Contents

PartI The FRRPP Theory

1 Calculations to Probe FRRPP Behavior of the PMAA-MAA-
Water System ... e
1.1 Quantitative Expressions for FRRPP Behavior .......................
1.2 Experimental Data for PMAA-MAA-Water System .................
1.3 Determination of Model Parameters ......................cooovne....
1.4 Results and DiscusSion .............cooiiiiiiiiiiiiiiiii i,
1.5 Nomenclature .............coouiiiiiiineii ittt iiaeaaann,
1.5.1 Alphabets ....oouuiiiiiiii i i e
1.5.2 SUDBSCIIPLS oottt
1.5.3 SUPEISCIIPLS ...ttt ettt ettt
1.5.4 Greek Symbols ........oiiiiiiiiii e
1.5.5 Other Symbols .....oouuiiiiii e
References ..o e

2 Closed-Form Estimation of Minimum Reactive Polymer
Domain Size for FRRPP Control .........................i...
2.1 Derivation of EQUAtions ............cooiiiiiiiiiiiiiiiiiiiiiiiiaiaaas
2.2 Results and DiSCUSSION  «..uvuuuieetiiiiiiiii et
2.3 NOMENCIATUIE ...ttt ettt eeeee
2.3.1 Alphabets ....oiiiiii e
2.3.2 SUDSCIIPLS ettt ettt e e e
2.3.3 SUPEISCIIPLS ettt ettt e e e e et eeanes
2.3.4 Greek Symbols .....ooiiiiiiiiiii e
2.3.5 Other Symbols .....oviiiiiiiii i
Reference .........oiiiiiiiii i

3 Molecular Weight Considerations in FRRPP Behavior ..............
3.1 NOMENCIATUIE ...ttt et e s
References .......ooooiiiiiiii

ix



Contents

4 LCST-UCST-Based Copolymerizations ...............................
4.1 Case 1: Monomer 2 Produces Homopolymer at an Operating
Temperature Above the LCST ... i
4.2 Case 2: Monomer 2 Produces Homopolymer at an Operating
Temperature Below the LCST ...
Reference ...

5 Unsteady-State Mathematical Modeling/Computer Simulation
of FRRPP Behavior ..............
5.1 Mathematical Modeling/Computer Simulation
of Mixed-Fluid Systems ........ccoiviiiiiniiiiiniiiiineeiiineennnn,
5.1.1 Stagnant Boundary-Layer-Fluid Model .......................
5.1.2 Convective-Fluid Model ...................ooooiiiiiiiiiiaa.
5.2 Flat Temperature Profile Analysis .............cccoiiiiiiiiiiiiiin..
5.2.1 Stability Analysis of Unsteady-State Thermal History
from Flat Temperature Profiles .................ccooooiiie
5.2.2 Approximate Analytical Solutions to Unsteady-State
Thermal History from Flat Temperature Profiles .............
5.2.3 Physical Interpretation of Eq. (5.28) ...,
5.3 Comparison of Model Predictions with Behavior
of Experimental Systems ...........ccooiiiiiiiiiiiiiiiiiiiiiieaaas
5.3.1 PS-S-Ether System .........ccoiviiiiiiiiiiiiiiiiiiniiiineans
5.3.2 PMAA-MAA-Water SyStem .........coeeeuunreerninreennneenns
5.4 Summary of Simulation Results ...
5.5 NOMENCIATUIE ...ttt et e e
5.5.1 Alphabets ......oiiiiii
5.5.2 SUDSCIIPLS oottt et et
5.5.3 SUPETSCIIPLS .« uettieet ettt et iaeeas
5.5.4 Greek Symbols ......oooiiiiiiiiii e
5.5.5 Other Symbols ......oooiiiiii e
References ........oooooiiiiiiiii

6 Conventional Emulsion-Based Polymerizations .......................
6.1 Ideal Emulsion Polymerization ..................cccccoiiiiiiiiie
6.1.1 Ideal Emulsion Polymerization Mechanism ...................

6.1.2 Smith—Ewart Model Equations of Ideal
Emulsion Polymerization .................ccoiiiiiiiiii
6.2 Emulsion Polymerization Recipes ..............ccoovviiiiiniiiinan..
6.3 FRRPP Effects on Ideal Emulsion Polymerization ..................
References .........oooiiiiiiiiii i



Contents

Part I’ Emulsion FRRPP (EFRRPP)

7 Initial Approach ...
7.1 PS-PBA from Emulsified PS—S—Ether System .......................
8 2 1§ o1
7.3 Procedure ...
7.4 Results and DiSCUSSION  .......iiieiiiiiiiiiiie i
References ........oooiiiiiiiiii

8 Modified Approach ........ ...

9 Impact of Process Parameters on EFRRPP ...........................
9.1 Theoretical Considerations to Form and Maintain Stable

Emulsions for EFRRPP ...... ...
9.1.1 Formation of a Stable Emulsion ...............................
9.1.2 Maintaining Emulsion Stability Through Solvent
Exchange .......ooooiiiiiiiiiiiii i i
9.1.3 Theoretical Observations on Polymer Confinement
and Impact on Polymer Mobility and Radical Trapping ......
9.2 Experimental Methods Used in Studies of EFRRPP ...............
0.3 Materials ...
9.3.1 Polymer Synthesis .........c.coviiiiiiiiiiiniiiiiiniiiiannan.
9.3.2 Characterization ..............coeeieiiiiiiiineeeeieennnnnnnnnn.
9.3.3 Selection of Surfactants ..............cccoiiiiiiiiiiiiiiiinn...
9.3.4 Selection of Dispersion Conditions ...........................
References ........oooiiiiiiiii
10 Radical-Containing Polymer Emulsions ..............................
10.1 PS Radical-Containing Emulsions from Monomer
Pre-emulsions ..........coooiiiii

10.1.1 Estimation of Radical Populations from Kinetics Data ...
10.1.2 Investigation of Impact of Molecular Weight
and Number of Trapped Radicals .........................
10.1.3 Characterization of Polymer Microstructure
and CompoOSItION  ....vveinieeiii i
10.2 PMMA Radical-Containing Emulsions from Monomer
Pre-emulSions ...........ccooiiiiiiiiiiiii
10.2.1 Synthesis of Copolymers with methyl methacrylate
as the Stage I Monomer ................coooiiiiiiiiii
10.2.2 Examination of Other Parameters with methyl
methacrylate as the Stage I Monomer ....................
References ........oooiiiiiiiii

xi



Xii Contents

11 Control Experiments to Test Autopolymerization of styrene
and n-butyl acrylate ......... ... ...

12 SUMMALY oo e e e
R ereNCES .ttt e

Part III Supplementary Topics

13 Cloudpoint Studies of PMMA-MMA-n-Pentane Systems ..........
13.1 Cloudpoint EXperiments ..............oiiiiieiiiiiiiiinneeeeennnn.
13.2 Interpretation of Cloudpoint Results ...............coooviiieennn.
Reference .........ouiiiiiiii e

14 PMMA-PBA from Emulsion from PMMA-MMA-n-Pentane
251 15 11
14.1 Single-Stage Semi-Batch Formation of PMMA ..................

14.1.1 Recipe and Apparatus .............eeeeeiiineeeunneeennnnns
14.1.2 Procedure ..........oouuniiiiiiiiiiiiiiiiie i
T4.1.3 Results .oouuiiiie s
14.2 Multistage Batch Reactor Experiments ...........................
14.2.1 Stage 1 oo s
14.2.2 Stage 2 oottt
14.2.3 Stage 3 ..o
14.2.4 Results . oouniiii
14.3 Stage 1 CSTR Experiment ............cooviiiiiiiiiiiiniieiennnnn.
14.3.1 RECIPE oottt
14.3.2 CSTR Reactor System .........ceeuuieeiiineeeiiineeennnnns
14.3.3 Polymerization Procedures ................oooiiiiiiiiinn..
14.3.4 Results .oouuiiiit
Reference ...........iiiiiiii

15 Low VOC Paints and Coatings ................c.coviiiiiiiiiiiniannn..
15.1 Background and Motivation .............ccoiveiiiiniiiiineennnnnns
15.2 Formation of Latex Binder ..............ccoooiiiiiiiiiiiiii..,

15.2.1 Polymerization Recipes ............ccoiiiiiiiiiiiiina..
15.2.2 Experimental Setup ............ccooiiiiiiiiiiiiiiiii,
15.2.3 Polymerization Procedure ...............coooiiiiiiiinn..
15.2.4 Polymerization Results ...............coooiiiiiiiiiii.
15.3 Paint Formulation ........ ...t
15.4 Film Formation and Paint Testing .............c..oooiiiiiiina...
15.4.1 Brushout Results ..............ooiiiiiiiiiiiiiiiiiiin..
15.4.2 Block Resistance ............coeeiiiiiiiiiiiiiiiiiiinn...



Contents xiii

16

17

18

15.4.3 Scrub Resistance ............cooiiiiiiiiiiiiiiiniiiaainnnns. 164
15.4.4 Stain Resistance ............ccoiiiiiiiiiiiiiiiiiiinann.n. 165
15.4.5 Adhesion Over Aged Alkyd .........ccoooviiiiiiiiiiiit. 165
15.5 Discussion of Results ....... ..o, 165
Reference ......cooiiiiii 166

Oil Spill Control from Emulsion-Based FRRPP Foaming

Surfactant Systems ...t 167
16.1 Envisioned Mode of Application .............cccooviiiiiiiiiiannn. 167
16.2 Investigation of Foaming Properties of Surfactants .............. 168
References .......ooooiiiiiiiiiii 175

Polymer Modification of VA-AA-Based Copolymer Emulsions .... 177

17.1 Acid-Catalyzed Polymer Modifications ........................... 177

17.1.1 Reaction with Acetic Acid ..............ciiiiiiiii... 178
17.2 Base-Catalyzed Polymer Modifications ........................... 180

17.2.1 Reactions with Caustic-Alumina Solutions ............... 180

17.2.2 Reactions with Calcium-Alkaline Solution ............... 182
ReferenCes ..o 182
QOil Dispersants from FRRPP-Based Surfactants .................... 183
18.1 Background ..........oviiiiiiiiiiiiii i i 183
18.2 Reaction of VA/AA-Based Surfactants with Stearic Acid ....... 183
ReferenCes ..ot e 189






2 Springer
http://www.springer.com/978-3-642-19871-7

Emulsion-based Free-Radical Retrograde-Precipitation
Polymerization

Caneba, G.; Yadunandan, D.

2011, X, 194 p., Hardcover

ISBN: @78-3-642-19871-7



