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Synthesis and properties of alkynyl-terminated fluorinated
poly(imide siloxane) resins

YU Wenzhang, YUAN Qiaolong
(Key Laboratory of Specially Functional Polymeric Materials and Related Technology of the Ministry of

Education, School of Materials Science and Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: In order to improve the solubility and meltability of polyimide (PI), a series of addition thermosetting fluorinated
poly(imide-siloxane) copolymer resins (ABIS) were prepared from two kinds of synthesized trifluoromethyl-containing
aromatic diamine monomers and 3,3’,4,4'-benzophenone tetracarboxylic acid dianhydride (BTDA), besides, aminopropyl-
terminated polydimethylsiloxane (APPS) was chosen as flexible segment, and 3-aminophenyl acetylene (APA) was used as
reactive end-capping agent. The structure of ABISs were characterized by proton nuclear magnetic resonance spectroscopy
("H NMR) and Fourier transformation infrared spectroscopy (FTIR). The solubility, rheological behavior of ABIS and the
thermal stability of the cured ABIS were further studied. Moreover, ABIS films were prepared by solution filming, and their
physical properties were studied. ABIS resin matrix composites (T300CF/ABIS) were prepared by hot pressing using T300
carbon cloth as reinforcement, and their mechanical properties were also tested. The results show that the introduction of
siloxane segment and trifluoromethyl group can significantly increase the flowability and solubility of PI resin systems. The
introduction of fluorinated diamine decreases the 5% weight loss temperature (7,;) of the cured ABIS, but its T, is still
higher than 425°C. At the same time, the residual yield at 800°C (¥,,) of ABIS resins reach 26%. The tensile strength and
elongation at break of ABIS films are as high as 15.8 MPa and 65.3%, respectively. In the frequency range of 40 Hz—10" Hz,
the dielectric constant (¢) and dielectric loss factor (tand) of the PI films are 3.21 and 0.01, respectively, which keep
unchanged basically. The contact angle of water on the cured ABIS film is 94°. The flexural strength and interlaminar shear
strength (ILSS) of T300CF/ABIS composites can be 137.6 MPa and 16.6 MPa, respectively. The synthesized ABIS resin has
promising applications in microelectronic devices and flexible heat-protective composites.

Key words: poly(imide siloxane); fluorinated copolymer resin; solubility; meltability; thermal property; physical property;
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Fig.1 Synthetic route of fluorinated aromatic diamines

EtOH, N,H, H,0, l

BAFPP ] 'H NMR (400 MHz, DMSO-d,) #ll| i
g5 A AR 0=7.17x10°~7.14x10°(m, 4H, Ph-
H), 5=6.91x10°~6.74x10°(m, 10H, Ph-H), 0=5.42x
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Fig.2 Synthetic routes of ABIS resins
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Table 1 Nomenclature and monomer molar ratio, molecular weight and its distribution of ABIS resins

Ff: n(BTDA): n(APPS): n(BAPP/BAFPP/BAFFP): n(APA) M /(g/mol) M, /(g/mol) PDI
ABIS32 3.0:2.0:0:2.0 2 040 5900 2.89
ABIS32-BAPP10 3.0:1.8:0.2:2.0 1770 4100 2.32
ABIS32-BAFPP10 3.0:1.8:0.2:2.0 1920 4400 2.29
ABIS32-BAFFP10 3.0:1.8:0.2:2.0 1820 4290 2.36
ABIS32-BAPP20 3.0:1.6:0.4:2.0 2100 4930 2.34
ABIS32-BAFPP20 3.0:1.6:0.4:2.0 1780 4050 2.28
ABIS32-BAFFP20 3.0:1.6:0.4:2.0 1 860 4210 2.26
ABIS32-BAPP30 3.0:1.4:0.6:2.0 2 040 4 460 2.19
ABIS32-BAFPP30 3.0:1.4:0.6:2.0 2030 4570 2.25
ABIS32-BAFFP30 3.0:1.4:0.6:2.0 2010 4350 2.16

M OB r TR MY )) TR PDUNS TR 2 0 B B (M /M) .

1.3.3  ABIS32 #if Ji 8 s 11 i) 4%

¥ ABIS32 B Jlg ¥ il £ — & e A5 23 51 %
T 4 R T L 8 R TR R R VA S A1 R T AR R U R &
AR b AT o AL T8 Sk A ol A A (] A 5 Bk

TV R [ A PR T T 6, o L B TR R Bk 2k )s
i 14, , 56 B 5 VA 50 22 2 0, 15 21 ABIS32 B4 JiE 785
1.3.4  ABIS32 ¥ i 5 &M L1 il %

¥ ABIS32 #f ig ¥ fif /2 THF H , il 5 53 &2 43 44
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Fig.3 'H NMR spectra of ABIS resins
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Fig.4 FTIR spectra of ABIS resins

2.2 ABISHIBERYIN T4 &E

ABIS B A8 A 28 5 Crp) i i3 A8 A0 1 o e il 28 2
BISFoR. Wi T, B RE X N A, 45 i #4-F AR /s
JIENR TR AR T % 20 AR 6 4 ml iR BE (T, e
P T) , 45 AN 2 Fron . DR i 0 4 m im0
(] 4 2 R 5 3 30 U U (1) L P e AT
TR AR 5 DA v A W00 e 2 R AR Ak, N S SR A M
B R MM T TEERMES%, NESHUEH,
ABIS32-BAPP B Jlg J#r i J5 A AMBEERL , JLF-AAFAE
FAER N T ¥ . ABIS32.ABIS32-BAFPP il ABIS32-
BAFFP i JIE 76 46 FH i o B RE 68 ) fil , 55 P B 5 UL
FE ) T o 17 PR AR DA T 2 N AR 3 BE RS, T JS 7E — 8
(1) 3 9 PRl R e — BN IR 5 SOV BTt . 1 B R
AR RN RE S5, XA IR AR R R AR i T R
HREEWSCEER, L ABIS32 W AR L NI &,
197°C F ik B £ 1L~ 8 Pars. ABIS32-BAFPP Al
ABIS32-BAFFP 4 Jli 1 T-—CF, B I A 3 K Be B IS
TR 7 R EE IR TE 10 L O, A S &
B N, F RN T AE R L (EBE S R Y
T MO BB 0, ABIS A4 A5 AR Rk R $2
Horh Z J 05 % — % BAFPP F BAFFP £ /R 4> $0 A
10% ] ABIS % IR 2 It fe £ 00 A Rt n T 42k

ABIS B i 7 5 F1 A HLIE 770 IV iR e n 38 3
Fias. MR 3TTLLE H L A [ 45 1) 1R A i v e 1 B
035 22 5, LLall APPS S — i 1¥) ABIS32 M iR 75K
T B AL R R I R Vs iR . ABIS32-
BAFPP30 Al ABIS32-BAFFP30 #f JIg 7 4= tb vz 7)) o
(4 NMP.DMF.DMAC . THF il 1 4- ~ & N



Vg S A5 - S R 9RO Jre Tk AU ) ) B S I RE AT

73

*
51 $ ; K v
) o B 4
<« S
45es °
e F;
!
&3 o —e— ABIS32
./ —v— ABIS32-BAPP10
%, —eo— ABIS32-BAFPP10
2r e —<4— ABIS32-BAFFP10
.‘o
| !
190 200 210 220 230
g/ C
(a) J5 & e BEIR 43 0 0 T 10%
L ‘ o ¢_nu
> A'AA o/. ) -.l-l”-/. 7'
A e mTY /'
A
41 l /./ 'V\' / v
° 1 /' 7\v\ /v
\0 Val I v 7
5 3r kA\\. 7[/. WV
A { ]
\A/
21" —m— ABIS32-BAPP20 .
—e— ABIS32-BAFPP20 J
|| —A—ABIS32-BAFFP20 )
—v— ABIS32-BAFPP30
—eo— ABIS32-BAFFP30
0 - 1 . 1 S 1 . 1
215 220 225 230 235
& /°C

(b) 77 7 - EE IR 5 N 20% F1 30%
&5 ABISHBERIRIRBRZE

Fig.5 Viscosity-temperature curves of ABIS resins
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Table 2 Melt temperature, minimum viscosity, and gel time
of ABIS resins

- Tm IR ARAE A 0 /%iﬂiﬁi‘ [
/C /(Pa-s) /min

ABIS32 190 8(197°CC) 25(220°C)
ABIS32-BAPP10 220 22400219°C)  15(220C)
ABIS32-BAFPP10 190 6 180(195°C) 23(220°C)
ABIS32-BAFFP10 190 5070(197°C) 22(220°C)
ABIS32-BAPP20 230 38 600(228°C) 2(230°C)
ABIS32-BAFPP20 220 333(221°C) 16(220C)
ABIS32-BAFFP20 220 133(221°C) 15(220°C)

ABIS32-BAPP30 — — —
ABIS32-BAFPP30 230 628(234°C) 11(230°C)
ABIS32-BAFFP30 230 5(227°C) 8(230°C)

Bl — 52 B ¥ @ M 5 T ABIS32-BAPP30 H £ NMP
R I VA R AE A A BILVE R 38 AN BRI A
T A2 TR A B v R D e R i P 1 T AR B R
KT HAA 2 BAPP [ EE IR 43 B 2] 20%
W, At A B k. 256 KA, 75 RBEW i

25 R v 51 ON =90 A ik 11 AT DA AR v A ) T
AN T Ak BE
&3 ABISWBEHYARRM
Table 3  Solubility of ABIS resins

ABIS32- ABIS32- ABIS32- ABIS32-

bl ABIS32
BAPP20 BAPP30 BAFPP30 BAFFP30
NMP + + + + +
DMF - - - + +
DMAC + - - + +
THF + + - + +
DMSO - - - - -
CH,Cl, + + - + +
R - - - - -
LW - - - - -
2K - - - - -
P i + - - - -
IR L1 - - - - -
kT + + - + +
ZIE - - - - -

VE“+ TR EIR R 2 mg MISTE 2 mL VA7 rh BENE 58 A VAR
“IRIRAE
2.3 ABISH#IEERIEIL

i i DSC kB i ABIS B g 1 44 & 4k 47
ABIS B JIg 1) DSC #h 2k an 18] 6 Fr o , AH R £ 21 -3
4, M 6K 47 LLEH, ABIS32-BAFPP il
ABIS32-BAFFP # i 7 200°C /£ 47 5 715 HA 3 55 Wt
Hors mowg [ A T I W B FE 204~333°C .
ABIS32-BAPP B i 1) DSC fh £k r V545 1 b Wl i
S5 EM RN G, BME S & A&
38R, ORI AEL IR B BT N B RS B
Ji J5  ABIS A% i H B4 R il 52 [ 4 Ui R P (7))
AN B FE (T A i BEAR XA R T [ A T2 2
. HR4E ABIS W JIE i DSC 45 3, % it ABIS32 ff
1 & #  200°C/1 h+260°C/2 h+280°C/1 h+300°C/
1 h; & 75 &F % 1) ABIS32 [E 4L FE £ N 200°C/2 h+
240°C/2 h+280°C/2 h+300°C/2 h.
2.4  ABISHIBE BRI # 1 BE

I TGA X [ 4k J5 ) ABIS B g #4825 1tk 3k 4T 4>
M, g5 R 7 frs , Hrb A IR 5% #i ok R B
(T, ~ Bt R A3 ik 38 R IR B (T, ) K1 800°C F 15 B %
Yoo FIF K S

M7 F02 5 0] LUF Y, ABIS B i & 4k 2 1) T,
g 425°C , R WM IR B A BUAE AR E
ABIS32 it & &8 s, H Ty m T OIS & LR
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ABISS2 T T~

ABIS32-BAPP10
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(a) 75 & G BEIR 53 BN 0 F1 10%
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ABIS32-BAPP30
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6 ABIS#AEH) DSC HhZk
Fig.6 DSC curves of ABIS resins

4 ABISHAEHI DSC BZR H1E
Table 4 DSC data of ABIS resins

AH  AH,

Wl r/c 1/Cc T1JC T/)C
’ lg) /g
ABIS32 178 211 268 363 1110

ABIS32-BAPP10 — 201 278 324 173 29
ABIS32-BAFPP10 204 214 268 308 63 6
ABIS32-BAFFP10 197 204 271 331 98 18
ABIS32-BAPP20 — 219 291 350 80 14
ABIS32-BAFPP20 203 212 264 324 119 14
ABIS32-BAFFP20 201 206 267 333 147 0
ABIS32-BAPP30 — 197 264.302 353 107 16
ABIS32-BAFPP30 204 218 273 310 86 0
ABIS32-BAFFP30 202 209 260 326 140 24

100 b—e—s —e—ABIS32
—v— ABIS32-BAPP10
—+— ABIS32-BAFPP10
80 - ——ABIS32-BAFFP10
S 60t
BE
40 |
20 |

0 1 1 L L L L
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ImEE/°C

(a) 75 & BE IR 43 BN 0 F 10%

-s—ABIS32-BAPP20

—o—ABIS32-BAFPP20

N\, —4—ABIS32-BAFFP20
\ —v—ABIS32-BAPP30

100

801 Y\ ——ABIS32-BAFPP30
%——ABIS32-BAFFP30
S 60
BE
= 40|
20|

0 ) | . . . .
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i EeC
(b) 75 75 [ R IR 73 BN 20% A1 30%
7 ABISHEEE WA R S A TGA Bk
Fig.7 TGA curves of the cured ABIS resins in N,

*®5 ABISHEEECMER ST TGA R
Table 5 TGA data of cured ABIS resins in N,

IE PE % i T,/C T ./ C Y o0/ %

ABIS32 459 506 17.5
ABIS32-BAPP10 437 502 23.0
ABIS32-BAFPP10 445 503 18.9
ABIS32-BAFFP10 448 505 18.5
ABIS32-BAPP20 433 501 26.1
ABIS32-BAFPP20 428 498 23.4
ABIS32-BAFFP20 427 507 26.1
ABIS32-BAPP30 447 504 29.1
ABIS32-BAFPP30 433 496 27.2
ABIS32-BAFFP30 445 498 27.4

VE T3R5 L 06 T A E 5 T, 2 70 ] 4 e B IR PE 5 T2 [ 4k
LR L 3 AH R0 [ A0 SN TR U s AHL 27 ] AL S R R R
I AR TR 0

ABIS B flg . IX 2 FH T ABIS32 1t APPS Ak 48 i 1)
FYEAE ARS8 5% s, A AT [E AL & M
HEAT , A8 22 B FE 488 i AT A R 42 = B g T A0 4 1)

RFERENE oI5 RN BE 0 1 B A [ A6 420 1) W1
PE S 3R 1 AR R R AR B 2R (Ygpe) » HL Yigogec B
B RBE DT & I N B TR . RAAE
) BAPP il 75 F 0 fi [ 46 4 2 I H 45 51 D Y goqec
TX S PR DN PR R I B G R T R = T A B A
500°C A b 2 RMRE S T BOW g [E LA Y g0 B
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ABIS B JIg (1) 0 T T2 #Ata e M 2R 6 1t
At , i% ]l ABIS32 F1 ABIS32-BAFPP10 # flig il #% i
B %o T S ) 0 B 1 R AT T

ABIS32 Hil ABIS32-BAFPP10 ¥ I [¥] 7 7 % 38
ik an &l 8 frw , J1 2B MR AR I M AER 6 . M
B8 1] LLE Y, 7E R A2 A H B 4H S &, T
FEE 35 Kb - e P BR S R B 140 T 2 I 87 7 £ 488 o g 345
I 3R A AT, B TS AR . N B AR 4y
R 10% 1) 75 & G, I S A 58 BE 9.5
MPa 3 K 3 15.8 MPa, 3% B 8 JIE 1) 98 FE 2 % 42 71
B N S8 FREMZ B )12 IR, %
KT T P W SR K 2R

25
201
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2
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Fig.8 Stress-strain curves of ABIS32 and
ABIS32-BAFPP10 films

#6 ABIS32 1 ABIS32-BAFPP10 S & A {14
Table 6 Tensile properties of ABIS32 and
ABIS32-BAFPP10 films

I PR E/MPa 1 [ /GPa WL A%
ABIS32 9.5 0.5 65.3
ABIS32-BAFPP10 15.8 1.2 453

P ol S R 1) A H R B (o) R A B 45 RE TR 4
(tand) BEATR (O AR 4L i 28 Wi B 9 s . A 9 1]
DA H o P ZEL R T 35 5 ) A L B5OR tano B A AR
1L AN B &, ABIS32 F1 ABIS32-BAFPP10 ¥ i 7£ 10
MHz T [ B 50 1) 0 3.21 F13.51, tand B IC H
HIEARFREAE0.01. B ALY PIA BE HUEE N
3.6~4.0, Ut B 51 N\ it S e B B AN = 5 R 2 AT BRI
PI ()4 L8 %, L ABIS32 8 I 1 A B 50K T

ABIS32-BAFPP10 i Ji5 , i B 5| N Tk 4 e 5 B Lt 5
AN P A R A/ B A X TR
¥ AH T ) ABIS32 F1 ABIS32-BAFPPI0C L% 1),
TN EE IR 3508 10% B8 305 & e MR+
B APPS B B/l , TV F I . i A ) i 3 e
SR A 25 AT A BS I, 5 B0 R RO T R R E
TR AU e 20 2 A7 AE R T 1Y, 2308 B ABIS32-
BAFPP 10 i i 22 [ f: 80 o 55 6 2 i &5 46 1 40 A, 5
BOMOBL A BRI A AN I 50 A7 AE SR R A 2, AT B
KT B ) A R H B

5 0.4
—u— ABIS32
—e— ABIS32-BAFPP10
4 10.3
e
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=
o E
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" o]
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legf
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Fig.9 Dielectric spectra of ABIS32 and
ABIS32-BAFPP10 films

ABIS i i 5 68 45 7K (1) 42 il £ BEOR 4o & 10 B
o M 10 7] LLE H, ABIS32 5 i) 22 fish £ A
94.00° , M BE IR 73 H0H 10% (15 985 & &g,
IS 1 4 ik A1 Dk /N 42 911.75° 5 3% W 98 1% i /K 1 T
BRI AEATY SR PR — o B B B /K AR 1 o I A, 130 B
ABIS32-BAFPP 10 15 2 11 22 P4 ek 48U o 1) i AT 70 AH
SAf LB K PE G BT BRI o 3 7 o 5 1 A H o
A9, I Bt S R B S TR L 7K A B AN [

94.00° 91.75°

(a) ABIS32
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10 ABIS32 #1 ABIS32-BAFPP10 E iR A7k iR f BR
Fig.10 Water contact angle photos of ABIS32 and
ABIS32-BAFPP10 films
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DI E (LSS MWK 7 s . MR T AT LLE H, & il
T, T300CF/ABIS32 & & #4 L 1 25 il 58 £ v 129.0
MPa, ILSS 4 16.6 MPa. JIIEE R 535 10% 1) 75
NG, SA MBS dh Ve Re 4 T, 25 h o AT 1
K% 137.6 MPa, iX J2& R 8y 7 1 B v 16 W44 05 77 Jig
BB AR T o ek S S I B N T A e
QLA T =TI i < 1 I L (2
ABIS32 H i S bt 5 14 45 7 1 38 22 A W IR BE 25 5
BEIEA4E I, AR T3 = ILSS.
&7 T300CF/ABISs E&MRHEEIR TR 1S HEE
Table 7 Mechanical properties of T300CF/ABIS

composites at room temperature

SEME ZhaEE/MPa & i E/GPa  ILSS/MPa
T300CF/ABIS32 129.0+12.71 24.443.50 16.6+2.03
T300CF/ABIS32-

137.6+10.93 20.142.72 10.8+1.98
BAFPP10

T300CF/ABIS & & 44 £ i) DMA Hi 40 & 11 fir
o MBI AT LUE H, ik 2] 40°C 5 , B IR I % g
Bl (ED N R, BB 7 1 i B f it e . 5% B
53 B R R 3R R IV M A S e R R T S5 T
RIZ 3, S BRI B R EIG . AR oy &
[t 1) T300CF/ABIS32 & & A KHith Be AR & 50 = I AE
EA] - st A 25 /0, i B B o ) A R 9 FE RS T 9 1
HEIZ 3, A F) T st A R R 5 T

5 0.8
) N 0.6
—
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Fig.11 DMA curves of T300CF/ABIS composites
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(4) ABIS32-BAFPP10 i JIE [ 437 {1 5 & 4y 15.8
MPa, ABIS32 ¥ I (1) Wr 24 4 %804 65.3%.  ABIS32
WAL 10 MHz F H A B A B H 32D Ay
JRARFER %L, H tand 5 ABIS32-BAFPP10 # I AH T ,
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