=4 7B

He| =2 &

LA £

FEL nER] e 1938w R. Plunketto]
Teflono| 2} &l polytetrafluoroethylene(PTFE)
& $93 TR AIHAUGH oFd BEa
e g Ee Wstegds gl 2 558 1
E

[T T

, O RHZ 39 o2 717 dE4 nEE)
wHsH =AUk FEE: B FA FEL @
ARl B8 FEEAEA WL W9 Algexd
A 332E 3 FHehe oz Al 98 A
deo] g0 olge) 83 ENEL nEATR
o dadr

FES YA A FEL fUIEANE
oA}, Fluorosilicone 2 fluorophosphazene
&8 s R E TEA Al Bas
F718 4 & 71 7)1 89 dEdg s 745
Utk olEY JHY 5L LA AREA
FAFIL 53] A2oAM FAH S - Ao
MExe 29l G oo U A
PRI
& J9M FHEAoz R 2 2L Sy
| = £4:3} alkene BRAE2RE FiE]o] nEA}
Aol &a-vth 2 Y F2E /A g gt
o2 Wol ARE I vk Hzo FEA FUIEA
A= poly(2-fluorobutadiene) o]l &d], AurA ¢l
FrIgA o A2l FALR AL oz ujgnt
7 2 ol5E FAe XYk o] & iR FEa
alkene GFA EZ o] FEEAI} 58 24

o £t 9, it

28

il

Z

2

Aoz Qs g s #HE BA =AU

£ 71K gEL e R 4L 3 J9
71E8-H o2 PTFE®} poly(vinylidene fluoride)

(PVDF) &= ZAA 2&zlo|t). &7} =71 S)8)

Me 2 2AEY B FlACLT(TY7t &

FEEd, o1& Asted bulkyd ZHE FHol 1R
A el AAAE WA + U= FUBAsk) B

T T2E /KR BauEa) dEA B e
2470t gEx F7IBAAA ] 2ol TEEAE
F2 hexafluoropropylene(HFP) £} chlorotrifluoro-
ethylene(CTFE),
(PPVE = perfluoropropylvinylether, PMVE = poly-

polyperfluoroalkylvinylether
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B 1. B84 SRR SAE LEALY

(CH,—=CF, ¥ CF,—CF+ 1955  3M
¢
( CH,— CFyHCF,— CF+- 1957 DuPont
o,

( CH,— CF, 34 CF,— CF } CF,~CF,3 1960 DuPont
» |

CF,
{ CHy— CFyHCHF - CF+ 1960 Montecatini
(|)F3 Edison
(CH,~CF, ¥ CHF -CF ¥ CF,~CFy}- 1960 Montecatini
! Edison

CF,s

( CH,—CF, ¥ CF,~ CFH CF,—~CF,)- 1975 DuPont
oc,

( CF,—CF, ¥ CF,—CF 1975 DuPont
OcF,

( CF,—CF, ¥ CH,~CH~+ 1977 Asahi Glass

s

(CF,~CF, 3¢ CH,— CHYCH,—CF,~ 1990  Asahi
|
CH, Glass 3M

( CH,— CH,HCF,— CF+CH,—CF,> 1992 Ausimont
|

CF,

perfluoromethylvinylether) 2 propylene(PP) %
ojt}. dEA FEFAY AL FuIFAY T/
e} el

FEL F7188A = 2A VDF F38AA &4
Aot TFE FFEAA 2@4A=z = + o
VDFA g&4dAl= 19503t x7]¢] CTFES}tel 3%
Al Kel-F(M. W. Kellog)9}® 19550 wgg
HFPs}e] 328441 Viton A(Dupont)o]' 72
Hol ddHoz ATE AREHAT. o5 AS
T FE T FHoE ARHNIEH, F-111 A
719 d8¥ =9} seal, B-ZF77)9] §& seal, ¢!
31749l perfluoroether &84, $+F419 IEA|
ol 2474, HZ7A] AEd FEL BEA

IEXHED 7)E A 10 W3 & 19999 69

e

B 2. B84 f7| BA MOl ARBEE FaE B
Heof =gt

CH,=CF, VDF  Vinylidene fluoride
CF,=CF, TFE  Tetrafluoroethylene
CF,=CF-CF; HFP  Hexafluoropropylene

CF,=CF-0CF; PMVE Perfluoromethylvinylether
CF,=CF-0C3F; PMVE Perfluoromethylvinylether
CF,=CF-Cl CTFE Chlorotrifluoroethylene

CH,=CH-CH; PP Propylene
CH,=CH, E Ethylene
eb _ B
aeg| CFi=CF | CHF=CF | CR=CF  (CF,=CF| CH;=CH
N | | | | |
78 CFy CF, | OCR, | | CH
e |
0 0
H,=CF
Wt -0 O lrerzery)| O lrorscr,
_ 0 0
B0\ cm=crple(or=cry| O 0
_ 0 0
Chy=CHy +(CH,=CF,) +(CFy=CF,)

O 3942 NEE s FEL BA4A.

AR Q! HRANE # 19 JERSITH £ st
2 84 FaAA Y Az AMEHE R ©@
A S =S F 24 R

743 del o3 e VDF FE5FAA &L
F718A = -CHy-CFp-2 o] 7o a8z A4
AFel Sz A H7l S8 (ketone,
amide §)olA HBfol veht, ARAlFe] o=
g2y Jdez Fdx o I3l it ojeh 7
o] $hd3] Baw XEE dRAE=TEH Az2H
£ perfluoro A= FEL SR FdM
o] " 3 MRS Uehled, A4
2E guie}l sEEAC dis] Aol FHoAurh
Perfluoroelastomer 241  DupontAle]  Kalrez®=
TFE#} perfluoromethylvinylether(PMVE) 9] 2%
A2 19680 MLEglct. HIols Perlast®
7} 24 perfluoro H7|eHAAI 24 A& Rolit 9]
o} fepe EL AR AMEREAE T,
o} FHEE, dutxog dFsg SdAgAIRA st
AfE Moz a2UdAde FAAIC 29
A7tgAdel Hedt Eriad BRI AE B2
ol gQledl, multi-E¥ FFHEA fIPo2A
DaikinAlol| 4 7@ Dai-El T-series®¢} graft-%
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¥ 3. Commercial Fluorocarbon Elastomers

F = o 24 3 % % A = A
Viton A DuPont Dow Elastomers
VDF!/HFP? Technoflon FOR Ausimont
Fluorel 3M
Dai-El Daikin
VDFA VDF/HFP+CSM? Fluorel® 3M
BhAA] VDF/HFP or +/TFE? Dai-El Daikin
VDF/HFP/TFE Fluorel 3M
VDF/TFE/PMVE+ CSM Viton B, Viton GF, Viton GBL? | DuPont Dow Elastomers
VDF/HPFP?® or TFE Viton GFLT* DuPont Dow Elastomers
VDF/CTFE* Technoflon S, T Ausimont
Kel-F* 3M
TFE/PMVE®+CSM Kalrez DuPont Dow Elastomers
TFEA ..
B - Perlast Prec1§1on Polymer
TFE/Propylene Aflas® Asahi Glass
soft : VDF/HFP or +/TFE Dai-El T(E= ZE3A) Daikin
47144 | hard: VDF or ETFE’ Cefral Soft! ™) (Graft ZZFH|) Central Glass
2 soft : VDF/CTFE/E2¥ 3} peroxide
hard : VDF

! Vinylidene  fluoride; % Hexafluoropropylene; 3 Tetrafluoroethylene; 4 Chlorotrifluoroethylene; 51-
Hydropentafluoropropylene; °® Perfluoro(alkyl vinyl ether); 7 Poly(ethylene-alt-tetrafluoroethylene); ® Cure-site
monomer; ¢ Peroxide-cure.

283 §3 024 Central GlassA}e] Cefral Soft®

FFKM

7t old] siFHE T E 39 A AlHHn Jde TE GOOFFKM

A #F71SEA Y FFEEH AxSAE A g

SlSldE APEY £ So AGTE A4 FEA s ia oo
BT Qom, F2 47189 AeolA AHgstn o
Fo| AmAFAT = oz STk T FEA S o
ZaEan Pg=M AHE2=H(500-1500 g/mol)e] ® A e
perfluoropolyether 93 <o) -OH, -COOH & sor
o #8717} #2%e] FE4 polyurethane 59 T R R R R T
A Zd AFEH = AT ANgso] 9o % Volume swell in ASTM No.3 oil

ole}ge FEL f7] FAAE TEHY §H 3%l 1. Heat and oil resistance grid for commercial
ikl o 2o $58 neetdA, 33y A elastomers. "’

g, WEAS 7ix3 gl Fluoroelastomers : vinylidene  fluoride  fluorocarbon

(1) Te QHA :gBEe AL 204 AN & (FKM), perfluorocarbon (FFKM} . Non-fluoroelas-

tomers : natural rubber (NR), acrylonitrile butadiene

} o}
df = PPt (BR), chlorobutadiene (CR}, acrylate (ACM), ethylene

(2) 33t Ay 24, A8, 84 2 T acrylate (AEM), ethylene propylene (EPM}, ethylene
oA Bn HE%(RE ASTM 0il No. 3914 propylene diene (EPDM), chloro-sulfonyl-polyethylene
150 °C, 168A)17t%9] & volu 2 &2F)7} (CSM), tetrafluoroethylenepropylene (TFEP),  fluo-
VDF/HFP &HA edHe] A% 1_7%§,\1 rovinylmethyl  polysiloxane (FVMQ),  epichlorohydrin

(CO), epi-chlorohydrin ethylene oxide (EPO), polyester

2 dulzxQ] elAdx nls o ©.22=zr},
e du Al uetd wg Ssit urethane (AU), polyether urethane (EU) ,phenyl methyl

3) 1:}]:1?:/\3 ZEH7_] s dE, RE, 2EERANAM siloxane {(PMQ), vinyl methyl siloxane (VMQ), phenyl
A 209 Tk B3EA geh vinyl methyl siloxane (PVMQ), styrene butadiene
olz1dt 1& WEAH 38y AFAHE 17 1 (SBRY).
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Wl Useful temp. range
[ Thermal degradation

Brittleness zone

VOF-HFP
VDF-HFP-TFE
VDF-PMVE-TFE
TFE-PP

L T ——t t
-80 -40 0 40 8¢ 120 160 200 240 280

Temperature {(°C}
T3 2. MRSl atea |IEFC| ARRRE ¥,
(heats} o 34 )dA T F71Ed39} v
t‘f}%lt}. EF AREY e FEL f7IEEAE
AME2= W9 E a7 29 Yelggich
:LEM e e *iﬂ 3 gEx
A7t g DEAA B F Qe Hold B4
Iﬂ U AL EFYUAR B2 AR Y
g3} vludle 7Ad B, 1%y, ot 5
of FHE X1 leng Ztzbel E4 mEAl
g olfiskA Rt AHg-sich B Ao
TE ot A B A= ol )
IE2] G FEA nEA T FEL #
7NGAE 28l 28 Fxo 5L AR
S E2HA &Y LFE 3l Uy FE 716}
27 ok Ba f7)RAA o9 43R B
E2EEY T2 B4 2 S84 mHsjor &
TAHES LAY 19999 A2A A25 p.
32~43, “oE7lA] BA 1EASY Tz 547
< F13y] v

Mo S A

g dg ™ 1

L w A (o3 l
2o
“@Jxm

Al AR A

O

2. Vinylidene Fluoride 25&HA| &4 EHIA|

VDF 3Z3A74 @A S84 244 94
FRE I} Yo, AAAY TdduER
PVDFe] ZA3A4E& gloliF7] &) od8rtr) 229
DA} FFEs F8 YA B4 U

oH

Ao FRRAEe vdsld nEAdase) 2R3
£ g % Ut buky 248 AT Aok $4)
gol gk RAYe) F2E 2] Aa) AeHE B

5 Zg
Ao wet AgEge) %’*%‘—é}ﬁﬂ Ptk dddes
b 2g 3

AERsE Fo R HAIRAA D 2y
£ oju] Ragoeld ¢l1, 8 ‘—é‘ I 29} o] o

IFEXET 7| A 10 A3 % 19999 64

HFP

VF,
by weight

by weight
40

lastomenc
region

TFE 80 60 40
-— TFE by weight

8] 3. VDF/HFP/TFE compositions.

20 VF,

GRAENY] N2 TFH A= T A4
o). VDF/HFP 3&#xe A$¢ 94348 489
A7 HFPe] $eo] Bujg 19-20% Bt} &
o dojWTh 137 39 AZERE VDF/HFP/
TFE 4935349 @4A9de naza. 13 3
JA & 5 QlEo] VDF/HFP/TFE 4122844
A BAAS 4AE debd sl A7 gEe
ek VDF 35-70%, HFP 20-60%, TFE 0-40%
Hzolt}

VDFA 8445 382 g3 FdA 2 F71%

V¢ 4FALY @Al e B4 2T} ]
slo 3] g} BY el @ ZANE BT o 2]
A9 AT WSk, Wakergel F1skel B

2 ok Ha=Eln 9t gEA A &
P g e 22 C-F dge =& A3
1] (485 kJ/mol ) 9] %%E}(C H Zgdz
413 kJ/mole)] H)3led). B3}, o2} 2 HFojr} wak
Z gglgsd FogA Xi?f“*" Uelgo2x o
8 fA 9 HEF3h= At fz} Y wopd of
A 42 7 Uth olF FEA dyNE 2
E7R3 3 A9 %%ﬁ%?—.ﬂ % fﬂ LLEAHS o
7] fla 7hagkg-g 3 AR Al A s
FTHA HESa 72 %r&%

a8 A&E vie}l go) V
olale] FA Sl sl A %tﬁ
R3] s iAo VDF &
FHFS gol EYElY B4 ke %OI
g9, VDF/HFP 2339

S = A B=3
=28 353 TFE

o] A}
AL HE 60wt%

o‘, o; 5 rlr
a0
o o
:_>.|'.‘.._"
Lo
j
2%,
2
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VDF(4 mol VDF/1 mol HFP) &4 (1.9wt% H)
g JKI B4 ke wolc WHosA VDF/
HFP/TFE Al1@&3dld TFES 30 wt% =49
g 7S 68-70 wt% B4 (14 wt% H-1.1wt%
H)e #A48 ¢ glon, od 8o AP 1
yddol Ay T,0 F712 98 AL 849
ZAaEn ALdA9 compression setol = ¥ J
e nxA "ot o9} A ne Al ¢
perfluoromethylvinylether& <% VDF/TFE/
PMVE A9ZZ3AE Al glow, &

25 A4l

=22 /7

5o ®7) HU5Eo|

AHE F o, F71 AAAY Aee 4o
2 -CH,0H$} -CF,COOHZE o] 24 Als 2de

A 3}
2 #3AE
2% o] &4 AlE
Az nRa A Fa3 4TS
A nEAE
go] Z71g g o ¥

2 22

2 ullo &

=2 2 Ui

FAA

FYVSTY Y2 FHAE Eelrn
HteER] AFRS Q& %i‘i]-.ls 7N A1 A o]
gejed =4, 7 B

713t} & o

ey A B

A= 2o §7]

AAAE - A oldd d4E I7] Ay

TFE/VDF/HFP/PMVE AIZZ3AE e & B He MAAY F& HasE AlsolsAIE
AA = GRS QAo ARt B2 7S &) HE H9E B
WEH VDF BETAA S84 B4A=A A BEj} sﬂs.s}ua o] A% Wt W A&
#weln e 7R TF5Y Viton®d A FFEA) Hoz wrgrlo] FHUEI HFE AL Fo vHe-g
ZA3 Az 2 BAES E 49 v B 1—‘5‘:1—2- wagc. NS /\lgﬂl'ﬂ"i
21 58 she 34 mdgel ¢ WrE AAH) A9
gutgo g FEA f7IAE 1 9EA Tk AHE ¢ olen, ddke BAREEE A7) A3
SN AR SEEEEA dd AZEDP @ 3% oo $7 95EE 2 £ 3
ZA = g2 71 Ge2 A5 WEd 713 2.2 7ln
aa7e] BAAY 57} FASEES SEBYY VDFA B S1RGAE cley Bk o
Alolt}. o] 7Z-g-of v%f‘ﬂ W& Eol £ AN 7laE % Qx|ul, HE} g o=pe unE
& A7) YA BT myte] Hodng ITe S g F Ue B la o] FFHI =y
v-g7| AA 7t 23451°1°¥‘ﬂ gt FEAAAR & Zo) 93 A3z JHssit
T 4. 324 Btdxel =MD Asidtdo] ME =AM H|uW
luoroelastomer Viton® Aflas®?
Properties A-500° B-600* GBL-200° GF® GFLT®
Monomers VDF/HFP| TFE/VDF/ | TFE/VDF/ | TFE/VDF/ | TFE/VDF/ TFE/Propylene
HFP HFP HFP PMVE
Cure sites 1+ Br Br Br Br
Wt% fluorine 66 68.5 67 70 67
Wit% hydrogen 1.9 14 1.6 1.1 11 4
Viscosity, ML 1+10/121 ¢| 50 65 65 50¢
Vulcanizate properties®
Stress/strain at 23 C
100% modulus (MPa) 7.2 5.2 5.4 5.4 8.2 9.3
Tensile strength (MPa) 15.6 125 215 17.6 16.3 20.3
Elongation at break (%) 197 260 246 260 149
Hardness, durometer A pts 78 72 71 76 73
Compression set, method B 15 28 46 38 36 31°
70 h at 200 °C
T, DSC(C) -16 -8 -24 0

2 Tonic(dihydroxy) cure. ® Peroxide cure. ¢ Press cure : 10 min at 177 °C. Post cure: 24 h at 232 C.  MS/121 C.

¢22hat 200 C.
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2.2.1 oM Z3&|

VDF/HFP¢} VDF/HFP/TFE &4 §7]€H4
A= bisphenol-AFo|1t} diamineZ& o|#AF7IE
2= A2 e 4 Yok 1979 Schmiegel
& 9F.NMR 9F+& %3} base-sensitive siteZ
X N212¢} N213(1-VDF, 2-HFP, 3-TFE)¢] &
ZA W de FAsAh ol F AeldA @7 &
Azt o]FARo] AL stuAle] MY wHE
of ot Flmg ot oo ukg wFFe] HZ
Arcella 59} '"F-NMR, 'H-NMR, FT-IR Q9
8 AAHAHIY 4).2

1) 3a B9 AAEgA 9% -C(CF3)=CH-

o] g4
2) Baole] Zojztge o3l o]F A3 o)F
7 -CH=CF-¢] 34
3) -CH=CF-< ti& a4 Hrlurs
a) M2& -C(CFy)=CH- o|5Z2% I+ ¢
g 9z B49] AAE
b) fAe o|FZAFozRE HiMgE E4
o AAE

2~CF,CF~CH,CF,~ + base —  ~CF,C=CHCF,~ +2F~
| |

CFs CF;
2~CF,C=CHCF,~ HF 2~CF,CFCH=CF~
(|3F3 a c|F3
CF; CF,
~CF Z(jZFCH=CF~ ~CFZE=CH—CF~
N
+Nu'"’—R-Nu'™! 1|Q +9F
Nu
~CFZ|CFCH=CF~ ~CFzC|=CH—<’3F~
CF, CF3
or
CF, CF,
~CF2(|IF—CH=CF ~ ~CF2C|IFCH=C~
N
I|2 +2F~
Nu
~CF,CF—CH=CF~ ~CF2CFCH=('3~
dr, ¢,

%] 4. Reation mechanism for ionic curing.

IEADED 7|E A 1083 F 1999 64

Amine-cured| & 2o EAFH JlE
Aol & rtnZA o] A=, polyhydroxy-cure

o] Aol E wl g A JlmAFe] A" 2
3=} ok
2.2.2 ajcjg A3}

o] 24 7w urg9 A+ dehydrofluorinationdl] ¢]
ste] Zhato] Qg g ol o|FE S EAEH
3t ZtaRkg Fox o]FAYE @A Eoh o2
4 7tad SEAA FAAE AYe] EXII= E
7174 7189 o3 A& J¥AY FAHE We P
2 g3 o8 S0 @14 FvHE |9 ‘il—‘&
M2E oY} dgol A9 o= A%
o gz B3l stagks 3o o#d &
o BEAIE AY + U

o] ¥kg2 APEAJA EHor st HE
Atelze o8] oz w7WEes gt o
vhe-& 913 A3 vl FRAAANAN B
GFAE o] Arigto g vlHEt BES T
3 3Ea eAAleE  Br-fluoroolefineo]}® Br-
fluorovinylether &% 7ls14 waz Lol 33}
o dejzlct. ol#gt FEA BAAl= vl A4S
Y EYZE FA8HARE Frhe] 4 foulingel 71!
T AE Dol Ao A aiolth ) 8=
E e TEA BAAS A o8 Y EA
T A3, "M ASEEH 2 4FAEY
=3 AEE & F AU Aol FAR AEEH
+ I-fluorocarbon £ EAslA FHE 4T
oM Ak Botd 9o ©91% 5 Uoh® 1-g

2 B Br-gEa gAA BT I HelA
% "olxjA|vt, JPEA wnte] ofe} 9473 seal-
ing B4 vepdct. a8l 59 =g 33 wrE
& Yeplith 7 source2= HE A= (Q 2
2,5-dimethyl-2,5-di-#-butylperoxyhexane) ¢} 23}
ZAZA triallyl isocyanuratet} triallyl cyanurate
7} @ol 2oz}

i

3. TFE S8 #2424 =dA

3.1 Perfluoroelastomer®*

dA3s] EA2 X3E perfluoroelastomers= &
4 BAA e HAnHL vehin, mE=zie]
ZZo] DA &ae} B4AZ o]FofA QLo g ¢l
g 3 3Ey BT 43N L A

2w
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Y AN
~
0" S\ )
~ ~ -
~ ld

X =Br, 1
% 5. Reation mechanism for radical curing.

t}. PTFEY EAd gdRzAe] &4 2 29H¥
o] &aldA A3} FA I 1A $5T BIU)E
o] e 5448 AuUA "r} Perfluoroelastomer
e 79 25 guie} sEEAd sl B& A
ojuf Bal APA Tol Hojurh HA FE3E
Q1= g ®HQ) perfluoroelastomer 2 Perlast® 9}
Kalrez® 7} 2ltd. 1@l 1(TFE-PMVE-Cure site
monomer) ¥ 1% 2(FFKM)dlA Bl uie} 2o
Kalrez® 40799] ZA$& 316 ColA AE + A&
a3 Aot 27129 Kalrez® AlFS0]
edA A9 F e olfe IEY Jtuwrgd
bisphenol AF¢} triazine®] AjAElE Alggto g
7hsd K. A2 543 Perlast®= Kalrez®s}
vy H 42w "N ozl o)zt AUt A
oM 89AdHNAE Perlast®r} Kalrez® Ht}
S48, Perlast®9] 43 £+ VDFA 24449}
Hls=sloh(eF 200 CA%). OB 28 RY TEL
SAA 7} e durE el ghAdA o} vlnste] o g )t
A3 93 JFd& Holy, o] FoA F3] perfluo-
roelastomer7} 714 HoldS <« 4 Yot

311 &#

A& o 2 AlHE] = perfluoroelastomer Kalrez®
= a7 67 e 729 TFE$} perfluoro(alkyl
vinyl ether)e] FE3Aldl 7123 @A olth &

312

+ CF2 - CFZ_)_n ( CFZ_CF_)_m (' CFZ_CF_)Z_
| |

|O X
CF,
Tetrafluoro Perfluoro Cure Site
Ethylene Methyl vinyl Monomer
(TFE) Ether (PMVE)

2] 6. Perfluoroelastomer backbone.

HAo 2 B4as JdHz e F5T FESA
£ 717 perfluoro(methyl vinyl ether)(PMVE)
7t =z Agd"t. PMVE7L ohd n@atekel
perfluoro(alkyl vinyl ether)”} TFE<$} 223
AAE e F dod FREE =Y og st
$53 BAHEAS Jehlied dad wgd
perfluoro(alkyl vinyl ether)& 7Fa s1EiEte]
SRS FAAs77E W oFo. A3e] GEA
(cure site monomer, CSM)7} 7tmzlE & He7|
A8 Z=gAlo] A%(2F 0.5 mol%) =PHT). 43
4 AAAAY GRS U A S AMStd &
A st wukslaA ZgE, dsiEd A
AAE RS tesd o aszely gdol
43 ol eAd& Foll wet 7hgde] EA1He] Ut

3.1.2 A3

Perfluoroelastomer= A45= 7hw whgof] wat
=7 B89 o]5 FolA UEL(nitrile), HEAL
o] (peroxide), ©}¥sA  F3H (dinucleophile),
3z A}(irradiation) A3} Alxglo] Uutxgozw »
otk YEF A3 A2 YEZ cure site
monomer& EJAI7IE Aol ul$- Fxoz MY
3} perfluoroelastomer& A 23sH=t] ARRHE T o]
3 7l w7hEE AR A (Kalrez® 4079) <
300 CE d& 25 % Aol 7hesitt 7tie
UEH7|7} g alkyl tin 3gEe] Zof 2o
o) MAEH B triazine 7huTERE BET 1
2} o] AAEE AL AE ofl, JdEd A
olz, 22 SAlE, =AE £37] o 24
st A E ALEA gerh”

HE A= 73 Al A8le VDFA &4 B4
Mot o] HEolY gt simxeElgE #
perfluoroelastomerel] 2ojw, GtAA B h= Y35
o] Hagt HgFop AgET A A2
= 218 CA=ZoH.

oty YA A3} A]2®l2 perfluorophenoxy

F4& 7InAE E e 9ol <P E bisphenol &

A

L

=
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E 5. Perfluoroelastomer 2| Z&i®o| 244

Specific gravity(g/cm?®) 2.00
Tensile strength at break(MPa) 16.9
Elongation at break(%) 150
100% modulus(MPa) 7.2
Durometer hardness(Shore A) 75
Compression set resistance, 70 h at 204 C(%) 25
Clash-Berg stiffness temperature (C)

(66.6 MPa torsional modulus) -2
Brittle point(*C) -50
Temperature of retraction(C) TR-10 -1

AMggth o] A9 diAol vlg FHolum ARg-
LEE 288 CAEo|Th

F2AL A8 A2"S F3AE EER AN
om AR} y-Ao o&) slasmg, FAAY
eEdo] glong EEEd dd #A4 4 ARF
o} zeu 23t 2AEAC gl 150 To] @2 Al
exg Qde] E43 sealing $E27 FHLo] 7}
3ttt

E 59 A¥HL perfluorcelastomere] EA&

Uehi i

4. BEA HrtaM EMA (Fluorinated
Thermoplastic Elastomer)’

gE4 driaA BN (FTPE) = dEdA 49
Hoz T FF7/H ANHD e, vdF B F
A F2E 7IAH Askge] st & AH
7izigh A W driaA 24 gddEE §
& BAA $F B89 soft segmentE o] FH,
o] FEA Zefago] UHE e hard seg
mentZ FAE EF FSHA Feolth ol EL
3l 9FA g0 BE F5EE 4 U= “pseudo-liv-
ing” oz FHe] 4FA ‘240155 (lodine
Transfer Polymerization)’ 9] 7] <J&] o]Fo]
A o] gee] FTPE: 1982 Dai-el®]al=
A+Zm o & Daikin Industriesdl] &3] AdH oz
AL 2AFAGH

E OE dus F A7 dEL BAdHoln
Algo] a2 FgAgo 2 1
A olth. o]= Z7]o a2 ZE BN A}
HEAPIEY|E e G348 =Y&in agmE

2 oL
=

N
me uo ofx
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[-Rg-1I
| Monomer A
I-(A)n—Rp—(A)—1
| Monomer B
I-(B)u—(A)y—Rr—(A)y— (B)w—1

2l 7. The scheme of iodine transfer polymerization.

23e st Az"crh 19879 Central Glass
Co.ol A Cefral Soft®e}=2® AEm o 2 AJHE7] A]
sttt 1995 @A o] T T/ EUiaA
a4 BAA o AarEe g 1008 A=t &
A ol2g FTPEY] W@ 7&d &5+ A% I+
Aot

4.1 5 ZSEY FTPE

Hzo durxel GriAA ©AA (thermoplastic
elastomer, TPE)+< styrene®} butadiener] E¢F
234 ¢) Kraton®o 24 &0]-& “living” £ ¢
atod e 22y §EA TPES ZASd+e
oje}Ze T M E ¢ B =¥8dx &
T3t JFHolA] Xt whHel oz xAs
A “pseudo-living” F&e] 424& Ul 84
o5 F TS ol&3ld FEL TPEEZ Y & 9
Al HATh s4olFFEe] TP E O"” 79
Epd. A¥Hog ek A= perfluoroalkyl
diiodide(IRFI) &zl H2 o] HEAP|ER
& /RA8ted soft segment BE& FA3hL,
™A] hard segment E8-& HA3r| s <A
BE &5 #38st & wisdAd A dBr-g0E
AL KASAIRE 84 1 A By o 4
AHels ¥ 3t aeEEe] uRA oz
FTHHA T DA oke] ANk Ug g0
o] AHolFuree A& oo WhHo=
tri-block FZHAE dA A= F A3, EF 9]
#HAZo) o3] multi-block FEEAT A= 7153
t}. Dai-El T-series®?] 79 soft segment@#
VDF/HFP =& TFE¢] dyd F&23A7} nHF o
Z AMgE™, hard segment=2+ poly(TFE-alt-
ethylene)¢]\} poly(vinylidene fluoride) 2 FA=
o] At

JdE 89 EE FTEAY FES: dria B84
Aol =42Ql uF2E Jehldch ZAA 99
S FA5k= hard segment’} thEk 25nm o)kl
e 32718 7Hdd wet S48 FEA4E JebR
o o]E2 REe FHEEAd T2 YL 7}
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Hard-segment / ~
domain N y -

18| 8. =AHel £ SFEHIE FTPES| njMIT-E.

Monomer A + C=C~0-0-R
fow temperaturefcopolymerization
A\
C'?\/\A/\/Cf\/\/\/
QOOR OOR
a
a + Monomer B
gnﬂ-pulymulnlnnjmgh emperature
\/\/\/\/\/\/\A/\/Y\/ N NN
{
B B
i ]
2| 9. The scheme of graft copolymerization.
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4.2 J=E 25ty FTPE

agze 53 FE4 @A ¢ Cefral Soft®
= J% 99 Hole nie} o] T WAR o] Fold
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CTFE<} 84 23} 8 SAo|=[CH,=CHCH,0C
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& &elUA 2R JHZE segmentE FAA
Fl=t), olu =z VDFE& Algdla 283,

38 109 Yepd Az o] 1HZE FFHEY
4 BAA = 27A9 PVDF7L $-33te 24
d9e g4It = FZEANA PVDF
hard segment®] F& E5 FZEA FLA B
o gon, Avyor a5 FAANL FqEL B
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Hard segment
(thermoplasticity)

Soft segment
(flexibility)
7 10. £AIEQ| J2HZE ZSFEAIE FTPEL| AOlA|
TE

A7 9} PVDFe] £7AEE Holn] £HPAL 7a
3t} Cefral Soft®2 Wjsistio] Hojux 7|4 %
e 8 A TEL SdA BT 531
E3 PVDFe] A4 71edsle] FA4 Lo &3]
#rh

5. 7|et #EL RIS

5.1 TFE/Propylene

TFES} zZzdde] A FFEHEM  Asahi
Classo| A 197534 Aflas®&l= AHEH o g Al
9t Hexjelz Asluhiog AzA 7E
o] FE4 BARG B} $58 WErEE Kol
o, A S o] g 53 APHE A
Utk ZH oY HHE oflA FAAIAY =
£ 49 shaft seal 22 §=o AMSHT &3l44 &
ZFA el go] 45 WIF fuldA HF ol
A7 4 Q). o]#d TFE/PPA ¥24A f78k4
Ao EGE E 49 oh2 @733 BAA ¢} vast
At

5.2 TFE/Ethylene/Perfluoro{methyl vinyl
ether)

1986'3 DuPontAle]] oJ3f 7|dEgles, BE 7t
A E B9 HeAl=2 Aadch HSE B4
s Aol Baieash ohalA RAPAAY A
A 3 x=FEE RS Alg"Ho. TFE/
PMVE$} TFE/propylene ©HAAHr}h RL&EA o)
43, TFE/propylenex ¥ @3l d3 =
BES HolA = ¥erh

flo Ho
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53 TFE/VDF/HFF’/E‘I:hylel'\e33

AusimontAloll A gdgsisid e, Hrldl o4&
VDF 42¢] A% (VDFA gA4A 2] o] 24 A3 7t
SolH)& A2AFN7] 98 5%°] ethylened 3
3= FEA g@AA ol

5.4 B

2 A EFEHE A8 TF 0E qEL
iAo} Bd3lit). o & Eo], green strengths}
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g 2ydgdte sz /fAE ¢ Aok 2rldle Bl
Aol WA e @gHele] B AT FES
5359} =8o| ¥EHAch ey thE ©A o
Bidoce gEA @A FHold 54& X351
7} o137] g2 de] L&A= ¥ Utk

55 A4 HEL EHAMH

FE2 frIEAdA s g A E ARREE
Aol dutdolr}. 1L} ARSI o5 A
o] FeHPdx 33t AP FEHE &2
3o #4998 wleks A oJEE AR
A8 FuE A2 ZFAY E=4y gold ary
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FEA BAAE olH ¥ 2719 BaAdd o LA
37 AFEYa, A AsA, 3, AVIAF
T o BollA HAAA, ZEA, FIA T2 A
451 gk
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UloiA 1, solvent-borneo] R tf & A& 2
Asha Qo AHSEE nEAE AHEEFY wat
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3, Halshy, 448 T HellA etz oz A}
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@4, 7Fe4d BoA "ol AMS-EHd wet 3t
93 2349 545 AstEo] HrhEh

Solvent-borne &4 A 9] Suj2A= HE
Aol AL d2b27 F& SIS UehliA,
o] ExFe] FtErE LA =rt AASA &
dol Az Aol Lol ngAHEY Hd o
g fA 4L vHE 5 Utk 15%0)3te] n¥A
g Ze AngA 2EAe ¢ 32 HAEE
Bz A Axge|d & AT gk Rz

52 84 F ok Ad= ol ofl, HE, o
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3= BAAE €& 7 Urh
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6. BEL FIIREHS 1S

6.1 Compounding

84 BAAle compoundinge THE ©AIA 9
HwEle AdFez zigsich. dwd ez Hris
£ TAREES O3 2o

- XA, 7F2%A], acid scavenger(metal oxide),
£ AA) (hydroxide), 7tuA| 2} 7t 4], &

zt A7 9] 4e AMgE staktes dux se
AFEEA, 7Fdyd vt 229, E 69 A¥
A9l compounding A#ES yelii St EF
& open-milling®} 4] E§7]7} de] AHE-H

6.2 A8 (Moulding)

FE4 BAAe o 60% Rt AFAZN ol

AEL VEL Ut FF& FES A 5
2(25-30%)% nHBA A stoiol Bt YA
o2 scrapg HA3E7] 98 preform& WA "
£33, 399 ¥e F 4Fsa sturd. 539
2= 170-200 CAtelely &F 7tu & HF A
Fo] BAE AN BFAI7) HE FAE S
4 g sjct.
%719 82 @A AFEAdEe] oA,
AGE ezl 24, WA v&H g, ZEX
ool #E AT 5& 53 FEHA Jta 71wl
gAE ] Ao 58 ARAEFSE VE F A
Ak 4R vlste] FAAERIZE ZAT, 2R
53 Ax5d, 38899 ol HolA By
& & A o] 7|&E ARSI 3= & 95Y0l
t}, O-ring, seal, gasketzo] Wige g AFFHI
A E AFL ARHo2 AR Aoz
SAZE Yot Barreld =29 &%= 70-100 C
Axola 89 &5 &= 180-220 CAHXEolt}.

Al2E FEY A= AA FEAS @A AEY
10% wigkE A gt AR AlES devie
7haA] ko] Basly] Wi A e HHEg
A& TR stmugel gtk olHE o] {2
Qlsld 7lay Z7)u} air autoclaveo|A] o] FoiA
o} B3 AR EFE 4E5AF 9 preforme] AxZ
= f&3itt.
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E 6. 24 ERIH 2 MBAPCl e 82

Lead oxide
Calcium hydroxide
MT N990
SRF N765
Calcium silicate
* Untreated
* Epoxy silane treated

Activator
Black filler

White filler

Barium sulphate
Pigments Iron oxide

Chromium oxide
Organic pigments
Carnauba wax

Low MW polyethylene

Organosilicone Compound

Processing aids

Perfluoropolyethers

Ingredient Grade phr Notes
Crosslinker Bisphenol AF 1-3 Nucleophilic cure
Diamine 1-3 Diaminic cure
TAIC 1-4 Peroxidic cure
Accelerator Phosphonium salt 0.2-1 Phase transfer for nucleophilic cure
Acid scavenger Magnesium oxide Diaminic cure improves bonding
* Low activity 10-15
» High activity 3-6 Steam and acid Resistance

Also for peroxide cure
4-6 Activates dehydrofluorination

10-50 Best cost/performance compromise
10-30 Better hot tear
10-40 General-purpose
improved metal bonding
Steam and temperature Resistance
20-50
1-5 Red/brown compounds
1-5 Green compounds
0.5-3 Large range
1-15
0.5-1
05-15
0.5-2

i)

A o] AAAT WEEdo] vh=A]
Aol A F2F 4T . e I &89
A& WE7IT AUoh AFa A ey <l
A el RE go] AHEEY I £EE o
2t} : shaft seal, valve stem seal, O-ring, engine
head gasket, filter casing gasket, 38 H=9] dia-
phragm, water pump gasket, 98 &2 5. 3
FEad s FFAPANA S shaft seal, % 32,
O-ring, H7) A2RA, B3| gasket, A &
24 E9, 9893, 4% F2 Foz $8¥M,
R L
joint, diaphragm, blow-out preventer, valve seat,
gasket, Z}% T, ¢HAE 2 b ARE Toll AR

e},

fo
o ek ok

C

i)

O-ring, expansion

slol=FAlole F 7Agl 3lEE
%ol B¢ERART FEE A we HEAAG
A FARAE HE&=H3 k. B 7 4F g
)%t perfluoroelastomer®] A48 71&314 ).

i)
o
e
>
o
_QL
H
H
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E 7. MY Perfluoroelastomer2| SE& &MY

3 A

2% 2% aggressive chemicalsoll
o &k A4

slshEA wWakshyd, Z71d dia A&,
fusitive emission®] Z&, 71A1& 9
3

A ENE stetd, WEEA, F44 AlFAdd
st WA

ol okF £2%, 3%, aggressive chemicalsoll

We Ay

7=l Al | &AL HoHA ) A R

=5 watehyg, AHEL AE WA
=8, 98, 7t WA
al RERT)

1994 A ARl digt AAAAGS o
9,000-10,000 tonso] Qi ch. o]=e] 60% = AF A4
e, 10% = &7 Hf3eadd, 10% = 3%
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Ao, 1 92 20% B =7 Rl AHE e
o, A2& £=9 7IE BgAe] dAFLE &=
7} Faslojzte) mel A¥T AFES 5-8% A=
& veEpa i

8.2 &

dEA A7|EdAE FHold WEEy, dUdA
oz 3t AA &= Foroldx MER H
gBoto] Jdal 71Ee ©AA AEFES A SEA
A& #HE dHex gt ugul, FEA {7
AAe] @dolgtd JHAWAA 7]Ee BN RG
srtehe Reolth Ed EudA =3 = @kon,
fluorinated  polyurethane, fluorinated poly-
epoxide & EA-BAA ] FHE o[ &3 o8 7t
A DA} FESEA O AFEHAAT Uk 2
g U AP dE4 U ARkl ofY
g} Exfol g Adgely & A7t A=
o Hlsted ZRAQ FFo 21X itk wEA &
B2 A Sse A g rled Suet
ofel FA A SHNME o FQ 3t
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