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Preparation and characterization of a silicon-containing

arylacetylene resin with cyano groups
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Abstract: A silicon-containing arylacetylene resin with cyano groups (CNSA resin) was formed by reaction of 2,6-

bis-(4-ethynylphenoxy)-phenylnitrile polymerized with dimethyldichlorosilane by the catalysis of anhydrous zinc

trifluoromethane sulfonate at room temperature. The structure and properties of the CNSA resin were character-

ized by '"H-NMR, FTIR, DSC and TGA analysis techniques. The results show that the CNSA resin has good solubility

and a wide processing window. The curing reactions of the CNSA resin take place at low temperature (<200°C). The

cured CNSA resin has good heat resistance. There is no glass transition in the temperature range of 50-400°C. The

decomposition temperature of 5% mass loss T45 is 512°C in nitrogen. The flexural strength and the flexural modulus

of T300 carbon fiber cloth/CNSA (CF/CNSA) composites are 383.8 MPa and 62.9 GPa at room temperature, respect-

ively.
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RESS Wb G A PERE . BLah, a8 o A Al B R AR A
F 3 0 3k ) 8 0 50 O b e O R i, O L&
FFIPEREIEAT T RAE

1 KB RAE
1.1 FE##

2,6- " AN (46 98%), Ik G RE b
(BERE 99%) . XK By (2105 98%) 7™ [ b 1535 Hii /K
R A A BFREP (28 99%) . — HI 3
EHE 2B (Ll 98%) . A = IR 3k B S kAR (Al
98%). M1k V4R (46 98%). DU & kg (THF, 43
Braf), =M (NEty, 4rBral). 5 e (CHCly,
srtral). 45 (CHCl;, Jr#ral), W (r#rak).
LW (Or#ra), NN-—H 3L EE R (DMFE, 2 fr
afi), Ak (PE, s3Aral). £ B (BtOH, 4riral).
PR (43 #raf), —H L0 (DMSO, 4»#ral) 1
7 H R EHE A BRAE 5 T300 Ak 27 4 F- 80 F
(CF, 200gm™) ™ H H AR A A .

1.2 ik A %

Wk 3Pk =03 ("H-NMR) 43 #1 >& H] BRUKA 28
] [ 400 MHz i 5 {8 L 7228 460 2% e 2L I i1k 1543
R R AT, DY SRR e (TMS) S A5 5
HL AR 3 41 S0 618 (FTIR) 4391 5% FH 35 [ #0 23 A
i) NICOLET {d H! nj- 25 o 21 4 S 3% 4, KBr J& A,
X 18] 4 4 000-500 cm™; 2% 78 479 4 B 0 Hr
(DSC) 3% FH TA 23 7 19 Q2000 % 25 718 49 4 = (X,
N, Jit & 4 50 mL-min™", 5 ¥ [ & 40~400°C, FF
I % 4 10°C-min™; 34 122 50 (DMA) R A
METTLER TOLEDO f#) DMA1 % # AL A 20 Hr 4%, LA

400°C; K 73 H1 (TGA) % H MELLTER TOLEDO
) TGA/DSC1 # # & 43 Hr A, JHil # % K 10°C-
min™, MEXEH40~900°C, N, Jif A 60mL-min';
3 2F P R IR R Y = R R A I A BR 2 F Y
SANS CMT(4204) 7 J7 g i B #L (0 2% 2 %4 5 mm.
min™),

1.3 2,6-W-(4-ZHEFXEFE)- KI5 (BEPBN) &K

(1) ¥ 250 mL 19 U 1958 Jif 4l B 25 T Ab B,
A Ny, A 2,6-— AN (13.9g, 0.1mol), X
WLOK Wy (44.0 g, 0.2mol), kAR (40.4g, 0.3 mol)
A1 150 mL T4 59 N,N-— H L BE i, SR 5 THiE
£ 120°C g b 12h AR, RN R
AR IR B, RN e RS, FHRHEE
i, K HAR A 500 mL g vkoK o, R ZUEEE 1 h,
FrHEUITE S 4o R UEHQEYE, K¥E3~4 k., FH
LPEE L, 155505 g H @M AR E A, Bl 2,6-
X -(4-TR 4 5L )-2E )1 (BIPBN), 7264 93.6%, &
Hi M 159~161°C

(2) ¥ BIPBN (53.9 g, 0.1 mol)/ill A % 300 mL
) THF-NEt(R By 2 0 1) i Wb, B b0
fif o FEADAR = 2K B — &b (1og). Mifbw
i (1.0 g) F1 = H B ik £ 4 (30.0 g, 0.3 mol), 80°C
THEFEshe VARG, IR EANEY; K
TR B 3 AT 2L ™= 8, KA 7= 9 H CH,CLy/
A EE LS5, 55 387 g WM AR, Bl 2,6-X-
(4- = W SERE be 56 & B3 R L) - R i (BTEPBN),
FEERON 90.2%, 4 H N 155~157°C.

(3) ¥ BTEPBN (21.5 g, 0.05 mol) /il A 200mL
1) THF-ECOH(IR R L A 1= 1) W rh, B FEv i
HmA 20 gk R, =B 12h, 2B AR
G SRR EAEY, IR A ZE R R A NS
FHL =%, # 7= % 7 H CH,CL-PE % ff, il i
RERC AR Ay B alifh, B KA1 5] 13.6 g # M
{6 8 K Bl BEPBN, =R 4 81.2%, & &1~ 152~
155C, A& mE 1 iR,

1.4 S EFSBEEF B (CNSA) BIHI &

TE LK AR 254 F, 500 mL A9 Y 115
S 11 g 19 = 560 HF i %2 6% 1 40 mL 1 TG 7K CH,Cl,-
THF (R 12 1), %0 6.1 g 19 JE7K NEg; %
W, FIRBEFE 30~60min, RAWAE J KB .
T3/ 1 5.0 g 1Y BTEPBN [#) CH,CL, ¥ # 20 mL, %
B Ih G, WA NEa6, R5HM19g
BT AR, HESERMAE IS ALL . R
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BIPBN-2,6-bis(4-iodophenoxy)benzonitrile; BTEPBN-2,6-bis(4-
((trimethylsilyl)ethynyl)phenoxy)benzonitrile

B 2,6-X-(4- LHIEAAEIE)- A (BEPBN) K13 4K
Fig.1 Synthesis of 2,6-bis(4-ethynylphenoxy) benzonitrile (BEPBN)
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Fig.2 Synthesis of silicon-containing arylacetylene

resin with cyano groups (CNSA)

1.5 CNSA g B9 E

FRI1.0g B, 7E5 U HRIR 170°C /2 h+
210°C/2 h+250°C /2 h+280°C /2 h ) [l {1k T. 2138 4 T+
HEA, ARRHEER, REHEIRAKHDY
Stk
1.6 CNSA WisRFEMH &

SeB AR BT AN AE] 130°C, B IS in AR L
Ak, N LA AR TR B 2 A0 R 2 g Y
), I 170°C/2 h+210°C/2 h+250°C/2 h+280°C/
2h WML T 22 0 FHR N OHE 2 2°C-min™),
BLZE G AR B, SR IR REA,
1.7 CF/CNSA E &+ B #l &

BUECR SF 24 10 cm x 15 cm 19 T300 % £F 45 - 2C
12 fr, PR, PR AF B9 CNSA AR
REAgEA, H5)RENR, T4 5] CF/CNSA il
2R, TR I B (CNSA) i 30wt%~33wt%.

V5 5] 1 i 152 1 TR0 Rl SR TP L2 60°C R B
KA, ZJE R H AR AL, #i B 170°C/
2 h+210°C/2 h+250°C/2 h+280°C/2 h ¥ [ {1k T. 21 %
ATHRFE AL OHEEZ . 25°C-min™), K5 HRE
RN, WAEA MR PR bR R
FEJ7 RE R I ML L 4% FE AR 1 GB/T1449—2005" i
HERE

2 #R5T
2.1 CNSA #¥Rg &5+ R A

CNSA #f i5 19 1 1% 2 4= =03 ("H-NMR) 414 3
PR o % B2 AL KN ilbR i a. by ¢ AL,
535 CNSA B g S M G R 8 0 . Si—CH, 7E 6
(10 H 054, C=C—HTE §(10°) Jy 3.09 &b Al
Ar—H 1£6(10°) }y6.55, 7.08, 7.34, 7.55 4b, Hif,
5(107%) & 3.09 5 0.50 4 1 [T B2 EE 4 S 1.00 = 5.21,
P54 W (E (1.00 : 6.00), i B CNSA B & 48 1k
il % o
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Fig.3 'H-NMR spectrum of CNSA resin

CNSA # fig /Y FTIR & 3% 4n & 4 fr7s o Al %01,
3282 cm™ b =C—H BRI, 3060 cm™ 4bhy
FH A Ar—H, 2961 cm™ &bl Si—CH, & Wik
I, 2226 cm™ 12 158 cm™ 4 43 % —C=N I
—C=C— it ig, 1022 cm™ 4ty Ar—O—Ar I}
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AT o
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Fig.4 FTIR spectrum of CNSA resin

2.2 CNSA # i8R fE M

CNSA W BB 75 = i T 1 g Pk an 3k 1 v s o
e M 1 S R T Bk B ) AEAE {1 CNSA B i 78
WL TR A B R, fEE RS, W
VST THF, H A, CHCly. PNEASEH LA .

&1 CNSA ERAMFE
Table 1 Solubility of CNSA at room temperature

Solvent Solubility Solvent Solubility
CHCly ++ DMSO ++

THF ++ CH3;CN +
Toluene + EtOH -
Acetone ++ Hexane -

DMF ++ PE -

Notes: THF— Tetrahydrofuran; DMF—N, N-dimethylformamide;
DMSO—Dimethyl sulfoxide; EtOH—Ethyl alcohol; PE—
Petroleum ether.
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Fig.5 Rheological curve of CNSA resin (2°C-min™")
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Fig.6 DSC curve of CNSA resin(10°C-min™)
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150~350°C Z [H], % 58 /Y 7o 44 X ) A A T
[ B, 3% 42 v oA D B I 1) AR i O TR A 0
X UL T CNSA B R Ak b b4 .

CNSA 4 fig 75 A [\] FH il 8 %6 T 19 DSC il 4k &
R A 5 an 1] 7 FE& 2 s o

il i Kissinger J7 %l Ozawa J7 i R 4R 58 H
tbsh Ji2% . HAFE T .

ln[ﬁz]:ln(g)— Ea (1

T2 E,) RT,
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Fig. 7 DSC curves of CNSA resin at different heating rates
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Table 2 DSC data of CNSA resin at different heating rates

Heating rate/ o o o 1

5 T;/°C T,/C Ty/C AH/(J-

(C-min’l) i p f /(0 g )
5 168.6 225.7 265.4 351.3

10 180.3 242.1 280.6 287.6

15 194.9 251.6 287.5 249.9

20 193.7 258.2 295.2 246.6

Notes: T;, T, and T; —Initial curing temperature, peak curing
temperature and final curing temperature, respectively;
AH—Exothermic enthalpy change of curing reactions.

Horb: poATHI A R MHT B B, IR
WALRE; CoMw B T, o Ak S R iy 0 iR %2
HARKEBREE RN 3 TR

%3 CNSA RifERIE L R R # DSC 53 Hr#HE
Table 3 DSC data for treatment of CNSA reaction

B/(C-min™")  T,/K 1000/T,/K" In(/T,) 1Ing

5 498.85  2.005 -10.815 1.609
10 515.21 1.941 -10.187 2.303
15 524.76 1.906 -9.818 2.708
20 531.32 1.882 -9.555 2.996

Notes: f—Heating rate; T,—Peak temperature of curing reactions.

$ In(8/T,%). ng 735 %F 1000/ T, 4 € 5 A7
LIS, HRK 8 Rk, BLAHKEREK
T 0.999. i i 153 2 A B 2R 44 Kissinger %ﬂ
Ozawa J7 T2 7155 FL A i [ 4k 2 1 = W V& fk g, 43
5124 85.2 kJ-mol ™ F1 89.1 kJ-mol™, I UL 5z i/ iif 1k fiE
AR, UL B CNSA B 76 i #41% B F 25 5 & A T
LA
2.5 CNSA # A5 Bl k¥ 89 2 R AE

i 1 5 A7 41 A BR 5 CNSA B IR B9 [ 4k it 7

R e R S5 R p AR, ZEOR AN 9 R o RSk

_14 1 1 1 1 1 1 1 1
1.88 190 192 194 196 198 2.00 2.02

1.000/T,/K !

€18 CNSA#gHY In(8/T,%). Ing 5 1000/T, {55

Fig. 8 ln(ﬁ/sz) vs 1000/T}, and Ing vs 1 000/ T}, plot of CNSA resin
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Fig.9 FTIR spectra of CNSA resin at different temperatures
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55 2226 cm™(—C=N) &b iy 3 W i 1 45T Uh B
I, UEBHFIER P IR & A SO 5 Ik S A 7
1471 cm™ F11260 cm™ &b H 30 = W 3R 1 2 i g 819
AN, fEER S 320C Z ], 3FH LA (Ar—H)
FD A ik 5 (1025 em™") 118 I WSO e B B oK k4B el
A%, AIUL, 4 CNSA B g Y [ 46 3] 250°C LU,
/Hﬁbﬁ%%%ﬂiméfif MR Ak S T, mUE
5N R A RSSO, AT AR B Ak
i P w0 AR K] 9 RIS B fk, CNSA # iR
A& 1 AR TR Sy AL 4 &1 10 iR o
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Fig. 10 Thermal cross-linking mechanisms of CNSA resin
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WY i 1 it REASE £ 2R W R AT, (HJ it RE A = 7 350°C
Je T P i RE A A T R] RE R IR U A
N BRI S5 AL R 30T . SR, 7E 50~400°C Z [H]
PR M IEVIME A B R HYEREE 02 DI,
HAR BB FEE . X2 T CNSA RHE 4k 5 B
BT ARTEE R, BRI T REBWiE Bl R W] CNSA
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Fig. 11 DMA curves of CNSA resin casting
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Fig. 12 Thermogravinmetric curve of cured CNSA resin (10°C-min™", N,)

2.6.3 Ji2EPERE

W O T 20 7% CF/CNSA B A Mk, it
T3 RERL ML Jy 25 M B, CF/CNSA & & 4k
o il 5 B A 383.8 MPa, 25 il 5 4 62.9 GPa, H
A 2R . X SOk [5, 11] 9738 A A ik
F5 B g (PSA) HY 722 PERE, il SR H 25 il ik &
B WY W3, JC R (A&l 13 T R). R EE
(A3 T T REAE 48 i T A7 6 22 1 A AR P Y ik 2 4
eSS NG AIEA e O v S VR Al AR N L
Ul B ASRE S, E RS R R

3 41t

(1) I HI 5 T 2,6-3-(4-2 Mo B A A ) K
(BEPBN).,

(2) 38 2ok A Ak i T B 1 o AU 6 ) 1% ) D ek
fit 77 B4 i (CNSA), 38 #3 '"H-NMR. FTIR. DSC,
TGA %5 70 Hr RAE 7 H 45 MPERE . CNSA #4 fig 7]
b LR U N U o I | B e
110~165C Z[H), HA KL 0y THRE
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Fig. 13 Flexural properties of T300 carbon fiber
cloth/CNSA (CF/CNSA) composite

(3) CNSA ST 7E 200°C LATR [Efk, BEATEMRRY
FMIGILEE (85.2k]-mol ™ (Kinssiger %) . 89.1kJ-mol™
(Ozawa ¥£)).

(4) CNSA ¥ JIg [ 1k 91 At B 0 i #4078
50~400°C Z [HI& A P LA s N, A0, i
P55 5% BITLEE Tys 4 512°C, 800°C 5% B8 %K 80%.

(5) T300 i £T 4 SF- 40 i /CNSA (CF/CNSA) & &
MR B F12#PERE, IR T CF/CNSA & & 41
B 25 5 BE A 383.8 MPa, 25 i &N 62.9 GPa,
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