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Research progress on synthesis of polyhedral oligomeric silsesquioxanes and their modified polymers
ZHAO Xiang, LI Dayong, LIU Junling, YU Guang, QI Fengjie, REN Xin, SHAO Meng, FENG Jianshun
(Shandong Institute of Non-metallic Materials,Jinan 250031, China)

Abstract : The molecular structure and main synthesis methods of polyhedral oligomeric silsesquioxane (POSS) are intro-
duced, including hydrolysis-condensation, functional group transformation, vertex capping, and alkaline cage opening. The research
progress of POSS in polymer modification is reviewed, focusing on its effects on the mechanical properties, thermal stability, flame
retardancy, and dielectric properties of polymers. Two main modification strategies, physical and chemical, are summarized. The
application of POSS in typical polymer systems, such as phenolic resins, epoxy resins, polyimides, polyurethanes, and polybenzoxa-
zines, is reviewed, and the mechanism of action of POSS in these systems is explored. Analysis indicates that structural control and
interfacial interactions of POSS are key factors influencing its modification efficacy. The development of highly dispersible and reac-
tive POSS derivatives will be an important research direction. Furthermore, the multifunctional design of POSS can expand its appli-
cations in optoelectronics, gas barrier, and biomedicine. Future research should focus on the precise control of POSS molecular struc-
ture, the optimization of interfacial interactions, and the synergistic effects of POSS in composite materials to further enhance the
multifunctionality of polymer materials.

Keywords : polyhedral oligomeric silsesquioxane ; synthesis method ; polymer modification ; phenolic resin ; epoxy

resin ; polyimide ; polyurethane ; polybenzoxazine
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PEA HLEEAT R POSS 94K ik B H i AR UK FLBR S
O FAACFAG L TR ICHLIEARZE AL I A PAES 1 v Ay
R B E AT POSS MR GRS SRR A REMN )
PERE LS A ER e PE RV LR B X RS POSS
AR A H AR T DA o T 1 TR 2R R T RS A AR, X IR AR
G EL B U TR U2 R A5 T RS T I R R T AT i
I GEB Y I FELA Y BT 2T
3.3 POSS %M PI

Wi 5 JE A R 2 ol P B ) P R, T B AT R SR L
R AAPERB AR T ARFABZAK ARA E 5 B3O [ T B I
250 °CHJ PL. 2R, H AT P Ak B %3 %= T 300 °C, HAr
HIPEREA et — 6427, Huang® 48t 5 R A5 AT H
A TS E TR SN S 5 T IAACR Ak Ut , i 752
FARA HL % B (2<2.6) B PI-POSS K S A 41k, [R]IH7E
W BRR F1 AL T, SEBR T 200 °C B UL 814k (99.4% 3 iz k) o
Lin' 45 DL N 653 T 3 POSS Sy 52 i HURHR D il 8 17— &
51 PI-POSS 24k #1 , i1 POSS A2 R W 254 T Bl , ko
T EAMEHA B RE (O H R EORSRE 23 IR AR T 27% 1
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72%).

Z5 [ Jirid , POSS il it fb 2= 4505 | A PLIR R, i) A7 280 %
A U B A HU B FE O M K . [l 1525 1
HRON IS S5 , POSS 15 | AT SEBLAGIR [E 1k, A
PEREMCA f PLIARHA A B4 Tl A1 2

FRifE PR A4 AO R BELAR X 45022 , i A R b BR il 1 HoAe
UEHL LI (LEO) ISR vh iy 2 I H o K% POSS #ITH | A PLASE
B3 T~ 454 ) BIIE W 2 48 5 PTEHE AO 1k B A R Y,
Lei“E R34 B T POSS- e , - Sk I0 i AR L3R 41 45 1
POSS-PI LA, FEBRH i 254 1= 1 23 [ 2B AERE ) (B 738K
29.7% POSS T #k A A4 TR s Hh iR AOHIRHT 1, SR Il
R4 0.9x10 em/atom), 5K HEAF i 3§ HL 25 24 LA IR
T AR 1) T B Sl il £ T 4 DU R T2, 5- WL [(4- 2 R
S PRI RS Al S SR R S T 2 POSS AR R 1
PLERZH 2T 25, AO 12133 (L Kapton™ Wi 1 6.9%. A
TRPE SO, Uik 2 TF 2R 7 45 n) 1, A5 AFF 98 4 i 2L 75 PI
A7 R POSS 7R Jy ik I 2 , T I Si0,-POSS-PI = 2 4%
¥, KRR R S W R AR R i i N s T2 S
PR 22 [0 A 28, 145 T 4T AOPERE .

25 LR K POSS BATLE| A PI T4 F uli 7F H 3 1hi A4
HHPOSS LI VE 2, RENS 35 HE T M RE I M TE BR 5T T T
JEF4A B R G ML 25 B AR SR 45 4
by it AOPTMARHA I T4 2R
3.4 POSS & PU

i FHKAE R 23 B BT i K 4 PU (APU) PR ER G A i
B AP R T A2 B O B 2 (0 OGHE  SRTIT, APU R 22 I B K
PR BB RE , B T e — 25 i R Y R 3k
1T AL T K ARAFAT HL- T A R, LA =
PU MIBLIREE B2 FIgisk M. BF5E R 3L, PU/POSS 4K & & 41
BT DL RIS A i 2R A R BE R4 i e T K 1
Behera 5l £ T T ok ik Wi B g 4k POSS (POSS-M)Jf- 5
FHWR IR L (41 S AEAL B PU i i Diels-Alder i oy ™ 52w A3 45
F) 4R FPU-POSS-M, 2% k497 14 7 322 fih £ DA, 84° (8. 3 44
T 141.3° FL A7 A 8 AR A 455 Bt o8 T J5L 4R FPU., XA
AU Y [ ) XU 4548 POSS Bk PE 7K 1 PU (WPU), Bif
% POSS HLIT & BEMHE N, 24k R 45 S e RERRAIC, B
T AEFACAEG , IH et AR A K M A F7 2P BB 5 Song 250711
XUE FE AR BRI 1 S bt (B-POSS) FIRE B NS A5k, &
BT — ZR VAL RIBYE PU. #AS3%fhf 45 51 B FHI Y
FE G K FE RS B IN T 49.8° 01 53.4°, JF H fifs A
AR AR R T Bk . X TAERHEEGIA
IR E Ak POSS ¥ 8K PE PU A HL-TCHLAALIR 2, 7T i 3
PR R B K E 5 R AR , [ B i A UG B 5 6
REMERE, X3S K 7R APU Bk MEAS JE L 22 PR A TR
ARSI AL T S i o

POSS B AT LA 5t PU S0P LA S 5 H: g 2% R R A%
PERE, T UK PU BebE DA T K v i Ak Fn

it . Hebda 557 2% H T BE AL POSS fh 27 sl 14 1 4k
J5 PU I RTR A W (PUFs) 324l T POSS ik X} PUF 41l it 27
PERSZIR , 45 BAIE S T POSS X TS Ak 52 & b L 4 16
P B T . Strakowska 257 = Fl HLAG AS [n] 15 P 3k
i POSS (AP-POSS . TS-POSS Fll OH-POSS) X} fiff Jfi PU i1
WA RME , & B POSS & W 3 5 PU IR OB &, Hidp
AP-POSS FI1 PU Z [AI (W AH AT 4, X & AR R BRI BE
AR E PR K

2i LTk, POSS AT ML PU 2SN H AR BT SR S0 2%
SALERCME - AR 3O5T PU AT 32 T B K P T A R A T
P, FETE T PU A U RE 0 2 s HLAR M R S AR e M
3.5 POSS# M PBZ

BRI W (BZ) e —FKERIR I R AN oA
Y1, FEIMVIVER R, BZ RAETFHERE RS A KR A
P PR 2% 2548, PRUE T PBZ M RFHA O 5 i fb 27 P s AL
SRIEFCA B PERE . SR, SR BEAIC L Ak IR B v e v
LGSR TV H . Wang 205515 H /A 2K 3L POSS %t
L5 T A POSS 2N 5L 57 T 2 POSS R\ 2 Hom 5
POSS % PBZ #4738 156 [ 1k , 45 3 B /N & L 53 POSS 75
O3 F R X535 Aoy B/E PBZ 42 55 1 PBZ IR
FEPE, BRI EEFHE T 26 °C. Sun 2575 o TR S S5 0B E A K
TGk = REREFEFE I POSS (Ti-Ph-POSS), ¥ Ti-Ph-POSS /3
Be BZ v, 14 T Ti-Ph-POSS/PBZ & & M kL, 45 2 1W]
Ti-Ph-POSS 1] LAMiAL BZ [ FF IR T A, BEAIG A IR 2 14 [ Ak
TR . A, & % 7E Ti-Ph-POSS 48 |19 Ti 7 LA PBZ -1y
N8 O J T st it , 42 1T PBZ A E M, Ejaz 460
Wi B RS ST S B R T BB (ACE-BZ) 5
DDSQ I /\ (= H FE ik o 480 J2E) /\ A 7% 2 ik 42 ¢ (ODMIS-
POSS) W E A RESE Ak S, il 45 T #4881 & i POSS/PBZ,
Pt B, BRI IA 5 10% B T3 Ry A 3L 544 °C,
B H T5%.

£ I, POSS W5 A AT 3E 437 RUE 551 40w A Ak A
JLNE BB R E B LA S R 45, 4 305 PBZ BRI
RAAR T AR IR, I £ TR o e S e ) [ ol I bk B SR 1
Zra e
4 BESRED

ARICLER T POSS B4 T 450 2 s e T
POSS (1 A BLUS A S H S, B85 T 20 POSS sk
RAE W K POSS X HHRR R IERER M, BRI, POSS
PR IR A W R MR (4 0 7 254, TERR TH R A R e
PE T2k RE A PR RERIBELA PE R AT Ty TH I ) b 2 I
38 L Py LR B A A 5 B, POSS T 5 PR, EP, PI, PU
LR OYRREE S ST E R Z e .

1E POSS Bt R A Wy iy BIFFE 5 10 Pk R v AT T I o 1
KRR - Ho—  POSS FE R A W 3Ltk i i) - LA PR, 2
TR 25 AR AL T A A A R S i g R B R
POSS B REAL R I AR ST 2%, g pt T 22 BRI T HAE =G
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JE 2 AU AR P I s = YT 2 TR T )%
PP SO VERE X Z I RE SR AL TR B M AT AN R o 7R
IEHER b, ARARWFTE AT LA 75 1) SR 50 -

(D)TRAL POSS- SR ST AR EAE FIHLHIATFY L i i 43515
T PO e M 5 RO 1, 52 B0 POSS 7R R 5 W+
BRRE 7 B S R S A, TS TR R P RE

(2) K A5 W I A g POSS K40+ 44, HE B HAE
NIRRT HE ARG ) T 5, 90 i EEE R HL-TCHL
PR AT 47 ) 4 A 3 oA R B S5 R LR PR S P BE R
P

(3 e POSS TEL NRER A K P B B ISR JE , S %
GEVEREHT IR A0S , R AR L BHLRR CE W By FREE R
AU ), il DR o TR S B R RERY
R0 7

AL b IRTT A R GUHERE A B R POSS AR Gt Bl
DUH AR L, 52U AE w5 3 3R 5 W) 2 A b A B
ZUrRetehii i
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