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AFLAS® 400E/ AFLAS® 600S

High-performance fluoro-elastomer having excellent
crosslinking properties “AFLAS® 400E/ AFLAS® 600S”
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Fluoroelastomers are widely used in harsh environments such as the automotive industry,
chemical plants, and semiconductor devices due to their excellent heat, oil, and chemical
resistance compared to other elastomers. Among these, tetrafluoroethylene-propylene
(TFE-P) is a unique fluoroelastomer, with the ASTM D1418 designation FEPM. This is
clearly different from the FKM category, which describes general fluoroelastomers in terms
of their chemical structure and performance. Particularly, TFE-P has excellent resistance to
bases and hot steam together with good electrical resistivity. Due to its performance, it has
been used in transportation, industrial sealing materials, oil field parts, and cable insulation
since its development and commercialization by AGC Inc. in Japan in the mid 1970s under
the trade name AFLAS®.

In this work, the modification of TFE-P copolymerization was investigated to improve its
excellent crosslinking properties including its curing speed, physical properties, and mold
release. A new FEPM was developed using a new polymerization process. This has a specific
cure site that can be cured with peroxides. The cured material shows good compression
setting, tear strength, and chemical resistance. Its processability, heat and chemical
resistance, cure scheme, and adhesion to metal and other elastomers are also discussed.
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Fig. 1. Positioning of Fluoro-elastomers.
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Fig. 2. Various kinds of Fluoro-elastomers.
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Fig. 3. Various applications of AFLAS.
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Table 1. Various grades of AFLAS®.
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200P BEEE ERA ERMERIT
2008 A —L ERA ERIERLF
210P Ry$—I A
BRI A
150C/150CS EF# (B8 H—3)
150FC - = AL - ] 25.L84F
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Fig. 4. The Problems of original AFLAS® compared to
3-FKM.
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2.1. &R

FhIIMFOIFL Y, TUYL Y ARERE
/==t LT, AMLEAZEIZL YAFLAS® 400E,
AFLAS® 600S% N ZENEW L7z,
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3. AL —F:
AFLAS® 400E

3.1. AFLAS® 400ED*FH
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Fig. 5. Raw rubber of AFLAS® 400E.
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Fig. 6. Characteristics of AFLAS® 400E compared to
3-FKM and original AFLAS.

3.2. AFLAS® 400EDERS & iEYHE
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Table 2. Standard formulation of AFLAS® 400E.
SEEL]IS ATOED I —R Uil A

— AFLAS® 400E AFLAS® 150E
BAA | BEB | BAEC EERLA

AFLAS® wv— 100 100 100 100

MTH— Gl 10 10 10 30

TAIC pANLGEpE 5 5 5

WH-60 DR B4 13.5

NIR v A4 It 1.5 1.5

N—n¥25B D] 1.5 2

AT T/ BRIV YA | SZ 1 1 1 1

SN2 — 1 1 1 1

*1 ZFILL CHRET DL AR Y
2 HESEI TBIANEY r~—/LXO-100 (B %3)

Table 3. Mooney viscosity of AFLAS® 400E.

~WEIE  100°C~
- AFLAS® 400E AFLAS® 400E
4 SHCE E_L.lﬁ A Eﬂﬁ‘ C
MLI1+4 63 68
MLI1+10 57 60
~WERE  121C~
e AFLAS® 400E AFLAS® 400E
R EA A A C
MLI1+4 39 41
MLI+10 34 36




Table 4. Physical properties of AFLAS® 400E.
SIUNNFEL60 C X 1043 2200 C X 4]

AR AFLAS® 400E AFLAS® 400E
- BlE A & C

SI8RTRE [MPa ] 1 16
100%%Y" 274 [MP a ] 4 3
SR [%] 460 450
W [shoreA] 72 72
R 1.6 1.6
JERMEKAZE[%]

- 45 38
Disc, 200°Cx22h

SCHIEIREEL70 °C, IESMFRPAL2SY, 100 cpm, RIE3E
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Time {min)
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Fig. 7. Curing speed of AFLAS® 400E compared to original
AFLAS®150E.

3.3. AFLAS® 400EDfiZtE - fitEEmtE -
it 2 F— Ltk - ERERME

AFLAS® 400ERL A A DI EE, i3 mhte: - iif A 7
— 2, BAMIENEZ Table 5. 6, 7ICFNEFIURT .
EaoiE ), AFLAS® 400EIZEAFAFLAS®FEARIC
BN B WSS E A LT b, FRIC
FRKMIZHAREN TR, B AU 2 R
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Table 5. Resistance to heat of AFLAS® 400E.
(1) mEEZAE [Point]

BRI | 168 [ 72005 | 20008 [
200°C 1 1 0
400E 230°C 0 2 -2
(%) 200°C 1 2 5
150E 230C 0 -3 -
(2) SlEvmEELE (%]
PBRIREE | 168KERT | 720WER | 20008 fif]
200°C 14 15 17
400E 230°C 4 3 -9
(%) 200°C -4 14 2
150E 230°C -11 21 -
(3) U L% [%]
BRI E | 168WF[H] | 720 | 20008 [H]
200°C 0 0 4
400E 230°C 0 6 -16
(%) 200°C -7 -7 -7
150E 230°C 14 32 -
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Table 6. Resistance to chemicals and hot steam of AFLAS®
400E.

FEEE
A ELBES%ERE B: TEFE 520% C: E(LFE 20~50% D: FTIEEE 50%LLE

(& S MRERL) (a2 L) (i ARpFTR) (i AT
(1) MHIE SR
[fAr2b]
R ke 168 | = 720050 |
s |G e | A | | |
g AFLAS®400E| 0.8 A 15 A
(20%) N =%xwrM | 14 A 25 A
IKEE{EF MY AFLAS®400E| 0.1 A 0.8 A
(48%) Ol =gFkM | 20 | A | 70 | B
=Ly 7 | [AFLASG400E] 1.4 A 2.9 A
(100%) —JLRFKM peadiid D praviia D
TUE=ST K AFLAS®400E| 3.1 A 3.5 A
(28%) O =%xkM | @ | D | we | D
(2) MtATF—2158k
[ARRZE EE]
[ mEmn [1e8wsREl | gFfh | 720WRE :Wﬂﬁ_'
[Erizes (% | 14 | A | 14 | A
[ARZbE]
i H 1681 | 72004
i = 24k (point) -1 -2
O E (%) -10 -14
A ZLE (%) 3 3

Table 7. Insulation properties of AFLAS® 400E.

I T [ A 5 5

w H (Q-cMm) *1
AFLAS® 400E (HY<—) 2.1x10"
AFLAS® 400E (Bl&A) 6.8x10"°
[5%] 375FKM (KU ~—) 2.1x10"
[%#] 35tFKM (RE ) 3.8x10"

#5000V Fr—L60ec
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Fig. 8. Extrudates of AFLAS® 400E.



3.5. AFLAS® 400ENEE
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MBEEEICELTIE, Y ary TR 7 7YV T L%
DM & OECEEDTEBL Bl T Th TS
BAHEFFESNTBY ., — RS X 2852 RRT 5
FERME SN TS, TOZENS, T2 toEs
FEA—2AL LT, ABHEDOY —KRF v —J v —F—
ARPCVh— 2D EHREE MRS D,

4. 7L AR L—F:
AFLAS® 600S

4.1. AFLAS® 600SD%%#

AFLAS® 600SIZAFLAS® 400E Tt L 724446
W LA Z. TVABIEH Bl Ay b,
O-ringZn Y — VEH) 7L — F& LT, EHikA
B, ST 2 s B 72012, B LB TH

%o AFLAS® 400E[IEEIC. HEHRDAFLASROBENL
7AFRIZM%EL ETH S, (Fig. 9)o

FKMREM E

EBKAE ) (RREE)
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Fig. 9. Characteristics of AFLAS® 600S compared to
3-FKM and original AFLAS.

4.2. AFLAS® 600SOfA & EREMTE

AFLAS® 400E[f&k. AFLAS® 600S% R LY
MR & D 3G T A 2 835 2 &3k 5, Table
8IZAFLAS® 600SOEHERL A B % /"3 (AFLAS®
150PIZBEAEAFLAS®D 7 L A 7 L — F %2 $8
F)o MBS —SINIGE160 C TL055H o 2
TV A, U200 C T4+ — 7 Y T dH 5o
IHHLHHL FTTHERAHBITH D . TELYE - k-
IO A N2 CHEY 2B DAL & Ry
M Z2®IRT L EHNTE S, AFLAS® 600SH
AFLAS® 400E[Ikk, 78— Fv 7 147507 T% <,
—i 7 v FEIT LMD TV BLHEHR] (BEEB) T
[l 45k RE 2 J6H§ 5o Table 9ICAFLAS® 600SD 4
— = —}fhEE, Table 10I2H WY Z/R$ (REBOH
BRI AA L IZIZHETH D), Fig. 1013 NHEEE
P OmsE s — 7, MGEKEE) 2" L TBD,
AFLAS® 400E[FI k. 446 B 25 KR 122K < gt &
nTtwns,
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Table 8. Standard formulation of AFLAS® 600S.
SEEE]IS ATOED I —AR Uil A

Al AFLAS® 600S AFLAS® | (%)
akekid HAA | BAs 150P | =5EFKM
AFLAS® K= 100 100 100 100
MTH— v B 30 30 30 20
TAIC B 3 3 5 4
NIy A4 i A1 1 1
N=nFF25B A 1 15
AFTV BRIV I | 1 1 1 1
*1 ZEEAIE L CHRE DR SY
Table 9. Mooney viscosity of AFLAS® 600S.
AFLAS® 600S AFLAS® 600S (%)
fid & A EdA B =t FKM
ML1+4 98 97 19
MLI1+10 926 95 16
Table 10. Physical properties of AFLAS® 600S.

SAVNATE160 CX 1043 20NNAE200 °C X 4k

) AFLAS®600S (%)

e H
EA/A EA&B —=JEFKM

51 8E5R % [MPa) 23 21 20
100%%7" 274 [MPa] 6 5 3
SR HE [%] 220 250 260
¥ [shoreA] 70 70 70
o 1.6 1.6 1.8

SGHIETREEL70 °C, HIESMRPAL24Y, 100 cpm, HRIESE

1000 "
9% | ARG
® =T ume
i A
& /4
£ y/ A s
30
20 \Jl =
1o ‘\_f/
0
1] & 10 15
Time(min)
[Z846H5RT (90 min) ]
J— AFLAS®600S AFLAS®150P
"R A | meB | mwme
160C 6.1 6.3 -
170°C 3.1 3.1 10.8

Fig. 10. Curing speed of AFLAS® 600S compared to
original AFLAS®150P.

4.3. AFLASQ® 600SOJEMEKAE

AFLAS® 600SI3EN 2 HEMAKATEZ R L, &0
=) Y TEMISE L TWhs Fig. 1112200 Clck
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Fig. 11. Compression set data of AFLAS® 600S compared
to original AFLAS®150P.

4.4. AFLAS® 600SOfitZLtE - itZEsmiE -
fit 2 F— Ltk - ERIEHME

AFLAS® 600SHL & A, TsSestE: - iy A 7
— LM, B2 Table 11, 12, 13171 Fh
7”9, AFLAS® 600SH AFLAS® 400E[#:. BEAF
AFLAS®AM Y OEEN /N Bk, S mMTEEEZ R LT
W, BIZIE W7 I e R eI e shb bt
7 v FEITAEHRTHAFLAS® 600SOIFEE$RE
it 7 I U UATRENT W5,

4.5. AFLASQ® 600S) & Bugt R

AFLAS® 600SI3EEN /- &2 AL THB Y,
L7 —7u—FITTELHICHREET, 7L ABEA
HEOBROAE ) Z# RECH LT 252 MRS N5,
Fig. 121 FRCHIESMTF L A L 72 B o Bl IR
BHEZRT, EBIZLZ—F =25 b HERDAFLAS®
DECKIEED A A = VU SNz, & OEEHl
PESNTWAS,

[T 3 itif)

&/ P26,0Y9 v 7, IEILY) WEsOARXYF
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Fig. 12. Moldability of AFLAS® 600S.

4.6. AFLAS® 600SOiiihtE
HROEBY, 7y FITAET 2O T EVIHTH

WEFFS 2T ATHEH FRIZ VA VR I

7 I RIEMAISEEND BN T v F

Table 11. Resistance to heat of AFLAS® 600S..
(1) mEEZAL [Point]

PRBR R [ 168INER] | 720WERG | 2000 W fiF

005 200C 0 0 4

230°C 0 3 5

(%) 200°C 1 2 5
150P 230°C 0 3

(2) BlavsREZLR [%]

AUBRIEJE | 168IE[E] | 720WE[E] | 2000 [H]

200C 9 11 -10

6005 230C 1 -12 -21
(%) 200°C -4 14 2
150P 230°C -11 -21 -

(3) MOt [%]
B | 168WER | 720WF[ | 2000 [

200°C 0 1 9

600 -
230°C 0 6 -7
(%) 200°C -7 -7 -7
150P 230°C 14 32 -

Table 12. Resistance to chemicals and hot steam of

AFLAS® 600S.
TEE=
A FELE 5% KB B: LT 5~20% C: FLFE 20~50% D: HALIE s0%UE
(& <RAREL L) (RAZER L) (EREMETR) {{E AT
(1) TMRE A R
[ k]
. TR . . 168/ | = T20ME[H] | oy
PR o 7Y |astese| T | ggeson | T
A AFLAS®600S| 0.1 A 03 A
(20%) O =mM | 14 A 25 A
KEE(ET MY AFLAS®600S| 0.1 A 0.4 A
(48%) TSI Y A 7.0 B
TFLLY T AFLAS®600S| 0.8 A 2.0 A
(100%) 2 [ ZoikrRM | e D wig | D
TUEST K AFLAS®600S| 1.3 A 2.5 A
(28%) [ =ifrkM |_mM | D | #M | D

[fttdh & DIt 7 2 2] X2SC  aFLuy Ty 168 BERTIEE

i

= 15 e VR
410
600S
(2) AT — L5
[fAr2bE]
e | Losii | 7oommy |
£ 23 o) | Bl |dHE| Zfek |
(%) (%)
TR KB 80 0.1 A 0.4 A
AT — LR 170 1.2 A 2 A

Table 13. Insulation properties of AFLAS® 600S.

. IR LR

G e @- cm) ¥
AFLAS® 600S (KV<—) 1.9x10"
AFLAS® 600S (FE&A) 1.1x10"
AFLAS® 600S (H&ES) © 1.7x10"
[B%] ZxFKM (FEY~—) 2.1x10"
[5%£] =M (BEA) 3.8x10"°
X500V Fr— FeiEAl: BaSO4

TAFKM T L K MERE L TOREH A
BEND D, FZTHHT I VHEICENSAFLAS®
WEIREND T — AN 2 H ). HEJHESEZ HOIC
TEA L ENTWS, Table 1412 Yo A
JVZKT 5 AFLAS® 600SOMPERER DS F % 7173



Table 14. Resistance to various oils of AFLAS® 600S.

SAFLAS 600S B2& AfEH
HEUEAA/LIRM903

FRBRIE FE 150°C | 70 BE R | 168 FERT | 336 BT | 1008 FRE i

REEIE[%] 11.8 - - -
SIRYREZEILE[%] - -1 3 22
BUEIEE[%] - -8 -6 -8
FEE L #E[Point] - 7 -9 -5

H—e A A/ SF105

BRI 150°C | 70 FR [ | 168 BT | 336 B3R | 1008 B ]
RHEZEE[%]) 3.3 - -

5IRYREZLE[%] - 18 19 22
BUZAE[%) - 4 7 3
TR Z L #E[Point] - -7 -6 -5

A —b~F v ITUAIy T a A AL Dexron VI

BRI JE 150°C | 70 HE[H | 168 B[] | 336 B R | 1008 B ]

RiEEE[%] 5.5 - - -

5I3RYSEEEILE[%] - -6 -1 -2
BUEE[%] - -6 -7 -2
EEZ{EZE([Point] - -7 -5 -4

T 4—E /LA AL Diesel fuel #2

FRBRIEE 150°C | 70 WEFET | 168 B [T | 336 HF [ | 1008 K]

RIEZEAE[%] 27.3 - - -

SIRYBEZEILE[%] - 18 -21 -29
BUEIEE[%] - 17 -18 -22
FEEEZ L #E[Point] - -16 -16 -20

4.7. AFLAS® 600SH&EiEEHE

=) Y IHICBWTHE T AE, FEIC k- T
GBI SNTHEMEE LT LR TS, 2
DIzOBRE T 2IIE, TR D HERHEMIKAESICE
VB B T LMD R 5 F. SRR BT
(SRR PBERLTHEI b ROONE, 22
TAFLAS® 600SIZB W Ta B % Ei L 72,
Table 15|C &R HANLA. Table 1612 &) B ks
B EZR¥. AFLAS® 600SO 4 )& # 4 il & T 3.
SPCC, SUS314 - 316, 7 3= 2 WFhoLmb
BHI LT RIF a2 R L. FRCERA F— 4
FBEBTHZOEEMIHFEN TS (Table 16).
ZOZEHML, AFLAS® 600SIZ &8 I2H4 Sz
BAEMHEE LT, WE TREOBICEbREY—) v 7
EARe. AR B E A T OIS A RETH S o

Table 15. Metal adhesion formulation of AFLAS® 6008S.

AFLAS® 600S
AN
alakaki BAA |REERS

AFLAS® FYo— 100 100
MTH—K"V st 30 10
TAIC I Bh Al 3 3
N=HN I A14 JINER 1
N=n¥H25B TN 1
AFTVVERAN YL SZHRFH 1 1
I/ (EEL) @Es 20
MgO #150 ZEF 3

AGC Research Report 68(2018)

Table 16. Results and photographs of metal plates after
adhesion test.

AFLAS® 600S

2RiE EAA |(SBEARE

ZRANEE 200°C <485

Heos 5Tl
2AF—LRESR

SPCC |135°Cx 708

Heos 5Tl
2AF—LIRER
160°Cx70B

Heos 5Tl

ZRIOER 200°Cx4B5R
Heos 5Tl

AT — L

135°Cx 7085

Heos 5Tl
AF—LBRE%
160°Cx70R R x
b}

ZRANBE 200°Cx4BERE
i}

AT — L%
135°Cx 7081 x
g EHill
AF—LBRES®
160°Cx70R% RS x
HEE BTl

ZRIBE 200°Cx 4R
el

AT — LA
135°C < 70HF{H]

A [pEeEm )
RAF—LEEE
160°Cx 708
el

SUS304

SUS316

© © © © © © © © @@I@i@l

4.8. AFLAS® 600SNHEZE

FiR D X HIZAFLAS® 600SI3 2G4 12 B .
B BOBE. MR AEZRT D0, (EROH
BUANZ S B2 HEOREMAPGTE 2. AR/
IZ1&. AFLAS® 400E& [AlkkIC, ¥V a v TaRe7T
VAUNIZ= WA N (17 e AR |7 ey (A Ry 7 o
LTy =0 ¥ T¥ % ENORRPIEFE SN, #ilz%
RLArBze. M THZEZ MR LT b,

5. AFLAS® 400E -
AFLAS® 600SHE &

AFLAS® 400E. AFLAS® 600S3kicE T4 13H
%W (Fig. 5) C. B ZEAETHHT, W
P AT S I A it am 2R 5 2
MRS, Fig. 131X faft S L 7ZAFLAS® 600SD
O-ringBX 'Y — MM TH %0

Fig. 13. O-ring and seat of AFLAS® 6008S.



6. AR

AFLAS® 13— 7 v EITLTHAIFKME 1
B0, FRICIEIE. AT — A, MR ICER
MR TH 5D, BMAFAFLAS® TIHEE 72 5> TW 2 IE
% ELEODPOREE AFLASROHERDFFRZ D
TR L, ST ICENR S HTESAFLAS®
400E. AFLAS® 600S% Bi%& L 72 (Fig. 14),

AFLASe R EDHE

u A

m HESMEGFCER-73Y)
B [ RAF—LE

m g

m i imtE

PP TEHoTL BRI+ a
AFLASeD400EREE | AFLASeD600SEE
B SEEEE SRR
mEEK m AR
SWHEEBIL—F |m BFLSRE I
B RIEfMEKAE
m BIGEEEEY
S>TLREERYL—F

Fig. 14. Characteristics of AFLAS® 400E and 6008S.

—BE UM —

(1) bl TAEAORRE SEIHC. p. 127 (2005), —HektR]
EAHART AHE, HOL.

(2) WBBIESH, ARRAZ, *7 v FRME ORISR, p. 63 (1997), ¥ —
T2y — AR S

(3) ].G. Drobny, “Fluoroelastomers Handbook 2nd Edition”, p.
3 (2016), Elsevier, Oxford.

_28_



	7C-AGCReport020A_AB
	7C-AGCReport021A_AB
	7C-AGCReport022A_AB
	7C-AGCReport023A_AB
	7C-AGCReport024A_AB
	7C-AGCReport025A_AB
	7C-AGCReport026A_AB
	7C-AGCReport027A_AB
	7C-AGCReport028A_AB

