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Radiation-Induced Emulsion Copolymerization of
Tetrafluoroethylene with Propylene in Flow Svstem, IX
(Operation of Run EPF-49 to 55)

. : , + *
Hiromasa WATANABE, Masayuki ITO, Sueo MACHI
and Jiro OKAMOTO'

Division of Research,
Takasaki Radiation Chemistry Kesearch Establishment, JAERI
(Received January 4, 1982)

Seeded copolymerization of tetrafluoroeihylene with
propylene by radiation was carried out in a flow apparatus
with pipe reactor at a pressure of 30 kg/cmz, a temperature
of 40 °C, a dose rate of 4.9 x 105 rad/h, and at various
mcnomer compositions.

Polymer concentration in latex increases linearly at
propylene fraction of 0.25 and accelerately at the fraction
below 0.1 with reaction time. The polymerization rates are
36, 60, 57, and 46 g/h-l—H20 at pronylene fractions of 0.01,
6.05, 0.1, and 0.25, respectively. Fluorine content of the
polymer obtained at the end of polymerization is 53.8 wt%
at propylene fractions of 0.25 and 0.1, and is 56.5 wt% at
the fraction of 0.0l. For the insoluble polymer in tetra-
hydrofuran produced at the fraction of 0.01, the fluorine
content is 61.3 wt%. This indicates that monomer unit ratio
of tetrafluoroethylene and propylene is 1.8/1.

In the polymerization at a region of high tetrafluoro-
ethylene content in monomer gas, it was elucidated that
alternative arrangement of copolymer being characteristic in
this system is broken down to produce tetrafluorcethylene
rich polymer, and polymerization rate is reduced. This is
explained by that addition of propvlene monomer to tetra-
fluoroethylene polymer radical becomes rate-determining step

due to the extremely poor propylene concentration in polymer

particles.

Keywords: Radiation, Copolymerization, Tetraflucroethylene,
Propylene, Flow System, Latex, Polymerization Rate, Fluorine

Content, Alternative, Rate-determining Step, Polymer Particle

+) Pilot Scale Research Station, Takasaki Radiation Chemistry
Research Establishment, JAERI

¥} IAEA, Vienna, Austria
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341 BEEEHFEEX (EPF-5)
B 7 S w B BeiERER] | BERE  RAORE | O - F
A
O | b K B B 9 £ 2 hr 100¢hri RT°C
&
& | 7= (R-1133 9 2 4 hr 100 &/hrp 50 °C
ZizxH oBE BRIEHE e %
E 50~70°C 4 hr
S, . N « I ) e -‘E/‘?*%ﬂﬁ)?
C,F, 3045 3 g | 3045 g |50T.45ngmE |+ No 5 =¥
SR ~ (8%1D
V— 1| CsHs 155 4 278 g 4334 | 745255 | L OB LE
- WA %
total 3200 g g | 34784 | 745,255
& C.F, g g 1 3425 g 3C.5hrnE
SAEM
Vv —2 1 CyH, 4 g 355 | 969,751
/ ARl
total g g 34604 | 97.0,730
-
C,F, g g 3262 5
KA
I Ne 5 C.H, 4 4 44 | 989,710,
total 3266
o 4 4 4
C,F, i3 g g V-3,
- V-5,
V — 5 | CeHs g g g V-6t
CiEln: e
#® total g g g
CyF, g 5 4
V - 6 CaHﬁ 9 9 49
total 4 4 g
|
Bl s2iwz | 72BN | HESE | 2sos® | #H %
‘7—_ i
0 N, 50 kgt + G 1 hr e
AV oA 5 R BECLANRE BRLAREE| £ 2 2 B 2
o ¥
7 A b # % 297 £ 280 £ L7 £
T
&\Z & ® % 20.7 ¢ 227 £ 0 ¢
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342 £Y)~-—BEogksl (EPF-54)

£343 EPF—54 OEBRES
OB B M| Eye-BET | RN O k| FHOR - & A & B
Chr) (g/¢~H,0) 2 (g) (g/€ - hr)
0.0 124, 0 6. 56 813 4
158
2.0 128 ¢ 6. 52 834 6
21. 3
4. 0 133 2 6. 48 863 1
257
6. 0 139.6 6 43 897 6
293
8 0 i47. 5 6. 35 936. 6
329
10. 0 155 7 6. 30 980. 9
36. 2
12. 0 165 0 6 24 1029. 6

* 34 2DRAA—RH—T hoRBIE (FLACHFE 10g€-H0%E58)
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361 E&EOBEN .

EPF—51, EPF—52. 53, EPF—54 Tid, o &L VBEMENEN102%, 2561 %,
L3 % DEME/ ~ — MR FCO—BOREEER LI, SEESIEE7o L VBENS %
OEMAE/ v ERFICET2EZETHD, SEe/ v — MO EEBLZTHRELHS
DT B,

352 ERoPE

EEREEEEE /v~ —HER LA L EPF—51 ~ 54 S B OBERE T, BHEESBLT
BlOwtB Dy — K55 v 7 RAROTERET L7,

ST/ v D70 L YBEESBAEECLIS, REEERO2FRMEEFEL3%T
DEHTH-T7, L, FORBEBEEESSOOHMARRTL LB TEI,
TEECHFAE I M 12K A TR L CRICABE Loot, ¥ 0.8 ME®RICHGSATHENSED,
BHRERE L7 (P—9) AL LT, E&E4dE L, 4k, PAZECIKRE &K - fatfrdi4 )
- —i%, EPF~M ToOMERAE &L A ) v - 3EER—0lRTH- 72,

3.6.3 EBEEHE

(1) RitsrHERY = - 0OKBRE

EPF—-S OEETHREENTIHE S v — i X AMESE U, RIGEBZ 5 L, AER
FABEER, AEERE2 7T, BREEAR ) —-087 10y Yoy EI LTV, D
BAEMATIE CMESA ok, BREICCKRETS S, FHORHE V) L TUHl LTRE
Lfc, %70, HREFRLUATHEZEBOENRR Y v —0TEIMAEL, HODOHIFIZIETD
G i, LT,

B AE, 8F, BENRAOFOHELIUNER) v —~E2R2CHRE LZOL, KE
E 75 1 '

(2) SRS, SURTEERE O

FAKIBBETEN AT SR LCOL, JUAERE (V-8) , [ERITHEE (V-9)D LT
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ZTOHR, AEEMEOTBCUSEOERRS Y v —2eiE L, 70, BEICEHFELT
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SHE/v—OF 0L v BERESHEENOO2 BRI 43 B LEBRELDEDTH -
no:nm,Em&ﬂ%%/v—(VA}mfaHvyggﬁﬁzm%&@&fﬁéctuﬁ
ﬁbfmé&ﬁhnﬁmﬁ,Eem,7DEVV%EﬁMﬁ%®Em&ﬂ%%/v—%V—
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b r b ERIZIERICT IS DT,

365 EERBEA
1) RRAD5 7y I/ xE
%@%ﬁ@&@&,ﬁﬁ%ﬁ?%%ﬁ%Uﬁﬁw,ﬁm%ﬁ®§%vﬁzéﬁﬁmﬁ&?c
LT &1t RADLEINTET T S REi16404£ (6826ks, p=1067g/mL
Tho i, i, il Ltzo 7o 7 ABREFEBLIERDELEDTHE,

0 ~ 1 hr ——— 356 mL

2 ~ 3 hr ——— 40 ML

4 ~ 5 hr ———— 40 mé

6 ~ 7 hr —— 45 me

8 ~ 9 hr ——— 50 ms

it.ﬁménfﬁ%ﬁmﬁoﬁﬁ?y72%(%%@%NLK®;5K%§énﬁo

i mAAAKBROR 90 £

kiR OFLKBRORY v —RE 254 §.7£-H,0
FHOBELEY—& 229 g

EROBREKE 0.13 £

@) FrkEOE
%@H@ﬂﬁémwoﬁa%v7Xﬁ@D.it.%ﬁuﬁﬁbﬁafvﬁzﬁ%xlﬁa
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#3851 Eiz#fEEE EHEX (EPF - 55)
| B B & W OB RN BEEAR | RRORE | # %
7
o VTHE L KB R 9 £ 5 hr 100 £hr RT*°C
gE -
W | 7o (R—118) 10 £ 5 hr 100&hr| 50 °C
Elzn ok Bl KRAKE i #
g 50 °C 5 hr
BN = o B | . 3 = | /7 —H#
C.F, 1808 % 1134 ¢ 2942 g | 50T 45hdmiR
S Aa M
V — 1 | CeH, 260 % 170 g 420 § | 736,264
#e 48 Al
total 2068 g 1304 g | 3362 5 | 739,726.1
CsF . 1283 4 1556 ¢ | 2839 5 « % OIE
A V-2 8L
V = 2 | C.H, 17 4 646 5 | 6637 | 5047406 |STRRlE
” - " IR 5HT 2.2
total 1300 g 2202 4 | 3502 ¢ kg3E
C,F, g g | 38833
SAE A
V — 3 | C,H, g 3 90 g | 947,53
- 7+
o total 865 g g | 3973 5 | 94357
C,F, g § | 2746 3
No 5 CH, g g | 1140 5
total g g 3886 #
C,F, 4 g #
V -6 CsHs 4 g g
total 4 4 g |
|
Bl sxrwz | 7215 i & 5 REOAE | H B
ra
= N, 50kg4d+G ¢ L5 hr i
AV HE R B R Bl HOARTRE | Free-bAEE | 8 2 B | B E
o F
8 A T3 222 £ 208 £ 1.4 2
=
AFl & B R 22.2 £ 151 £ 71 £
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200

180

160

140

Polymer Concentration in Latex [ g/1-H,0 ]

120

100

Irradiation Time [ hr ]

Bj3.5 2 ﬁﬂ?—f%!ﬁ@@ﬂ%%i{b (EPF—55)

K353 EPF—5 OFRZER
R & R £)v—BEF" TR DODKE ZROREY) v —& EASAEAE
(hr) (g 7¢4-HO) (&) (8> (3¢, hr)
0.0 1244 657 8173
413
2.0 1337 6.53 8731
. 484
40 144.6 6.49 9385
535
6. 0 1567 6.45 10107
6§19
8 0 17L0 640 10944

v 35 20RL—RFA4 vhrbRHIE FARK 1072 - HO580)
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41 STy XBORET/ v-REBET/ 7R

EPF—51~550EBETRALABR Y 7 v 7 xhOEFEE/ v -0 or VRBES, 7
Fo s/ AOR] v—BEIFLTTay L, M4 I B4 217 LI

35y o ADEEE/ v -8, K41 THEMAKSIZ, EPF-52, 53 (), EPF—
51(0) BLU'EPF-55 (@) TlE#Y = ~BEOEMICE -, TBATA20IIW LT, SAEE
/e —DFuEL Y BESH L3IBOEPF-M (@) TRHE ) v —BEQEMIC LA DL T
FICETTAEAEZR LI, $/i, A-RY v -—BELETE2EEx/ v~ -8, KM=/ =
— 7oL YEBESEDS (251 %) EPF—52, 83 TOHRIERE ()R EAE (KAE
SHEE/v-O7 oL yBEMETTRICoh TP T 2EREZR LI, COERL, #E
THREICEY 3R/ < R EEET /v~ OBR Ve —RT B, L, 57y
FRAOEN v - BEMNICEW ZOBRNEERBICETAEE: v—BIL, SEx/ v -0
So vl viBEMEPF-5., EPF—55, EPF—5l 8L (FEPF—52, 53 1CRY T 5 1L3%.5.0
%, 102%% L0 01%TIE, ThER32x107", 33x 107, 35x107" BLTE1Ix10
mole /me 0™ h, £y v —BESIOWIEOBEAITE, TAEH1OXI0, 22X
10 B&32x 10" mole/me LHFEENLIEMS, EPF-51~B TERMENIT 7y
P AhOEEE/ v B2, VTFNMOBEABNEHEEL DA, COEFRLOET L L
BIBAT A EHEmAER LIS

—F, BEx/ 2070 YEBER, K42 THOALL DD, S/ w070y
VBB 251 $OEPF—52, 53 (W) TIERAEY v —BELIOTRE-ETHIOIH L
T, GMiz /v -0 oL v EEN IO FOEPF-51 (O). EPF-54 (®3, EPF—
55 (@) TIRLWTReRY - ~BEOEMN (EO&T) & &SED Ui, S0, #rEE
KK IIABEE=/ v —07 oL vBEELEHE/ = —O7 oL yv)%!ﬁ&@@é{%m‘éﬁﬂ
LI, BEE/ v —HERIRSHEE /v~ HERERKes<{EKEL, [z / v —0D7 ot
L ViBIESEPF-54, EPF—55, EPF~51 &£ FEPF—52, 5342484945 13%. 5.0%.
023 LT BIBTIE, BEZ /v -OFo L VEEREFAFN25%, 95%, 8B5%
BLORBTHD, ChODBEEITR) = —BENS IW S EOBVERKTERY v —BE
KIKEYTIRIEI—ETH S, CNOOBRNWIEGREBCEBIIEFE/ v — 07 o LV Y BRE
FEPF—51~55DR G4 iCHllE XN E4s LB T3 &, BUSEHEE (82 v —BES#10.2
B)TIREBEET /= —~O7 0L yYEEROLTADES RN TEHEE LZZEF L0, EPF
-52, 53 DBAFKROTIE, HEOETEEHICBNTHERELOGETL, ®) = FH
DFoEL Y OHBEEMNT P LI FL RO REVLIEARB LTS, 5,
SHE/ v —D7 oL VBENWBISOCEPF—-52, 83T, HIEHET LTEEE/ 7 —
BEABNLEEELOETLTCVSICE0D0T, B/ v—07 o 0L v BEIHNLE
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LTide/ v— OBMELTEMNSNTNEADT, KCBERLTWS 2/ = 82E5 (T
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F v —HFhor/v—&, €/ 74K, &LF

%41

Run o |97/RU800RI=KFFD | BOEERLOL| o 4 g 4 | RISE LEEN 0 DR (LR
EPF— (R C,EEICaHs%QHa’EE C,F, |C.He | ® K WENE| C F, Cs Hs

(mole®) | (mole ) |mole )| (%) | (%) |(g/e=bp) | (min) | (%) (%)
51 ( LOhr) 0.1526 | 0.0385 | 20.3 | 865 | 89.7 | 385 | 0.41 1.2 4.8
51 ( 2.0hr) | 0.1493 | 0.0316 | 17.5 | 813 | 854 | 43.0 rol 1 6.5
51 ( 4.0hr) | 0.1635 | 0.0309 | 16.0 80.6 | 64.2 50.9 v 1 L5 7.8
51 ¢ 6.0hr) | 0.1783 | 0.0298 | 144 | 810 | 742 | 57.0 ’ L5 9.2
51 ( 80nr) | 0.1746 [0.0301 | 149 | 733 | 563 | 630 v 1.7 10.1
51 (10.0hr) | 0.1828 |0.0320 | 144 | 747 | 568 | 69.0 ‘ L7 10.4
51 (120hr) | 0.2152 | 0.0295 | 123 | 748 |5L6 | 720 | 1.6 1.7
52 ( 2.0hr) | 0.1406 | 0.0887 | 38.8 77.4 | 70.2 65 | 041 1.6 2.5
52 ( 40hr) | 0.1510 | 0.0961 | 39.0 | 77.8 | 69.4 ’ ’ 15 2.3
52 ( 6.0hr)| 0.1549 |0.0993 | 39.2 | 729 | 613 ’ , 14 2.3
52 ( 8B0hr){ 0.1624 | 0.1137 41.3 70.9 54, G 3 # 1.4 2.0
52 (10.0hr) | 0.1806 | 0.1034 | 36.7 | 75.3 | 68.4 ’ y 1.2 2.2
53 ( 2.0hr) | 0.1914 |0.1176 | 38.2 | 75.1 |647 | 465 | 041 1.2 1.9
53 ( 40hr) | 0.1938 | 0.1300 | 40.3 | 731 | 66.4 / , 1.2 1.7
53 ( 6.0hr) | 0.2066 | 0.1332 39.4 74.79 6.7 4 ” 1.1 1.7
53 ( B.ORr) | 0.2129 | 0.1389 | 39.7 | 733 | 63.3 ’ " 1.1 1.6
53 (100hr) | G.2205 | 0.1424 36.4 73.0 64.4 4 3 1.0 1.6
54 ( 20hr) | 0.1951 | 0.0039 | 210 |164 | T7.3 19.0 | 041 | 047 23.4
54 ( 40hr)| 0.1760 | 0.0031 1.77 9%.2 | B2.4 23.5 » 0.64 36.5
54 ( 6.0hr) | 0.1592 | 0.0019 | 123 | 821 | 505 | 27.5 , 0.83 69.7
54 ( 8.0nhr)| 0.1578 | 0.0022 | 142 | 77.6 | 456 | 3L0 v 0.94 67.8
54 (10.0hr) | 0.1579 |0.0011 | 0.75 | 746 | 21.3 | 345 / L1 150
54 (12.0hr)| 0.0875 | 0.0005 | 0.67 | 386 ; 9.6 | 375 y 2.1 %1
55 ( 20hr) | 0.1438 | 0.0090 597 | 78.4 50.7 45.0 0.41 1.5 24.1
55 ¢ 40hcr) | 0.1504 L 0.0100 | 636 | 755 | 44.0 | 52.0 ’ 1.7 25.0
55 ( 6.0hr)| 0.1603 | 0.0083 | 505 . 75.2 | 40.8 | 58.0 y L7 33.6
{55 ( 80hr) | 0.1655 {0.‘6681 " a9 | 706 36 | 640 / 1.9 38.0
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