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Properties of A Silicon-Containing Arylacetylene Resin Modified
With Silazane and Its Composite

YANG Jianhui ZHOU Yan WANG Qiang HUANG Farong DU Lei
(Key Laboratory for Specially Functional Polymeric Materials and Related Technology of Ministry of Education,
East China University of Science and Technology, Shanghai 200237)

Abstract

dimethylsilazane (SZ) synthesized by an aminolysis procedure. A series of test methods were used to investigate the

A silicon-containing arylacetylene resin ( PSA) was modified by blending bis (3 —acetylenephenyl )

rheological behavior, curing reaction,thermal stability,flexural and dielectric properties of PSA/SZ. The mechanical
properties of quartz fiber reinforced composites were also measured. The results show that with the increase of SZ, the
viscosities of PSA/SZ resins decrease remarkably, the flexural strength of PSA/SZ resin increases by 62. 7% , the

flexural strength and interlaminar shear strength of quartz fiber reinforced PSA/SZ resin composite increase by 18.7%

and 60.4% , respectively.
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AR 3-F IR 2P 5 R EURE e SN A
T SZ,315 PSA MR ILIE T T PSA/SZ WM IR,
HEIMHEET PSA/SZ Wig B2 A M oEH M RE

1 52§
1.1 Ef

TR T AR, A 99 % Wi HT AL T A KR
ol Ad R R ZE08 3-SR O, Tl g, e T
KA A BRAY R A Al R 2508 s = S g, 43 B4
g AL AR A BR A W AT R K S 7508
% VUK TCKBREREA , Y R o3 b el b i 0 Ak
WA B F] PSA BEAR, B HB BLA S (R
0.14 mm) , A0 FEFIHEA LT A RAR AT IR A F]

1.2 {Us|EH

PSA resin
1
Fig. 1

1.4 SZHIEH
SZ 4% SCHR[ 18 ] & 1, Ho it e tn &l 2 o, 78
RAMRITE, AT PP | 0] o8 B o R B 11
250 mL P4 RS IIA =21 (0. 050 mol ) 5 3-& I
HZHE(0.050 mol) 19 30 mL HI AV W5 HA I 2 (-
10+2) °C, B 30 mlL HI 2R — HH 5 — S REJE (0. 025
mol ) FTRA VWG T 50 mL 5 JF I S ZH 8 B Bk
TN SEER S KON 1 h B FHEIFESIFE (25+2) C

NDJ-79 Bl X FE T, i AR MRl 27 A3
%A PR/ F]; Rheo Stress RS600 % i 4 7 A8 AL , 56
Thermo Hakke 23] ; Q2000 22 /R H13#i B Y, S5 [ TA
/3] 5 Concept 40 5 4 A1 B, BH 4T 1% 4, 5[] NOVO-
CONTROL A ] ; SDT Q600 #rHrX , J5[ TA /A
SANS CMT 4204 Bt A il HL 77 R BR AL, PRI
S EAPEHS I A R A
1.3 PSAWEES SZWBAESH 6 ITH

T Van Krevelen 5 Hoftyzer ) = 4E7% £S5
PS8 A (1) AT

8 =8 +8, +6 (1)
o, 8, WA W TTERAEL, 6, b (LU I BTIRMEL, 6,
h VB Y TTBRAEL

S W R H 3£ EH ChemSW 23 #] ) Molecular
Modeling Pro 3k{4, Je A i PSA MRS SZ 4> F 4544
BRI 1) 5 FRRLTER

PSA #I§ 5 SZ 4 T4t

Structure models of PSA resin and SZ molecules

SN 4 b, ROV EEHE  F0E KBk BE 4 ~5 %, IFH
ToKBREREARR K , 25 BR 25, B 45 A8 0 s A,
Y55 R 90, 7°C, 7R R 2 75% ,"H—NMR ( CDCL, ) ;
0.42(Si—CH,),3.00( =CH),3.71(N—H),6.79 .6.
89.7. 09 (Ph-H) ;*Si—NMR (CDCL, ) ;: -9. 8; FT-1R
(KBr) :3 374 em™ (N—H),3 290 em™' ( =CH) ,2 961
em™ (CH;),2 105 em™' (C=C),1 254 em™' (Si—CH,) ,
958 em ™' (Si—N) ,780 em ' (Si—C) .,

NEL

GHy
a-sic + 27 ), 2ELN —10°C/1h
ChHy g Zid/4h

CHgy
- 2
> GHN sé. NH {5 +2EN - HCl
_ o & 4

=

K2 SZ G kL
Fig.2  Synthetic route of SZ

1.5 PSA/SZ WIER ES#H T &

¥ PSA WG S SZ FEAIRIIC HE A BIREA hi bl |
TR EETHRN Rl v B A B bt 8 AR, 18 THR
2 110°C J5 Hshiidt, 17 R N ) e 2 e Ak 2edis i 1
h, HIARLTER PSA/SZ Wi, FLRCHL L3R 1, JLRE LT
2.:150°C/2 h+170°C/2 h+210°C /2 h+250°C/4 h,

W PSA/SZ T U A Wi v, FR I i e, B0 2
B A, fE AL R A, H R T2 R
170°C/2 h+210°C/2 h+250°C/4 h, A K S1h 3

MPa, &2 &A1& I EN (30 ~32) wi%
#&1 PSA/SZ BIBEHIECLE

Tab.1 Formulations of PSA/SZ resins wt %
Sample SZ PSA
PSA 0 100
PSA/S7Z-10 10 90
PSA/SZ-20 20 80
PSA/SZ-30 30 70
PSA/SZ-40 40 60
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1.6 Wik 5%

RERE RS EEIE | %738 750 v/ min ; B AR A9 U
AREEIN E | THEHE RN 2°C/min, BT E N 0. 01/
s;DSC FFIR # 3  10°C/min, N, 4 ; A HL 50
&, MRS 1 Hz ~ 1 MHz; TGA THEHE 7 10°C/
min, N, YN 50 mL/min; B 5 58 114 b 525 1R
25 il o e K 5 4 9 #%2 GB/T 2570—1997 Fi1 GB/T
1449—2005 #47,

2 #HER5IHR
2.1 PSA#BES SZ MEEHBM

2 O PSA BiR Y SZ i ESE R BITHEAE.,
AN, PSA BHR 5 SZ ¥ E S EUE I 23k, 1L W
W BA A A, X5 g AR . T34,
SZ 1 8, 55 8, (AW = T PSA Wi, 4iH] Sz HA
KAk,

R2 PSAHIES SZ MBRESHITEE
Tab.2 Calculated solubility parameters of PSA resin and SZ

Jl/Z/cm3/2
Sample 3, 8, Oy B
PSA 0.16 20.6 0 20.6
SZ 1.22 20.6 5.0 21.2
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& 3(a) ly PSA il PSA/SZ IR TE 90 ~ 120°C 11
FHEEARALNS L, ATLAE H, PSA Fl PSA/SZ B i A%k
JE FI AR 1 T s T RRALG, ELAE [R)— R S IS 26
B SZ &Y IG I A W AR, X I BT SZ A Rl
FEARML, 51 PSA WIRJG , (38R R 1 3
R,

 3(b)k PSA Fll PSA/SZ WG FERS S IR T 1Y
WARHRZE . 7EIREEMR T 185°C I, PSA B g MK Zh
WA, SR L 185°C I, A A 2 B Al b 7, 1 AR i
KAEASBREEE . T SZ B ROV I PEAR T PSA MR,
K L PSA/SZ # IR BE SZ 7 5 3G T, 358 J5¢ 10558 s 1]
R A s, (H2Y SZ S ik F] 20% J5 , BERR IR
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Fig.3  Viscosity- temperature curves of PSA/SZ resins
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Fig.4 DSC curves of PSA/SZ resins
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Fig.5 Flexural properties of cured PSA/SZ resins
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Fig.6 TGA curves of cured PSA/SZ resins in N,
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Fig.7 Frequency dependences of dielectric constant for
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2.7 PSA/SZ WEEE SN S1FMERE

TE SZ iR 20% L b, 55 A MERHI )21
fE(F3), 33 al W, PSA/SZ BIG 5 &k i 25
M 5287 L PSA MR G EHE S T 18.7% 5
60.4% ., 51 A SZ )5 ,PSA W ig & A # FHW 2 55 4 g
FERARERE , X RESE PSA/SZ B i il M4 i , ik
3T WG £ 4 1) A R TR RE
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Tab.3 Mechanical properties of PSA and PSA/SZ

resins composites

Sample flexural strength/MPa flexural modulus/GPa ILSS/MPa

PSA 197+8.8 18.7+1.5 14.4+0.6

PSA/SZ-20 234+3.6 17.3+2.2 23.1x1.5
3 it

(1) BERSE SZ BN AA BLFFAL T PSA/SZ WA
FIZEIL, H PSA/SZ MR ATAEAR T 200°C T AR ACHE

(2) 5 PSA DERIAAILL, PSA/SZ BRFEIR IR
EPEAI Y HLPERERSAT T [, (LS i PR REAT B2 5, 2 SZ
FHN 40% MR T 62.7% ;

(3) FIELT ARG SR PSA/SZ RENR S A PRI 25
HZBVEREIL T PSA BINEE G ATRE, o rb a5 il 5 22
P51 18.7% ,JEBTHERE T 60.4% .

S 3k

[1] Ttoh M, Misuzuka M, Iwata K,et al. A novel synthesis
and extremely high thermal stability of poly [ ( phenylsilylene ) -
ethynylene — 1, 3 — phenyleneethynylene ] [ J ]. Macromolecules,
1994 ,27(26) :7917-7919

[2] Buvat P,Jousse F,Delnaud L, et al. Synthesis and prop-
erties of new processable type polyarylacetylenes[ J]. International
SAMPE Symposium and Exhibition,2000,46.134-144

[3] ™0, S B SR A5 Wi i 5 S 2 R R 1
RS PERE[ ], AIRME T ,2004,33(9) :880-886

[4] Wang F,Zhang Jian, Huang J X, et al. Synthesis and
characterization ~ of  poly ( dimethylsilyleneethynylenephe-
nyleneethynylene) terminated with phenylacetylene[ J]. Polymer
Bulletin,2006,56 (1) :19-26

(5] BEEBR, e, XSG , 45 B Al & Gk 7 Hms iR 52 5 B RHE]
HLZLI] THMRT.Z,2010,40(2) :33-36

[6] Gao Y,Zhou Y,Huang F R,et al. Preparation and prop-
erties of silicon-containing arylacetylene resin/benzoxazines

blends[ J]. High Performance Polymers,2013,25(4) ;445-453

[7] Zhou Q,Mao Z J,Ni L Z,et al. Novel phenyl acetylene
terminated poly ( carboranesilane ) : synthesis, characterization , and
thermal property[ J ]. Journal of Applied Polymer Science,2007,
104(5) :2498-2503

(8] JAIE, skfad, 7 EDG, 5. &4k & 535 BB AR I & hL
[J]. A T.,2007,36(6) :618-622

(97 XRMG, A, e, 5. & kD5 R s i) 1h 24 T AR e
[J]. TR BT Z,2011,41(4) :24-26

[10] Qi H M,Pan G Y, Huang F R, et al. Preparation and
characterization of high char yield polybenzoxazine/polyarylacety-
lene blends for resin-transfer molding[ J . Journal of Applied Pol-
ymer Science,2009,114 (5) :3026-3033

(11] m &, WL, A5, & U6 I H R IR 1 3 5 R Ak
(I BB TR 242741, 2009,31(21) :9-12

TR Z 2014 4

http : //www. yhclgy. com % 6 1Y)



[12] Wang R,Liu W,Fang L, et al. Synthesis, characteriza-
tion, and properties of novel phenylene-silazane-acetylene poly-
mers| J]. Polymer,2010,51(25) :5970-5976

[13] Song N, Xu F,Ni L Z, et al. Thermal curing reaction
and heat-resistance of methyl-di ( m—ethynylphenyl —amino ) silane
[J]. Journal of Applied Polymer Science,2012,126 (4 ) ;1484 -
1488

[14] RIcEL, 8L, B L, 55, SRR IR EY
5 B ARARENE ] TR T22,2014,44(1) :69-71

[15] 230K, e R m R E MERERR I IR 5T [0 ],
Oy ¥4 ,2000(1) :1-8

[16] Li Y M,Zheng Z M,Xu C H,et al. Synthesis of iron-
containing polysilazane and its antioxidation effect on silicone oil
and rubber [ J ]. Journal of Applied Polymer Science, 2003, 90
(1) :306-309

(177 KT AL 48105, &, — R B Al - — S bt
AR EE S Ho il #5715 P]. CN,101709062A ,2010-05-19

[18] Han W J,Ye L,Hu J D, et al. Preparation, cure kinet-
ics,and thermal properties of novel acetylene terminated silazanes
[J]. Journal of Applied Polymer Science,2012,123(3) 1384 -
1391

[19] MEHERS , Tk 58, FRARSR 45, NI =R R 5 1
B ORISR Y 1 2 PERE AR SE [ 1], TR PIAL L2 B 2
12,2008 ,22(4) ;:300-303

[20] Huang J X,Du W,Zhang J,et al. Study on copolymers
of silicon-containing arylacetylene resin and acetylene-functional
benzoxazine[ J |. Polymer Bulletin, 2009 ,62(2) :127-138

[21] Wang C F,Zhou Y, Huang F R, et al. Synthesis and
characterization of thermooxidatively stable poly( dimethylsilylene-
ethynylenephenyleneethynylene) with o-carborane umits[ J]. Re-
active & Functional Polymers,2011,71(8) :899-904

[22] Li Q,Zhou Y,Hang X D,et al. Synthesis and charac-
terization of a novel arylacetylene oligomer containing POSS units
in main chain[ J]. European Polymer Journal ,2008 ,44(8) :2538
-2544

[23] Zhang J,Huang F R,Du L,et al. Fiber reinforced sili-
con-containing arylacetylene resin composites [ J ]. Express Poly-
mer Letters,2007,1(12) :831-836

[24] Van Krevelen D J. Properties of polymers[ M]. Amster-
dam: Elsevier,1990:200-225

(%4

% 1)

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

( 455 33 10)

HPET 4 T LR Y O 8 0075 40 i DTG e i Bt 7
IR A I E L In(B/T,7) 5 1/T, 2B L&A
KFR A HEEEHFLE RT ~700°C 73 fif S
AL BE M 58. 248 kI/mol, 5 LAl I 7 35 4k BEAH 24
(59.786 kJ/mol) , FEAFEBLA & A& &, S 1Y
SN 5 A A LA W R ARk
3 it

(V) ZEAWEZE b, 5 45 I B S g 5 a0 75
AEARL, FFId o file B3V 22, vh BRI AE — A 7 20 53 Jal
FUor A r LI JS B AR i R 2%

(2) Al 75 s IS e A i kS LR TR I
Perm, BREEHG R BEE FHER AR R4 S S E RS
O3 FRANLE LR A3 TR RE T, DTG T AR SR, W A7 [m)
T il 7 8,

(3) TEE I SR TS AL e AR 2, R UIAE L
AR ERY BRI 0 ROV TSRS A A L
F AR

S 2% 30k

[1] ZEFEH 45, S ERREESE A OB OK A 1) ] £ e R AE
[1]. BAEBATRL,2007,22(2) :115-120

[2] s, 45 i il o & 85 05 7 4 B S AT

TR T http://www. yhelgy. com

2014 4 56 3

[J]. BIELBRAPEL,2004,19(3) :204

(3] Pk, WS8R, bRt 7 A il o P RE AN
(M. BB WERLAHOR i, 2002

(4] SRR, 45, 5 8 Wi il & T 20 2 AP RE B B 5
[J]. HRBA R, 2003,18(4) :286-290

[5] MORIRIE, 55, = SRR BHERD T AT R BFSE
LI BRI AR, 2001,16(4) :47-49

(6] VP, 5. TR A0 JE 0 75 A 4 R sz [T ]
RFEFEAR 2004 (3) :33-34

(7] ¥k, 55, BBk 7 IR B0 ASPERE [T ], ¢
#,2004(1) .8-10

(871 A5, 4. JEWTF AR VERERI R [ )] R HR 2005
(5):50-54

(9] VP, Z=BR0% 4. TSR G BT ad 7 v U 75 A0 4 3R
T RMBIFR[ ], 5K ,2002(2) :3-6

[10] BRSEAE A5 T ifi 7 A0 X6F 58 DA s M b M A e 52wy S
EhIIERESEL ], IREEAR,2005. (2) :5-7

[11] R, BRA, 5. B/E A RN BRIk T2
MIBFSELJ]. REREFAR ,2000(3) :18-21

[12] Kissinger H E. Reaction kinetics in differantial thermal
analysis [ J]. Anal. Chem. , 1957,29. 1702-1706

(B FHR)



	2014年第6期大样

