textile finishing compounds,

adhesives,papertreatingagentsandplasticizers.Manysimilar

compoundshaveappearedonUSpatentsfortwodecadesever

SlnCe.

Thosecompoundshavebeenusedespeciallyforwaterborne

coatingssince1970'S.Quiteafewimprovementsforwaterborne

paintswereproposedwithmanyfunctionalmonomersinthose

days.Butwhattheycallwetadhesionpromoterswereselected

gradually.Becauseoftheirexcellentperformanceinacrylicpaints,

2･imidazolidinone,orethyleneureamoiety,remainsandisstill

knownasthemostpotentwetadhesionpromOtingfunctional

grOup･

Althoughmethacrylamideethylethyleneureahassucceed･

edcommerciallyasawetadhesionpromoter,verylittleworksare

availableinpublishedliteratureonthemechanism ofitswet

adhesionperformance.

Thepurposeofthisdoctoralworkistostudyhow the

monomerhavlngethyleneurearlngPerformsasawetadhesion
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Preface

promoter and to optimize this effectby utilizing various

polymerizationmethodsofpolymermicrospheres.

InParH consistingoftwochapters,theauthortakeshis

attentiononpropertiesofcopolymeremulsionsthatcontainsmall

amountofethyleneurearingasapolymercomponent.

InChapter1,Wetadhesionpromotersforwaterborne

coatings willbe surveyed and reviewed.To the author'S

knowledge,thereisnopublishedliteratureonthiskindofa

comprehensive review.Typical improvement methods and

evaluationmethodsofwetadhesionpromoters,andtheproposed

mechanisms of functions of ethyleneurea ring will be

investigatea.

InCb.apter2,Copolymeremulsionswithmethacrylamide

ethylethyleneureaanditsapplicationasawetadhesionpromoter

willbeexamined.Comparison datawith typicalfunctional

monomersofthewetadhesionforwaterbornepaintswillbe

studied.

InPartIIconsistingofthreechapters,theauthortakeshis

attentiononproductionofthepolymerparticleswithethylene･

urearinganditsoptimizedmethodofmicrospheredesign.

InChapter3,theinteractionbetweenethyleneurearlng

andcarboxylgroupin polymerparticleswillbeexamined.

MonomershavlngCarboxylgroupareusuallyusedwithwet

adhesionpromoters.Propertiesofthecopolymeraswellasthe

effectoftheemulsionblendofparticleswiththesefunctional

2
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groupswillbestudied.

InChapter4,thesynthesisofpolymerparticleswith

ethyleneurearingandthewetadhesionpropertieswillbestudied.

Cleanpolymerparticleswithsurfaceorientedethyleneurearing

will be prepared by emulsifier-free, seeded emulsion

polymerization.Andpropertiesofthefilmsfromobtainedpolymer

particleswillbeinvestigated.

InChapter5,thesynthesisofpolymerparticleswith

ethyleneurearingbystarvedfeedingmethodandmodificationby

crosslinkingsystemwillbestudied.Howtolocalizeethyleneurea

ringmoreonthesurfaceofparticlesandimprovementofwet

adhesionpropertywillbeinvestigated.A novelcrosslinking

systembetweenethyleneureaanddialdehydewillbestudiedon

seededcompositeparticleswiththeevaluationofwetadhesion

properties.

Asmentionedabove,throughaseriesofworkonpolymer

particlescontainingethyleneurearlng,theauthorhasreported

hisdoctoraldissertationasthetitleof "StudiesonPreparation

ofPolymerParticlesContainingEthyleneureaRingandTheir

Applications".

3
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Chapter1

Chapter1

WetAdhesionPromotersforWaterborneCoatings

1-1 Introduction

Itseemsthatthehigh･consumptionindustrialsocietythat

haspursuedonlyeconomyandproductivityhasapproachedits

turnlngpoint.Werecognizedthatthecompensationforthe

humanevolutionwastremendous,forexampleenvironmental

pollution, carcinogens, greenhouse e飴cts, and endocrine

disruptersonea洗eranother.SciencehasJustStartedtaking

measurestocopewiththissituationseriously.

Astothepaintapplication,itisalsoindispensableto

concernenvironmentalissuesforthefuture.Solventsthemselves

arenotnecessarytofulfillfunctionofpaints,Sotheytendtoavoid

emittingthemexcessivelytotheatmosphere.

Thebestoptionshouldbeawaterbornecoatingwhich

correspondstothevolatileorganiccompounds(VOC)controlact.

Waterbornepaintshavemanyadvantagessuchaslow cost,

handiness(betterhandlingofpaintbrush,fasterdryingthanoily

paint,Oreasiercleaningforpainttools),improvementofworking

surroundings(badsmellsorhealthaspects),lowriskforexplosion

orfire,andlow･pollutionproblems.

Forallthatthereplacementforsolvent-basedpainthas

beenstillslow.Themajorreasonofthatshouldbeinferior
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WetAdhes/'onpromoters

propertiesofwaterbornepaintstoconventionalpaints.

"Wetadhesion"hasbeenusedasatechnicalterm that

indicatesapropertyofpolymeremulsion in western paint

industrysince1960'S.Itisthepropertyhow itwithstands

physicalforcesuchasabrasionsorfrictionsunderexistenceof

waterandkeepsaperfectstateascoatingfilm.Itisalsocriteria

forthedurabilityofcoatingsinrainsorsnowfallswhenitis

appliedonexteriorofhouses,highhumidityorsplashofwaterin

kitchenorbathroom whenitisappliedoninteriorwalls,or

washabilityofcoatingsurfacebybrushingwithacleanser.In

otherwords,itissimplythatemulsionpaintshavebeendestined

tohaveseriousproblemunderthoseconditionsbasicallybecause

ofwatermedium.Theadhesionperformanceofwaterborne

coatingsinwetconditionwasobviouslyinferiortosolvent-based

One.

Althoughwetadhesionpromotersareappliedwidelyfor

industrialuse,therehavebeenfewliteraturethatdescribethem

totallyandsystematically.Atthe丘rstchapterofthedoctoral

dissertation,wetadhesionpromoterswhichareusedasthemost

effectivesolutionforthiswetadhesionproblemsaresummarized

anddiscussed.

112 WaterbornePaintsandWetAdhesionTestMethods

AsD.I.Y.(doityourself)isasortofcultureinNorth

America,theyhaveahabitofpaintingwallsoftheirhouseby

8



Chapter1

tllemSelves.There氏)rethemarketshareofhome･usepaintsinthe

wholepaintproductsisfairlyhigh.

Oilpaintsthathadbeenusedastypicalhomeuse-paints

forwoodhaveagoodanti･soilproperty.Howeverwetadhesion

andpermeabilityarenotsogood,theytendtoblisteronthe

interfacebetweenwoodandcoatingfilm whentheyareexposedto

rainorindoorcondensationofdew.

Alkydpaintsalsohavealowpermeability,buthaveagood

wetadhesionproperty.Soalkyd-modifiedoilpaintsareused

commonly丘)rexteriorapplication.Emulsionpaintswitheasy

handlingandgoodpermeabilityhavebeenadoptedastopcoats

overconventionaloil-basedprlmerS.1)

Thereareseveralnumberoftestmethodsandstandards

forwetadhesionpropertyofemulsionpaintssuchasFederal

Specs.,CanadianGovernmentTestMethod,ASTM,etc.2)The

commonprocedureinmostofthosemethodsisasfollows.

a)Testpanelsarepre･coatedwithhigh･grossalkydenamel,

whichisfullycrosslinked.

b)Emulsionpaintiscoatedonthealkydlayer.

C)Durabilityofcoatedfilm underexposureofwaterisevaluated.

TableIshowsrepresentativeexamplesofthosemethods.

FederalandCanadianstandardsforexteriorandinteriorpaints

requlreresistancetoseveralthousandcyclesofscrubbingunder

wetcondition.Generallywhenemulsionpaintsareover-coatedon

apanelpre･coatedwith alkyd enamels,exfoliation on the

inteぬceofundercoatandtopcoatlayerso氏enoccursJustbya

9



WetAdhe5･/IonPromoters

fewdozensofscrubbingwithcleanserunderexistenceofwater.To

meetsuchhardrequlrementS,Wetadhesionpromotersareused.

ThecircumstancesareverydifferentinJapan.Werarely

usepaintedwoodforexteriorwalls.Therearefewone･storied

houses,Soitisnoteasytopaintexteriorwallsbyourselves.The

historyofJapanesehome･usepaintshasnotbeenlongcompared

withthatofwesterncountries.

Table1 CharacteristicofWetAdhesionTestMethods

WetConditions AdhesionTbst■■l■■■■■■■■■■- ■■■■
Cuttestfilm Underwater

scrubbingfor
3,500cycles

Description PanelPreparation

I TTp-001511 A比ydEnamelon
FederalSpec. groundglass,dried3

days,baked2hrat
200℃ rIbstpaneldried
for48hr

ⅠI TTp-001511 ASinI.
Modified Embedcheeseclothin

thelatexfilmDryfor
24hr

Immersein Ptlllcheeseclotll.
waterf♭rlhr ltpassesiflatex-

alkydinterface
intact.

AkydEnamelon
Lenatachart.,

Dried6days,Tbstpaint
driedfor7days
Twocoatsoftestlatex

paintsoncedarsiding
with7days血yhga洗er
eachcoat

III WetAdhesion
AbrasionTbst･
InteriorSemi･
Gloss

IV ASTM･2366･68
Moistur台
Blister
Resistance for
Exterior
Paints

Scrubtofailure

or1,500cycles
wit,han abrasive
soapsolution
Exposepanelsh
blistercal)inet

Measureportion
ofpanelshowing
blisters

V IGP･138
Canadian
Government
Test

Alkydenamelonwhite
pinepanels.Dryfor7
days.rrbstlatextodry
for2hr

Exposeinwater
spraychamber
withGnozzles

delivering
34.2L./hrf♭rlhr

Checkblistering
Scrubfor3,500
cycles

VI JIS K5400,Syntheticresin
K5663

Washability
Test

emulsionpainton
nexiblepanelorhard
PVCsheet

Dry7days

Scrubby
weightedbrush
with0.5%soap
solution.

500cyclesf♭r
exteriorpaints,
100cyclesf♭r
interiorpaints,
and100-300

cyclesfわrhome･

10



Chapter1

Fig.1StructureofWashabilityTester

① Stopperforspecimen

② Standf♭rbath

③ Soapbath

④ Droppingbulb

⑤ Brush

⑥ Brushweight

⑦ Brushholder

⑧ Drain

@ Bath

⑬ Counter

(孤 Powerswitch

Themarketshareofhome-usepaintsinJapanisonly

around three percent.Japanese IndustrialStandard (JIS)

prescribesevaluationofwashabilityas"coatasyntheticresin

emulsiondirectlyonflexiblepanelorpolyvlnylchloridesheetand

scrubonthesurfaceofcoatingbybrushimmersedsoapsolution".

Figure1showsstructureofprovidedthewashabilitytesterbyJIS

K5400."Washability"isdefinedasaresistancepropertyof

abrasionanddamageforcoatedfilmwhenitiscleanedtoremove

stains.Thisisalmostasynonym of "wetadhesion"inNorth

Americanstandards.

Table2showstheresultsofwetadhesionevaluationof

commercializedemulsionpaintsinJapan,whichisbasedonWet

AdhesionAbrasionTestforinteriorsemi-glosspaintsinNorth

Am erica(Table1III)3).Top-coatedemulsionpaintsweretestedon

ll



WetAdhes/'onpromoters

alkydenamelundercoatedpanelbyGardnerScrubTestMachine.

Unexpectedlyallpaintsforbathroom couldnotwithstandonly

100cycles.Thepaintsforexteriorwallwererelativelybetter,but

therewerenopaintsthatlastedover1,000cycles.Thereisa

considerablegaponthelevelsofwetadhesionpropertybetween

inNorthAmericaandinJapan.TheJapaneseindustryhasnot

paidattentiontowetadhesionpromotersinJapanbecauseof

suchabigdifferenceofrequlredpropertyforemulsionpaints.

Table2ResultsofWetAdhesionTestforCommercialWaterborne

PaintsinJapan

Typeofemulsionpaints GardJlerScrub(cydeS)
PaintforConcreteFloorA 260
PaintforConcreteFloorB 800
PaintforTinRoof 350
PaintfbⅠ.Construction 230
Multi-purposePaintA 730
Multi-PurPOSePaintB 6
PaintforWal1andBathroom A 60
PaintforWauandBathroom B 38
PaintforWal1andBathroom C 70
PaintforKitchenandBathroom 130
Anti-moldPaint 150
RustPreVentiVePaintA 370

1-3 HowtoImproveWetAdheSionProperty

Therearetwoindustrialwaystoimprovewetadhesion

12
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propertyasfollows.

113-1 htroductionoffunctionalgrouptopolym erchainbygra且

reaction

Themosttypicalwayistheaminationbypost-added

reactantstopre･introducedcarboxylorhydroxylgrouponthe

surfaceofparticlesinlatex.Aziridineringsuchasethyleneimine

orpropyleneimine isused for this modification.4･5)Three-

memberedringwithnitrogenatom isveryreactive,soring･

Openingaddition reaction occurseasily.Scheme 1showsa

addition reaction between carboxylgroupsin polymerand

propyleneimine.

CH3

- こ 〔 ･ dc"二＼｣キ
COOH coo°

T
CH2NH2

CH3

Scheme1

ThismethodglVeSapracticalwetadhesion property,

howeveryellowingproblem a洗eraglngmayOCCurOriginatedin

oxidationofaminogroupswhichexistonthesurfaceofpolymer

particles.Moreoveraziridineislistedcarcinogenicsubstance,

thereforeitisimposedrestrictionsonapplications.

13
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1･312 htroduction ofpolar group to polym er chain by

copolym erization

Monomerswithpolargroupsandanunsaturatedgroup

suchasavlnylgrouporanallylgrouparecopolymerizedto

introducewetadhesionfunctionintolatexpolymerbackbone.

Thesemonomersarecalled"wetadhesionpromoters"or"wet

adhesionmonomers".A血ine,amide,andacetoamidehavebeen

usedasintroducedpolargroups.5-10) Table3Showstypical

examplesofwetadhesionmonomers.

(1)AmheS

Dimethylaminoethylmethacrylate, 2-pyridine, and 4･

pyridinehadbeenusedaswetadhesionpromoters,buttheeffect

ofimprovementWasinsufficientingeneral.Theusageofthose

a血inetypemonomersisusually1to3% oftotalmonomer

amounts.

(2)Acetoacetates

Acetoacetatesthatgivechelatecompoundshavealsobeen

usedaswetadhesionpromoters.Howevertherearelimitationsto

applicationconditions.

(3)AmideS

Methylolmodifieddiacetoneacrylamidehasbeenused,

howeveramidetypemonomersweregenerallyinferiortoa血ine

typeoneonthepromotionofthewetadhesionproperties.

Althoughithasbeenknownthatsomespecialcompounds比at

have2-imidazolidinone,namely,ethyleneureagroupsuchasa

methacrylamidoethylethyleneurea,aallyloxy･2･hydroxypropyl

14
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Table3 Monomerswhichused丘)rwetadhesionimprovement
icalmonomers

Amines

235pTyri｡ine C"a..viny.｡y｡dine

CH2=C(CH,)-COO-CHヱCH2-N(CH,)2

Dimethylaminoethylmethacrylate

Acetoacetates

CH2=C(CH】)-COO-CHヱCH20-COCH2C0CH3

AcetoacetoxyethyLmethacrylate

CH,=CH-CH2-NH-COCHユCOCH3

A]IyJacetoacetoamide

EthyleneuTeas

〔

cH2=qCH3'-CO"H-CH2CH2~"Y "H
O

MethacrylamidocthylethyLeneurea

〔
cHZ=qCH3'-COO-CHZCHZ~瑚 Y "H

0

2･ImidazolidjnonylethylmethacryLate
〔

cH2=CH-CH2JO-CH2CH'OH'-CHz-"H-CH2CH21㌦ "H
0

ALlyloxy-2-hyd∩)XypropylaminoethylethyleTleurt!a

CH2=qCH3)-COO-CH2CH2-N

2･(I-aziridine)ethylmethacryJate

CH2=CH-CONH-C(CH,)ZlCHCO-CH(CH20Ⅰ勺z

CH20H

TrimethyloldiacetorLeaCrytamide

Others

15
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aminoethylethyleneurea show remarkable performance for

promotionofawetadhesionproperty;andhavebeenwidelyused

forindustrialapplications.Theusageofthosemonomersis0.5･

2%oftotalmonomerweightinemulsionpolymerization.Incase

ofcontainlngamidegroupwithethyleneurearinginthesame

molecule, thesynergyeffectofthesegroupsisbetteronwet

adhesionperformancethanthatofetherorestergroupwith

ethyleneurearing.

1-4 Preparationandcharacteristicsofmethacrylamido

ethylethyleneurea

Ethyleneurearing(2･imidazolidinone)isintroducedby

aminoethylethyleneurea(AEEt刀.AEEUissynthesizedby

condensationreactionofdiethylenetriamineandurea.12)

(Scheme2)

~2NH3 [

H2"CH2CH2"HCH2CH2"H2'H2"CO"H2 hT H2"CH2CH2㍗ ("H
O

Scheme2

Hankinsetal.Synthesizedmethacrylamidoethylethylene

ureafromAEEUandmethacrylicacidchloride,andalsoprepared

aseriesofsimilarcompounds.ll) scheme3Showsreaction

betweenAEEUandmethacryloylchloride.Dixtonetal

16
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synthesizedallylcarbamatederivativesbythereactionofAEEU

anddiallylcarbonate.12) (Scheme4)

H2NCH2CH 2NV NHC43oclcH2-CL"C3O- cH2CH2NV NHscheme3

CH 2=CHCH 20

CH 2=CHCH 20
)C-o

H2NCH2CH2NV NH
O

> cH2=CHCH20o rr

旦NHCH2CH2Ny N
O

+CH2--CHCH20H

Scheme4

Thosemonomersthatcontainethyleneurearingaremixed

withcommonvlnylmonomerssuchasacrylates,mathacrylates,

vinylacetates,Orstyrene,andco･polymerizedtogetherbyradical

polymerization.N･(β一methacrylamidoethyl)･2･imidazolidone,

namely,methacrylamidoethylethyleneurea(M EEU)comesonto

marketasamixtureproductwithme比acrylicacidandwater,

whichisnamedSIPOMERWAM･IIfromRHODIA.

Obtainedsemi-glosswaterproofpaintresistedover2,000

Scrubcyclesonthewetadhesiontestandnoexfoliationwas

observedonthesurfaceofcoatinglayer,Ontheotherhand,the

controlpaintpreparedbypolymeremulsionwithoutMAEEUwas

removedcompletelyby only 85 Scrub cyclesby thesame

condition.15,16) Figure2showsaphotographofthewetadhesion

17



WetAdhes/tonpromoters

testresult.

Fig,2 WetAdhesionTestResult

Left:Controlpaintafter100cyclescrubs

Right:Paintwith MAEEU (lwt%)after

2,000scrubcycles,

Ereisetal.synthesizedvariouswetadhesionmonomers,

andpreparedbothofall-acrylicandvinylacetate-acrylicpolymer

emulsionswiththesemonomers｡Theyevaluatedwetadhesion

performanceofpreparedwaterbornepaintsblendedwiththese

latexbyGardnerScrubTbstMachine,5) Table4showsthe

representativedata.Asignificanteffectofethyleneurearingwas

observedinthiswork｡Only1.5wt%ofcopolymerizationofthe

mOnOmerSWith ethyleneurea group changed wetadhesion

propertyofcoatingfilmremarkably.

Laicompareddifferenceoftheeffectforwetadhesion

promotersl6) between MAEEU and N-(β-methacrylethyl)-2-

imidazolidone,namely,ethylethyleneureamethacrylate(EUME).

18
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Table4 Wetadhesionpromc-tersandthoseeffectforwaterborne

acrylicandvinylacetate-acrylicpaints

(ComparisonofnumberofscrubcyclesbyGardnerScrubTest)

WetAdLesionMononers AllAcryliC Ⅵny1-Acry】ic
(1_5pbmineaChlateX) Paint Paint

CH2=C(CH3)-COO-CH2CH2-N(CH3)2 1,187 253

cHワニ…芸 ocH2CH2NyNH∩ >1,500 953

CH2=CH-CH2-NH-COCH2COCH3 251 83

oH 〔cH2-CHCH20CH2tHCH2NHCH2CH-W H >1,500 >1,500

Fig.3Wetadhesionpropertyvswt%ofwetadhesionpromoters

19
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Fig.3Showedtheresultofwetadhesiontest.MAEEUperformed

betterthanEUME.Inter･orintra-molecularhydrogenbonds

withamidogroupandethyleneureagroupmay

intensifyinteractionofpolymerchains.(Figure4)

ーノ ノ - CH.-=p -へ
1

I,

dI(h
JI

,

＼ /--/＼

N
I
H
･..

＼

C
L

｢

0

J

J
,

●●●●
0

C-CHっ
I
CH3

､ノ -/ ノ

Fig.4 Intra･andinter･hydrogenbonding

Themechanismsofeffectsofethyleneurearlngaccounting

forthewetadhesionpropertyhavebeenconsideredasfollows.

a)Dipolemoment

Table5Showsdipolemomentoftypicalmolecules.The

ethyleneurearinghasaextremelylargedipolemomentthatis4.5

Debyeunits.Thisfigureislargerthan H20 ,acetone or

formamide.Itcausestheirstronginteractionwithnegatively

chargedsurfacelikeaalkydresincoatingorpigments.Figure5

2(フ
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showseachbondmomentinethyleneureagroup.

Table5 Dipolemomentofmolecules(Debye) 17)

CHCl3

CH3CI
H20
CH30H

COOH

06
87
85

.
7
7

1
1
1
1
1

CH｡COCH3

C6H5NH2

C6H50H
HCONH2

leneurea

9
5
5
7
5

2
1
1
3
4

0.221 H午
/ N

y l言行二 ＼H◎

- CH2

､ノ 長 r - 1･31
0

ムー1- 23_2.7
(a

0.22

Fig.5 Bondmomentofethyleneurearing(Debye)

b)Interfacetension

A modificationofthepolymerparticlesbyhydrophilic

functionalgroupcanlowertheinterfacetensionbetweenpolymer

latexandpigments.Theimprovedwettingandthepenetrating

propertiesmakethecontactbetweenthetwosurfaceseasierand

maketheaffinityofthemstronger.

C)Hy血ogenbond

Thecarbonylandiminogroupsinethyleneurearing氏lrm

hydrogenbondnetworkswithcarbonylorhydroxygroupsonthe

interfaceofsubstrate.

21
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d)Coulonbforce

ltwassaid thatcationiccharged amino groupsby

protonationincorporatewithanionicchargedsurfaceofsubstrate

suchaspigmentsoralkydresincoatedlayer.Itisaninteraction

bytheCoulombforce.

NitrogenatomOfamidoisusuallyhardlyprotonated.

Ureaitselfisweakbase.Butitformssaltwithstrongacid.

Basicityofureaisstrongerthancommonamidesbecausethe

cationicionofureacanbestabilizedbyresonatingmolecu一e

structures.(Scheme5)

H2"肝H2 'H'0
◎ ◎ 1

H2"=P H2 H2"7="H2I

ここJ

Scheme5

Cationizationofethyleneurearingmayalsobeexplained

as follows.21imidazoridinone and 2･oxy-2limidazoline are

referredtoasketo-enoltautomers.(Scheme6) ThisenoI

structureallowsprotonationofethyleneurearing.

H?C- CH?

-J I-

-N＼C-N-H
H

O

22

Scheme6 Tautomerismandprotonationofethyleneurearing



Chapter1

e)Others/formationofSupermolecular

Thereareseveralcasestoapplyintermolecularforceby

similarstructureto2-imidazolidinoneforsuptamoleculardesign.

Theself･Organization capsulebyRebek etal.isacaseof

supramolecularcombinedtwosamemoleculeslikeastitched

tennisball･18) The hydrogen bonds between two bicyclic

ethyleneureaframeworksareutilizedsuccessfullytostitchtwo

unitmolecules.(Scheme7)

H､NLN2Phナヰph
H一 Ny"O

0

NANHph再phF = ±

"VHO

i
.･.･･
肘

､
●.

H

-I

i:-
人

0

′し
笠
対

象

や

N
雪
〝

Scheme7 Tennisba"-Jikeselforganizationcapsule

HydrogenbondnetworkbetweennucleicacidbasesofDNA

isconceivableasanillustrationofinteractionbetweencyclic

carbonylgroupsandN-Hbonds.(Scheme8)

Ureaisalsoeasytoform hydrogenbondnetwork.Urea

itselfformsclathratewithmanyguestcompoundssuchasn･

alkanes,fattyacids,halogenatedhydrocarbonsandsoon.For

example,itisknownthaturea丘)rmshexagonalsystem crystal

withexistenceofoctanemolecule.19) Thishexagonallatticeof

ureahasahollowwhosediameteris520mm.Andoctane

23
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moleculeisencapsulatedinthecavity.Thisclathratecompoundis

oneoftypICalsupermoleculars,andthisfactalsosupportsstrong

hydrogenbondformationofureastructure.

Fig.6 Hexagonallatticeofurea;Clathrateofuearand

octane

H
/ H

= H M tHH- N ＼

;顔 H喝N-Hl川l=H=:
N-HHnlMll日日'.0̀

∬H3::,,>NH

Scheme8 Hy血ogenbondofGuanineandCytosine,AdenineandTbymine

Thereismuchroom fわrexaminingmechanism ofsuch

particularfunctionsofethyleneurea,notonlytheapproachfrom
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wetadhesionpropertybutalso血･ompolymercolloidsormolecular

design.

Manufacturersarestillcontinulngeffortstodevelopnew

generationofmonomerswithethyleneurearlng.Washabilityof

paintshasnotbeenregardedsoimportantinJapan.However,

theyaretryingtoapplythosemonomersforimprovementof

pressuresensitiveadhesives,adhesiontometals,crosslinking

agents,papercoatings,andsurfacemodi丘Cationoffilms,etc.

Thoseapproachesmayacceleratesubstitution血･omsolvent･based

productstowaterborneone,andconsequentlycontributetotake

measurestoenvironmentalissues.

1-5Conclusion

Typicalwetadhesionmonomersareintroducedfrom the

pointofview ofimprovementforwaterresistpaintsinthis

chapter.Theauthorreviewedandinvestigatedpaststudieson

wetadhesionpromoterwithetyleneurearlng.Butproposed

mechanismsofwetadhesiondidnotseemtoclarifyenough the

peculiarityofmethacrylamideethylethyleneureaforthiskindof

application.Inotherword,itisvaluabletoproveitfordeveloping

furtherapplications.
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Chapter2

CopolymerEmulsionwithMethacrylamide

EthylethyleneureaandltSApplication

2-1 Introduction

AsdescribedinChapter1,paintfilmsarerequiredto

remainonthesurfaceofsubstanceseveninwetorhigh moisture

circumstances.Basicallysolvent･basedpaintshavegoodwater

resistanceproperty,somostwallsofexteriorofhouse,kitchen

andbathroomarepaintedwithsolvent-basedpaints.

However,astheregulationofvolatileorganiccompounds

(VOC)becomestighterbecauseofthegrowingconcernson

environmentalissues,waterborneemulsionpaintshavecometo

beconsideredmoreimportant.

Itiswellknownthatsurfactantsinalatexhaveimportant

functionssuchasemulsificationofmonomers,providingfieldsfor

initiationofemulsionpolymerizationandstabilizingpolymer

particlesafterpolymerization.ButthesesurfactantsmlgrateOn

thesurfaceofformedfilm andcausebadaffectiontowater

resistance.Alsoemulsionpaintsusuallyshowpoordurability

whenthosesurfacesarewashedwithcleanser.

"Washability"isthewordwhichisprescribedinJapanese

industrialstandard (JIS)K5400 and meansdurability for

abrasionanddamageofsuchawashingprocesswithcleansersto
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Copo/ymerEmu/S/ronw/'thMAEEU

removestainsfrompaintedsurface.

IntheWesterncountries,variousmethodswhicharea

selectionofpigments,dispersingagentsandcompatibilizershave

beentriedtoimprovethewetadhesionproperty.Butthosetrials

basedonpaintingredientshadnotperformedwell.Emulsion･free

emulsionpolymerizationwouldbeapreferablemethod,butit

alonewasnotenough.

Themoste飴ctivewaytoimprovethiswastointroducea

specialmonomer,whichiscalled"wetadhesionpromoter",tothe

backboneofpolymerChainatemulsionpolymerizationprocess.

Inthischapter,Studiesabouttheintroducingeffectsofa

representative wetadhesion promoter, methacrylamideethyl

ethyleneurea仲山LEEU),inemulsionpolymerizationofacrylate,

Ⅵnylacetate/acrylate,andstyrene/acrylatewillbediscussed.

Figure1showsstructureandpropertiesofMAEEU,thatis

N-(β･methacrylamidoethyl)-2-imidazolidone.

cH,=ic三 ocNHCH2CH2Ny NH

Jr Giiiid

O

Molecularweight: 197

Meltingpoht: 115-1170C

Tgofhomopolymer: 87±3oC

Fig.1Structureofmethacrylamideethylethyleneurea
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2･2 Experimental

Matez:)'ds

Methylmethacrylate(MMA),Butylacrylate(BA),

Methacylicacid(MAA)wereusedwithoutfurtherpurification.N-

methylolmethacrylamide,glycidylmethacrylate,2･hydroxyethyl

methacrylate,werealsousedasreceived.Thecompositionof

SIPOMERWAMJIis50%ofMAEEU,20%ofMAA,and30%of

waterwith2000ppmOfhydroqulnOneaSaninhibitor.Commercial

gradePolyoxyethylene(40mol)octylphenolether(IGEPALCA･

897)andAmmoniumsaltofpolyoxyethylene(4mol)nonylphenol

ethersulfate(RHODAPEXCO･436)wasusedasreceived.

An alyticalgradeammoniumpersulfate(AYS)asaninitiatorwas

recrystallized.Deionizedwaterwasused.

hlePuatloBOfpolyZZZerPutkleS

An ionicemulsionswerepreparedbyemulsionfeeding

polymerizationmethod.Thepolymerizationconditionswerelisted

onTable1.Thekettlechargedwaterwasheatedto80oC.20%of

initiatorsolution(16ml)wasadded,thenimmediately10%of

mononeremulsion(50ml)wasaddedandheldfor10min.

Remaininginitiatorandmonomeremulsionwasfeddropwisefor

3h.respectivelywhilemaintainingtemperatureat78-82oC.

A氏eradditiontemperaturewasraisedto850Candmaintained

for1h.,thencooleddowntobelow30oC.pHofemulsionwas

adjustedto8･9byammonium hydroxideandcoagulum was

filteredthrough100meshcheese-cloth.
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Copo/ymerEmu/S/IonwithMAEEU

An emulsionwithoutSIPOMERWAM･IIwaspreparedasa

controlwiththesameCOndition.Severalpolymeremulsionswere

also prepared with typicalfunctionalmonomersinstead of

MAEEU. TestedmonomerswereN-methylolmethacrylamide

(N-MMAm), glycidyl methacrylate (GMA), 2･hydroxyethyl

methacrylate(2･HEMA).

Table1 MonomercompositionandformulationofEmulsion

XettleCharge

DeiomiZedwater

EmulsionofMonomers

Deionizedwater

RHODAPEXC0-436(58%)☆

IGEPALCA-897(70%)**

Me血ylme仙acrylate

Butylacrylate

Methacrylicadd

凡nctz'onalmonomezIS***

InitiatorSolution

Deionizedwater

Am oniumPersulfate

156.6ど

g

g

冒

g

ど

ど

ど

O

8

.
6

0

0

8

6

6

2

1

9

9
.

4

8

9

1

8

8

1

1

｡g

暇

08

*Am momiumsaltofpolyoxyethylene(4)nonylphenolethersulfate,

**Polyoxyethylene(40)octylphenol,

***GMA,N-MMAm ,2･HEMA,orMAEEU
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P71ePua血 ofsem)'-glosspa血ls

Theformulationofsemi･glosspaintisshowedontable2.

Eachingredientwasaddedintheorderoflistedandthemixed

paintwasagitateduntilitbecamesmooth anduniform bya

disperse･mill.

Table2 CompositionoftheSemi･grossPaint

1)Water

2)BEⅥlLOID6755☆1

3)IGEPALCTA-639W*2

4) CELLOSIZEWp-4400(3%aq.)*3

5)BEVALOID6001☆4

6)Tianiumdioxide

7)Ethyleneglyco1

8)Preparedpolym eremulsion

9)Ethyleneglycol

10)Ammoniummonophosphate

287.5g

12.5ど

6.5g

2.5g(Thickener)

4.3gPefoamer)

687.5ど

186.5ど

681.25g

46.5g

2.5g

*lBEⅥ虹.OID6755:Sodiumsaltofpolyacrylicacid(Dispersingagent)

*2IGEPALCTA-639W:PolyoxyalkylenenonylphenoletherPispersingagent)

☆3CELLOSIZEWp-4400:Carboxymethylcemulose(Thickener)

*4BEVALOID6001:Mineraloilbaseddefoamingagent

WetAd占eslazZTestUa丘丘abdJ'tE)

a)Apparatus

Erichsen washability and scrubbing resistance tester

Model494,Steelplate:dullblack,glassbaseplate,coatingrod,
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Copo/ymerEmu/sionwlth〃AEEU

high glossoil-basedenamel(tinted),andabrasivetypescrub

medium conformancewithASTM nethodSD2486andD3450

SuppliedbytheLenataCompanywereused.

b)Preparationbeforethetest

Highgloss,oilbasedenamelwascoatedas75〟m thick

film onasteelplate.Itwasdriedatroomtemperatureforseven

days.A氏erthesimultaneouscoatingofthepreparedpaintsusing

thelatexwithandwithoutSIPOMERWM ･ⅠIweremadeacross

andperpendiculartotheglossenamelnearcenteroftheplate.

Otherpaintsfromemulsionswithdifferentfunctionalmonomers

werecoatedbythesameway.Thesecoatingsweredriedatroom

temperatureforsevendays.Thecoatedplatewastapedtoaglass

baseplateandmountedintheErichsenTester,Abrushwas

soakedina2% solutionofIGEPAICA･720,polyoxyethylene

(16mol)nonylphenoletherfor30min.Thebrushwasthen

removedandexcessdetergentwasshakenoff.logofscrub

mediumwasspreadevenlyoverthebrushbristles.Thebrushwas

mountedintheholderoftheTester.Thepanelwaswettedwith5g

ofwaterinthebrushpath.

C)Testingprocedure

A氏ereach250cycles,10gofscrubmediawasadded.The

brushwasremountedand5gofwaterwasaddedinthepathof

thebrushtocontinuethetest.Thenumberofcyclesneededto

fullyremovethepaintfilm inacontinuouslineacrossallofthe

testpaintswasrecorded.Theresultsofthepaintsusinglatices
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with/withoutSIPOMERWM -1Iwerecompared.Beforetesting

thenextpanel,thebrushwasrinsedandpre･soakedina2%

solutionofIGEPALCA･720solutionfor5min.

SwemDgDlaLZZeterTest(SDT)

Filmsofabout0.5mmthicknesswerepreparedfromeach

emulsiononapolypropyleneboard(8Ⅹ12.5cm).Castemulsions

weredriedatroomtemperaturefor24h.andcuredat100oCfor

1h‥Cured丘1mswerecutbycircleof15mmdiameter.Those

specimenswereimmersedintotetrachloroethylenefor1hr,then

measureddiameter(d)ofswellingcircleof丘1msandobserved

condition.SDTwascalculatedbythefollowingscheme.

SDT(%)=(d-d｡)/d｡ d｡=15(mm)

2-3 ResultSandDiscussion

∈妄∋

hlePaLlatloBOfpolyZZ2etemulsL.oB

Table3Showedthepropertyofpreparedpolymeremulsion.

Theconversionrateofemulsionwith1%ofMAEEUwas98.9%,

andithadgoodmechanical,freeze･thaw,andhigh temperature

stabilities.
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Table3 ArecipeofpolymerizationincorporatingMAEEU

Deionizedwater

NonoxynoL45u肋teammoniumSalt★

Octoxyno1-40"*

Monomers(MMAJBA瓜lAA)

Methacrylamidoethylethyleneurea

Am moniumpersulfate

85.0 g

3.3 g

0.4 g

99.0 g(48.5/48.5/2)

1.0 g

0.4 g

Emulsionfeedingmethod,polymerizationtemperature 80oC

*RHODAPEXC0-436(58%) (RHODIA)

'*IGEPALCA-897(70%) (RHODIA)

Thepropertyofthepolymeremulsionabove

Solid

Wetcoagulum

ⅥscoSity

Thaw-freezestability

53.3%

く0.05%

200mPa･S

>5cycles

High temperaturestability(50oC) >30days

WetA上地esloDTest

Figure2Showedtheresultofthewetadhesiontest.The

whitepaintwithcontrollatexpeeledoffonlyby85scrubcycles.

Ontheotherhand,thewhitepaintwith2wt% ofSIPOMER

WM ･ⅠIcoIPOlymerizedlatexwasstillintactafter3,000scrub

cycles.
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Scrub

(tJ'mes)

100

200

300

3000

Ⅵ〃一日･ll Control

Fig.2 WetadhesiontestforpaintwithSIPOMERWAM-llandcontrol

Severalpolymeremulsionswerepreparedwithtypical

functionalmononers such as N-methylolmethacrylamide,

glycidylmethacrylate,2･hydroxyethylmethacrylate.Thedosage

was2%,assameasamountofSIPOMERWAM-IIofTable1.The

sameemulsionpolymerizationmethodandthesameformulation

astable2wereusedtoprepareeachpaint.Table4showsthe

resultsofwashabilitytestforthesepaints.
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Table4

Incorporationeffectoffunctionalmonomersvs.wetadhesion

Functionalmonomersjnbinderemulsion Wetadhesionscrubc

GIycidylmethacryJate
N一methytolmethacrylamide
2-Hydroxyethy=¶ethacrylate
SIPOMER仰AM-ll

220
70
250

>3,000

Therewasnoimprovementforwetadhesionproperties

withthesefunctionalmonomers.Itisclearthattheeffectof

MAEEUisslgmificantlypeculiar.

EqectolRZOnOmetEeedl'ngprocess

ThreedifferentfeedingmethodsofSIPOMERWAM･ⅠIwas

investigatedwithemulsionpolymerizationbyemulsionfeeding

method.Pre-additionwasthemethodthatWAM･ⅠIaddedtothe

initialkettlechargewithdeionizedwater.Post･additionwasthe

methodthatWAM･IIaddedatoncetothereactorwhenthe

feedingofmonomeremulsionwasfinished.Andsimultaneous

additionwasatypicalemulsionfeedingmethodofmixturewith

WM -ⅠIandothermonomers.

Table5ShowstheSDTresultondifferentadditionmethods

ofWM ･ⅠIon emulsion polymerization.The film ofnon･

crosslinked copolymer of MMA侶AJMAA dissolved in

tetrachloroethylene.ThesimultaneousadditionofWAMIIIwith

basemonomersimpartedthebestresultforsolventresistance.

Thepost･additionofWAM･IIdidnotshowanyImprovementfor
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thisSDTtest.Thewetadhesionscrubtestresultswerealso

correlatedwiththosetestresults.Thesimultaneousandpre-

additionshowedbetterper允)rmancethanpost･addition.Thepost-

additionhadnoimprovementascomparedtocontrol.

Table5 additionmethodofWAM･IIandSI)Tresults

Control Pre-addition Simultaneous Post-addition
No-addition -addition

Ketdechazge
D.Ⅰ.water 96 95 95 95
WAM-II 1
MonomerEm.
BA
MM
MAA
WM -ⅠI

NaDBS(33%)
D.I.Water

50
45
1

08
50

50
45
1

8
50

50
45
1
1
8
50

50
45
1

8
50

AherM-(eedtng
W〟M-ⅠI 1
SDTr%l dissolved 150 100 dissolved

WM ･ⅠIshouldbeintroducedwhenitmixeswithbase

monomersandinteractswithcarboxylgroupwell｡Butonthe

pre-additionorpost-additioncases,bothoffunctionalgroupsare

hardtocrosslinkeachother.BecauseMAEEUisawatersoluble

mOnOmer.

Combiz2izZgeueCtOfM EEUcontal'm'DgemZLlslan

A polymeremulsion which contains4wt% pertotal

monomerofSIPOMERWAM･ⅠIwaspreparedbyemulsionfeeding

method.Table6showseffectofblended emulsion with a
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commercialpoly(vinylacetate･acrylic)emulsionandtheresults

whenitwasusedasabinderforawhitematpaint.Onthiscase,

10･20%additionofcopolymerofMAEEUalsoimprovedthewet

adhesionpropertiesofthewhitepaintsignificantly.

Table6 Wetadhesionofblendedbinder丘)どpaints

Paintbinder 1 2 3

PVAc･acrylatelatex lOO 90 80
barts)
Acryliclatexwith4% ofWAM･II 0 IO 20

Wetadhesionscrubcycles <100 1,400 2,500

2-4 Conclusion

Usingacommerciallyavailablewetadhesionpromoter,

SIPOMER WAMIII, that is mixture of methacrylamide

ethylethyleneurea(M EU)andmethacrylicacid,Wetadhesion

propertyhasstudiedonthischapter.SDTresultshowedaddition

ofMAEEUinmonomeremulsionformedakindofcrosslinking

betweenpolymerchaindurlngemulsionpolymerizationprocess.

Butthee飴ctofethyleneurearlngIncorporationtocopolymer

emulsionwassuperiortotyplCalcrosslinkingmonomers.Alsoit

wasfoundthatblendofemulsionwithethyleneureatocontrol

emulsionimprovedwetadhesionproperty.
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Chapter3

InteractionBetweenEthyleneureaRingand

CarboxylGroupinPolymer

3-1 ∫ntroduction

Complexformationsbetweensyntheticpolymers,suchas

poly(acrylicacid)andpoly(ethyleneoxide),orpoly(acrylamide)

andpoly(acrylicacid),arewellknownasareversiblereaction.It

isconsideredthatpH-andtemperature-Sensitiveinterpolymer

wasformedthrough hydrogenbondingandhydrophobic

interactionbetweenthesepolymers1). Thisbehavioris

interestingasnotonlyamodelofcomplexbetweenbiopolyers

suchasenzymeandsubstrate,Orantigenandantibobybutalsoa

applicationfordrugdeliverysystem.

Inthepreviouschapter,theautherconfirmedthatthe

film fromMAEEUcopolymeremulsionshowedsuperiorwet

adhesionpropertiesonthealkydresincoatedlayer.Thiseffect

couldbeduetointeractionbetweenethyleneurearlnglnpolymer

particlesandcarboxylgrouporhydroxygrouplnalkydresin,

Inthischapter,copolymerofMAEEUandmethacrylicacid

waspreparedbysolutionpolymerization.Also,polymerparticles

withethyleneurearlng,Carboxylgroupandbothofthemwere

preparedrespectively,andinteractionofthoseparticlesbyblend

oftheseemulsionswasstudiedtoclarifymechanismofMAEEU
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alnCtions.

3-2 Experimental
Maten'ds

AcommercialmonomermixtureofMAEEUand

methacrylicacidwasusedasreceived.(SIPOMERWAM･ⅠⅠ,

RHODIA,seeTable1) SIPOMER β･CEA,isusedasreceived.

(mixtureofβ･carboxyethylacrylate40wt%,acrylicacid20wt%,

andfurtherpolyesteroligomers) 2･Propanol,tetrachloro･

ethylene,sodiumhydroxidewereusedasreceived.Analytical

gradeofpotassiumperoxidewasrecrystallizedbeforeuse.

Deionizedwaterwasdistilledbeforeuse.Calcium

hydroxide,Ca(OH)2,Wasusedasreceived.Sodiumsaltof

dodecylbenzenesulfonate,RHODACALDS･10(RHODIA),was

usedasreceived.

Table1 TypicalpropertiesofSIPOMERWAMIII

MAEEU 50% (molratio1.00)

Methacrylicacid 20% (molratio0.92)

Water 30%

MEHQ 1,000ppm

Appearance Clear,amberliquid

ⅥSCOSity 20mPa.s

Color(Gardnel･) 5

pH(10%aq) 4
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PTePanZdonof脇 EEU-LZZethacrJlL'cacl'dcoIPOIymer

Table2Showsrecipeforthepreparationofcopolymerof

MAEEUandmethacrylicacid.Copolymersolutionwasprepared

at80oCfor2h.undernitrogenatmosphere.Thenasolutionof

NaOHwasaddeddropwisetocopolymersolutiontoneutralize

carboxylgroup.WaterwasdistilledasazeotroplCmixturewith2-

propanolfromneutralizedsolution2).obtaineddarkbrowngel

wasre-precipitatedby2-propanoland丘ltrated.A洗erdrying,light

brownsolidwasobtained.

Table2 RecipesofPreparationofP(M EU瓜IAA)

Soludonpolymen'zatlon

L4AEEU

Methacrylicacid

2-PropanoI

Deionizedwater

KPS

40.0 g

16,0 g

168.0 g

76.0 g

1.0 g

NeutTall'zatl'on

NaOH(Lake)

Deionizedwater

7.2 g

95.3 g

Rerml'ngofA EEU

MAEEUwasseparatedandrefinedfromcommercialgrade

SIPOMERWAM-ⅠⅠ.Aqueous solutionofCa(OH)2Wasaddedto
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SIPOMERWAM ･IItoremovemethacrylicacid.Thismixturewas

keptinrefrigeratorforoneday,thengeneratedprecipitationof

calciummethacrylatewasremovedbyfiltration.Obtained

solutionwasdarkbrownishliquidwhichwas37%solidcontent.

MAEEUwasrecrystallizedfromacetone,andidentifiedbyFT･IR

andH･NMR.

PTePNaLIL2BOfpolyZZ2eqPaTtleleS

Thecopolymerparticleswithre負nedMAEEUwas

preparedもyemulsionpolymerizationunderusualcondition

whichislistedinTable3.

Table3 RecipesofEmulsionpolymerizationwithMAEEU

EU-1 CE-1 WA-1

Butylacrylate
Methylmethacrylate
MAEEU(37%)
SIPOMERWAMIII

B-Carboxyethylacrylate
DodecylbenzenesulfonateNa
Am moniumpersulfate
Deionizedwater

49 49 49
49 49 49
1.1

2

2

3 3 3
0.2 0.2 0.2

146 147 147

Emulsionfeedingmethod 80oC,4h.,solidcontent40%

Theobtainedtwokindsofpolymerparticlesweremixed

well(EU･landCE･1,WA･landCE･1)atvariousmolarfractions

andsubjectedtofurtherexperiments.
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SwemngDiameterTest(SDT)

Filmsofabout0.5mmthicknesswerepreparedfromeach

emulsiononapolypropyleneboard(8Ⅹ12.5cm).Thecast

emulsionsweredriedatroomtemperaturefor24h.andcuredat

100oCfor1h..Curedfilmswerecutbycircleof15mmdiameter.

ThosespecimenswereimmersedintotetrachloroethyleneforIh.,

thenmeasureddiameter(d)ofswellingcircleofthefilmand

observedcondition.SDTwascalculatedbythe氏)llowingscheme.4)

SDT(%)=(d･do)/d｡ d｡=15

Vl'BCOelastlclty

DynamicmechanicalspectroscoplCStudieswerecarriedout

undertensileconditionswithadynamicviscoelasticanalyzer

(SeikoInstrumentslnc.,EXSTARDMS6100)atl･10Hzandata

heatingrateof5℃/min.

3-3 ResultsandDiscussion

脇 EEU-MethacZYb'cacl'dco-polymer

Thewater-absorbingcapacityofobtainedcopolymer

P(M EU･MAA)was33g/g-polymer.Andtheshapeofwater･

absorbedgelwassimilartooriginaldriedpolymer.(Fig.2) It

indicatesthatcopolymerofMAEEUandMAAishighlycross･

linked.
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Fig.1 Copolymergel(wet)

IH-M RofA EEU ()'DCPCIJ

Fig.2 Water･absorbedgel

(Whiteportionisfilterpaper)

CqCLJ hp

∂ c 1,9(3H,S,･CH3)

d 4.9(1H,H･Nく)

a 5.7(1H,H･C=)

50

e 3.5(8H,m,CH2-CH2)

b 5.3(lH,H･C=)

f 6.9(1H,H-N<)



Chapter3

SwelEDgDlaLZZetetTest(SDT)
P(BA-MMA･MAEEU)polymerparticles(EU･1)andP(BAI

MMA･β･CEA)polymerparticles(CE-1)Wereblendedatvarious

ratioandmeasuredSDTbytetrachloroethylene.(Table4) The

majorcomponentofSIPOMER B･CEAis2･carboxyethylacrylate,

thatisdinerofacrylicacid,andTgofitshomopolymeris37℃.It

ismuchlowerthanthatofacrylicacid(107℃).Soitdoesnot

makeacoating丘lmharderlikeasacrylicacid.Figure3shows

thatalmostequlmOlecularquantityofethyleneureaand

carboxylicacidimpartsthehighestsolventresistance.Very

similarresultswereobtainedbyblendingofP(BA･MMA-WAM･ⅠⅠ)

polymerparticles(WA-I)andP(BAIMMA･8-CEA)polymer

particles(Table5).

Figure4alsoshowsalmostequlmOlecularquantityof

ethyleneureaandcarboxylicacidimpartsthehighestsolvent

resistance.Thoseresultssupporttheexistenceofinteraction

betweenethyleneurearingandcarboxylgroup.

Table4 SDTtestresultsandmolratioofMAEEU/･COOH

Run 1 2 3 4 5 6 7 8 9

EU-1(1.1%)
CE-1(2.0%)

MAEEU/COOH
molar fraction(%

100 80 70 60 50 40 30 20 0020 30 40 50 60 70 80 100

100/0 78/22 67/33 57/43 47/53 37/63 28/72 18/82 0/100

SDT(%) 167 133 140 87 80 133 120 Ds☆ Ds★
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Table5 SDTtestresultsandmolratioofMAEEU/-COOH

Run 1 2 3 4 5 6 7 8 9

WA-1(2.0%) 100 80 70 60 50 40 30 20 0
CE-1(2.0%) 020 30 40 50 60 70 80 100
MjuEU/COOH 52/48 45/55 41/59 36/64 32/68 26/74 21/79 14/86 0/100
molar丘･action(%)
SOT(% 147 73 93 133 167 167 Ds☆ Ds☆ Ds ☆

Ds☆:Dissolvedinsolvent
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DynaLZZL'cVl'scoelastlcJ'ty

fd
-

a

-100.0 -50.0 0.0 50.0

T… p C

100.0 1500 200.0

Fig,5 Dynamicviscoelasticityoffilmsfromcopolymer

emulsionsandblendedemulsion
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ThestoragemodulusE',lossmodulusE"andlosstangenttan

80fblendedemulsion丘1m(EU･1/CU･150/50)wasobservedas

justinbetweenthatofEU･1andthatofCU･1.

3-4 ConcluSion

Thefollowlngconclusionswerederivedfromtheresults

anddiscussions.

1)Thecross･linkagebetweenethyleneurearingandcarboxyl

groupoccurrednotonlyinpolymersolutionbutalsoin

emulsionparticlesmixture.

2)Moste飽ctivemolecularratioofMAEEU/COOHwasabout

l:1.

3)WetadhesionpropertyofSIPOMERWAM-IImaybe

improvedbyreductionofMAA.(Ifcross･linkingbetweenthe

paintwithWAM･IIandalkydpaintlayerismoreimportant.)

4) Thisresultsuggestspossibilityofroomtemperaturecrossl

linkingsystem.
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EffectofEmulsionB一end
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Chapter4

SynthesisofPolymerParticleSwithEthyleneurearing

andtheWetAdhesionProperties

4-1 Introduction

Asortofspecialtymonomersiscommerciallyusedfor

emulsionpolymerizationsystemtoimproveadhesionpropertyof

waterbornepaintsinwetcondition.Itisknownthatthesewet

adhesionmonomersachieveslgmificantimprovementto

durabilityofcoatinglayerforwashing.Methacrylamideethy1-

ethyleneureaisoneofthemosteffectivewetadhesionmonomers

whenitisintroducedtothebinderemulsionofwaterbornepaints.

Inthepresentchapter,co･polymeremulsionswithn･Butyl

methacrylateandMAEEUweresynthesizedbyemulsion･free

emulsionpolymerization.Thenfilmswerepreparedrespectively

fromtheseemulsions,andeffectsofintroductionofethyleneurea

ringonwetadhesionpropertieswereinvestigated.

4-2 Experimental

Maten'ds

n･Butylmethacrylate(BMA,NacalaiTbsquelnc.)was

purifiedbydistillationunderreducedpressureinanitrogen

atmosphereandstoredinarefrigerator.Methacrylamide

∫7



Synthes/'sofPolymerpartic/esw/'thEthy/eneureaRing

ethylethyleneureaqM EU)wasseparatedfromSIPOMER

WAM･II(RHOI)IA)whichiscommercializedasamixtureof

MAEEU(50%),methacrylicacid(20%),andwater(30%).Calcium

chlorideandwaterwereaddedtoSIPOMERWM ･ⅠⅠ,thenkept

inrefrigeratorforonenight(16h.).Theresultingcalcium

methacrylatewasremovedbyfiltration.MAEEUwas

recrystallizedfromacetone.(whitepowder,mp114.51117℃)

An alyticalgradeofpotassiumpersulfate(EPS,NacalaiTesque

Inc.)asanimitiatorwasrecrystallized.Deionizedwater

(resistivity:5Ⅹ106(2Icm)wasdistilledbeforeuse.

Tablel RecipesofemLIJsifier-freeerTlulsionpolymerizationfor

preparationofP(BMA/MAEEU)partjcles

Ingredients MAEEUcontentsmol%
0 0.25 0.5 1.0

BMA (9)
MAEEU (g)
KPS (g)

80.0 14.95 14.90 14.80
0 0.05 0.10 0.20

0.80 0.30 0.30 0.30
720 285 285 285
390 423 514 562

a)Inmask:N2;70℃;lob.;stirringrate300rpm

ち)HydrodynamicdiametermeasuredbyDLS

PTePaZTatloDOfpolvmerpwtL'cles

ThecopolymerparticlesofP(BMA･MAEEU)wasprepared

byemulsifier-freeemulsionpolymerizationunderconditionwhich

islistedinTable1.PrescribedamountofBMA,MAEEU,KPS,

andwaterwerechargedinafour-neckflask,thenpolymerizedat
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70℃ undernitrogenatmosphere.

Table2 Recipesofemulsifier-freeseededemulsioncopolymeri-

zationsforpreparationofPBMA/P(BMA-MAEEU)particles

lngredients MAEEUcontentsmol%
0.25 0.5 1.0

PBMAParticlesb･C)(g) 3.49
BMA (g) 17.4
MAEEU (g) 0.06
KPS d) (9) 0.26
〟ater rq1 330

3.48 3.45
17.4 17.2
0.13 0.27
0.26 0.26
330 330
724 870

a)N2;70oC;24h.;stirringrate,160rpm

b)Producedbyemulsifier-freeemulsioncopolymerization

c)HydrodynamicdiametermeasuredbyDLS,390mm

a)First,0.175gofEPSwasaddedand18h.latertheremains

(0.085g)asaqueousSOlutionwasadded.

e)HydrodynamicdiametermeasuredbyDLS

TheparticlesofPBMA/P(BMA･MAEEU)Werealso

preparedbyemulsifier･freeseededemulsionpolymerization

underconditionlistedinTable2.Poly(butylmethacrylate)

particlesusedasseedparticleswerepreparedbythesame

procedureofemulsiner･freeemulsionpolymerizationunder

conditiononTable3at80oC.
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TabTe3 RecipesofemuJsifier-freeseededemulsion

copoJymerizationforpreparationofPBMAseedparticles

a)Inflask:N2;70oC;10h.;stirringrate,120rpm

b)Producedbyemulsifier-freeemulsionpolymerization

c)HydrodynamicdiametermeasuredbyDLS

Fig.1PreparationofMAEEUCopolymers

CH3
1

CH2-C-C一〇C4H9
10

Butylmethacrylate

(BMA)

Methacrylamjdo N2,70管

(MAEEU) 12 h

Butylmethacrylate

(BMA)

MethacryLamido

ethylethyleneurea

PBMAseedparticLe (MAEEU)

6()

P(BMAIMAEEU)particle

N2,70℃

=====コ
24JI

PBMA/P(BMAIMAEEU)parncle
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Obser帽tlazzofpwtklesbyelectz10nRZl'cz10ccOPe

P(BMAIMAEEU)particlesandPBMA/P(BMAIMAEEU)

particleswereobservedwithatransmissionelectronmicroscope

(でEM,NipponElectronlnc.JEM2010CX)andtaken

photographs.

EilRZloLtTmatloD

Beforethefilmformation,polymerparticleswerewashed

threetimesbyacentrifugeinstrument｡Filmswithawet

thicknessofaboutlooFLmwerepreparedfromeachemulsionby

castingonanalkydresincoatedsteelplateanddriedfor24h.at

40oC.An dalsoafilmofP(BMAIMAEEU)copolymerparticles

Fig.2Procedureofcross-cutadhesiontest

P(BMんMAEEU),PBM付P(BMAIMAEEU)emulsionl

CastingonAlkydresinsubstrate
(Filmthickness:1∞トIm)

,～.nga.iocf.,.day

l

AneannglnWatgfor1dety

--VVater
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withpost･addedsodiumdodecylsulfate(SDS)waspreparedto

investigateaneffectoftypICalemulsi丘er.

E帽1uatloDOfwetadゐeslazZpropertybycL105SCuta上地eBiontest

Obtainedemulsion且1msonthealkydresincoatedplate

wereimmersedinwaterforonedayat25cc,thenfilmswerecut

t025squares(5Ⅹ5)with2mmintervalsbetweeneachlines.A洗er

thatpressuresensitiveadhesivetape(NittoElectriclnc.)wasput

onthesurfaceof丘lmsandwasstuckby2kgroller(oneround

trip).Theexfoliationtesthavebeendoneseveraltimes,counted

remainednumberofsquare,anddescribeditspercentagesfor25

squares.(JISK5400method)

Detemzl'Dab'ODOfM EEUわ′eleme刀taLyaDalysls

Emulsionparticleswerewashedthreetimesbycentrifuge,

anddried3daysunderreducedpressure.MAEEUwas

determinedfromnitrogencontentsinparticlesbyautomatichigh

sensitivenitrogen･carbon-hydrogenanalyzer(Shimadzu

StJMIGRAPHNCH･21)

El唱1uatioBOEMl'nl'RZZLLZZmRZlwmatlonteRZPeZlatZZTeqm)

Emulsionparticleswerewashedthreetimesbythe

centrifuge,dilutedto1xlÒ4wt%assolidcontentwithlOmMKCl

aqueoussolution,andadjustedpHwi比HClorXOHaqueous

solutions.EachI･potentialwasmeasuredbyelectrophoresis

lightscatteringinstrument(OtsukaelectronicsLEZA･600).
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4-3 ReSultsandDiSCuSSion

PZlePuatlazZalpoIyZZZerParticles

Figure3showstime･conversioncurveofemulsifier-free

emulsionpolymerizationwith1mol%ofMAEEU.The

polymerizationrateswererelativelyslow,howeveralmostlOO%

monomerconversedtopolymerin10h‥ThemoreMAEEUwas

used,thehydrodynamicdiameterincreasedandmorecoagulation

wasgenerated.
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Fig.3 Time･conversioncurveforemulsifier･freeemulsion

polymerizationofBMAandMAEEU(1m01%)
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Figure4ShowsrelationshipofMAEEUconcentrationand

thegelfractionat5･10wt%oftotalmonomerconcentration.At

10wt%monomerconcentration,even1mol%ofMAEEUwith99

m01%ofBMAwasnotstable,gelfractionwas30wt%.At5wt%

monomerconcentration,practically2m01%ofMAEEU

introdu.ctionwasalmosttheupperlimit.

0

0

4

2

(
%
l
JV
L)

uO!T3
e

J
-

P
9

0 2 4 6 8 10 12

MAEEU(mol%)

Fig.4 RelationshipbetweentheMAEEUconcentrationandthe

gelfractionduringemulsifier･freeemulsion

copolymerizationofBMAandMAEEUat70oCfor10h.in

serum.Monomerconcentrations,5wt%(○),10wt%(●)
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Obser帽tloBOfputlclesbyelectronLZZL'cmscope

Figure5showsTEMphotographsofparticlesofP(BMA-

MAEEU)with0.5%moIMAEEUconcentrationandthatof

PBMA/P(BMA･MAEEU).Particlescoalescedwitheachother

becauseoflowglasstransitionpoint,howeveritwasstablein

emulsionphase.Theparticlesizeisfairlymonodisperse.

Seededparticlesaremuchlargerthansimplecopolymerparticles.

(a)

Fig.5 TEMphotographsof(a)P(BMA-MAEEU)and(b)PBMA/P(Bh'

MAEEU)particles: MAEEUcontent0,5mol%

EHect30FaneRZulsiGerlovwetadbesloD

Figure6showscrosscuttestresultsofemulsionfilmsfrom

emulsifier･freeP(BMA-MAEEU)particlesandcopolymer

particleswithpostaddedSDS.Thewetadhesionproperty
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decreasedwithincreasingadditionamountofSDS.Especiallyit

droppedsharplyinthevicinityofthecriticalmicelle

concentration(C.孤.C.)ofSDS,whichis1.2･3.6Ⅹ10~3mol/1.1tis

clearthatemulsifieraffectswetadhesionproperties,therefore

emulsifier･freeemulsionpolymerizationmustbeveryusefulto

improvewetadhesion.

100●-●
(
%
)

pau!
t葛

)

∈

ニ

j

0

0

8

6

02 4 6 8 10

SDScontent(mol/Lx103)

Fig.6 RelationshipbetweenSDScontentandfilm retainedafter

the10timescross-cutadhesiontestforP(BMA-M EtD

emulsions(M EU,1.0m01%)filmsaftersoakinginwater

at60℃ br2days
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E帽1uab'oDOfwetadaesloDProperty

Figure7showscrosscuttestresultsoffilmsfroma

P(BMA)emulsionandP(BMAIMAEEU)copolymeremulsions.

ThefilmfromP(BMA)homopolymerremainedfewpartsonthe

plate,howeverthefilm fromcopolymerparticleswithImo1%of

MAEEUdidnotpeelofffromtheplateatall,afterthispeeling

test.ThemoreMAEEUintroducedtoparticles,themorefilm

partsremainedontheplate(0-1.0m01%).

Fig.7 RelationshipsbetweenMAEEUcontentsandcross-

cutwetadhesiontestforthefilmspreparedfromP(BMA-

MAEEU)emulsions(Batch)andPBMA/P(BMA-MAEEU)

emulsions(Seeded)
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FilmSfromPBMA/P(BMA-MAEEU)seededpolymer

emulsionshowssimilarresults.Buttheseededpolymers

impartedbetterwetadhesionpropertiesthanthebatch

copolymerSOnthesameconcentrationrangeofMAEEU(0.25･0.5

m01%).

ThesesuggestthatintroductionofMAEEUimproveswet

adhesionpropertiesremarkably.Andseededpolymerization

procedureshouldmakeMAEEUlocalizemoreonthesurfaceof

particles.

Determl'Dab'az2afM EUbyeleme刀taLyaDalysls

Table4ShowstheelementaryanalysisresultofP(BMA･

MAEEU)copolymerparticlesandPBMA/P(BMA-MAEEU)

seededpolymerparticles.Approximately30%ofusedMAEEU

mOnOmer

Table4 EIementaJanaJysisofP(BMA-MAEEU)and
PBMA/P(BMA-MAEEU)particles

MAEEUcontentsmof%
beforecopolymerization
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wascopolymerizedintoparticlesinbothofcases.Acomparisonof

theseresultsshowedthatMAEEUamountintheseedpolymer

particleswaslessthanthatinthecopolymerparticlesatthe

samelevelofusedMAEEUconcentration.

E帽1uaLlazzolszzL:lacepoteBtidofpaTtlclesbyEIPOte刀tid
aeaszzLlemeDtS

Figure6showsthe;-potentialofPBMAseedparticles,

P(BMA/MAEEtJ)copolymerparticlesandPBMA/P(BMA-

MAEEU)seedpolymerparticles,respectively,used0.5m01%of

MAEEUatvariouspHrange.P(BMA)particleshaveanegative

electricchargebecauseoftheeffectofsulfuricendgroupfromthe

ぎ
T亡)
P2!yJa
一己
･3

0

0

0

1

2
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pHva山e

Fig.6 RerationshipsbetweenpHvalueandzIPOtentiaJof
PBMA(●),P(BMA-MAEEU)(MAEEU,0.5mol%)(▲),
PBMA/P(BMAIMAEEUEU)lMAEEUinP(BMA-MAEEUl),0.5
mol%1r■1
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initiator.OntheotherhandthesurfacechargeofP(BMA/

MAEEU)Copolymerparticlesshiftedtothepositivesideobviously.

IncaseofPBMA/P(BMA-MAEEU)seededpolymerparticles,the

;IpotentialbecamemorepositiveespeciallylowerpHrange(at

pH2).Thesepositiveshi允smustbecausedbycationizationof

ethyleneurearingunderacidcondition.Thisresultssupportthat

itispossibletoorientethyleneurearlngOnthesurfaceofparticles

byseededemulsionpolymerization.

E帽IuatloBOlRZl'm'mzLLZ2BJRZluLtmaLloDtemPeTatZZTeU TT)

Figure7isaphotographofevaluationofMFT with

preparedemulsion.MFTofP(n-BMA)isabout31℃,andthatof

2m01%ofMAEEUco･polymerisabout37cc.Emulsionswith

EU Omol

(co-po一ymer)

EU0.25mol

(co-polyner)

EU0.5moJ

(co-polyner)

EU1.Omol

(coIPOJyner)
EU2.Omol

(co-poiyner)

EU2.Omol

(seed)

20 24 28 33 39 43oC

Fig.7 PhotographofMFTofemulsionwithvariousMAEEU(EU)

contentsandcomparisonofco-polymerandseededpolymer
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higherMAEEUcontenttendtoshiftMFThigher,inspiteofthe

conditionthattheamountoffunctionalmonomerwasnotsolarge.

SeededcopolymerstendtohaveahigherMFTthanco･polymers

withthesameofMAEEUmo1%.

MFTandglasstransitiontemperature(Tg)arecorrelated.

TgofP(n･BMA)is20oCandP(M EtDis87℃.Tobolskyscheme

glVeStheoreticalTgasfollows.

1/Tg=W｡/Tga+wb/Tgb

ThetheoreticalTgofcopolymeriscalculatedbythisscheme.

1/Tg=0.98/20+0.02/87

Tg=21.1

Thatis,TgofP仰IA丑EU/BM )(2/98)increasedonly1.1℃

fromthatofp(n･BMA).HoweverMFTofP(M EU侶MA)(2/98)

increased significantly from thatofp(n-BMA).Thisresult

stronglysuggested比eorientationofMAEEU portiononthe

surfaceofparticles.Alsoseededpolymerizationmethodmade

suchanorientationofthehydrophilicmonomeronthesurface

moree飽ctively.
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Fig.8 MFTvs.mo1%ofMAEEUinpolymerparticles

4-4 Conclusion

Emulsifier-freecleanpolymerparticleswassuccessfully

preparedwithsurfaceorientedethyleneurearingbyemulsifier･

free,seededemulsionpolymerization.Thefi1msfromobtained

polymerparticlesshowedsignificantwetadhesionproperties.

72



Chapter4

Referenee8

1) R.W.Kreis,A.M.Sherman,TheWater-Bome&Hl'ghez･･Soll'd

CoatlDgSymposl'um,222(1988)

2) B.Singh,LW.Chang,R.R.DiLeone,D.R.Siesel,PTOgTeSSl'n

OTganl'cCoatings,34,214(1998)

3) M.Matsuda,TheJoumaloftheAdLesl'oDSocietyl'nJapan,

37,24(2001)

4) M.Okubo,Y.Utsumi,T.Kadooka,T.Matsumoto,Kobunshl'

Ronbunshu37,145(1980)

5) C.Shimasaki,A,Uchida,H.Onishi,Y.Iwai,M.Wakabayashi,

NLi?popKagakukal'sh1.,1761(1983)

73



Chapter5

Chapter5

Synthesis0fPolymerParticleswithEthyleneureaRing

byStarvedFeedingMethod

andModi丘cationbyCrosslinkingSystem

5_1 Introduction

Oneofthestrongpointsofpolymermicrosphereisthe

flexibilityforvariousdesignsofinternalstructure.Especially

compositepolymerparticlesaresuitabletomodifythesurfaceof

particlesthatisessentialforanadhesionpropertiesofwater･

bornecoatings.

InChapter4,utilizingtheseededpolymerizationmethod,

thecore-shellcompositepolymerparticleshavlnganethylene･

urea･richshellwereproduced,Theseparticlesshowedgoodwet

adhesionproperties.

Inthischapter,co-polymeremulsionswithn･Butyl

methacrylateandMAEEUwillbesynthesizedbyemulsion･free

emulsionpolymerizationwithstarvedfeedingmethodtolocalize

ethyleneurearingmoreonthesurfaceofparticles.Andtheeffect

forwetadhesionpropertieswillbestudied.

Tbimprove.mechanicalpropertiesofwaterbornecoatings,

Crosslinkingsystemiswidelyusedinindustrialapplication.1)

Thereactionofureagroupanddialdehydeisconsideredasa

candidateofanewambienttemperaturecrosslinkingsystem.
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Thee飽ctofadditionofdialdehyde,glyoxal,tocompositepolymer

particleswithethyleneringwillbestudiedanddiscussed.

5-2 Experimental

Matevl'ds

n-Butylmethacrylate(BMA,NacalaiTesqueInc.)was

puri丘edbydistillationunderreducedpressureinanitrogen

atmosphereandstoredinarefrigerator.Methacrylamide

ethylethyleneurea(MAEEtJ)wasseparatedfromSIPOMER

WAMIII(RHODIA)whichiscommercializedasamixtureof

MAEEU(50%),methacrylicacid(20%),andwater(30%).Calcium

chlorideandwaterwereaddedtoSIPOMERWAM･II,thenkept

inrefrigeratorforonenight(16h.).Theresultingcalcium

methacrylatewasremovedbyfiltration.MAEEUwas

recrystallizedfromacetone.(whitepowder,mpl14.5-117cc)

An alyticalgradepotassiumpersulfate(EPS,NacalaiTesquelnc.)

asaninitiatorwasrecrystallized.Deionizedwater(resistivity:

5Ⅹ106QIcm)wasdistilledbeforeuse.40%aqueoussolutionof

Glyoxal(NacalaiTesqueInc.)wasusedwithoutfurther

puri丘cation.

PTePaLTatlaz2DfpolyZZZerPutlclesbystm edLZ2aDOmer

leedtngLZ2ethod

TheseedparticlesofPBMAwerepreparedbyemulsifier･

freeemulsionpolymerization.PrescribedamountofBMA

MAEEU,EPS,andwaterwerechargedinafour-necknask,then
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polymerizedat70℃ undernitrogenatmosphere.Theparticlesof

PBMA/P(BMAIMAEEU)Withstarvedfeedingmethodwere

preparedunderconditionlistedinTable1fromtheseedPBMA

particlesbyemulsifier･freeseededemulsionpolymerization.First,

0.175gofKPSwasaddedand7h.latertheremains(0.085g)asa

aqueoussolutionwasadded.BMAwasaddedattherateof2.5ど/h

for7h..An dI.58wt%ofMAEEUaqueoussolutionwasaddedat

therateofO.5g仙for7h..

TabIel RecIPeSOfemulsifier-freeseededemuJsioncopolymeri-

zationforpreparationPBMA/P(BMA-MAEEU)particlesutHzing

starved-feedmonomeradditionmethod

∫ngredients MAEEUcontentsmol%
0.25 0.5 1.0

PBMAParticlesb･C)(g) 3.49
BMAd) (g) 17.4
MAEEUo) (g) 0.06
KPS (g) 0.26
VVater rq1 330

3.48 3.45
17.4 17.2
0.13 0.27
0.26 0.26
330 330
771 757

a)In且ask:N2;70oC;12h.;stirringrate220rpm

b)Producedbyemulsifier-freeemulsionpolymerization

c)HydrodynamicdiametermeasuredbyDLS;440nm

d)BMAwasaddedattherateof2.5galfor7h.

e)1.58W%ofMAEEUaqueoussolutionwasaddedattherateof

O.5g/hrfor7h.DHydrodynamicdiametermeasuredbyDLS
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CroGSEz2kingSystem

Normalfeedingmethodascontrol:at70ccfor24h.,

stirrlI唱rate160rpm,BMAandMAEEUaddedatonce.First,

0.175gofKPSwasaddedand18h.latertheremains(0.085g)asa

aqueoussolutionwasadded.

Starvedfeedingmethod:First,0.175gofEPSwasadded

and7h.latertheremains(0.085g)asaaqueoussolutionwas

added.SimultaneouslyBMAwasaddedattherateof2.5g/hfor7

h‥1.58wt%ofMAEEUaqueoussolutionwasalsoaddedatthe

rateof0.5g/hfor7h..

Beforethefilmformation,particleswerewashedthree

timesbyacentrifugeinstrument.Variousamountofglyoxal;1/1,

1/1,and1/5andasmolratioofMAEEU/glyoxal;wereaddedto

seededPBMA/P(BMA･M EU)emulsionsbothofnormal

feedingandstarvedfeedingmethodsaftercleaningOfparticles.

蝕 1uatlazzofweta(払eBloDPVOPertlesbyc21068Cutadaeslontest

Obtainedemulsion丘lmsonthealkydresincoatedplate

wereimmersedinwaterforonedayat25oC,thenfilmswerecut

t025squares(5Ⅹ5)with2mmintervalsbetweeneachline.A洗er

thatpressuresensitiveadhesivetape(NittoElectriclnc.)wasput

onthesurfaceoffilmsandwasstuckby2kgroller(oneround

trip).Theexfoliationtesthavebeendoneseveraltimes,counted

remainednumberofsquare,anddescribeditspercentagefor25

squares.(JISK5400method)
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5-3 ResultsandDiscussion

StazvedFee血 sMethod

Figure2andFigure3showedrelationshipsbetween

M EUcontentsandfilmretainedafterthe100timescross-cut

wetadhesiontestforpreparedfromPBMA/P(BMA-MAEEU)

emulsions(seeded)andPBMAJP(BMA･MAEEU)emulsions

(starved･fed).Starvedfeedingmethodshowedbetterwetadhesion

propertiesevenMAEEUcontentswasonly0.25m01%.This

resultsuggeststhatethyleneurearlnglocalizedmoreonthe

surfaceofpolymerparticles.

I l
CH2-CH2

P(BMA-EU)particle

Batch

0
け

.C＼
HN N
l l
CH2-CH2

l I I I
CH2-CH2 CH2-CH2

PBMA/P(BMAIEU)particle
Seeded

0
11
/Cヽ
N NH
t I

CH 2-C H 2

011
ノC､
N NH
I I
CH2-CH2

PBMA/P(BMA-EU)particle
StaⅣed-fed

Fig.1 Controlforsurfaceofparticleswithpolymerization

methods
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StarvedFeed/'ngMethodandCross//'nkl'ngsystem
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Fig,2 Percentageoffilmretainedafterthe100timescrossICut

adhesiontestforthefilmspreparedfromPBMA/P(BMA･EU)

emulsions(Seeded),PBMA/P(BMAIEU)afterr.t.waterimmersion.
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Fig.3 Percentageoffilm retainedafterthe5timescrossICut

adhesiontestforthefilmspreparedfromPBMA/P(BMAIMAEEU)

emulsionsproducedusingdifferenceofmonomeradditionmethods

(Seededbatch,Starved･fed).After40℃ waterimmersion
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Chapter5

Allofpreviouswetadhesionpropertiesweretestedonthe

pre･Coatedalkydenamelpaintthathasesterandhydroxygroup

asfunctionalgroups.

Fukuzumietal.proposedfortheimprovementofwet

adhesionpropertyforacrylicemulsionfilm onsteelplateby

MAEEU2)forindustrialapplication.Theyfoundthatcombination

ofMAEEU,vinylcompoundwithcarbonylgroupandbihydrazide

groupshowedfurtherimprovementforwetadhesion.

Figure4demonstratedwetadhesionpropertiesonthe

staidesssteelplate.Evenonthemetalsubstrate,polymer

particlesproducedbyseededandstarved･fedpolymerization

methodperformedgoodadhesion.

Thestaved･fedparticlespresentedbetterresultthan

seededparticleswithnormalfeedingmethod.

Oxydationlayerexistonthesurfaceofmetalandit

generateswaterdissociativeadsorptionlayerandoxyhydroxy

metallayer3)･Theselayersmayplayimportantroleforthe

interactionbetweenpolymerparticleswithMAEEUandmetal

surface.
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StawedFeedI'ngMethodandCross//'nkingSystem
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Fig.4 Percentageoffilmretainedafterthe100timescross･cut

adhesiontestforthefilmsonthestainlessstealpreparedfrom

PBMA/P(BMA-MAEEU)emulsionsproducedusingdifferenceof

monomeradditionmethods(Seededbatch,Starved-fed).

Crosslit止血gSysteRZ

Cyclicureacanberegardedasmaskedisocyanate.The

seven-andeight･memberedring,thatistetramethyleneureaand

pentamethyleneurea,undergoeasilyringopenlngbyheating.

(Scheme1) Carbonylethyleneurea,whichispreparedfrom

ethylenediisocyanate,alsoundergoesring･openingreactionby

heating and forms isocyanate or diisocyanate derivatives.

(Scheme2)4,5) Howeverfive-andsix-memberedringwithout

neighboring carbonyl group, that is ethyleneurea and
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trimethyleneurea,are very stable and do notappreciably

dissociateupon heating.6) Thereforecrosslinkingreactionby

covalentbondshouldnotoccurredbetweenMAEEUandanother

functionalgroupevenathightemperature.

◎ y l'; 2'NrH -i
O ∩

n=4,m=5

NH ヒ NH(CH2)nNC0

Scheme1

(C"2)i o｢

m yNyXIRIT OCN(CH2)WH』-XIR T OCN(CH2)州 CO･HX-RO0
Scheme2

qiiZ qiid

-N7- ･HCH0 --NVNCH20H--NyNCH20CH2Ny"Io o lH200 0
Giii qia

-Nrr"CH2㌦"- ･HCHOO 0

Scb.eme3
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StawedFeed/'ngMethodandCross/inkingSystem

PBMA/P(BMA-EU)+GJyoxal(CHO-CHO)

0
日

/C＼

00
Il H

㍗ h H + H-G7y-.xCa-.H + Hγ "｣ ,,LLJ
cH2-CH 2 u■1><u■ cH2-CH2

+ ++

/富､ H? ?H /冨､

? N -C~C- Y Nll li i l

c H2-CH2H H CH2-CH2

Fig.5 Schematicdiagramofthenewcrosslinkingsystem

Thereactionof2-imdazolidinone,thatisethyleneurea,

WithformaldehydewasinvestigatedindetailbyC.Shimasakiet

a17)..1,3･bis(hydroxymethyl)-2･imidazolidinonewaseasilyisolated.

Polycondensationreactionof1,3-bis(hydroxymethyl)･2-

imidazolidinoneiseffectivecrosslinkingsystem.Howeverit

generatesharmfulformaldehydeasabyproduct.

Baumstarketal.proposednewcrosslinkingsystemofurea

groupcontainingdispersionswithdialdehydeatambient

temperature8).Aschematicdiagramofthissystemwas

illustratedinFig.5.
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Fig.5 Percentageoffilmretainedafterthe100timescross-cutadhesiontestfor

the丘1mspreparedfromPBMA仲PMAIMAEEU)emulsions小生AEEU

content=0.25m01%)producedbydifferentmonomeradditionmethods

Figure6alsoshowedtherelationbetweenglyoxal/M EEU

molarratioandareaoffilmretainedunderwetadhesiontest.The

EqulmOlaradditionofglyoxaltoseededpolymerparticleswith

MAEEUimprovedthewetadhesionpropertiesslgnificantly.A

largeexcessofglyoxaladditionhinderedwetadhesionproperties,

Thisresultsindicatesthatthecombinationofethyleneurea

rlnganddialdehydecouldimprovethewetadhesionpropertiesas

aambienttemperaturecrosslinkingsystematsuitablemolar

ratio.
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StarvedFeed/'ngMethodandCrossI/'nk/'ngSystem

5_4 Conclusion

Starvedfeedingmethodonemulsifierfreeseededemulsion

polymerizationimprovedwetadhesionpropertieseffectively,

Postadditionofglyoxaltoseededpolymeremulsionwith

MAEEUalsoimprovedwetadhesionpropertiesmore.Itwouldbe

anefficientcrosslinkingsystemforwaterbornecoatings.
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Summary

Summary

Inpresentwork,thepreparation ofpolymershavlng

ethyleneurearlngaSWellaspropertiesofthosepolymerswere

studied.Aseriesofresultsaredescribedasfollows.

ParH isconcernedwiththewetadhesionpromotersand

propertiesofcopolymeremulsionthatcontainssmallamountof

ethyleneurearlngaSapolymercomponent.

InChapterI,Wetadhesionpromotersforwaterborne

coatingswassurveyedandreviewed.Evaluationmethodsand

typicalmethodsforimprovementofwetadhesion,functionsand

theproposedmechanismofethyleneurearingwereinvestigated.

Typicalwetadhesionmonomerswereintroducedandpaststudies

on wet adhesion promoter with etyleneurea ring were

summarized.Butproposedmechanismsofwetadhesiondidnot

seem to clarify enough the peculiarity ofmethacrylamide

ethylethyleneurea.

InChapter2,Copolymeremulsionswithmethacrylamide

ethylethyleneureaanditsapplicationaswetadhesionpromoters

was examined.Comparison data with typical functional

monomersforwetadhesionwasstudied.Usingarepresentative

wetadhesionpromoter,wetadhesionpropertywasstudied.

SwellingdiametertestresultshowedadditionofMAEEU in

monomeremulsion formed a kind ofcrosslinking between

polymerchainduringemulsionpolymerizationprocess.Butthe

effectofethyleneurearlnglnCOrPOrationtocopolymeremulsion
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Summary

wassuperiortotypicalcrosslinkingmonomers.Blendofemulsion

withethyleneureaalsoimprovedcontrolemulsion'swetadhesion

properties.

ParHIisconcemedwithproductionofpolymerparticles

withethyleneurearlnganditsoptimizedproperties.

InChapter3,theinteractionbetweenethyleneurearing

andcarboxylgroupinpolymerparticleswasexamined.Property

ofthecopolymeraswellastheeffectofemulsionblendofthese

functionalgroupswasstudied.Thecrosslinkagebetween

ethyleneurearingandcarboxylgroupoccurrednotonlyin

polymersolutionbutalsoinemulsionparticlesmixture.Itwas

clarifiedthatmosteffectivemolecularratioofMAEEU/COOH

wasabout1:1.Thisresultsuggestedpossibilityofroom

temperaturecross･linkingsystem

InChapter4,thesynthesisofpolymerparticleswith

ethyleneurearingandwetadhesionpropertieswasstudied.

Emulsifier-freecleanpolymerparticleswithsurfaceoriented

ethyleneurearlngWerePreparedbyemulsi丘er-free,seeded

emulsionpolymerization.An dpropertiesofthefilmSfrom

obtainedpolymerparticleswereinvestigated.Emulsifier･free,

cleanpolymerparticleswithsurfaceorientedethyleneurearing

weresuccessfullyprepared.Thefilmsfromobtainedpolymer

particlesshowedsignificantwetadhesionproperties.

InChapter5,thesynthesisofpolymerparticleswith

ethyleneurearingbystarvedfeedingmethodandmodificationby

crosslinkingsystem werestudied.Starvedfeedingmethodof
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Summary

MAEEU forseededcompositeparticleslocalizedethyleneurea

ringmoreonthesurfaceofparticlesandimprovedwetadhesion

properties.Furthermoreitwasfoundthatpostadditionofglyoxal

toseededpolymeremulsionimprovedwetadhesionproperties.It

wouldbeadesirablecrosslinkingsystemforfilmformlngatroom

temperature.

Asmentionedabove,throughaseriesofworkonpolymer

particlescontainingethyleneurearing,itisconcludedthat

polymerparticledesigntolocalizeethyleneurearingonthe

surfaceofparticleshasmanypotentialapplicationsinindustrial

areas.
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