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Recent Development of Semi-inorganic Polymers

Hiroshi YAMAKAWA
Takao HAYASHI

In recent years semi-inorganic polymers have attracted considerable attention owing to the increasing

demands from industries for the polymers of higher thermal and chemical stabilities. This is mainly because

organic polymers are highly flammable and generate toxic fumes during combustion, but further improvement

of their thermal stability is limited in prospect. This article presents a systematic survey of the chemistry,

structural studies, and physical properties of semi-ionorganic polymers appeared in literature and patents.
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Fig. 4 Structures of Ferrocene-contain-
ing Siloxane Polymers.
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Fig. 5 Thermogravimetric Analysis of Fer-
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(Patterson et al, 1974)

i 350°C §ETH W, FY w4 i B
BT 50, FOREFNI U,

SORY w—lF, FyAMRCL LR TEBKRT 4
Nk 2 BN, BEEOWEERZAHTSH 5, £,
TJrzut L RUAF VUM ETRICE DO THIED
EFREZLOBME S TR90, UL, K
PMEL, BEFBIEIN TRV E 5 ThH D,




Journal of TOSOH Research Vol. 32 No. 1 (1988)

B) RUBNLESYOXH
" | =
CH;—Si —CH,
CH,4 R
S @=CH O=BH
| | R="Ph, Me
META o cu, o

BHNCRERINET v &, )V URRY) v — DX
BATZL, ARBMBIEE220T, EEHHZ I
BEHMOo< Y v 2L LTI TR, —7,
RYPAFAY XS oOTRTHNRT B EAL
T, WRWEDE EX B E LIcoh, KYAALRT
vk THB,

ROWRARLLNITDIE, M-I LET L OEATH -
e, BohicR) v~ - EFFEOFEHERD TH -
W, FOROEEGHEOHRITHY, BoFEAEI S
ENBL5ICh -, COBRIROFY m-bALERT
VAFAwXY L, ERMOBNET K& L
DRI O TR IR &k = 2,

f-7T, TORY>—@GREHEEERFL, BALH
68°C DF-HEMD HWETH - 1o,

ok, FHEEANELT, p-IAKRT L, 2 F
N7z =y e xH B (-SiMePhO-), 7=y
m X4 UHL (-SiPhy0-) 5 v ¥ MTEAT AL
RENK, TORKR, V7= vuFxd LB E233%
BATBHE, 5 RAEBEAN —24°C, 7z = A F 0
vaXxy B EBNBEATEE, FFRAEBE AN
—37°C DIEFRERY v — L BT Envbh - 1e®),

ZORY v —DOEMERF, RGITRLLLIIIZ, K
VUAT Y —vrvuExH oA T/ v—+LLTE
ZTvA Ry 7 o ERGCLON—HETH 52,

[NC(O)NPh],SiR2+HO-SiMes—,CB1oH1cC-SiMe;
OH—HOSiMey-,CB1oH19C-SiMe; (-OSiR;
-0SiMey-,CB1oH1C-SiMes0)
-SiMe,OH+2NC(0) NHPh (5)
nCBigH1(C=meta carborane, R=Me, Ph

RY ~— DB L, Fig. 6 @ TGA s 6Hb
MBESWEE  ANKRT REBAT B EN ) ERT 5,

Fio, FEWHECRT 280 DREN D 52,227,

Fhic Lz, 2R oY /&) 35kg/cm?, 519§
YIRS 36 kg/cm?, TP TNE130% TH B, Fie
B LB LT3, 315°C T100RERIZ LD v o
7R, 5| ) HER U OOELRL, K £ +59.5%,

(6

)

. CARBORANE-
SILOXANE

e
oo O
T 1

-

POLYDIMETHYL-
SILOXANE

Percent Weight Loss
oL =~ O w4
S o o O
| 1 ] I

el
(=]
T

100 I | L I 1 1 1
100 200 300 400 500 600 700

Temperature (°C)

Fig. 6 Thermogravimetric Analysis in air of
Poly-meta-carboranesiloxanes and
Polydimethylsiloxanes. (E. N. Peters,
1984)
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Table 1 Physical Properties of Polytitanosilox-
anes based on Tetrakis (trimethylsiloxy)
titanium and «, w-dimethox-
ydimethylsiloxanes. (K. A. Andrianov
et al, 1975)

Mol. wt. T Temperature for
n* (lignt = liberation of volatile
. °C
scattering) products, °C
15 41X103 —130 275
60 28103 — 45 300
100 = — 50 350
15 = —130 —
60 = —130 —
100 . — 45 .

* n is the Number of Dimethylsiloxane Unit linked by
Titanium.
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Chromium(I1) Chloride
Solution Preparation
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Cr (metal 99.99%)
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|
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Precursor Slurry Preparation
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(11)
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Oligomer Solution Preparation

DLl (1) 0w

R'R?p(0)OCr (OH) (OP(O)R'R?) (3L) Solution
L=ligand : Alcohol,Polar Aromatic SolventH.0O

R\ R R' R
/()[’()\(?rl’l/(}l’o\glfl,l. )
: T
i .
1 oo opd ot
] 0RO
& R

2

R' R* I

ok

M

Alcohol

> (>

IN AIR

A H:0,Ligand

Polymerization (Temperature : 110 —1307C)

DL] —2L

]e_l 2
OH ‘X
L I

Cr
“} Sopo’”
L . 7N

R R W)

Fig. 8 Synthetic Route of Polymetalorganophosphinates.
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Table 2 Effect of Side Chain Structures on Decomposition Temperature of Polymer: (Zn(OPR;R;0)x (OPR3R40)
i)n G+k=2) (Block et al, 1966, P. Nannelli et al, 1976)

e SIDE CH AIN_ - DECOMPOSITION
~ = , TEMPERATURE Td (°C)
R SR | R? R? R IN AIR (INN;)

) - 490
~¢-(5)-S02-¢ ~¢-(5)-S04-¢ 440(440)
-¢ -¢(;)-S0z-¢ 440 (450)
-¢ -~ (5)-S03-¢-(;)-SOz-¢ 385 (350)
-¢ ~¢~ () -S02-¢ 410(355)
-¢ -¢-(,)-S02-¢ -6 -6 () -S02-¢ 365

-4 ~6-(;)-80;¢ # 0-9-()-0-¢ 140
-¢ -¢- () -S0z-¢ - (p)-0-¢-(;) ¢ — 155
6 (,)-0-¢-(;)-0-¢ | — 145 (150)
~¢-(p)-0-¢-(;)-¢ — 260 (290)
~CH -¢-(;)-0-¢-(;)-¢ 100(100)
-6 () -0-¢-(,)-¢ — 125(125)
-6 (p)-¢-(p)~¢ — 325(275)
-¢-(p) ¢ ()¢ (w) -0 — 310(310)
-¢- (,)-0-¢-(,)-CHs | — 340 (400)
~0-¢-(;)-0-¢ - 300(310)
—¢- (p) -0-¢ = 400 (450)
~¢- () -OCH, — 160(160)
~CH,-¢ = 260 (340)
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