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Properties of Tetrafluoroethylene-Propylene Copolymer

Jiro OKAMOTO, Masayuki ITO, Osamu MATSUDA,

Nobutake SﬁZUKI* and Akibumi DANNO**
Pilot Scale Research Station, Takasaki,.JAERI
( Received November 21, 1973 )

The properties of tetrafluoroethylene~-propylene
copolymer were studied, including molecular weight, molecular
weight distribution, branche of molecule, temperature of
fluid point, decomposition temperature, glass transition
temperature and thermal stability. Its molecular structure
was studied with NMR and iR spectrometers, The properties
as a practical elastomer, such as mechanical strength and
chemical resistance were also examined.

The copolymer is an amorphous and good alternative
one. Its thermal properties depend on the molecular weight
and monomer sequence of the copolymer. The decomposition
temperaturer(Td) is 360 C and the glass transition temperature
( Tg) 0° —105C. The elastomer is resistant to acid, alkali,
and polar solvent, but it swells somewhat in a non~polar
solvent,

The radiation-cured elastomer has good property against
bromotrifluoride, and its mechanical properties are better

than the commercial rubbers,

* pivision of Research, Takasaki Radiation Chemistry
Research Establishment , JAERI

) ** Radioisotope School, Radicisotope Center , JAERI
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Table I Maximum Molecular Weight in various

Polymerization Method

monomer

composition Mn
4
C,F,/CqHg (x10")
) ‘ ' Bulk polymerization 90/I0 3
i
| . .
| Solution, R-1I3 90/10 5
i polymerization
: . T¥-BuOH 75/25 4
| Emulsion FC-143
| : polymerlzatloﬂlﬁ) . 75/25 10
EFC- 43
(38)  75/25 I0

rg;“ . ; . e

2 3 4.5 6 7 89
Fig, T Relation between inherent viscosity[ ]
and number average molecular weight M

-- -~ Bulk polymerlzat1on(c F,/C:H H,=66/34)
_ 24/ =3%

— A — Soelution polymerization(C2F4/C3H6=90/IO
in R-I113) ]
..._...e_ " 1 " " ] (C2F4/C3H6=75/25)

_.._-_.. . (M) m 1 " ( Tt " " "

in t-BuCH)
——d—— Emulsion polymerization(C2F4/C3H6=75/25)
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Fig. 2a Changes of the structure of copolymer

dose rate; 3 x IOSR/h, irrad, temp,;-23°C

CZFA/C3H6=66/34,' bulk poiymerization

-~ 1]
--A——. k (Huggins )

s = gel fraction

o5 ' A 4100
ﬁO.A- /’, '80
=0 150‘§

P

<10

doz

06

L
o
By

i

of o 420
Ve
O i 1 i 5. FT//; O
10 .20 .30 40 50 60

polymer yield
Fig. Zb Changes of the structure of copolymer
dose rate; 3 X IOSR/h, irrad. temp,; o*c
C2F4/C3H6=66/34, monomer/solvent(t-BudH)=1/1
—Oo—- 1

- : — k(Huggins) -D--—- gel fraction - -



O _
o o
T ¥

1) aye
>

(

JABRI-M 5476

-

05F 00 410

04t L0 '08

E(x3 ] “*50 JEXiz
s

2F o O D 0 704

_____ ‘Ad_‘_#l_-i—————A_—_“ﬁ'—_ |

o1F | . - 320 402

n |‘ 2, 1 ] 0 o O
O 1 O z_q:olymegqrieldl'o . 50 _ 60
Fig. 2c Changes of the Structure of copolymer
dose rate; 3 X IOSR/h, irrad. temp.;O'C
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] L 1
’ 10 1
0 5 irradiation time (h) 5
Fig. 24 Changes of the structure of copolymer

"dose rate; I x IOSR/h, irrad. temp.; 25%¢C

CoFy/CqHe=75/25 conc. of emulsifier; 0.1 % vs.HZO

- —~0— 1)
—M—— k% (Huggins)
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—3 peak height

22 24 coms28 30 32
10° 81x10* 81x10°

Fig., 3 Effect of monomer composition on the distribution of

molecular weight ( bulk polymerization)

C,F,/CqHe= 90/10

|
|
1
|
~
[}

66/34

!
I
.
.
1}

S5o/50

peak height-

| —
22 24 26 28 30 32 3%

counts

Fig. 4 Effect of monomer composition on the molécular weight.
distribution (R-113 solution polymerization, R-113/monomer=1/1)

C,F,/CH =90/10

— ot e C2F-4/C.3H6'=66/34
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Table 2 The Distribution of Molecula Weight

Polymerization ' . o
. \ r
Method C2F4/C3H6 Dose rate 1/ JEW/Mn Range of Mw/Mn
Bulk 66/34 3 x 10° 0.3 2,92 3 A5
ﬂ R-113 75/25 5 x 10® 0.4 2:15  1.8~2.6
solufion
t-BuOH! 75/25 5 x 10% 0.4 2.48 2.3A3.4
1! X
| solution
: Emulsion{batch) - 75726 - 3.2 % 10T 0.8 272 '
; 4 o 2,Ir~6.0
Emulsion(semi-batch) 75725 2 x 10 0.5 2,63
s
2
|
|
i
Lég—"'Cu wire o
4
; L
% : ﬂﬂ'*x’/ test tube
; (_D
1 &
‘!‘
4l
i
| .
|
. 0il bath
|
: thermometer
N heater
sample

i Fig. 5 Appérétus'fbr the measurement of

fluid point.and coiaring point

| | . -13-
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temp. (°C)
Fig. & DSC-curve of tetrafluorocethylene-propylene
copolymer

400
300 S, N4 N, VR W
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8

_:I'em
)
S

0 O

} 1 ] ]

01 02 03 04 05 O
(73

Fig. 7 Relation between properties of copolymer

-100
0

and inherent viscosity

dose rate; 3 x IOSR/h,.irrad. temp.; -23°%
C2F4/C3H6; 66/34 ., bulk polymerization
decomposition temp,

temp. of coloring point

temp. of fluid point

P9ty

glass transition temp.
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temp . (QQB
(]

-100 550" 40 60 80 100

content of tetraflucroethylene

fe:]

Fig. Relation between properties of
copolymer and monomer composition

dose rate; 3 X IOSR/h, irrad. temp, -23%

polymer yield 5a15 wt%

——
—A
—0—
—o—

decomposition temp.
temp. of coloring peint
temp, of fluid point

glass transition temp,

—3 endothermic
reduction in
quantity

Fig. 9 TGA and DSC curves of tetraflucroefhylene-
propylene copolymer at high temperature
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lene in
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(&)

content of tetrafluoroethy

O (] ] 3 . 2
0 20 40 60 80 100
content of tetraflucroethylene in menemer (%)
Fig, II Compesition curve of tetrafluorcethylene
propylene systen
dose rate; 3 X IUSR/h, irrad. temp.;-23 €
-——(— observed curve

—-——— cale. curve

1 | 1 l 4
3200 2800 00 2000 1800 1600 %00 1200 1000 800

wave number

Fig. 12 IR spectra
. Ay CZFA'CSHG copolymer
B, polytetrafluoroethylene

C; polypropylené
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805760
895
A 915
2900
4
1390
2960 1465
. 910
B .
1390
2970 1300
3010 La7h
1440
2800
C
60
3000 1148°
1440
1465

Fig. I3 Effect of monomer composition on IR spectrum

A C2F4 mole % 7% in monomer and 38% in copolymer
B; C2 mole %; % in monomer and 45% in copolymer
C; CZP mole %; % in monomer and 49% in c0polymer
D; C,F, mole %; % in monomer and 532% in copolymer
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C2F4/C3H6 in copolymer
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===

37,3/62.7

—_———~ 42,6/57.4

———— 465 ,8/53,2

Fig. I4 Ty nMR spectrum (100 MHz) of‘C2F4—03H6 copolymer

solvent, CHC13; concentration, IO%; temp., room temp.;

—19 —
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Table 3 Assignment of IH NMR spectrum in C2F4-C3H6 copolymer

Structure Sequence -value(IH of CHsl_
CH
3
-CFZ-CFZ-CHZ-C— CPZ-CFZ- FPF 8,69 8.76
H
CH3 CH3 -
—CFZ-CFZ—CHZ-C = CHZ—CA- FPP -8.,97 5,03
H H
CH C |
-CH,-C = CH,-C * CF,-CF,~ PPF ‘ 8,86 8.93
2 2 2 2 )
H H .
CH3 CH3 CH3 D )
-CH2-C = CHZ-C = CHZ-C = PPP ) 9,10 9.I7
H H H - :
400 -
,o ¢
- S
o
1100 ¢
1 :
480 -~°
;:\o
300 | =
; 2
g 460 =
= 8]
o 1
.,_| —
-
3 3
S 140 .
g [+
o o
D - 4}
0 ¥ 5
& o
200 B 120
!
30 40 50 60

content of C2E4 { mole %)
Fig, I5 Decomposition temperature ¥s, the

sequence of propylene in copolymer
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o ' ppm from C:H .
Fig. 16a I9; R spectrum(94 MHZ) o? i c 3F,-C H6

copo 1ym¢r

solvent, C6H5CF3; conéentr'ation-, 10%

temp.,. room temp.;

T, i AR type quartet
AB type quartet- - -
..\4"1:0 -CHIA CFzgroup to -Cil (CH;)-CF group

j‘-zegﬂﬂ | L\"iﬂz x—z%?l:’\]\
Frasedy | 9 M FZTP-——M

FF

4L B ‘5655(13513 "

Fig. 16b A551gnment of. F NMR trum((94MHz)

of 92F4 C3h6 copolymer

}
prome S ——
1 ' ] 1 =
IS5 20
2 ()

rig. I7 X-intensity vs. Bragg angle
—_— CZ’F4 C 6 copolymer
—-——polytetrafluoroethylene
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Fig. ISa Fig. Igb .
1 Sheet photograph of cold-drawn C,F,-C H, Sheet photograph cof éold~drawn Cob,=Cylle
: elastomer

elastoner

non-elongated I20% elongated

|
|

Fig. IBc

Sheat photograph of cold=drawn CEF4—C3H6

elastomer
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Table 4 Exposure Test imn Chemicals

Chemicals Vol. Change(%) - Weight Change (%)
Radiation* Chemical*’ Radiatioﬁ* Chemigal
H,S0, 2,5 " 12.9 -0.03 0.07
HNO 6.6 35,6 0.25 12.50
; HF 14,5 13.4 - 0.15  1.67
T NaOH 13.7 12.9 -0.03 -0.06
; Benzene 67.6 194.0 29,2 35.1
Ethylacetate I0I.8 201,3 ‘ 56.2 97 .6
¥ Radiation crosslinking » ¥ Chemical vulcanization

Table 5  comparative table of C,F,~CH, copolymer and

other elastomer on the market

Rubber ‘ XelF-500 Viton-A  EP-rubber C2F4éC3H6rubber
Maker 3M du Pont du Pont JAERI
Non-crossliinked
Feature _ wheite colerless colorless
Sp. gravity I.85 I1.82 I.49
Tensile sgrength 0.6 ~ I 22
(kg/cm 7) :
Elongation(%) . ~ 4000 200 1100
-100% Youngs '
modulus(kg/cmz) 6.1 2 1o
o T, (°C) | 40~ -50 -30 > -10
% T, (°0) 260 100~ 150 360
¥in 1.5 x 10° 9.4 x 10%
Content of
£luorine WE¥) 50 62 64 53
Crosslinked (Radiation 20 Mrad)
Tensile: strength 148 186 ' 180 180
(kg/cn’) |
Elongation (%) 450 180 350~ 450 400
.IUO% Youngs
56.3 67 160 I5

modulué(kg/cmzj
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