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Z8: 2 AtoliE B4 AuE IREFEVMQSH AT IR(VMQE 2= vlge) ujet EFslel Axsty 7}
R A8, 9T 9F 208, ) WY, BHES TP Wl 2 do] gerest 7y dx
A 24 B9 sk A2HS slsiglon, VMQ g3l F/18E shgdel SIStk Ee, AR
£ 5] FVMQSE VMQ2] AH4-3€ SRIsIit. FYMQ2] Hl&o] 27152 sekilgo] Z7kaislom, hise
NEFE FF FVMQVMQ®] BAIS Hlao] 98 W Ao ekt depd of A7) Aske 7149
g3l g 141%*3 < 98 FVMQ/VMQ AIE 7 9 $-8o A8 7158 202 7|g€r).

Abstract: In this study, fluorosilicone rubber (FVMQ) and silicone rubber (VMQ) blends were prepared depending on
the blend ratio. The processability and compatibility, compression set, long-term heat resistance, and oil resistance of the
blends were comprehensively evaluated. It was confirmed to have a similar crosslinking system and improve the pro-
cessability of the blend with increasing ratio of VMQ by the moving-die rheometer and Mooney viscometer measure-
ments. In addition, the compatibility of FVMQ and VMQ was found by using scanning electron microscopy. As the ratio
of FVMQ increased, the elongation at break increased, and the oil resistance was affected by the correlation between the
type of the test oil and blend ratio of FVMQ/VMQ. Therefore, the results of this study are applicable to the development

and application of FVMQ/VMQ products for long-term thermal aging and oil resistance.

Keywords: fluorosilicone, silicone, rubber blend, heat aging, oil resistance.
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A& 31 F-(silicone rubber, VMQ)E= 7184 1 F-w T}
’7.9.0]])\1 ol 71412 EAz WAAL zh=t) §7)8H4

o] F29 C-C AFNUAIE 347.3 ki/mol! H] H]&)A]
qu FARE Si-0 AgNUAIE 451.9 ki/molZ, o2
gk AgelA] o] zto]l= Q18] VMQE] 5430 yeRdtt. Wi
S AA] Hojuh A= Egle] B8-S FA151H, ©]
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BA 54 Folgk affolnh*® o] & <13 FVMQe= VMQ
Hoh 3 WA WeA 54 3 o8 248 Z2A
g, T7F 66 °C2 -127°C31 VMQETH &4l Eom A4
2 VMQEL} W2 shd-S BRItk mapAa] 535 o
ot WHAS Hole VMQSH 2] sl At oz}
ZElA, A, ofdd Y SollA BT Hojd A4S
BHelth? o] g3 EA 02 FVMQE O-#H(O-ring), /27
(gasket), ¥4 (washer) & =2 WF730] 875, SAlo W
gAJo] QE= Folel ARE-E T

AAe] FVMQ A 25 20179 19] 65045+ 22,
20229 = 29 39247 S E 7.15%9] AHANLE
(CAGR)E gug Ao= o ddnt. 53], At -9,
A7) 72k Aol F= ARSEY FVMQS] =2 70 = <l
3 3-8l At ol Al S AT 7FeAE ATH!
wEbA FHZ FVMQS] 3-8 W91 gistr| f1gh A5l
&Y= aL Atk 75 DOW Chemical Company= FVMQ<]
E4S 7P AAA R A5k kel ALl Aete
™. !! DiPino= A&}l 2 AM8-E = turbocharger hose
line &9 th3t WAL A7361213,? Bhuvaneswari 52 &
ol gk WidS ek

2 AFM= FVMQ2] A8 ¥ 3-8 i€ <8 VMQ
of gelEale] 7] dst B Wid 548 75 H4 £
A= v)ge] FRE Ex2 sl 53] VMQE FVMQe} 2+
< Si-0 FARES 7HIAL Qlo] FYe 7k Al SRS 28-S
of Ao B ¥ &S A7 ol f3l F e
71 I AEAS 9133 ASTM reference 2.24<1 IRM
9013} IRM 903 thgh W33 2o A e HEd 2

T 4E FES 295 WS,

Lo ok

Al
=

o

Algk & THE. 2 AFolA FYMQ9F VMQE ¢+, Shin-
etsur}9] FE 271-U, KE 971-UE ARE-3F31om, Dol 3]
o) d-S A st= peroxideAd] 7IA 2 Shin-etsurle] C-
8(2,5-dimethyl-2.5-bis(-butylperoxy)hexane)E AF&-5}53 T},

18 BHc ¥ JiW. FVMQ/VMQ BAI=E Axs7] $)
34 8 21A] open mill(two-roll mill, 5-317]14], tgHI=F)e-
ARESIATE. A7 Aol WA Tkl RES-S AlRfshe &3
X (scorch)E WA} FAo] B4R 213l open millolA] 2.0
phre] 7kAI2F FVMQ, VMQE &g|o| we} F¢iste] 8
Bt A o] % EHE AJHEE 150 mmx150 mmx2
mm ZL7]¢] A E(sheet) B SRl F2] ¢ =
(2P1U, %3} ENG, th3l=)2 ol-8-slo] 180 °Coll] #H# 7}
T A ZH(ty)y &R 7HAH T ERE 23] E Table 19 U
ERf AT,

opte 0% S8 24, 17k FVYMQ/VMQ E3=9] &

ZaH, Al46d A1, 202214

Table 1. Formulation of FVYMQ/VMQ Blends

Description ]zm? XVI}EAQ) CUIi(rIl)%]r z;gent
FVMQ100 100 0 20
FVMQO80 80 20 20
FVMQO60 60 40 50
FVMQ040 40 60 20
FVMQO020 20 %0 50
FVMQ000 0 100 2.0

& moving die theometer(MDR; RLR-3, Toyoseiki, & &)
£ o]-&3to] 180 °CeollA mI7kal i E-IES] Al7tel| W&
Ed(torque)E SASIATH BT WE 42 ) B2 3
(M)l 90%ell =2eh= AlZHS UERN™, MDRO] £312] A
ZHtoye A B (M2 5%5 VYERLS wle] AI7ke <]
Hjgich ! o] E EU2 vlieke SE=9] 7kl &% X9 (curing
rate index, CR)E ASTM D 1646 Part CE 3 =3}e] o}
o] 2 (1)} ol At 7hl £ Wsts ARttt e
100

CRI= (f90—152) M

T A=A (mooney viscometer, Toyoseiki, ¥ &)E o]&
3lo] ASTM D16462] HPHO =2 125 °CollA] FY %= (ML,,4)
oF 7y 23X A7Heys S8t T AEs AL
7S st 4= 9ow, ML, oM Me FUE 55,
L& ZEolEe A7|E vERdT E3H 12 1 ming] pre-
heatingS YER™M, 4% rotorE 4 min 7+ 2sste] 43
< onjgitt. 7Y HEAeA ] 2 HA HAEeM 5 pt 5
71 W7 AlZkS e

AN BM | ARFAE 3 (differential scanning calorimeter,
DSC, Q2000, TA instruments, "]=1)Z 7}2¥ FVYMQ/VMQ
a5 BB AEAE gRlsh] flst T,.E Skt
540.5 mge] NEZ ¥ A4 717 3llA -80 °CollM 50°C
7HA] 20 °C/minZ 523131t} 7lE FYMQ/VMQ % &
Ao B3 225 gR1st7] 95t EFARA(TGA;
thermogravimetric analysis, Q500, TA instruments, V|=7)<
ARSI F F e 10%, 30%, 60%7F A EE 259
Tio, Taos Teoer S8BIATE 2040.5 mge] A EE YL A4 7]
F skellA 0°Coll# 820 °C7HA] 20 °C/min®] &= 245}
32, 820°CollA] 870 °C7HA] 5°C/mine] =& kA 7|5 &}
ANx Z7gsksdt.

DEZX| M 713" FYMQ/VMQ B4 E9] REZZ X
2o FALA A Z(field emission scanning electron
microscopy, SEM, SU8220, Hitachi, J¥ )& o] &3St} Al
He A AAE o] g3t o, wig IE F 43
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714 26 2M. 7lwE FVYMQ/VMQ 2% Edl=9] 7]
AX B UFXH A& 7](UTM; ST-1001, ESalt, T3kl
)E o]&3te] AT KS M65182] AlFH 4 ¢l wh
2} o}E 3y de7] (dumbbell cutter)E ©]-&3}o] Az Tk
KS M 6518 whet BE HAEE 4204 500 mm/min®]
SR Z4som, »MMS&} FHAXE AT IHe] et
e EATSHAT

AT AF EF2 B, I+ U5 S5 (compression set)
=4 ASTM D395°ﬂ e} el o, Al HS A5 28.7
+0.05 mme} 7 12.47£0.13 mmZ 21]_1_0}‘}213}. AzE Al
HE AJHE] FAE 25%2 G| spacerel] 3702 1 Al
EZ A3 Geer-type oven(No. 272, Toyoseiki, U+)
S ARg3le] 175 °CollA 70, 250, 500, 1000417 B9 =4
aFRom, 7t A7kl Al - spacerollA] el ste] Aol
3047 WA & Al FAE AT AlEe] 27 T
Aol =3hrl Fo] FAE ol&ste] ol 4 2)F FE ¥

T B8-S AV,
(to—1,)x 100

Compression set(%) =
(to—1)

(2
A71M = AEEY] A FAmm)Ol L 12 Al T F
7, tye spacere] FAo|t},
7}—’-‘— A L3l §M. 7IwE FVMQ/VMQ Ed=2] E =
B8 I8P 918l geer-type ovenS ARSI <
ﬂ%&i | NS AaL SPAATIHA 71 3719 HE
t}. 175°Colq Bz = 747} 70, 250, 500 100071 7F
| & AFTE FoiX Algko] A 2 71A1F 54
AlgHAe] e B eSS %236}0% W3} H| &=
UrE}LH‘EiE}.
T S4. FYMQ/VMQ E-=9] &8 i 54& &
olr 7] flate] T A Al&ate] 175 °ColA 22t 70,
250, 500, 1000~]17F B3 BHI2E 00101] %‘X]Alziu‘r. a3

0 oft > rr lok
5:_1

- 22

J

S5 AJHOA HAE 0dS A7 4’6} oA 3 A7k 9
of 71A1A 4420 AlgHe] A~ ‘; %ﬁ%g =23
o] W3} vl&= YeplAt) Eﬂ#_E_ 992 IRM 901, IRM
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Table 2. Properties of the IRM 901 and IRM 903

Property IRM 901 IRM 903
Viscosity
(at 40 °C, cSt) 223 32.99
Flash point (°C) 243 176
Specific gravity 0.88 0.92
Solubility parameter
(MPa') 13.9 16.6
Distillates (petro- Distillates (petro-
Chemical leum), solvent- leum), hydrotreated

composition dewaxed heavy par-

affinic, 30-70 vol%

heavy naphthenic,
99-100 wt%

903& AHE-5I312™ Table 20 ©9e] 579 UEhH AT

[N

9 EE

O FVMQ/VMQ E/I=9] 7hal 5748 S7d3Ilt. Table
3] MDR % U H=& 543 2345 Jepisith 3
e ST AFE B BAEEE T A7 Aje]7) 102 ©
el A ks p_o%%% RIZ A2FsHE 0.77-0.79 Alo] =
718l Apol7t e & = Ak olH T A= FYMQSt
VMQE &= toi% 7};]_ AlzglolE 2 s fles
ojnjap, F Fe] FAREO] Si-OR Il AMEE 7haA]
AN e FFE] FakskE (peroxide)S AHE-SH] wES
2 59l &3, BAs) 7S ML 12 B1E
= W VMQZF FVMQETH Her} s} 7hgdol Fomf &
A=old vMQE Sl S71EFS 7 S7I8HAL MLyt
Aot 7hgrgdol JidETt

EX 2AM Z3} Figure 1] FVMQ/VMQ E31= 3
DSC HI°lHE YeRASIT. -50 °C F-2ollA Yehus ¥as
VMQ?| T,oH, el we} 2 A717} asle As B 5
AT -66°C F-ZolA U I+ FYMQS Tolth.
VMQ?] T= & AgolA A& DSCO| S8 9IE Hofd

07k 09 SA) 24 €2 MDRS Fel el 2]
s

Table 3. MDR and Mooney Viscometer Values by FVYMQ/VMQ Blend

Property FVMQ100 FVMQO080 FVMQO060 FVMQ040 FVMQ020 FVMQ000
My, (kgyem) 8.63 9.55 9.89 10.99 8.00 10.47
M, (kgrcm) 1.01 0.89 0.74 0.68 0.39 0.58
MDR 1 48 46 46 44 54 47
at 180 °C 2 (sec)
oo (seC) 174 175 176 170 182 177
CRI (sec™) 0.79 0.78 0.77 0.79 0.78 0.77
Mooney ML,., (MU) 29.9 272 24.6 212 18.7 16.7
at 125 °C #s (min) 16.14 17.73 18.89 19.7 22.46 25.06
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Figure 1. DSC thermograms of FVMQ/VMQ blends.
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=t Ho= 0] A W VMQe] o] SRS
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Figure 2. TGA thermograms of FVMQ/VMQ blends.

ZaH, Al46d A1, 202214

e A - olsh

— PO 150
rosaoe
N e
o
z
= 0B
2
;. 0.4
2
§
(=]
02
0.0 - =
200 800
Temperature ("C)

Figure 3. DTG thermograms of FVMQ/VMQ blends.

Table 4. Ty, Ts, Ts Values of FVMQ/VMQ Blends
Description Ty (°C) Ty (°C) T (°C)
FVMQ100 482.0 522.1 566.1
FVMQO080 482.6 522.0 577.5
FVMQO060 482.3 524.1 584.5
FVMQO040 482.9 5322 595.4
FVMQO020 484.6 537.8 599.2
FVMQO000 490.9 542.9 602.0

o] o] F7IFE g0 SV wWEelgtal & &
AUTH

DEZX| M H1 FVYMQ9 VMQE AE W& A H
2 714 Ik Aol FElsH FHETaL B F3 Q)
O}, Figure 49 YERY FYMQ/VMQ Edl=9] RE 2o
A UERA] et 53], BE Folx 98 aol &
AR E3E A7 4 QAR JEEE T LT Al
o] AHo] W] #AER] =l FVMQe VMQe] &%
H]go] FARBIAE FYMQO0603}+ FVMQ0402] 73-¢- U+ &
Ho| Thd: AR BHS & 7= AT dukyoz A
8790] glS ul UEh= sea-island FEl= FHEEA] 207
AFoZ & Ao e AEAR] BEE & F Ut o=
I Atole] FAEo] RS HS G UL ¥
FEES YERY FVMQ/VMQ E3l=ojA E2]F EAJe
FA3 AslE YA et & 4 Uk 2 mebA
FVMQ/VMQ®] “3-873¢] thalir d2leze= gRld o I
A RE REZA A Q] Fatoll M= ok Ad = ot

714X M 2M A Figure 59 T3] Zt7] &
FVYMQ/VMQ Ed1=29] 7|74 548 YepliSlth. FVMQRH
A wl= gilgo] 304%E Holtk VMQ2] EEkel 20%
A Z7vaPH IS 285%, 266%, 253%, 234%2 74
3tk VMQRE A1 wl= 219%% ZHashs A1S selst 5=
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Figure 4. SEM micrographs of fractured surfaces of (a) FVMQ100; (b) FVMQO080; (c) FVYMQO060; (d) FVYMQO040; (e) FVYMQO020; (f)

FVMQO000.
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Figure 5. Tensile strength and elongation at break of FVMQ/VMQ
blends.

o] VMQ®] 3tgo| S718rE aehilee fhadhes 2s &
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< SFs)ET

AT dF E52 24 Z3 FVMQ ¥ VMQ= 7H&A
2 @Wol ARGEH, /TS I TR0 F o]Fofx] F O
2 3R] ETIO 7 AF(sealing)S FAI ST G A=
Zog9 Hrp) Ao DR SHS 24 Q= EQ
gk A 3toltt. Figure 6o FVMQ/VMQ®] e o =5
085 eI 70417 739 FVMQO] EHego] B
TE T 4F 580l U AR 2 Apole HolA
GETh T U5 F55 A1 AlZte] B Zojzl 250-1000

——&—— T0h
1 1 S o 250h
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Figure 6. Compression set of FVMQ/VMQ blends after heat aging.
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HEF E580] 5T T el B ke ¥
A5 58 Aol7t A AN A7 815 e VMQ
9 ??E*Ol O B2 ER=Tt 99 o4 F E980] 38tk

ol @ w3} Alzie] Z7He] Wt UgAe] ) $48 VMQ

o] &fo]l FTlele 7] B4 o & fXleke Zo=
fal=
715 o w8t §M 24 Z1} Figure 7914 geer-type

oven W 175°CellA] 42} 70, 250, 500, 10004 7He =814
2 5 249 1A 54 Bﬂﬂ%% UrEMJ?iE}. =8} A7k
o] AojRel w} QI B vhile Mskgo] A} 57}
= AL B ot AT WEee VMQS §Hol

7Fgel wet a Fo] FojEe Ag T F gle) °l
= Ao vMQe a4l FVMQETE §-5817] mi
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(a)
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Figure 7. Variation in the mechanical properties in the FVMQ/VMQ blends after heat aging (a) relative tensile strength, and (b) relative elon-

gation at break.

of Yehd Axfolt}, T3k, 70417 =38ke] 749 FYMQO020,
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EAS A8k ole 7 uigE el 7k gl 3o
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AANA QAAES FAIS Al HEE-S FVMQS]
o] BEE A Fo] A Yehtst o 94 71
A 54 Adet dxsith @ w8} Al7te] Zojd s gt
A& HskEe] F7F F2 HF3F FoEH 1000A]7F =3l =
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d 3} 4 Ao} fASTE ol IRM 901¢] It A
LA =Z solubility parameter”} 13.9 MPa'?o] %% VMQE
14.9-16.5, FVMQ¥ 18.0-20.00. 237 3159} © ¢ Ajo]¢]

{d) I [RM301, TO h

EEEE IRM301, 250 h

. IRM201, 500 h

B IRMG01, 1000 h M

120 4

100 A

&0

&0

40 4

Relative tensile strength (%)

20

?[

0 : 5
FVMQ00 FYMQUOA0 FYMQOB0 FYMQO40 FYMQO020 FYMQO000

solubility parameter 7t 2Fo|7} W] W] VMQ9}F FVMQ
T R B A eddls & 9 B4 @] Wi
o]r;]_.3,28

IRM 9039 A $ ZA 3 71412 54 HsE&S Figure
99 JERNSITE. FYMQ/VMQ Edl=29] shapd g olg7te
4 glchal g WskE IRM 903¢] Y22l Al 2 Y (naphthenic
oil)Z solubility parameter ZL°] 16.6 MPa?Z%* 18.0-20.0
<l FVMQoll= & 92 A4 &A%, VMQE 14.9-16.5%
Qo] good solventz Z-g-3lo] TFo] TEA} ARER HE
slo] 2 B3 9] HE-(swelling)o] Dojtt} ?30 o]of wlz}
A 2 A7E HolA 1A Wskgo] VMQS] ol
7Vl et Wol ke ddo] wAgit)

FVMQ2| gt&Fo] 80% ©]/<]l FVYMQI1003} FYMQ0802]
7= IRM 9019] A7} A 2pe] YA ko VMQS]
ol 40% o3l ER=olA olet Wi aHE Ao
Zo] Jx} F7HHE & ok

(b)
5] . (RMA01, TOh
B \RMA01, 250 h
s B RMS01, 500 h
&£ EEER IRMB01, 1000 h
= 100 -
_E T
Fe
w
= o
S |7
B 6D .
c ¥
=] i
v 3
L 404 B
w
& ;
20 |I
(B
o -

FWMC100 FYMC080 FYMQO0e0 FYMQO40 FYMQO20 FYMGO00

Figure 8. Variation in the mechanical properties in the FVMQ/VMQ blends after immersion in IRM 901 (a) relative tensile strength, and (b)

relative elongation at break.
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Figure 9. Variation in the mechanical properties in the FVMQ/VMQ blends after immersion in IRM 903 (a) relative tensile strength, and (b)

relative elongation at break.
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