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Abstract: Recently, there has been a growing interest in the development of non-flammable, flame-retardant, and fire-
proofing materials due to large-scale fires in buildings. Especially, there is a great possibility of researching non-flam-
mable or flame-retardant fillers/silicone rubber composites having excellent thermal properties. In this study, four types
of silicone rubber composites were analyzed for thermal, curing, and physical properties. It was confirmed that the fire-
proofing performance of mineral fiber and glass fiber/silicone composites was superior to those of two powder type filler
composites examined by gas-torch flame test and thermogravimetric analysis (TGA). Also, thermal decomposition acti-
vation energies were calculated by the Horowitz-Metzger method by TGA. Particulate fillers/silicone rubber composites
show greater tensile, tear, and elongation properties and fibrous fillers/silicone rubber composites have improved prop-
erties in terms of compressive strength and hardness examined by universal material testing machine (UTM).

Keywords: silicone rubber, composites, thermal stability, mechanical property.

M OB

AAL] a=e] AR Ghe) Ho| fow ITUSE
o] H53aL At fEluths =Ae] om|x|e} 44
4 THE o= Med THeE tel 23
o] AEHAMAY AF Tl e 1 8% FES]
Ao o Fer). spA, o]2fd A=l A=

"To whom correspondence should be addressed.
E-mail: seshim@inha.ac.kr
©2017 The Polymer Society of Korea. All rights reserved.

935

Z=~uko

7t WA= Qs S AL B EkaL Qi)
=TI 2016 =17} kAl €3} FA W= AFEGE
A, ¥FA)el 28t s A= 272087102 XA 3R
A A5 62.7%5 RSk 202 YERETE weba 7
=5 s A1gAel tigt Q1] A=A A Al B
Fie v Ug), 3 e Azl dig o] e
o] ZU= L QU2

o)l

AZARONN Bo] ALHTL Y ARE WA TEA
Ul Y-S Rolgh Sale 2 2E2E Fol AMgHlx govt
olo 7 AR Ak A WASHE Thake] 97 8 B4 Tk
7} 27] Tl ofele-s Fof AW B SIFsshE: 719 ek




936 FEE - - A9 -

o] FAE WA F U= AR T SRl HEE 2
= 300 °C o]/de] BN Fall=A] = Hold A
BT I H AAEAR R 29 S =E5 o]
A= AHFollA EgAdo] At 53], A A A=
AREE|AL Q)= |24 polydimethylsiloxane(PDMS)= 73kl
FrAgh A 7124 [Si-0] -2 FE o] FoAH =& &
3 225 vERAL IthS TlEe] 1000 °C o) delM = Sio,
Feo] TP sl Hol YisAlse] vkt =
A Zp3ks itk PDMS 94 Al A E = Al (ash) FER)
SiOy7F WSkl g2 st AJ/d=]o] 318 Apehsial Akl
FUS Tol YsHs= A sl

siAIRE, AP e e WEAA T Eg e 7A
3 A GA Bl Bl AEES 7HAA Qo] B H WA
d Helg st olggt S Best Uish Al 5§
A5 AF7F st A a5 S35t WsPdes
Fojsh= tlxxA9l Usldel= aluminium trihydroxide(ATH),
magnesium dihydroxide MDH)Z S4Jo] 9132 7o) &
v G A giok SR, ATH, MDHE 383 W52
Fofsh7] QA= 60 wt% ©1/de] AFHFS Tt ARE-
gljof sh= A7 ot wEbA olE Hekele H A 2 &t
o|HZ|= Feje BEAaA] A7t F&E A Qe

91°] ATH, MDHE tiA|S Z2A &&s] A= 9l
= sk g Ao 8 AR ok el A
f 2 2 Afe AHFHeEE WaA, EAES TR
o] AE|F 7o} E3AE IS o ATH, MDHel| H]3]
O% Hojd W3}t A5S ek ¥’ 53], vuld 2 /2]
B Ea s B3 1200 °C o] sigdeo] ¥ke )
AT H3A 110l E7HsHAl FA4= = A Sl 7
v 2 {2 Aot AS4KSi-0) 2= o] Foixl Al
g Fo] A Eo] A EA 2] 99 gk
aRHoR wg o] 5% st 540 F+HE A
AE M S 9] A= WE F e 71Ad A=
E YERAL 3lo] s = AlaE <ls)] 3l o e QW
& Haske 7 o=

2 AFolM = ATHS st Alxs 2484 £ oY
Fu|uh(alumina)2t S22 A4 Q1 X (mica)/A 2] ILF
ool g Aok frel AR E LT 54
£ vl FAE MR 7EE B S Al $9] 71
AlFH O] RS vl AT Bgh THAEX| S Al
< Y} FAl AFH sl g 1l sH-(lower
face), HFHH ] - (upper face)2] =& A sle] A2
A H53AY] HEd TS A G

=3k P Ae]E 15 B39 thermogravimetric analysis
(TGA), scanning electron microscope(SEM), rubber process
analysis(RPA), universal testing machine(UTM)S E3l¢] 4%
7 Uzt deE s A 53Ale €454, x5

> >

Zan, 44198 A6s, 20174

U - A

129

A, A B4E BAs

¥ 8

]]0

Mz, 28)& 77 Grace Continental LtdolA] Alz=g A
2| JL5H(TS 333/45)5 AREsiit) 4% Zejs 4k A
o]=7} 3~5 um?! alumina(AM)2} Hd Y] 20 pm?] mica
MC)7F AHEE A, vl E A fre AE7F 242 Sio,,
62~68%°1 AT} 8] A= 27d°] 10 um?l Zo] ARE-EA
t}. A3 A= Akzo Nobeloll A A Z % 2,4-dichlorobenzoyl-
peroxide(DCBP)7} AFE-E| At

AEEH, 283 2% 100 phr 7|52 2 5L sigma blade
kneaderg ©]&-3te] 717 Wshde] 40 phre 23271004
1217 &<t S35t o] % kneaderoll A £ A=
£ two roll mill& &3 F7H] 2 mixing 2H< sttt
o] % AJFHe] (10, 20, 30, 40 phr) 7ol wat 34
vigt 2 73344 DCBP 1.2 phrg two roll milke- ©]&-5f] &
Sralditt. o] DCBP7F 3¢ A& 1F Hia=s 7
B2 2~(10 ton)E ©]-&3}] 120 °C 557} press moldingS
a4 150x150x2 mm =7]9] sheet B4 A|AHL Azt
ST 912] AlgHe] wWigEE Table 19 YJERNITE 2
=rollA ARSshe AEWS dEof A e g o]
5 A 2y S FAIEH] FoEiin dE S0,
AMS40¢] 739 Alumina®] AM, Silicone rubber?] S, ¥ g
S ou|shs 4002 F=5 Fosign).

AEEM. 712X SIGAIE: AEFA 2mmQ2T)e] A1F
Holl 7I2EXEZZ(QF 1300 °C)S o]&3te] 117k B9 71&
A g kS FEEiA 9= viskds A1E HI2RES 7

Wi,

CHEYS "L AR 7IREA] SAE Bl Al st
At g AEH R R el 31 2S A &

TAE o]&3t 1A17F Bt A7t mE Z2g5Ieit.

WX EM, AstE HE 1T 234 A8 1020 mgE
AF st 24 54 ST G5 5471 (thermogravi-
metric analysis, TGA)= QS50(TA Instruments, USA)E ©]-&
slo] RS9} AEARES)7I0 S25% 5, 10, 15, 20°C/
minZ 40~900 °C H9Ix E4 54 #4818t 2493}
U A| & th2-2] Horowitz-Metzger W0l 23] =4 2
()& olgsted A= A=
Wo-Wq E,0

} RT.,

Wo, Wi, Wy Ey, R, Ty 2P AZ2] 271577 (g), EE30
2] HF57(g), BAF (), B3t A (kI/mol), 714
3, Gsl SE(Cminyt 7HE S wo] 2= Hogh
t}. Horowitz-Metzger A, 0= T=T,+0 = A ]t}

(M



5 A st dej2 e delE el 54 vla 937
Table 1. Formulations of Fire-proofing Silicone Rubber Composites
Composition (phr)
Sample code - -
Silicone rubber Pt catalyst Curing agent Alumina Mica Mineral wool Glass fiber
RAWSR 100 - - - - - -
AMSI10 10 - - -
AMS20 20 - - -
AMS30 30 - - -
AMS40 40 - - -
MCS10 - 10 - -
MCS20 - 20 - -
MCS30 - 30 - -
MCS40 - 40 - -
100 0.2 1.2
MWS10 - - 10 -
MWS20 - - 20 -
MWS30 - - 30 -
MWS40 - - 40 -
GFS10 - - - 10
GFS20 - - - 20
GFS30 - - - 30
GFS40 - - - 40
2 =1ollAe 2 (Dol 93l ezl s&Ee s 24 ALFAMIRAGE)E ©]-8-3l] =431 t).
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Figure 1. Digital images of silicone rubber composites containing fire-proofing filler residues after gas torch flame test.

1200

__ 1000
e
= 800Ff
-
=3
‘é 600 |
[
£ 400 "4':
@ +
= 200
— ~A —  upper surface
s — - — lower surface

0 10 20 30 40 50 60

Time (min)
(a) AMS40
1200
1000 !
W

800

Temperature (°C)
g 8

N
8

—&— upper surface
—&— lower surface

0 10 20 30 40 50 60
Time (min)

(c) MWS40

lower surface

upper surface

(b) MCS40

lower surface

upper surface

(d) GFS40

1000

PYONLE © S S

600

Temperature (°C)

200
— ~& —  upper surface
— ¥ — lower surface

0 10 20 30 40 50 60
Time (min)

(b) MCS40

bl 1]

F/T

—&— lower surface

1200

2
8

@
s

Temperature (°C)
g g

N
s

0 10 20 30 40 50 60
Time (min)

(d) GFS40

Figure 2. Heat insulation properties of fire-proofing fillers/silicone rubber composites.
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Figure 3. SEM microphotographs of silicone rubber composites: (a)

AMS40; (b) MCS40; (c) MWS40; (d) GFS40.
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Figure 4. TGA thermograms of fire-proofing fillers/silicone rubber
composites analyzed in (a) nitrogen; (b) air.
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Table 2. TGA Results of Fire-proofing Fillers/Silicone Rubber
Composite

o Char yield

Sample DT () Lo (wt‘i))
N, 0, N, 0, N, 0,
RAWSR 351 311 394 370 2.9 48
AMS40 396 349 452 433 60 56
MCS40 388 369 436 425 61 63
MWS40 411 327 476 396 69 82
GFS40 417 329 479 390 66 75

“IDT: Initial decomposing temperature.
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Figure 5. TGA thermograms and plot of In[In(W,-Wy/W-Wy)] vs. 6
for calculating the activation energy of MCS40 composites heated
in nitrogen at different rates.
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Table 3. Activation Energy of Fire-proofing Fillers/Silicone Rubber Composites by Horowitz-Metzger Method

Sample AMS40 MCS40 MWS40 GFS40
Slop E,. Slop Eq Slop E, Slop E,.
Rate I 0y agmol) I 10)  mol) I (10)  (mol) ™ (10}  (kJ/mol)
5°C 3783 1703 60.1 4220 1214 488 4218 1369 550 4281 1586 649
10°C 3902 1635 599 4243 1231 498 4378 1309 550 4351 1713 70.0
15°C 3973 1554 581 4330 12 497 4368 1232 516 4598 1237 553
20°C 4100 1471 S0 4360 1221 SL1 4507 1237 539 4785 1244 584
Ave. 3939 1591 588 4288 1217 498 4367 1287 539 4504 1445 621
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Figure 6. Rheograpic curves of fire-proofing fillers/silicone rubber
composites.

Table 4. Curing Properties and 100% Modulus of Fire-
proofing Fillers/Silicone Rubber Composites

Sample (dl\lillﬁq) (dl\l/lxl?n) AM (Sr;oc) (11\(/)1%23
AMS40 052 427 375 096 143
MCS40 062 446 384 081 19
MWS40 179 814 635 072 2.00
GFS40 387 1742 1355 075 332
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silicone rubber composites containing fire-proofing fillers.
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Figure 8. Compressive strength, hardness, and specific densities of
silicone rubber composites containing fire-proofing fillers.
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