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12! 1. Production of fluorocarbon elastomers.
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in T—P diagram.
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18! 3. Density versus pressure isothermals for liquid
and supercritical CO,.
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18! 4. Molecular association in supercritical COs.
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H 1. Selected Polymerization Reactions in Supercritical Carbon Dioxide

B Pressure Temp. <M Yield
Monomer Fhase (bar) © | &gmon | ¥ %)
CF,=CF; (TFE) H/P 165—350 68—-180 0.6—900° | 1.35—1.441 13-90
CF,=CFO(CF,) CF3(PPVE)/TFE p 90-110 35 >1000° n/a 99-100
CF,=CF (CF;) (HFP)/TFE p 50—100 35 >1000 n/a 3-82
CHy=CF,(VFy) H 280-340 60 ~0.6% 1.05 32—35
CH,=CH-C(0)O—CH;(CF,)¢CF3(FOA) H 207 60 11-1600" n/a 65

“Phase behavior during polymerization: H=homogeneous, P=precipitation. ’PDI: polydispersity index of molecular weight
distribution. ‘Reaction condition as both telomerization and polymerization. “PDI refers to telomerization reaction. ‘Incorpo—
ration of PPVE in copolymer=2.9 —8.6 wt%. Incorporation of HFP in copolymer=11.2 —13.8 wt%. ¢Telomerization reaction.
"Molecular weights have been determined by both gel permeation chromatography (GPC) and small angle neitron scatterin g

(SANS).

H 2. Statistical Copolymers of FOA with Vinyl Mono—
mers. Polymerizations were Conducted at 59.4+0.1 C
and 345+0.5 bar for 48 hours in CO,. Intrinsic Visco—
sities were Determined in 1,2—Trifluoroethane (Freon—
113) at 30 C

Copolymer Feed Ratio | Incorporated Inirinsic Viscosity
(dL/g)
Poly (FOA~co—MMA) 0.47 0.57 0.10
Poly (FOA- co —styrene)|  0.48 0.58 0.15
Poly (FOA- co-BA) 0.53 0.57 0.45
Poly (FOA- co—ethylene)|  0.35 - 0.14

dispersity index (PDD & zt=t},

Homogenous CO, €S 2RE 182 g
€ golsith. W87 HE wEA COE &S
o] w2} RESS (rapid expansion of supercritical
solution) N ZHE] AZxHoW BEAELS F
7189 2 JFESHIE AE gl nAYAE
A& F %3, TFES} & REgAo] & WA=
< CO28} 3 E3= o] WA |k A& 7).

8 8oll= B4V ¥ AxES /AT 9

= 5 ZE39 vinyl ethersZ ZUA COzA4 7|

X [Ik< 3l 2= o) L3 A o] §-8A)

1 71detkal & M_E}' EE AN aard E 3. Experimental Results from the Telomerizations

2 Wl =9k ol 294 COt 92 AEE of TFE in Supercritical CO,

Zt1 loj A solvent cage& IS FAIT 5 Q7] Vield RS

Yo AL’ oleld AT ANERE CO7b monomerl/lielogenl| (g | gmmoy | PP

A RS sk EEe S 1.6 88 570 1.35

o A=Y 4 9t} 15 87 590 1.38
OB 62 A4 COz0lA tetrafluoroethylene ;3 ?g 228 ﬁi
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T AT WS =7] Wil 4R %2 AnE
At 18y perfluorobutyl iodide: telogen
o7 ARgstal AIBN glo] 1#A 88 T3
< Afole 2R T2 AE doudlth E 3¢
et AAH, olefdt WA or FAE perfluoro—

alkyl iodide= A F40] 7l&dtal Y2 poly—

CiFsl
—_———

CO;
80 °C
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chgf{:Fz—ca)—;:

18! 6. Telomerization of TFE in supercritical COs.
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A A ZA ethylaluminum dichloride (Lewis acid)
£ Agste] F@she RESAS YERISILE F3E
TS AP A &L oF 40%%2H, fluor—
inated sulfonamide side chaing 238}l U+
TR AL 4,500 g/mole] I A
X (PDD+ 1.6°10Hk

8 99)= fluorinated oxetane, 3—methyl—
3'—[(1,1 —dihydroheptafluoro—butoxy) methyl]
oxetane (FOx—7)¢] ring—opening polymeriza—
tions WEF = 7RAIAIZA  trifluoroethanol
S 211, FWAAZA boron trifluoride tetrahy—
drofuranates AHE-8tod 0 Ce} 289 bar?] H4t
COzellA #d S8 383 A& Yehigich
Freon—113& §vl= F3atgls wok fAke 2
IE don wekA COxt 5 Al £y
< 5% A7 Aol

1) EtAlCl,
ethylene

CH;==CH €O: —cr

CH 1
40 °C, 345 bar \ | T
c=0 — }W}W}\—") =0
(|3R 2) sodium ethoxide (‘LH
R = -CH:CH:(CF2).CFy, n=5-7

R =-CH:CH:N(C:H1)SO0:CsF 17

12! 8. Homogeneous polymerization of fluorinated
vinyl ethers in supercritical CO..

o—

o

CH20CH,CF,CF,CFy

1) BF;-THF
CO,
0°C, 289 bar
2) NaOH

&
H~(—O-CH2—<|:— CHz}—OH
CH,OCH,CF2CF,CFy

12! 9. Homogeneous cationic polymerization of Fox—
7 in supercritical COs.
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3t7] ste] vlFEA Eujelx FAHET F&
A oA A e 73 TR carbox—
ylic acid end group?] ¥AS S7HA71A Hof &
T34 dAelA AFL] A Ve B
Ho o]gfst AMS B4 EEtAHY] A3 E
WHEA)717] g8t AFE-8H= perfluorovinyl ether
SEFA e FEFAAA Z ERdTh olElst
acid end group®] o] $d =4 1EAE I
oAl FIESE AZIAY B43AI7]E F7F A
7b Ao Hu, olF AZEsleE Agole 2,
Aol Mz HFS wEe] dojupy] 4k weba A
744 o238t acid end groups HA43}s17] 93
A CFColA =85 33l gt} Fluoroolefin
g = AVSAE wwed 2 2R
IEAE A7) e e dElgA SulE AR 5
At &Ehra GujelA e FRREEAAME &
W29 A& o]Fo] ol dojupr] wel| EA}
o] FargFo] AdA A Fytel gtk Perfluoro—
carbon®]4 hydrofluorocarbon && AREsh= A
o] AJQHAPAT o]5S URtH O R w-g- HRLL
tLo] TFE= ml%- tF7] oz &2o]7] i
of AF7HA = HClF 38] EFEE A4ste] ot
CO298 TFEE 37 A&t Ewd3 v (dis—
propertionation) |4 A5 1182} €S- (auto—
polymerization) ¥} 22 Q3k<] %= o7] 74|
Ae I 4 Uk

Z97A COg0lA HAZFE2 TFESQ perfluoro
(propyl vinyl ether) (PPVE) Z12]1. TFE®} hexa—
fluoropropylene (HEP) 8] +53 W<l tisto] K
15 ek 7 FFF ¥ B bis(perfluoro—
2—propoxy propionyl)peroxideE Atz 7l
A A ZA ARSI CH, B 194 X uiel o]
82% = 100% 7HA =2 &9 TT¢AE A
Ae 4= 9ldt) o]d COs—based system= AHE-
g ¢, CO29 fluoroolefin compound®ZFE
E5% o2 electrophilic monomer Alo]oA AREA

742 Polymer Science and Technology Vol. 13, No. 6, December 2002



o

b Qi goml, g TN BHE 5

+ carboxylic acid®} acid fluoride end group<
Zr e R) ok}

o

5. &=t S

o2

1990 ol &3} chlorofluorocarbonss T
3} fluoromonomer polymerization solvent@A]
294 COE AH8-3he MEE 710] v=¢] Du—
PontAFe] A &}oll University of North Caro—
lina—Chapel Hill 3}8}/3}33 w52l Joseph M.
DeSimone#} 19| gAEC] &3t} AT oA gk
o} B3 19999 o]F DuPontAH= Delawares
WilmingtonAlell Sl A5421 DuPont Experi—
ment Station®] AX]¥ 2¥vtde] #2] Bench—
scale AN EA2TEA AZAES T8t g
tk. 20009 2] DuPontAHe @14t 2,500,000E2]
AR E Zte 8714 E2aaeA g %
A S 4R EH 8 AAakE FYske] North
CarolinaT%] Fayettevilleoll Pilot PlantE 7143}
St} @A fluorinated ethylene propylene (FEP)
9} perfluoroalkoxy resin (PFA)<2] AL 2l3lo]
2 Fol lom, &3t TS A A7kA
2~3d%t °] 714 demonstration® 70|t}
o] L YA oliEEAE WS-SR F
2ot o] 3ol A Afol= FF 74
7F 297x5M9 g g 2, A AAE I
AOF s EAIEA W EATEA AZ2E W

S A9& oFolt}. North Carolina ¥
A=) #ke] A el H<L (economic incen—
tive legislation) 2 E A7) FE-E Fayetteville
of xjefAl Zlolzkar Z|djskar 9lar 2006\del 7Hs =]
o2 o]t} DuPontAle] Fayetteville 3-8l =
(Bladenw2] Al HZell 91213h) g2t el o]
€-%:= Butacite polyvinyl butyral protective
laminatesE AgAtstH 7Md &tk Aile] o] &=
Nafion polymer membranes AJAFs}aL QIt} o
Zlel= 51588 F2A7F 1859 itk DuPont
Al o] QA FAE ol &8t EAaEA W EA
G RS AAAIARD ool SR scale up
3715 Y3k 314 North Carolina =l o] ©¥
3¢5 AYshs 871E ofx WA Xk Aot

o] 2171« /|eE DuPontAls B4R A

o

555 4AS 2 ARe 579 A

id

DEXAE Js A 13 96 I 20029 124

w2 A A#slal Q= fluorinated ethylene—pro—
pylene¥} perfluoroalkoxy resinsEZ 4&l4
t}. T3 polytetrafluoroethylene® 383l th&
ANEEE o] NEE 7|EEZA TrEod F
sttt DuPontAle] Teflon FEP+ <73 AAA,
AR Wl AlolEe] HAAE de AR
o 24 oPslEAE V2R St o
T T8 AAVG e B AE ZHA it

30
°

Hy o R
=
N

o

6. 2 2
E41EA 2 EAFEA 1EAELS FHojd
3}k, dekgAjow <lslo] FA $8EE= Fof
o AEe HEgRols JMuslozn x|&Z
WAL Fo1 gk B poAE 5Ety F4%1
A gl %A oA AE Eldte] B
TER] A wmE BaAyuia 3Ao $4dts
A& 2SR SR wE Ade] 2UA
FA7E olgow AAHo AN NEL HY &
A AAE Ao AALEIE Z)ghEkeh
21029

—

. J. George Drobny, “Technology of Fluoropoly—
mers”, p. 2, CRC Press LLC, New York, 2001.
2. M. M. Lynn, “Fluorocarbon Elastomers”, in
“Encyclopedia of Polymer Science and Engi—
neering”, ed. by J. I. Kroschwitz, vol. 7, p. 257,
John Wiley & Sons, New York, 1987.

3. M. A. Quadir and J. M. DeSimone, “Solvent—
Free Polymerizations and Processes”, eds. by T.
E. Long and M. O. Hunt, ACS 713, p. 156,
American Chemical Society, 1998.

4. T. Clifford, “Fundamentals of Supercritical Flu—
1ds”, Oxford university Press, Oxford, 1999.

5. Sumitomo, French Patent 1,524,533 (1968).

6. M. Hagiwara, H. Mitsui, S. Machi, and T. Kagiya,
J. Polym. Sci., Part A-1, 6, 603 (1968).

7. R. E. Terry, A. Zaid, C. Angelos, and D. L.
Whitman, Energy Prog., 8, 48 (1988).

8. J. M. DeSimone, Z. Guan, and C. S. Elsbernd,
Science, 257, 945 (1992).

9. Z. Guan, J. R. Combes, Y. Z. Menceloglu, and J.

M. DeSimone, Macromolecules, 26, 2663 (1993).

743



