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ABSTRACT

Latex water-borne coatings are becoming increasingly popular due to their safety,

environmental responsibility, and user-friendliness over solvent-base coatings. Most water
borne coatings consist of acrylic as the binder resin. However, these water-borne coatings
have drawbacks and show negative performance when exposed to certain weather
conditions. Some of the detrimental effects, like blushing also known as water whitening,
softening of the film ultimately lead to shorter lifespan of these water-borne products.
Because of these unfavorable performances of the latex in the WB coatings; they have
limitations in their use in exterior weather conditions, steel applications, and transparent
wood coating applications. Considering all these factors, multi-purpose polymers are the
new trend. As coatings and their raw material manufacturing is becoming increasingly
competitive in the marketplace, polymers must possess innovative characteristics that set
them apart. This research contributes to the advancement of multi-purpose resins those can
be used not only in wall coatings but also in WB DTM and WB wood coatings those exhibit
water resistance and related qualities, creating a product that is both more profitable and
marketable for paint producers and the industry overall.
This study explores various polymer compositions, synthesized by the emulsion
polymerization process using selected monomers to address those common issues with
water-borne acrylic resins and their usability as multi-purpose resins. Polymer samples are
synthesized by varying monomers, and other conditions like surfactants, initiators are
constant. Properties like particle size, blushing resistance, and rust inducement are
examined in polymers. In the second phase, 3 types of coatings are produced and evaluated
for their properties.



ACKNOWLEDGEMENT

I would like to express my sincere gratitude and heartfelt appreciation to my project
supervisor, Mr. S.V. Udayakumara, a senior lecture of the Materials Science &
Engineering, University of Moratuwa, for his guidance and support throughout this
research project.

My appreciation also extends to Mr. V.Sivahar, the Head of the Department of Material
Science & Engineering, University of Moratuwa, Prof Asha Sevwandi the course
coordinator of the Material Science M.Sc. and all the lecturers of the department for the
guidance and for the valuable knowledge given me. Warm thank also goes to Mr. Pubudu
to all the members of non-academic staff in the University, for their invaluable cooperation
throughout the duration of my project.

I would like to take this opportunity to express my heartfelt gratitude to Mr. Ajith Bandara.,
General Manager-R&D, JAT Holdings PLC for facilitating this project and to Mrs. Dinusha
Subasinghe, Senior Manager- R&D for all the guidance provided me throughout this
project.



Table of Contents

ABSTRACT ..ttt b bt b bbbttt i
S ) T U= PSSR vi
LISE OF TADIES ...t vii
(08 gF=T0] (=] o 0 OSSP U PP PR PR UR PSPPI 1
INEFOAUCTION ...ttt e et b e bbbt 1
1.1 PUIPOSE OF STUAY. ...ttt bbbt 1
2.0 LITErature REVIBW. ......eiuiiiieiieieie sttt ettt 3
2.1 Basics of polymers and polymerization.............cocceoeiiriniiieiieciese e 3
2.2 POlymerization REACTIONS ..........couiiiiiiiiiieieiesiese sttt 5
2.3 “Emulsion Polymerization” (EP) .........cccooviiiiiiiiiisiieeesee e 7
2.3.1 Mechanism of “emulsion polymerization™ ...........c.ccerveiirieriniineese e 8
2.3.2 Major Monomer/RmS and ProCESSING........covererrerrerieriirieseeieieseesieseesie e siessesseesee s 11

INIEIATOTS ..ottt b bt 13

SUITACTANTS ...ttt ettt bbb re s ene e 13
2.4 Film FOrmation / COAIESCENCE .........ccvirieieieieie et 15
2.5 EMUISION Paint & COAtINGS........ciiveiiiiiiieeiie sttt te et ste e ens 16
2.6 Drawbacks of conventional acrylic emulsion polYmers ..........c.cccevevveeieeieiievie e 16
(08T o) =1 01 OSSPSR 18
Materials & METhOUS .........coiiieieiee e 18
3.1.0 Materials, apparatus and eQUIPIMENT ...........ccccveiiieieieese e 18
IO O 1V = LT = PSSR 18
3.1.2 InStrument and PPAIATUS ...........ereiirieieieie ettt 18
B2 IMIBENOGS. ...ttt 19
3.2.1 EMUISION POIYMEFIZATION .....c..oiviiiiiieiieieee e 19
3.2.1.1Preparation of pre-emulsion SOIULION.............coccoiiiiiininiec e 19
3.2.1.2 Preparation of charge SOIUTION .........coviiiiiiiiieicc e 20
3.2.1.3 Preparation of catalyst SOIULION..........ccoeiirieiiieiiceeeee e 20
3.2.1.4 Preparation Of POIYMEr ALEX........ccoiiiiieieieie e 20
3.3 Characterizing test methods- Polymer emulSions...........cccoveirinenenenenesesees 21
3.3.1 Determination of glass transition temperature (Tg) .......ccoovrererenereneneseseeeeeens 21



3.3.2 Determination of viscosity, density and the pH in lateX.........ccccooeiiiiiiiiniien 21

3.3.3 Determination of the solid content of the lateX...........ccoovveiiiininii 21
B34 TR ANAIYSIS. ... 21
3.3.5 Particle size distribution- DLS Method...........ccooveiiiieiiie e 22
3.3.6 Determination of the blushing resistance (water whitening) ...........cccocevvvieivinene. 22
3.3.7 Applicability of the metal SteelS ..........ccoiiiiii 22
3.4 Preparation of paint using the synthesized lateXes .........ccccocevveviiieiiienie e 23
3.4.1 Preparation of exterior wall Coating...........cccovvveiiiiieiiieie e 23
3.4.2 Preparation of DTM COALING. .....ccovviieieeie e 23
3.4.3 Preparation of water base W00d COAtING .........cevvrieiieiiiiie e 24
3.5 Characterizing test methods- Paints & Coatings. .......c.cccecveveiieiieie s 25
3.5.1 General phySiCal ProPertieS........coviieieeieiie i ere e ens 25
3.5.2 PACKING STADTILY .......eiviiiieeiecie et et 25
3.5.3 Accelerated weathering- ASTM DA4587 .......cccoiieieiieie e 25
3.5.4 Alkalinity Resistance-Dip Method.............cccooveiiiiiiicce e 25
3.5.5 Dirt Pick Up RESISTANCE TEST .......ecviieieiieeie e 26
3.5.6 Alkalinity & efflorescence resistance test..........coviiiiririieiiieiee e 26
3.5.7 EIONQALION TEST ...ttt 27
3.5.8 Cross cut-tape adNeSION tEST..........eiiiiriiieiei et 27
3.5.9 Scratch resistance test- Mar reSIStANCE ........c.ooereriiirireeeee e 28
3.5.10 Corrosion resistance- Dip MEtNOd ..........ccoieiiiiiiiiiieee e 28
3.5.11 SCrUD RESISTANCE ......veeieeeie ettt e st e sreenreeneeenes 29
CRAPLET D4 ... bbbttt b bbbttt 30
RESUI ANG AISCUSSION ......evieieeieeiie ettt e st nee s e nteeneesneeneeeneesneeneeens 30
4.1 EmMulSion polymerization PrOCESS ..........uivieeierieriiniesie st siesiese e 30
A.0.0 Pre @MUISION......iiieiiee ettt et enre et e eneenseeneeaneenreeneeenes 30
4.1.2 Initiator, surfactant & Other faCtOrS.........ccuuviiiiiiiii e 31
4.1.3 POIYMETIZAtION PrOCESS ....c.vveveeiieiteeiteeie st ste sttt te e te et ste e e sreesreeneeens 31
4.2 Characterization of synthesized polymer latex 4.2.1 Glass transition temperature

QI ) OSSO PSPPI 32
4.2.2 General phySiCal PrOPEITIES.......cc.iiiiiiiieiie it 32
4.2.3 Particle $ize — DLS Method ........ccvoiiiiiiieeie e 33
4.2.4. FTIR spectra of monomers and the polymers™ ............cccoeeeeeeeeceeee e, 34
FTIR spectra of polymer SyntheSized. ..........ccoiieiiiiii e 38

\"



4.2.5 Blush resistance (water Whitening) ..........ccooerriieiiiiesieie e e 38

4.2.6. Applicability on the steel Panels ..o 39
4.3 Characterization of paint & COALINGS ........cceoviieiiriiiire e 39
4.3.1 Characterization of exterior wall COating..........cccooveriiiiiiiiieee e, 40
4.3.1.1 Characterization of exterior wall coating- general properties...........cccceevrvernennee. 40
4.3.1.2 Characterization of exterior wall coating- scrub resistance...........cccceevveervenenne 40
4.3.1.3 Characterization of exterior wall coating- dirt pickup resistance ................ccc...... 41
4.3.1.4 Characterization of exterior wall coating- alkalinity resistance ..............cccccocou.ee. 42
4.3.1.5 Characterization of exterior wall coating- Elongation.............cccccccevvvevviievvenene, 42
4.3.1.6 Characterization of exterior wall coating- Accelerated weathering ...................... 43
4.3.2 Characterization 0f WB DTM ......cccciiiiiiiiieiece e 43
4.3.2.1 Characterization of WB DTM- General properties ...........cccooveveevierieeresveesnerneenns 44
4.3.2.2 Characterization of WB DTM- ANti COITOSIVENESS ........cceveierierienieriesieseeeeeeean, 44
4.3.2.3 Characterization of WB DTM- Scratch reSistance ..........ccccovevereneieneniinieniennenn, 45
4.3.2.4 Characterization of WB DTM- Cross cut adneSion...........ccccerereneneneseniennennnn, 45
4.3.3 Characterization of WB wo00d COatiNG.........cccoeiieiiiieiieie e 45
4.3.3.1 Characterization of WB wood coating- General physical properties .................... 46
4.3.3.2 Characterization of WB wood coating- Cross cut adnesion ............c.ccocevevevreennen. 46
4.3.3.2 Characterization of WB wood coating- Blushing resistance..............cc.ccocevveneneee. 47
4.3.3.3 Characterization of WB wood coating- Accelerated weathering ..........c.cccceevenee. 48
5.0 CONCLUSION ...ttt sttt sa et stesneereere e e e e enee s 49
CRAPLET 06 ... bbbttt n e bbbt 50
SUQQESLIONS TOr TUTUIE WOTK .......oviiiiiiiiiiieieee s 50
CRAPLET 07 .. bbbttt bbb bbbt 51
R E =T =] 0TSSP 51
Supplementary MaterialS. ... 53

List of Figures

Figure 1. 1 Radical Polymerization mechaniSm ...........cccceveiiiciie s 6
Figure 1. 2 Termination of macro-radicals by combination and disproportionation®®....... 7
Figure 1. 3 Styrene polymerization with Docecylmercaptan (CTA) .....ccccoveviviiieiiieeinene, 7

vi



_Figure 1. 4 Monomer droplet- After & before polymerization.............ccccccevvvvvviieeieciennn. 9

Figure 3. 1 Polymerization experimental SEt-UP ........cccovveieereiieiiieie e 19
Figure 3. 2 Polymer latex applied on low carbon steel............ccccovvevviieiicci i 22
Figure 3. 3 QUV instrument and test panels of wall coating & wood coating................. 25
FIQUIE 3. 4 DPUR TESE....iiiiiicieiec ettt 26
Figure 3. 5 Elongation test on rubber StrpPes ... 27
Figure 3. 6 Cross CUt a0NESION TES ........oiviriieiiiie it 27
Figure 3. 7 SCratCh reSiStanCe teSt........c.ccveiieieiie e 28
Figure 3. 8 Scrub resistance apParatus...........cceevereerieeieseeseeiesee e eee e e ae e e eee s 29
Figure 4. 1 Structure of Acrylic Acid and its IR SPeCtrum. ..........ccccceeveveeieeie e 35
Figure 4. 2 Structure of MMA and itS IR SPECLIUM .......c.ccvveiiiiiieiie e 35
Figure 4. 3 Structure of BA and itS IR SPECIIUM ........cccoviiiiiiiiiccee e 36
Figure 4. 4 Structure of 2-EHA and its IR SPECtIUM ..........cccovviiieiiiiie e 36
Figure 4. 5 Structure of VVV10 and itS IR SPECIIUM .......cccoiiiiiiiicieie e 37
Figure 4. 6 Structure of VVV9 and itS IR SPECIIUM .......ccooiiiiiiieiceee s 37
_Figure 4. 7 Blushing test Left — Before test Right- After test...........ccovveveiinennn, 38
Figure 4. 8 synthesized polymer latexes applied on steel panels...........c.ccccceeveviiinenenne. 39
Figure 4. 9 DPUR teSt ODSEIVALIONS .........ccccvviieiieiieie et s e 41
Figure 4. 10 coated rubber panels after elongation test ............cccoceviveveiiecie e 43
_Figure 4. 11 (a) After dip in NaCl aqy  (b) After removed paint at the edge................... 44
Figure 4. 12 cross cut adhesion of WB wo00d COatiNgG ........ccccvvveirierienenieneneseseeeeeens 47
Figure 4. 13 water droplets placed to check blushing resistance............cccooviiiiiennnn. 47
List of Tables

Table 2. 1 Properties of MONOMEISY USEA ........c.cccvveverieeieiceeeeeie e 11
Table 2. 2 water solubility 0f MONOMErS .........c..cov i 12
Table 3. 1 MONOMEr COMPOSITION .....cviiviiiiciecie et 20
Table 3. 2 Wall coating fOormula ..............cooooieiiiie i 23
Table 3. 3DTM coating fOrmMUIA.............coveiiiicece s 25
Table 3. 4 Wood coating formula............cccoooeiiiie i 24
Table 3. 5 Efflorescence test table ...........ooveeiieii i 30
Table 4. 1 Properties of MONOMEISY USEA ........c.ccevvveuereeeieiceeeecee e 30
Table 4. 2 Monomer Feed fOr POIYMENS ........cviiiiiieeee e, 30
Table 4. 3 Tg Values of POIYMEr TaEX .......ccooiiiiiiieie e, 32
Table 4. 4 General physical properties of the lateXes ..........cccceveiiieiii i, 33
Table 4. 5 particle size & PDI —DLS Method ..o 34
Table 4. 6 Physical properties of exterior wall paints...........cccccoe i, 40
Table 4. 7 SCrub teSt FESUITS.......oiviiieie e 41
Table 4. 8 AlKalinity reSiStaNCe tEST........coeiiiiiieiee e 42
Table 4. 9 general properties 0f WB DTM ......cccoiiiiiiiiiiieneeeiee e 44

vii



Table 4. 10 scratch resistance test results .................

Table 4. 11 general properties of WB wood coating

viii



