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CRP

Living polymer chains with active end groups

CRP
Predeterminated MW and narrow MWD.

Applications include adhesives, coatings,

FRP
electronics, nano-technology, and biomaterials.
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Applicable to a large range of monomers
Polymeric materials with controlled structure
Success under a wide range of reaction conditions

Wide variety of RAFT agents structures
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RAFT

Weak C-S bond
Free radical leaving group, R
(must be able to reinitiate polymerization)
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z Z-group controls:'the reactivity of the
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scCO

Liquid Supercritical Gas
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*NIST Chemistry Webbook, NIST Standard
Reference Database 69, National Institute of Standards and Technology, Gaithersburg MD,
http://webbook.nist.gov



High purity, low toxicity, low cost.
Controllable dissolving power.

Inert solvent.

Low viscosity favors mass-transportation.
Advantages in the operation.

0 Elevated pressures required.
0 Compression costs.
0 High capital equipment investment.



RAFT POLYMERIZATION IN scCO,

Complexity of the kinetics
and mechanisms presents

Solubility of the RAFT agent,
Z and Re groups

Interaction between |
controller and surfactant In

dispersion polymerization
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e Monomer

% Polymer

0 o g o
,C=0—CO(CH,)g—Si-0T-8i-0—Si-C K,
CH, CH, |\ CH, / CH,

PDMS-MA
3 CH3
H30-CH—ECH2 CHH r—O%-E‘n—CHg
CHE
GH3
PS-PDMS

F{CF—CFE—G}CF—CDGH
N

CF, CF,
Krytox 157 FSL



STATE OF THE ART

Arita T., Beuermann, S., Vana, P.

e-Polymers 2004, no. 003. http.//www.e-

polymers.orq

Arita, T., Beuermann, S. & Vana Philipp wnerigation
Macromol. Mater. Eng. 2005, 290, 283-293

Kristofer J. Thurecht, Andrew M. Gregory, Wenxin Wang, and Steven M. Howdle,

Communications to the Editor Macromolecules, Vol
40 No. 9, 2007

Andrew M. Gregory, Kristoter J. Thurecht and Steven M. Howdle

\f/I\ P

Macromolecules 2008, 41, 1215-1222

EXPERIMENTAL REPORTS, NOT SIMULATION OR MODELING STUDIES!



MODEL AND SIMULATION

= To develop a model, using Predici, for RAFT
polymerization processes in dispersion systems in scCO,

PREDICI Workshop
tModel |dispersion_CO2 4
File RAFT MMA2EIpa RSY Simulstionmodes —— [~ Output
Recipe {* Dizstributions (U0 Standard output
Library |Ii|:ueria_1_mwKipa.IiI:n - Moments ¥ Output per time step

Sellings] Heactors] Elem. Species] Pal. Species| F'n:nfiles| Coefficients Modules
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%] TRAMSFEREMCIA
& Risl+mo—+Pls]+R1] kim paly
@ ADICIOM PRIMARLA,
& Riz)+raft->Rraft(s), ka paly
@ FRAGMENTACION PRIMARIA,
[ Rraft[s]->Raft(s]+*, K paly P
< »

Camment Ok | Cancel Help




SIMULATION RESULTS

“ PREDICI: dispersion_CO2 (distribution_mode)
File Edit Simulaton Model Options Replay Workshop Parameter Recpe Tanks Flowsheet Windows Help

st o 5| | 135] Ll 3] ool iRl ool ] e e e

®kp EJL_EH :
kp [+E4) g/mol ] {+E)
: 5 00 00
20 \ ) 0.80 0:30
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00 0.02
020 0.20 0.20
u'“:.:'::.z:-:. 00.600.80 1.001.201.401.601.80 01.401.601.80 0.000.100.200.300 0.000.100.200.200.400.500.800.70 01.00
Conversion C
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convemono {(+E0) Min, bw [ kgimel | (+ED) Time Mo, #Vari... | Stepsize|s
T (R L] 1,87e+03 1835 243 1,00e 4L
o 1.87e+03 1936 253 1,008 40
e 1.88e+03 1937 2% 1,00 40
1.882+03 1938 252 1.00e+40
0.8 1.882+03 1339 255 1.00e 4L
1.882+03 1340 253 1,002 40
0.42 1.88e+03 1941 250 1.00e 40
R 1,88e+03 1942 248 1,00 40
0.2 R 1,88e+03 1343 252 1,00 4L
1,882 +03 1944 258 1,002 +0;
201.401.801.80 bl
£ ¥

ktd (+E8] Mn, Mw [ kg/mo Concentration {+E0) Messages |F~!eactiu:un steps] |ser ]
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0.50 _ “\ W 3.02e-05 1. stepsize reduction by f
- l\ L S \\ W 1.05:-04 1, stepsize reduction by f
\ ) 40 M 793204 1, stepsize reduction by f
0.40 230 - \ W 2.99:-04 2, stepsize reduction by f
230 Ei ] 040 il M 7.03:-04 1. stepsize reduction by f

\H i : W 1332403 Integration interrupted |
000 —" '3-:3: —— " S B 1832403 Integration took 1065.5 5[y,




SIMULATION RESULTS
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SIMULATION RESULTS
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SIMULATION CONCLUSIONS

The model captured the expected effects of
RAFT agent to Initiator ratio,.pressure and
temperature on polymerization rate an
molecular weight development.

More detailed and systematic experimental
studies on this'topic are needed for model

validation purposes.



EXPERIMENTAL RESULTS

=» To evaluate RAFT agents, commercially available
or synthesized In dispersion~ polymerization In
scCO2

=» Evaluate the effect)of operating conditions, P, T
on monomer conversion and MWD

eDesigning and Improved recipes and operating
conditions for the RAFT dispersion polymerization
In scCO2









EXPERIMENTAL SYSTEM




MMA RAFT poLymerizATION IN SCCO,

100 . 100 S
. *
*» L L 4
c 80 4
§ 1 o * o o *
lé E ‘
= 60 = 60 -
3 o
e 4D % Krytox %X MMA | Mn fg/mol] PDI o 40
E 0.5 76.25 11551 1.36 5 \
= 1 86.29 11713 139 5
= 20 5 87.91 11613 133 = 20 1
7 7857 12752 1.57
0 T T I T 0 T T T T T
0 2 4 6 8 10 0 100 200 300 400 500 600
Stabilizer Concentration [% wt.]
Pressure [bar]
ﬁ O P [bar] | %X MMA | Mn [g/mnol] PDI
I
C-5CH,~C-0OH 100 67.56 12079 1.40
150 71.65 12362 1.68
l\/L ‘|
200 75.57 12782 1.65
F{CF— CF,— G}CF—CO{I}H 250 78.08 12900 1.86
']
350 87.65 14188 1.42
CF, CF,
400 91.57 15060 1.36
450 95.08 15711 1.3
Effect of the Operating Pressure and Temperature on RAFT
Medliated Dispersion Polymerization of MMA in scCO2 500 97.62 16783 1.29
Gabriel Jaramillo-Soto, Pedro R. Garcia-Moran and Eduardo Vivaldo-Lima

70 be submitted.






STY RAFT proLymerizaTiON IN SCCO,
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Conversion de Monomero Submitted to Polymer, under corrections.



EXPERIMENTAL CONCLUSIONS

There are too many experimental
factors to study.

Results strongly depends on the RAFT
agent structure.

S-(thiobenzolil). thioglicolic better results
with STY than MMA.

Stabilizer concentration importance.

Model optimization.
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