Phase behavior and modeling of CO,, + 2,2,2-
trifluoroethyl methacrylate and CO, + poly (2,2,2-
trifluoroethyl methacrylate) systems
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Objectives — Applications of poly (TFEMA)
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Materials

- Carbon dioxide (min. 99.99% purity) - Korea industrial Gases

- 2,2,2-trifluoroethyl methacrylate: (TFEMA: min. 99% purity) - Aldrich
- poly (2,2,2-trifluoroethyl methacrylate): bulk polymerization

H O 24hrs o

L LT
Bulk polymerization condition H \?:0 L ||-I (|2=OJ n
¢ 0
?HZ (l:Hz
CF3 CF;

- Initiator ; AIBN [1.0 wt% of monomer]

- Temperature ; 70+£0.5°C
-M,, ; 268,000 PDI ;1.6

— characterization by GPC

oo Water bath
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1. Camera
2. Light source
3. Borescope

4. Thermocouple

T

5. View cell
6. Magnetic stirrer
7. Air bath

8. Digital thermometer

9. Digital pressuFé transducer
10. Pressure gauge
11. Hand pump

12. Computer monitor
13. Trap
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Experimental procedure

» CO, + monomer system
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» CO, + polymer system
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Calculation: Peng-Robinson equation of state

» Peng-Robinson EOS

p RT ao
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a=0.45724 R*T? / P, > TC, PC, @
b=0.07780 R T, /P,
a =[1+(0.37464 +1.54226 @ —0.26992 w?)(1 - T.%)]?
» van der Waals 1-fluid mixing rule
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Calculation: sanchez-Lacombe lattice-fluid equation of state

D’ +?+T[1n(1—5)+(1—1)5] =(
r
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» Group Contribution method
: Method of Wilson and Japerson

Critical constants T, P, Estimation based Zero, first and
second order methods (1996)

T, =380.15K F-Tech Inc. data

T, =T, /[(0.048271 —0.019846 N .+ > N, (Atck)+>_ M (Atcj) +]"
k j

P.=0.0186233 T, /[-0.96601 + exp(Y)]

Y =-0.00922295 —-0.0290403 N +0.041 (Z N, (Apck) +Z Mj(Apcj)J
k j
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Estimation method of pure parameters : TFEmA

Unit | TFEMA oL
T, K 380.15
0 :
— 0.0020 0.0025 0.0040
T, K 541.12 3
o
s 2
P. bar 29.13
4 | Peng-Robinson EOS
® Vapor pressure data [F-Tech Inc.]
@ - 0.4773
-6
1T [K"]
Q) : Lee-Kesler method
—> Vapor pressure data 0| &0t S-L parameters— &
.EJJF' Seoul National University
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Estimation method of pure parameters : TFEmA

2.0
. 1.8
Unit TFEMA C02 ® Vapor pressure data [F-Tech Inc.]
16 - | — S-LEOS
—— P-REOS
™| K 711.40 | 305.00 141
1.2
) 8 10}
P MPa 294.79 574.50 2,
o 08+
0.6
p* | kg/m3 | 1167.20 | 1510.00
04
0.2
0.0 +
CO, parameter : Journal of Applied
Polymer Science, Vol. 36, 583-597 260 280 300 320 340 360 380 400
(1988) T [K]
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Firstorder [ n| T* P* p*
CH, 1(-18.08 | -105.41 | -100.69
CH, 2| -7.65 | -29.67 | -46.65
C 119741 | 82.23 | 136.60
COO 1(-76.38 | 168.96 | 363.43
CF; 11(-54.57|1-134.86 | 67.12
fF(X)=X-X, (X=T ,Porp ) Unit | Poly(TFEMA) | €O,
parameter value | Kk 600.03 305.00
™ 666.95 K
P*, 489.46 MPa P* | MPa| 441.04 574.50
p* 1019.47 kg/m?
o* /'::3 1392.63 | 1510.00

Ing. Eng. Chem. Res., Vol. 36, 3968-3973 (1997)
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Experimental Results

Pressure-composition (P-x) isotherms Temperature-Pressure (T-P) diagram of CO,

+ poly (TFEMA) system: LCST behavior

100
14 +
¢ 32315K ® This Work
O 33315K —— CO, vapor pressure
120 | v 34315 80
v 353.15K Wy
v
10 |+ v @ O
v o® —, 60 ° °®
8! FLUID v g FLUID o
v Y . = ° i
v @)
6 } o e & 4! °
v g PY
@)
4l o °
LIQUID + LIQUID
v % VAPOR + LIQUID 20 |
oL
0 .
1 1 1 1 1 | | 1 1 0 1 1 1 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 09 10 280 300 320 340 360 380 400 420 440 460
Mole fraction of COo TIK]
,.EJ'“ Seoul National University

L4
“a

I_' \ Soanng towards the Future



P [MPa]

Modeling 1 — co, + TFEMA system

14
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Peng-Robinson EOS
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Mole fraction of CO,

-0.0126
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Sanchez-Lacombe lattice-fluid EOS

<4 OCe@®

323.15K
333.15K
343.15K
353.15K

VAPOR + LIQUID

2
0 T A
00 01 02 03 04 05 06 07 08 09 10
Mole fraction of002
TI[K] | 323.15 | 333.15 | 343.15 | 353.15
ky | 0.1159 | 0.1010 | 0.0933 | 0.0847
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Modeling 3 — co, + poly (TFEMA) system

P-T diagram : Sanchez-Lacombe lattice-fluid EOS
Lower Critical Solution Temperature
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Conclusions

2 & 323.15 ~ 353.15K, &2 20~120 bar &< 0l M CO, + trifluoroethyl
methacrylate Al 0l EH ot N A4&d (0|8 (P-x diagram)& variable volume view
cellS 0| Eot(H UL,

& 320 ~ 460 K, &
methacrylate) Al 2

J@

320~600 bar H<| 0l A CO, + pon (trifluoroethyl
2 H HS(LCST critical locus)= 2 =06} Lt

roll

CO,%t TFEMA, poly (TFEMA)2| & H S0 LHoltH pure parametersE _1&§J| (4
SH = 0l&EotH €1 P-REOS?t S-L EOS=zZ 2¢'d ot L.

CO, + trifluoroethyl methacrylate H 2| 2<% S-L EOSJt 2 AHE S =H 0l=of=
He oF A 9

2 & = ULt CO, + poly (trifluoroethyl methacrylate) Hl = SIH 2l binary
parametersE O|&ot({ 22 & ot LY.

2O Z CO,+ poly (trifluoroethyl methacrylate) + trifluoroethyl methacrylate 0ff 2t st
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