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1. Power stirrer

2. Dropping funnel

3. Condenser

4. Four-necked flask
5. Oil bath or ice bath
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Fig.1 Schematic diagram of synthesis of PSA-H resins
2.3 KWHE
2.3.1 EEEIE P AL DT HR IR (PSA-H) R 45 Bl
TELEATHEHEAS [PV B e He ks S < 1)
250 mL PU F B s &R, I 3.45 g(0.144 mol)
Peky, HIMEHF T T 228 N 13.6 g(0.125 mol)
IR4HE 5 30 mL THF FITRAH, W29 1.5 h. %
INsE )G 50 C#alm 2 h, A, N ROV
VIR BAA(D. FREX 7.56 g(0.06 mol)fa] - ZHRIEDE, I
30 mL THF JE R, AEUKKIA HITT A8 %A
NN NI T2 1.5 he S nse e g4 65 °C

(B2 2 h, i R N Az th A AR S L. AR
U, VORI EN GRaL B b 5.52 g(0.048 mol)
R — &URERe ) THE %59 30 mL, SN2y 1h, /%
NNl SN T RN NS RS S S I B S D
A 40 F170°CH N 1 h, AEIE . HEE 75
TR, FEL) 75 C NI 22 THE. FEUKKIAHIR ) )
BRI RN 7.2 g(0.12 mol)UKEERRFI 50 mL FHAS IR
BB B, WINERIZ) 0.5 h, RN 2.0%F
SRR KW, WM T2 0.5 h. KR BEI N 500 mL 4y
W 2F, e BIEANUE, HEB TR S
ik, IANTGK NapSO, T4, 38, WUk ZEm LT
I, PR AR FRIR PSA-H MR, it £k bl 2 .
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Fig.2 Synthesis route of PSA-H resin
I INAAN R B ) — SRRIETR G S R &
JEANF > TR PSA-H B, [H] - ZHREEA L 4T
FERERERI AR 1 PR, P B i A B 2 (ks A
W, 70 TR, BB, 7% 84%~90%.
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Table 1 Loading quantities of m-DEB and DCMS for the synthesis of resins and yield of resins
Sample Molar ratio of DEB to DCMS m-DEB (mol) DCMS (mol) Yield (%) Appearance
PSA-H1 3/2 0.06 0.04 85 Brown viscous liquid
PSA-H2 5/4 0.06 0.048 90 Orange viscous liquid
PSA-H3 10/9 0.06 0.054 84 Yellow solid (softing point 70 'C)

2.3.2 ErieE A FHIE TS Hpt g ) [ 4k

FERRE PRI PSA-H BHIE 1.00 g, 72550
B THEX AT A, F2F8 130°C 5 h, 150°C 2 h,
170°C 2h,210°C 2h,250°C 2h,300°C 2h. 130°C 2 h J5
PSA-H3 B figEHE, 130°C 3 h J5 PSA-H2 B ik, 130
‘C 5 hJ5 PSA-HI W IEHRERS, H5c a4 2308 R ER R 00
AL
2.3.3 O fk U A1 Y BE D5 b I ] A4 ) v et e 4

A B ek Sk T ) P 5 e i Il 4 40 T W R 3
W, B R U b, AR TR S R
T2 400°C 2 h, 600°C 2 h, 800°C 2 h, 1000°C 2 h,
1200°C 2 h, 1450°C 6 h, JFHEHE 2 °C/min. £33 1IH
N2 7 1) by MR s 1 P 5[] 4.

2.3.4 Sy BT RAETT

2L AT 52 32 [E Nicolet 5700 £LAMGIEAL,
PR KBr e ik iRE, AR ER IR, %
T 3% P &% W€ Sk M 26 B A B v A "] BRUKER
AVANCE 500 Az REILHRAY,  LAARS VRS, DY H
LAk e /E 0 bR . AR IR A R 23 i D e R H A
DAWN HELEOS %! 2 WL (718, DY SRR /1 35 711
AR i Thermo Hakke RS600 TR AT &, iR
o i ~250 °C, THE#E A 2 °C/min, BIYJHK 0.01 s
HiEEH NDJ-79 AU e 2R FE vl g, IR EE 40~95°C.
DSC 2347 H1 4% [E NETZSCH DSC 204 74 2 7547 4l -3y
P, . TGA 43T 35 SDTQ 600 Y #h K
g R A, AR AR A ik e A A
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Fig.3 "H-NMR spectrum of PSA-H2
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iRz, 3063 13025 cm™ kb R AR C—H H454ES),
2970 em™' 4bE—CH; (FAERT R 4E RS04, 2158 em™
b C=C— i sh 5 Si—H P 1T Z Wi,
1594 F1 1474 em™ Kb ZRIR C=C #4293 WL,
1254 cm™" Ak Ay Si—CH; X R AR T4 5 (145 A W i e
ifi 796 em™" AbAEAIA LA HUR RIRFAE I, H kT D,
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Fig.4 FT-IR spectrum of PSA-H2 resin
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Table 2 The molecular weight of PSA-H resins

Molar ratio of ~ Molecular weight GPC
Sample D1 — —
DEBtoDCMS Cal.” 'H-.NMR M. M. PDI
PSA-H1 3/2 462 518 463 1093 236
PSA-H2 5/4 798 883 840 1182  1.41
PSA-H3 10/9 1638 1521 1239 2701  2.18

Note: 1) Calculated based on the loading reactant.

3.2 SEEEMAREF RIAG (PSA-H) B RERAE
3.2.1 WEfRrkRE

PSA-H 4 Jlg 75 % Pt 1) vh By g it an e 3 o, 36
TEVSJE S AL (AT AR N 2R RE R N SR 40 % 5 1) V- T i)
N 16.8~24.8 (Jem®)"? FIEFIHAT RLUT I METE, HR
7] 53§ BRI RS AT 22000, Gy 7 R PSA-H1 7£
OB T LA, (RS 41 B PSA-H3 Bl {E3E
OB AN AR

R 3 SESEFARET RIS AR

Table 3 The solubility of PSA-H resins in various organic solvents (at room temperature)

Sample Cyclohexane Benzene Toluene Chloroform THF  Acetone DMF  Methanol
Solubility parameter [(J/cm®)"?] 16.8 18.7 18.2 19.0 19.0 20.1 24.8 26.0
PSA-HI +b + + + + + + -
PSA-H2 + + + + + + + -
PSA-H3 s + + + + + + —

Note:1) Fully soluble; 2) Partially soluble; 3) Insoluble.
3.2.2 WREIRARAT A
Kl 5 AR o)1 i SR T R 5 Bt I ) T
AR ML, Ry TR 4. NEELTLLES], BRI

ARSI, RJER e R AR, e R LTt
Bk AEdeke. M PSA-H1 %I PSA-H3, B4 514
K, IERE R, HAHE I & D46/, MR ISR
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Fig.5 Curves of viscosity vs. temperature for PSA-H resins
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Table 4 Rheological analysis of PSA-H resins

Viscosity of Gelation Processing Window
Sample  melted resin  temperature window width
(Pa‘s) (C) temperature ('C) (C)
PSA-H1 0.09 192 52~192 140
PSA-H2 6.21 167 60~167 107
PSA-H3 19.6 160 89~160 71

3.2.3 FrEEESEP H DS B IR I A AT R

Bl 6 by P ek S L A PR D o g 1) 22 3oy A it 2k
AJ DLAZA RE BAT A AL, AR T 200 Crlt kA4
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Fig.6 DSC curves of PSA-H resins

3.3 AESERAREFTHWAEELYIAIEEE
3.3.1 i A IR D Rt IR [ Ak A v
PSA-H1 HI PSA-H3 [& 1B JIF (1) A Lo H e It
HL 13 FE (LR 111 SIUIEY),  tand) 5 450 () ) 56 2 WL &
7. HERAL, ASE S 7 R PSA-H R AR [E L A
HL i ORI FEASURE B AT 3 IR AR R, A L4
7E 2.57 F/m /ifi, S HL#iFE(tanS){E 0.001 Fitiiz, RIM AR
W] A0 00 R A H i R FEURERE 7 R A AN B
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Fig.7 Relationships of dielectric constant and dielectric loss with frequency (f) of PSA-H resins

3.3.2 AU L R DT A A el A F) FARE e A

3 Tl A [ A A NS U IR EE M il 2
el 8 iR, Hdlss TR 5. AR, IR
P RAT RAFAFEE MRS, PSA-H BIREALMITE Ny <

ST R 5% AR E Tes o 675~703 °C, 1000 °C [195% B
HH 90.9%~91.4%, H. Tys AR FHL B KB T B
AU, 2S5 PSA-H BRI Tas M
557~578 ‘C, 1000 C 5L %4 26.1%~31.7%, BE5r+
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Fig.8 TGA curves of the cured PSA-H resins in N, and air
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Table 5 TGA data of the cured PSA-H resins

In N, In air
Sample . - s p - .
Tas (C) Residue at 1000 'C (%) Tas (C) Residue at 1000 'C (%)
PSA-HI 638 91.28 566 26.09
PSA-H2 703 91.40 578 29.02
PSA-H3 675 90.90 557 31.17
3.3.3 kAU R ST R R [ AL ) et e JET
4 m‘%

RS AL DT H IR [ L4 1450 Chedhn
AR RE 48 7 b R A 1) SR A [ 44, PSA-HI1, PSA-H2,
PSA-H3 177 Z (Mg &6 2) 70 A 87.95%, 88.27%H
88.08%. gtk bedt i) XRD 45 Rk 9 Frow.
ATLLEHY, HAE 20=21.7° F1 43.6° &b H BILA 06 1 X6k 1 6
SE VTR IOATI I, 7E 26=35.6°, 60.1° F1 71.9° BT H1F 3
ANRBUIATIREE, I ER 2358 0.252, 0.154 1 0.131
nm, 73R B-SIC [KI(111), (220)FI(311)5h 1, XM
PG AL e e gl ik B2 B T B-SiC fm A
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Fig.9 XRD spectra of ceramic from the cured PSA-H resins

I o F 5 ek S DA R 57 R I R T A R
41t
(1) JE A% Pl 5 s AR A o SN, BT
ANTR) 73 R ik S P R et A
(2) 73 THRAE 400~1600 [ LT AR P A
BB A A TR A, T T AT L. IR BAT AL
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IR 2.57 F/m /oAy, A HUBEAE tanS7E 0.001 B
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Synthesis and Characterization of Poly(arylacetylene) Resins Containing Methylsilylene Groups

ZHANG Ling-ling, GAO Fei, ZHOU Wei, ZHANG Jian, HUANG Fa-rong, DU Lei

(Key Lab. Specially Functional Polymeric Materials and Related Technology of Ministry of Education,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: A series of poly(arylacetylene) resins containing methylsilylene groups (PSA-H) were synthesized by the condensation
reaction between organomagnesium reagents and dichloromethylsilane. The structures of resins were characterized. The curing behavior
of PSA-H resins was traced by DSC and thermal stability of the cured resins by TGA. The results showed that the resins were easily
processed and cured at temperature lower than 200 °C. The cured PSA-H resins possessed low dielectric constant (2.57 F/m), low
dielectric loss (tand 0.001) and excellent thermal stabiliy. Tys (temperature at 5% weight loss) of the cured resins ranged from 675 °C to
703 °C, and the char yields of cured resins at 1000°C were 90.9%~91.4% under nitrogen. After the cured resins were sintered,
[-SiC-containing ceramic was obtained.

Key words: silicon-containing poly(arylacetylene) resin; resin with methylsilylene groups; ceramic precursor



