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W OE BEEREE TR T PRSI -0 - 1), ISR & PR
(Si—O0-2), FESH _HALMEERE(SI-N-DUKE S Si-0-1#iEY Si-0-3
M5 Si —0 -2 By ILRY) Si -0 —4 (IR N B 1% B5REW Si-N-1 AR ER,
ERAT, HBMR N IERAES 344K /mol. HHRIAE A Si—O0-1# Si-0 -2 #it
BYHIEENKRERS. Si-O-3ARATHMEME LD AMA Si-N-171# 152
kJ /mol #2 & % 230kJ /mol; Si -0 —4 W g KR A Si —N-1§i# 61kJ /mol 7= F| 144kJ /mol.
RATVAXFEAIREh TRHEARKR E THERMKAEREF SBEAN N E T
BT ERGER.

XA PRtk ABEMSIIE. BRI SRFEANRERE. BEERR

HRBEM SR, FE02s —-Ema0mE. X2 Tkt £5E
Bf, BB R RERES] & ERMER. RSB RO T HR A S5
H, BBORT ALY FRME. SCIRIGE, SREMAN KOH o B B RER B H M
RIVIEABER (E,) 25.1— 62.8kJ /mol™2, X & Bk ¥5 5 A0 /K Y I BE R AR HL B A8t IR 17 3%
fLBER 75.3— 293kJ /mol®. BFRLREH, HARKAAGEAERN#EENE, M
HAf BGABUE BARR (B AL AIRRUEtE. SRk /o i SR A B R gt B 1
TEACRE 2 Rk B — A5
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1.1 #RERAN

HAME (Si—-N-1) HH&SBCHRY. PEREBRK (Si-0-1) HKURIET
B2 & 0.012% KOH AL B B (Si—0-2). Si—-0—-15 103 Si—N-1
BIILRY (Si—0-3) SLEKHLIBHEMmMBE, 4 F& M,=310,000. Si—-0-2 5 10 f
Si—-N—18ILEY (Si—0-4) SFBHURKEMB, 2 78 M,=330,000.
1.2 FESTHARKEXE

KA 0.2— 0.3g MBS ER B/ A FRE B BEE ., £120C P4t
4h, BHGEASR 0min. FRAI PEBEEH. BHER TREMAYH, H—WET
Poh (20 4cm) FEREEEYRRE ERERE T (BRESL £1C) #irEh. TR
FEfE], MERKYHER, KiTBERETDHNER, BIAHERKNMEE. 45750 T
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# 1~ 5. 3 LC- 10 BRI AUNE TR REMEE NS TR (B LHL
FEYHERGENIE, AN TREHENDT TR).

2 ZR5HE

BHEMTERRERRAMEMS Y, BREKENFEASFETR (TGA) FidR
#EE (IGA) BT, BITAN IGA FEEALHMME. #HHE Mol # Broido HIHF
REY, HRREREEERN N—RRNSE, EEEETERY

~InY=—kt+C (1)
W—W.
Y= —w,
W, TIHER
W, RAER

W TEfE—2nEMER
dit, AABR (1) HHEASCENBRAER R T P 2

E

F Arrhenius 512 k=de T
B BUE —Ink=E, | RT+B )
M Ink 1 1 /T B3 RAEER R RSB A IS LAE.

Tab.1 Kinetic data for isothermal degradation of Si—N-1

Temperature ( C) Time (h) Weight losses (%) k (107h") (CC¥

385 13 1.12
16 1.22 0.316
24 1.35
36 1.82 (0.9951)
49 215

405 10 1.77
12 1.90 0.935
16 2.00
24 2.98 (0.9938)
40 4.41

23 8 4.52
12 7.80 5.94
16 8.74
24 13.8 (0.9968)
36 19.3

445 8 19.4
12 27.2 21.25
16 320
U 35.5 (0.9934)
36 37.0

CC*. Correlation Coefficient
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2.1 Si—N-1BFEMRR RS 8AnELEE

HABRKEA RIFHHREE. RINYHSEMRR/LEIERHRRBAERE LT E
B 150— 200 T fEA4 30, FERBERER FEM B #HT TR0 220
55, BAVBIAE 85T, 405C, 423TC M445C ERE TPk, ZBEL 423C 8h
KEH4.52%, Si—O—-17E325C 8hKEH K 4.78%. TEREJLFHEFRHH T Si—-N-1
EESi—-O-18#ETHIEI100T, X1, L2/, BB 1TUEFESE, Si-N-1#
405C KR EEEBELSi—0—-17E325C M/MFE, Si-N-1 HBEBRETEHER R
Si—-O-1H=42z—. mE2HEST Si—-N-1 BRI VIELEE SR 344K) /mol. Xt
423C BARIEREGHTH FEUE. BB M,=63,000, ZEHXEERHREK, KE
R FER 32,0000 LIEE Si-N-1 K ERBEE.

56.00

445°C / 363°C 17.00
48.00
Y L
40.00- 7 15.801
F 7/ L
o 82.00¢ // . s 14.601
= s 423°C = L
= 24.00 — 7 T
I 13.40
16.00 /'/ — . — #7340°C -
e e — " 335°C 12,201
- T K .
8.00 A= 405°C % ‘
T + —— —t———r | TS WO S N N R B
0.00 0 18 - 26 34%85Ca2 HO0 35139 143 147 1.51  L55
= t(h) 1/TU03K™
Fig.1 —InY as a function of time for degradation Fig.2 Arrhenius plot for the thermal degradation
Si—-N-1 (——) Si-0-1(----) of Si—-N—1"

2.2 Si-N-17ZEX#Si—-O-1 RBEHDMER
HTFESBENHEABRERA, THIEZENIBESEW. E5ET, BHEK B
BERBRFERANGFET S RERES Rt EEEE. aTFAR:

R R R
omdo-d i
—~8i—0—S51-0-51\ . .
}lz \R\\\ R O S ~SI1—O—H+(R251O)3 (3)
N |‘/ R
M —0-Si
X R=CHj .Ph----.
M=H.k .Sn--

XN PERRES R, BB TRIEEMERE, PRARBNAMEH, RIE
HMERI TR Si—0—1 MM RN IEREN 152k) /mol. X5 Thomas 1 Kendrick &
B PR IEALREAE ZE A B, HEEMKTF Si—N—1# 344kJ /mol.

RATEZHMSI—N-17E#E Si—0-1 MR EHEMERNED, BBRERBETH
KAEERE. RN (4), (5 Fim:
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i Pt SN

~8i—O—H + ~ISi—N—|Si~—A—»~ISi—O—ISi~ + ~|Si—NH2 o)
1'{ R R R R R
R H R R R

I | | |
~Si—N—Si~ +H,0 —‘———A ~Si—0—H + ~Si—NH;
|

| | i -
R R R R
rooF
Qi O Qi (5)
NSi—0 sI. +NH3‘

|
R R

R=CHj;,Ph---...

S FEHRBEE Si—N—1 8 Si—0—3 BN IGLEER FRA 152k) /mol 5
3] 230kJ /mol. W% 2 iz, Si—O—17 363 C 36h K&K 42.4%, TiHE 4 Fimiit
BRI Si—O-37E365C 36h KEMN 4.9%. BREEREMKUE, {REENHRESE
RBEAZH. X Si—0-34TRITHEBR EALAT M,=311,000, 4400 TC 24h %
LS, M,=361,000, 4+ FBELA, FEHSI-N-15Si-0-1KET (4, (5
MEEMRN. Si-0-3 EftEENERETRELEREREILAREFRIERTY. &
RN BrR

R R

R R
~S|-O (- SIO) T | |
R 1‘2 . R\IIQ — ~ Sll-'O-Sll ~+(R28i0), +; 6)
—Si—0-Si—— R R
R R R=CHj,Phe.-

Tab.2 Kinetic data for isothermal degradation of Si—O -1

Temperature ( C ) Time (h) Weight losses (%) k (10h) (CCH
325 8 478
12 5.37 ' 2.37
24 " 8.27
36 13.3 0.9975
340 4 3.61
6.24 3.92
12 7.18
36 15.4 (0.9962)
363 4 428
12.6 15.5
12 16.2
36 42.4 (0.9985)

CC*. Correlation Coefficient
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Tab.3 Kinetic data for the isothermal degradation of Si—O-2

Temperature ( C) Time (h) Weight losses (%) k (10*h~)(CCH
265 2 12.27
35.1 195.6
70.5
16 94.4 (0.9982)
20 1 31.74
2 40.03 232.4
4 66.60
6 77.50 (0.9944)
300 1 43.86
47.28 449.8
84.3 (0.9604)

CC* Correlation Coefficient

Tab.4 Kinetic data for the isothermal degradation of Si—O-3

Temperatur (C) Time (h) Weight losse (%) k (10~h-D(CCH
365 4 1.72
1.94 1.04
12 2.23
24 3.44 (0.9540)
36 4.9
385 4 2.54
3.4 1.41
12 4.08
2% 5.78 (0.9884)
36 6.79
403 4 3.4
5.24 7.10
12 6.88
24 15.4
36 21.2 0.9973)
40 23.1
425 4 6.89
12.0 16.0
12 18.0 (0.9908)

CC*: Correlation Coefficient

2.3 Si—-N-1xFE® Si—0-2 MR EHABE
Si—N—1 RIUEEHRE Si—0—1 MdaEd:, ERREE RS KOH #E1LI BRI
B EH. Si—O-27F 265C 4h k EiX 35.1%, M F& Si—-N-110/p#Si—-0-2
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(Si—0—4) 7 405 C4h K ENH 14.6% (WK 5 Fi/R). Si—O—2 7E 265 C MIFEMEEEE S
9 0.196h 1 (£ 3), i Si —O—4 £ 405 C BT HHEHH AN 0.014h', 1 Si—0-2/MEZE.
HEBSi—0 —4 KIFEMIEILEE N 144K) /mol, $53E Si—O —1A9152kJ /mol, H RS/
Si—O—2#2 5 83kJ /mol. X} Si —O—4 MEALHE G H72r T B E, £390C 24h EALST,
S BN 28.8 0 (JRMWAETI M,=3297), ZHEH Si—-0-4 K5 FREHAK.

Tab. 5 Kinetic data for the isothermal degradation of Si—O-4

Temperature (C) Time (h) Weight losses (%) k (10”h-) (CCH
350 4 7.46
24 9.4 3.37
36 1.7 (0.9992)
370 4 10.7
12 13.5 4.27
24 16.6
36 2.0 (0.9816)
405 4 14.6
8 18.8 14.1
12 23.8
36 56.1 (0.9984)

CC* Correlation Cofficient

Si—N-14& Si—0-2 e REMNRERZH T Si—N—1 BBk LR
HERBHKMEERE, MERES FHEE T8 T34 45 %%. Chojnowski ZEBFS
HREHEARNITHRRS P LR TREE 7428 M1 S 1 0 7 5 #4554 R 19,

m R

i |
~ Sin‘ + M = ~ s|io-M+ v

n~ S:iOM* = ¢ SlliO*M* ¥, ®)
M*: alkali metal
I AR X X R ES A R A TS MR, XAMREHMEEE TSI
EEMERRY (3), HERFESI-O—4RBEMES. ITIHEEX—&, BITE
Si—O—4HFMAL Si—-N-1 FRHZEEK, 45RE390T, 4hKEik 68%. UEH
ESI-N—-1 AEAEMBRT, KXEREHE FRE SN, NmEREE. 55, AF
BERKARBRERN SRR K. AEESABERLRAREN, UIMATEEEREY
R, ERGERRRITL. CHRHGE", HIMARLDEMREY FE 0 DMF, DMSO,
REHERAEERES 150 245, WMA=ZT AR, BERSETES 300265 S
EEMNREGER TREBANATHEHFAEEFOEE, FrAEFEEES. &K
BRI RS RN A A RAEHE (LR BEAR PR AR R R 8 PRI . B, eild b
HELRY, KMEEREN AR N E SR AT A R PR R LB, 5
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b, Si—N—1 AU KOH AR FEFBRKRAR, MTHEMENm—AER"
TEGEREAYK. RITE7HSI-N-1 MBI _AER_TES AEAR, DIFRER
ZIEEXSBRANZRMRAERE S, ENBeHHERE. WMEE3SOT AT, M
HhEERA 30%. MEBEAMA SI—N-18, W7 250 C i 72h KEEX 90%. X
R REEA Si—N — 1 REfA HLBAE AL RIS K KRR '

Z ik, BERKASEA RFOREEN, MHEEAUGEHR & F e R
REMERRMIEEN, A SREFEEETMERBFEAR. HFERINPOEX—X
AR AHE B SR MR B R B N I s, IR A SRR MHA.
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KINETICS OF THERMAL DEGRADATION OF SILICONE RUBBER

WANG Yi, XIE Zemin, WANG Qingzheng, CHEN Zonghan
(nstitute of Chemistry. Academic Sinica. Beijing 100080)

Abstract The kinetics of thermal degradation for polydimethylsiloxane(Si—O— 1), poly-
dimethylsiloxane containing residual basic catalyst(Si—O—2), silicone gums containing
cyclodisilazane (Si—N—1), Si—O-3 by incorporation of Si—N—1 into Si—O—1 and
Si—-O—4 by incorporation of Si—N-1 into Si—O-2 were studied by the
isothermal ~ gravimetric analyses (IGA) in nitrogen atmosphere. The results
indicated that Si—N—1 has outstanding thermal stability. The activation energy of
degradation is 344kJ /mol. Si—O—1 undergoes the thermal degradation with the
activation energy of 152kJ /mol, while the activation energy of degradation energy for
Si—0-3 is 230 kJ /mol in presence of Si—N—1. The activation energy of degradation
for Si—O—4 is 144kJ /mol, while Si—O-2 has only 62 kJ /mol in absence of Si—N-1.
The enhancement of thermal stability for Si—O—4 is attributed to decreasing the loose
ability of the catalyst ion pair when Si—N—1 removes the SiOH groups and water
in the Si—0—4.

Key words Silicone rubber, Thermal stability, Kinetics of thermal degradation,
Residual basic catalyst, Cyclodisilazane





