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Scheme 1 Synthesis route of 1,2-bis-( hydroxymethyl) -

carborane and polyester containing carborane

1.5 PUA #1 PUB /M il b s B S EE R &
B9l &

PL CPE S 44y , 3 H- N100 K £ 4l 5, # HR
n(—OH):n(—NCO) =1: 1 (Y BM&Z Ib) &l %
W7 PUA 3% A LY-12CZ B8 45 4 4 1 S o Al 152
MR, R AL PR S TR S, T 80°C [ 4k 10 h, il &
HBY i B A e



1370 Iy

4'%‘

?

Ea i 2011 4¢

LI CPE i W @ 43, PAPL y & #H 7y, #% M
n(—OH):n(—NCO) =1:1.05 (Y5 iy & Z tb ) il
IR PUB R I RIFERE AR & 4 22 R AL 1S U
JiE, T 80°C [ 4k 8 h, Il e JH: 5 U] 5 5 AP .

2 H#RE5iITR

BEMBREWRLLINEE S

LCA) Hr(a), (b) FT(e) 43 31 A o ] 2 44
BAND,BDA F1 BAMC 21 7M. (a) H 2518.5
em ' AbJE B—H [ 45 98 3h 1%, 2331. 4 em ™' Ab
JEe—CN (45 2 2 6. (b) h 1746.9 em ™' b &
C=0 1y fif 45 9= 3 W i %, [N BDA 45 449 X %,
C=C A LA WU, (c) H 2571 Fi1 1748 em ™
SRR E B—H il C = O (1 i 45 4% 3h 1. XF Ho
(a),(b)fI(c),(c) L—CN B 234K, H
9 S0 R Pl A 1) SRR A DA AT SR A7 AR, 21 A0 3 ) 25 3k
B4 i T B4k BAND,BDA il BAMC;[E 1(B) h
(a),(b) 43 %] BHMC fl CPE {21 4M %3, (a)
H 3374 em AT O R IE O—H 41 45 9% B0,
2600 em ' BT B—H B4 Bk shide. X (B) -
(a) FI(A)-(c), (B)-(a) 1 1700 cm " B 3T 1 g

2.1

1746.9

| ~1224.8

Transmittance (%)

1 1 1 1 ‘7|48'3 1
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm )

500

Transmittance (%)

1 1 1
4000 3500 3000 2500 2000

1 1 1
1500 1000 500

Wavenumber (cm ™)

Fig. 1 FTIR spectra of BAND ((A)-(a)),BDA ((A)-(b)),
BAMC ((A)-(c¢)),BHMC ((B)-(a)) and CPE ((B)-(b))
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Fig. 2 "H-NMR spectra of BAMC and BHMC in
chloroform-d

The solvent peak is marked with asterisk.
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Fig. 3 'H-NMR spectra of CPE in chloroform-d
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Table 1 The shear strength of carborane-containing polyurethane adhesives PUA and PUB*

PU adhesives

Shear strength at different temperature ( MPa)

containing carborane -150C -70C 25°C 50°C 100°C 150°C 200°C
PUA 23.32 21.30 19. 64 12. 66 3. 81 2.59 1.76
PUB 17. 04 16. 88 18.38 16. 45 6.90 3.87 2.63

* The shear strength of PUA and PUB was tested by the method of GB 7124-86.
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SYNTHESIS AND CHARACTERIZATION OF CARBORANE CONTAINING
POLYESTER AND DERIVED POLYURETAHNE ADHESIVES

CHEN Shan, ZHAO Juan, CHEN Gong, HUANG Pengcheng
( Laboratory of Polymer Chemistry, School of Materials and Engineering, Beihang University, Beijing 100191)

Abstract B,, H, was prepared from NaBH, via oxidation of B,, H, ', and the Lewis base acetonitrile
attacked the high electron density vertices on the B, H,, cage to form the complex, 6,9-bis-( acetonitrile ) -
decaborane. 1,2-Bis-(acetoxymethyl) carborane ( BAMC) was obtained by the reaction of 6,9-bis-( aceto-
nitrile ) decaborane and 1,4-diacetyl-2-butyne , which was then hydrolyzed to form 1,2-bis ( hydroxymethyl) -
carborane ( BHMC). Hydroxy-terminated polyester containing carborane was prepared wvia the condensation
polymerization of 1,2-bis-( hydroxymethyl) carborane and adipyl chloride by controlling the molar ratios of diol
and dichloride. The structures and purity of the monomers and polyester were confirmed by FTIR,'H-NMR,
"B-NMR and element analysis. It was found that the '' B-NMR of BAMC and BHMC was similar, which
demonstrated carborane had high chemical stability. Two kinds of solvent-free polyurethane adhesives ( PUA
and PUB) were prepared based on carborane-polyester, N100 and PAPI, and their shear strength and thermal
properties were determined. The results showed PUA and PUB could be used in the range of — 150 ~200°C ,
and they could provide higher stability of adhesive joints to elevated temperatures than the normal PU
adhesives. DSC showed that the exothermic peak of PUA appeared at 250°C ,while the one of PUB appeared at
300°C ,which demonstrated PUB had better thermal stability than PUA. The difference in properties of PUA
and PUB derives from the different structures of curing agents. Therefore, introduction of carborane into PU
adhesives not only retains the excellent low temperature resistance of PU, but also improves their thermal
resistance.

Keywords Decarborane, Carborane-polyester, Polyurethane adhesive, Curing agent, Thermal stability



