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Table 1 Gelation time of PSAFs

Gelation time /min
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150 C 160 °C 170 °C 180 °C
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Fig. 6 DSC curves of PSAFs
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Table 2 Feature data of DSC for PSAFs

Samples T/C T/ T/ C AHI(J-g)
PSAF1 143 220 311 373
PSAF2 141 221 305 333

T—The end temperature of the curing exothermic peak
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Fig. 8 Frequency dependence of dielectric properties of the cured PSAFs casting body
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Samples T,5/°C Residual rate at 1 000 °C/%
PSAF1 430 42.3
PSAF2 416 34.7
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() i P U L 2R L bR BT o i, A — i
T AR B T AR B B B SRR A A ) -

3 4 i

I IR T LRI IR AR S KA R e S R
e (0 406 6 BN G T 5 AR Y R i, E B R D R
BB 5 4 v 5 | AR B e 3, AR5 T it e IR AR A
FL O B RURE DT BRI, o T R DY U IR 1Y
T 2MERE, B T S RE DT AR AR A HL R RE

(1) & RAEETT B BE, B TAEREMIZE LA T K5
BB, AR T AR R, R 4 [ A R K )
140 °C 2oy, kiR et ] B A1

(2) TE 5 RE 5 M B 2540 vh g | A BE 5 e 2,
REAIR T 3 1 D7 R B 19 A FL R BIORN A FRLBRE, HL R

FE IR E ML, 75 1 MHz F, PSAF2 i 5%
BRI B8 BUA F) 2.43, A B Ak 5] 0.003 0, E.
AL R B ErERE .

(3)PSAFI1 [ fLYI7E N, AT 5% K E R
| 430 °C, 1 000 °C HY5% B HRIAF 42.3%, HA RIFHY
fiif # PR BE

SE 30k

[1] LIUY W, ZHANG Y, LAN Q, et al. High-performance
functional polyimides containing rigid nonplanar conjug-
ated triphenylethylene moieties[J]. Chemistry of Materials,
2012, 24: 1212-1222.

[2] [ISHIDAH, LOW H Y. A study on the volumetric expan-
sion of benzoxazine-based phenolic resin[J]. Macromolec-
ules, 1997, 30: 1099-1106.

[3] TAOLM, YANG H X, LIU J G, et al. Synthesis of fluor-
inated polybenzoxazoles with low dielectric constants[J].
Journal of Polymer Science Part A: Polymer Chemistry,
2010, 48: 4668-4680.

[4] LONG T M, SWAGER T M. Molecular design of free
volume as a route to low-k dielectric materials[J]. Journal
of the American Chemical Society, 2003, 125: 14113-
14119.

(5] BILLIR, TN, 5880 55 R ok BRI R
il 2 SERERFFE[I]. THEERTRL, 2011, 42(9): 1646-1652.

[6] VOLKSEN W, MILLER R D, DUBOIS G. Low dielectric
constant materials[J]. Chemical Reviews, 2010, 110: 56-
110.

[7] MAIER G. Low dielectric constant polymers for microelec-
tronics[J]. Progress in Polymer Science, 2001, 26(1): 3-65.

[8] GUIJW,DONG W C, TANG Y S, et al. Ultralow dielec-
tric, fluoride-containing cyanate ester resins with improved
mechanical properties and high thermal and dimensional

stabilities[J]. Journal of Materials Chemistry C, 2017, 5:


http://dx.doi.org/10.1021/cm3003172
http://dx.doi.org/10.1021/ma960539a
http://dx.doi.org/10.1021/ma960539a
http://dx.doi.org/10.1002/pola.24253
http://dx.doi.org/10.1021/ja0360945
http://dx.doi.org/10.1021/ja0360945
http://dx.doi.org/10.1021/cr9002819
http://dx.doi.org/10.1016/S0079-6700(00)00043-5
http://dx.doi.org/10.1039/C7TC00222J
http://dx.doi.org/10.1021/cm3003172
http://dx.doi.org/10.1021/ma960539a
http://dx.doi.org/10.1021/ma960539a
http://dx.doi.org/10.1002/pola.24253
http://dx.doi.org/10.1021/ja0360945
http://dx.doi.org/10.1021/ja0360945
http://dx.doi.org/10.1021/cr9002819
http://dx.doi.org/10.1016/S0079-6700(00)00043-5
http://dx.doi.org/10.1039/C7TC00222J

374 AR B TOR A o2 R CH SR B 22 O % 46 4
6929-6936. 1,3-phenyleneethynylene] by solid-state NMR  spectro-
[9] LIU B J, WANG G B, HU W, et al. Poly(aryl ether scopy and computational chemistry[J]. Macromolecules,
ketone)s with (3-methyl)phenyl and (3-trifluoromethyl) 1998, 31(9): 2804-2808.
phenyl side groups[J]. Journal of Polymer Science Part A: [19] BUVAT P, JOUSSE F, DELNAUD L, ef al. Synthesis and
Polymer Chemistry, 2002, 40: 3392-3398. properties of new processable type polyarylacetylenes[C].
[10] NIUY M, ZHU X L, LIU L Z, et al. Synthesis and charac- Internatiion SAMPE Symposium and Exhibition, 2000, 46:
terization of poly(aryl ether ketone) with trifluoromethyl 134-144.
substituted benzene in the side chain[J]. Reactive & Func- [20] %9k SRR, EAR. IS HIT L IRIR S NS
tional Polymers, 2006, 66: 559-566. PERE[I]. £ AL T, 2004, 33(9): 880-884.
[11] KONGL Q, QI TK, REN Z D, et al. High-performance in- (211 Tk3%%, m &, JE L, 45 SRS IE A H 57 O AR i A ik
trinsic low-k polymer via the synergistic effect of its three FFAE[T]. AR T RE2AR, 2009, 9(3): 574-579.
units: Adamantyl, perfluorocyclobutylidene and benzocyc- [22] CHEN M, XIONG P, ZHOU Q, et al. Synthesis, curing
lobutene[J]. RSC Advances, 2016, 6: 68560-68567. behavior and thermal properties of silicon-containing
[12] JIAM C, LI Y J, HE C Q. Soluble perfluorocyclobutyl hybrid polymers with Si—C=C units[J]. Polymer Inter-
aryl ether-based polyimide for high performance dielectric national, 2014, 63(8): 1531-1536.
material[J]. ACS Applied Materials & Interfaces, 2016, [23] SHEN Y, YUAN Q, HUANG F, et al. Effect of neutral
8:26352-26358. nickel catalyst on cure process of silicon-containing poly-
(131 4T3, BT, FRE. BEMEW G TR o R[], & arylacetylene[J]. Thermochimica Acta, 2014, 590: 66-72.
SrFidiz, 2018, 8: 1003-3726. (24]  FEWUH, 3SR, BUKOR, A5 DT R T RINEEBEAYE S REDT
(14]  SKWAE, FEig, 2570, 55, SREDT R SO IR Y I (4 HA AR PERET]. AR TR 2R (A SRR R), 2019,
R AR HERE )] AR ARHE TR 2224k (A AR, 2015, 45(3): 411-418.
41(6): 321-327. [25] 2R, RWEHE, TIK, & ARG O HRILRN &
[15] ITOH M, MITSUZUKA M, IWATA K, et al. A novel syn- ] mA e TR, 2008, 22(4): 630-633.
thesis and extremely high thermal stability of [26] GUOKK, LIP, QI HM, et al. Thermal curing and degrad-
poly[(phenylsilylene)ethynylene-1,3- phenyleneethynylene] ation behaviour of silicon-containing arylacetylene
[J]. Macromolecules, 1994, 27(26): 7917-7919. resins[J]. Polymer Degradation and Stability, 2016, 131:
[16] ITOH M, INOUE K, IWATA K, et al. New highly heat-res- 98-105.
istant polymers containing silicon: Poly (silyleneethynyle- (27]  SKAEME, SKAT. FRE A AR RAAR IR R I7 7 2 45 iR
nephewnyleneethynylene)s[J].  Macromolecules, 1997, [7]. FEMAR K AFiH2 AR, 2001, 24(1): 53-59.
30(4): 694-701. (28] i, Pede, =S, 45, SRS B AR 00 @4k B A4
[17] ITOH M, KOBAYASHI M, ISHIKAWA J. Dehydrogenat- BHERELI]. 485418, 2015, 48(3): 18-23.
ive coupling reactions between a monosubstituted alkyne [29]  TRER, AN, THEE, & SESFHR IR TN K sh
and monosilane in the presence of lithium aluminum T2 BEESE/E AR L 2010(6): 35-39.
hydride[J]. Organometallics, 1997, 16(13): 3068-3070. [30] MAEX K, BAKLANOV M R, SHAMIRYAN D, et al.
[18] KUROKI S, OKITA K, KAKIGANO T, et al. Thermoset- Low dielectric constant materials for microelectronics[J].

ting mechanism study of poly[(phenylsilylene) ethynylene-

Journal of Applied Physics, 2003, 93(11): 8793-8841.


http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1039/C6RA10594G
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.1021/ma00104a056
http://dx.doi.org/10.1021/ma961081f
http://dx.doi.org/10.1021/om970084t
http://dx.doi.org/10.1021/ma971133g
http://dx.doi.org/10.3321/j.issn:1000-8144.2004.09.018
http://dx.doi.org/10.3321/j.issn:1009-606X.2009.03.028
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1016/j.tca.2014.06.002
http://dx.doi.org/10.3321/j.issn:1003-9015.2008.04.015
http://dx.doi.org/10.1016/j.polymdegradstab.2016.07.006
http://dx.doi.org/10.3969/j.issn.1006-2793.2001.01.012
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.03.005
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.1063/1.1567460
http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1039/C6RA10594G
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.1021/ma00104a056
http://dx.doi.org/10.1021/ma961081f
http://dx.doi.org/10.1021/om970084t
http://dx.doi.org/10.1021/ma971133g
http://dx.doi.org/10.3321/j.issn:1000-8144.2004.09.018
http://dx.doi.org/10.3321/j.issn:1009-606X.2009.03.028
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1016/j.tca.2014.06.002
http://dx.doi.org/10.3321/j.issn:1003-9015.2008.04.015
http://dx.doi.org/10.1016/j.polymdegradstab.2016.07.006
http://dx.doi.org/10.3969/j.issn.1006-2793.2001.01.012
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.03.005
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.1063/1.1567460
http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1002/pola.10434
http://dx.doi.org/10.1039/C6RA10594G
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.3969/j.issn.1006-3080.2015.03.008
http://dx.doi.org/10.1021/ma00104a056
http://dx.doi.org/10.1021/ma961081f
http://dx.doi.org/10.1021/om970084t
http://dx.doi.org/10.1021/ma971133g
http://dx.doi.org/10.3321/j.issn:1000-8144.2004.09.018
http://dx.doi.org/10.3321/j.issn:1009-606X.2009.03.028
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1002/pi.4661
http://dx.doi.org/10.1016/j.tca.2014.06.002
http://dx.doi.org/10.3321/j.issn:1003-9015.2008.04.015
http://dx.doi.org/10.1016/j.polymdegradstab.2016.07.006
http://dx.doi.org/10.3969/j.issn.1006-2793.2001.01.012
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.03.005
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.3969/j.issn.1003-0999.2010.06.009
http://dx.doi.org/10.1063/1.1567460

%53 WRITAR, 45 7 AL B IR A S P RERTT T 375

Synthesis and Performance of Fluorine-Containing Silicon
Arylacetylene Resins

CHEN Yuanjun', GUO Kangkang?, WANG Fan', ZHU Yaping', QI Huimin'
(1. Key Laboratory of Specially Functional Polymeric Materials and Related Technology of Ministry of Education,
School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237,
China; 2. Shanghai Electric Tools Research Institute, Shanghai 200233, China)

Abstract: Silicon-containing arylacetylene resin(PSA) has been widely used in aerospace and electronic
information field, because of it’s excellent process performance, high temperature resistance and dielectric
properties. However, the dielectric constant of PSA resin still cannot meet the use of the very large scale
integration (VLSI). Fluorine-containing silicon arylacetylene resins(PSAFs), which offered high temperature
resistance and low dielectric constant, were synthesized through the reaction between long chain
fluoroalkyltrichlorosilane and phenyldiethynylmagnesium bromide, and their structures were characterized using
FT-IR, 'H- NMR and “F-NMR. The rheological properties and cure behavior of the PSAFs resins were investigated by
the rotational rheometer and DSC. The thermal stability and dielectric properties of the cured PSAFs resins were
analyzed by thermogravimetric analysis and dielectric spectrometer. The results showed that the PSAFs resins had good
processability, and the processing window was under the temperature ranging from 40 °C to 150 °C. The incorporation
of fluorine into silicon-containing arylacetylene resin improved the dielectric properties, and the dielectric constants of
the cured PSAFs resins can tuned from 2.43 to 2.62, and the dielectric loss were varied from 0.003 0 to 0.005 8 under
1 MHz, respectively. Moreover, the dielectric constant was decreased with the increase in fluorine content, but the
dielectric loss did not change significantly. The 5% weight loss temperature of the cured PSAF1 and PSAF2 resins
under nitrogen atmosphere were 430 °C and 416 °C, and the decomposition residue at 1 000 °C were 42.3% and 34.7%,
respectively.

Key words: silicon-containing arylacetylene resin; fluorine-containing silicon arylacetylene resin; dielectric

properties; thermal stability



