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Bg (PSA) 347 R BUM, TR R B AR 578 (BOZF) W4 M5 i & 5 2T BOM A IS M Ak 69 v
KRB £ T EF#H % (DSC)AF KX BOZF/PSA ¥ B LAT 4, R A2 & F B # 4% (SEM) M &
BOZF/PSA % # 1k B @ 69 T 42, K A & F 5 47 (TGA) = 3 & A A 5 47 (DMA) #F %
BOZF/PSA %454k 8 it # b b Ao A MM M AL, FIRF R AR T A~ b4k, 2R &%, BOZF #9m A
1 RERW S PR A R S M A A AL, AL 4548 5 PSA MRS 49 )
W, RERT WA M w(BOZF) #9¥ mmit &, % w(BOZF-1)= 30% &, B4 g 69 5 oy 3%
ik %) 28.1 MPa, }t PSA ¥ 48 mAA4% & T 44.1%., K4 BOZF % A N, BOZF/PSA #) fif # Pk 5t vk
AT B, 8w s LA, A8 A B4, H F BOZF-1/PSA, BOZF-2/PSA, BOZF-
3/PSA(w(BOZF) ¥ H 10%) £ No AR T, 5% # X 8 B (Tys) % 31 A 544,604 °C F= 584 °C,

1000°C TG E5 74 84.4%,89.0% F= 88.1%,
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Abstract: Fluorinated benzoxazines with allyl (BOZF-1), phenyl acetylene (BOZF-2) and propargyl (BOZF-3) were

synthesized and used to modify silicon-containing arylacetylene resin(PSA). The effects of the structure and the contents of

BOZF on the properties of modified resin (BOZF/PSA) were investigated. The curing behavior of BOZF/PSA resins were

studied by differential scanning calorimetry (DSC). The micro-morphology of the blend resin casting was analyzed by

Scanning Electron Microscope (SEM). The thermal stability and thermal mechanical properties of the cured BOZF/PSA resin

were analyzed by Thermogravimetric Analysis (TGA) and Dynamic Mechanical Analysis (DMA). The dielectric property
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was also studied. Results showed that the addition of BOZF resins could improve the toughness of PSA resin, and the bending
properties of cured products improved with the increase of benzoxazine mass fraction. Among them, the bending strength of
modified resin (W(BOZF-1)=30%) could reach 28.1 MPa, which was increased by 44.1% compared with PSA resin. The heat
resistance of modified PSA resin decreased slightly with the addition of BOZF resin, the 5% mass loss temperature of the
cured resin BOZF-1/PSA, BOZF-2/PSA and BOZF-3/PSA (W(BOZF) = 10%) was 544, 604 °C and 584 °C in nitrogen, and
their residual rate at 1 000 °C was 84.4%, 89.0% and 88.1%, respectively. With the addition of BOZF, dielectric constant of
modified resin was slightly increased, but still maintained a good dielectric performance. SEM showed that the smooth and
flat cross-sections turned into tough ones with many cracks and ductile fracture zones, which proved that the modified resin
changed from typical brittle fracture to ductile fracture.
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RMEPE S, PRt PSA SEA7 AL TR st B2 o LM A0 ) 2= M R IS100, gl il T iR R A R 1 (] A, ey S0 )
FHRURUT B Sk — 57 N R 28 (BIBP) FEfE 1 571, B T 2844 g (SBR) 1 PSA iR, >4 w(SBR) M #| 40% B,
PRI B PSA S 5 B RS AR A A G I T 93% AN 173%. SRAFGRAED2 A AL T ZBR I B (MPBE),
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IR FFWE R A 18 2o TF IR IR A s B [k, He [ 4k o B2 TG /NG5 F Bk, FLBR AR B B 4 AR /DN, [ 168
BA RAF R b . BEHARME R s, PRI RE R R R 5 PSA SR HF 7 ekt . B S0 5l 1T % U
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apa)=10% I, BCHEA B 194 FL 4008 PSA IOAR R MBI IN 1 0.2, Ahug ] SR 0400 0 Ey A RS AR G (BADCy) Fil
R R IR T IER (P-appe) 5 PSA HEA 73R AF 2 = oIk &R (PPB), Bl MEAM i A9 25 it o B 45 v 1 115%, {HH:
FERATR T TR 5% B BT (Tes) M 618 °C NFEH] 491 C, B AR RIS 19 5 AL T — R IR I
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TREBAEWEA N R . AER 0 P LB 4 A 507, DR HORE 5 G 1A 5 | AR I E R A
Jig T R AT AR FE R R RE R S5 A R P AR, W Re i s R S A bk fg . sUREDS ST RS A A
S0t i 1) 7R 5 SRR IR (BOZF ), 5 38538 AN 25 UL AT 9 28 1 BE R A EL LA B i e PE RN Bk e %, AR
SCE LT — FR G AP A ) & R IR R, TR S PSA AT IR et . X BOZF/PSA BUPEM iR 19 T
CVERE, DA DS R PR BE | A HEE RE RN S M RE A UEAT TRIEST, DAE AR S [R] 45 AL BT B A B 1 A
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PSA: S5 [ i1, DL SR IR SRR JER, &R T O AR (A Z BRI R; BOZF: 5256 % [ il 09,
DIRS TR . 6] 2B BE 2 Bl . R TR e Sl JG R, 55 WUy AF . 22 58 W R i 5 i, 28 0 B oA s (o B AR e Ak, 1
K(TL): s Hrali, B 2545 A A2 a0 A BRA W o I P 36 35 SR IR R (BOZF-1) | 2K WS & SR IRk
(BOZF-2) R PN 3 55 SR R (BOZF-3) iy A iU £ i 1 i .
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Fig. 1 Synthesis routes of BOZF

1.2 MWK 5RAE

£IHMETE (FT-IR) : 2R H 22 16 Nicolet 23 7] 6700 Y {# B A5 40 21 SR S 343, P K YE 1l 4 000~400 em™!, 43
HEA R 0.09 em™!, FRERECH 8 UK, >R FHER BEHIAE o

W g 4R S5 ('H-NMR) : 2% FH Bruker ADVANCE 400 MHz #% #2823 1%, L CDCly SHyA R, LAPY H 3Lk
Tt bR

R (DSC): R E TA 23] Q2000 Y 22 /8 FAH - HUX, 78 Ny S5 T #EA IR, THE R Ny
10 °C/min, I B35 [l f & R 3 300 C .

B RHASHT (DMA): % H %51 METTLER TOLEDO DMA1 EUMRAY, DA 3 25 s = I b g i 3%
B AR IR (T,) , BESAR ST 45 mmx8.5 mmx2.5 mm, JHEH RN 5 C/min, JEJEILHE K 50~450 C.

PR FET(TGA) : SR TA 22 5] SDT Q600 i #4 A T 43 A A AT I, THR 24 10 °C/min, &4
JEEIR 50~1000 °C, F£ 5L FREC 3~10 mg.

SEA HL BT : SR FH 4% [ NOVOCONTROL CONCEPT 40 % G 55 /> H (S0 a4 B P B, RE S T 8 i 1.
£ 30 mm, JEEE 1~2 mm R K, 5% K 1~1x106Hz,

Z5 iR RE I3 SR IR = ARG I AG FR 23 7] 2T/CMT 4204 R J7 EiR 56 AL, ARl GB/T 2567—2008
3 S 24 PR RE, AE 5 RST 8 80 mmx 15 mmx4 mm, #5155 B 4 60 mm, filZ# 3K & 2 mm/min, £ 20K 6 #REE
&, BOFAE.

I 7 S (SEM) : 2R H A H 3728 &) S-4800N 2 4148 ri, 7 S A, i vls JE ok 15 KV,
1.3 BOZF/PSA B B A9 & A El 1k

e B — 22 1 LR LU I PRI BOZF Al PSA, F H RAR 1A R b AT 5/, ARG 5 2 IRIR A 195, R 8Ea
0375 I 5 S0 W, TR ZR AR R 2 57175 21 BOZF/PSA BCHER I o

B OUHER G A e AR L, BE IS 56 A L as BEAR, 90 °C ELZRZE T 2 h B 25500, i 6 A e TR b A B4 T
THE EAL, BALFEE A : 120 °C, 2 h; 150 °C, 2 h; 180 °C, 2 h; 210 °C, 2 h; 250 °C, 4 h,

2 GRSIIE

2.1 BOZF H4EMFRAE

& 2 & BOZF WILLAMEIER . Hd 1200 em™ 4b 2k C—F BRI 45 PR 3014, 1 503 cm™! 1 823~825 cm™! 4k
XFREAEI F ) 1, 2, 4- = BURERAE W2 s, 1 328~ 1 329 em! Ak fi4 55 I S IR R 2R |- 17 P 5 (14 422 43 0% 5 1 i i
1240~1247 cm™ F1 1 097 cm™! Zb43 5 HIEBE IR | C—O0—C il C—N—C (45 & sh W licig . %} BOZF-1,
1643 cm™! Ab 2k C=C XS A4 P 45 4 sl R UAC I, 985 em ! A M 2k | C—H IR 4a ik sl . XF F BOZF-2
H1 BOZF-3, 3 289~3 291 cm ™' &b A3k | C—H B 4 41 3 W i e

& 3}y BOZF A% LR A5 18 . %1 T BOZEF-1, 5.20 1 5.88 4k 43 42 4% P 5L th=CH, Fl=CH— | &
T U, 337 fbIHJE T4 N B i) — CH— B Y BT I, 3.86 Fll 4.82 &b 435Il IHJ& T — Ar— CH,— N— il — O—
CH,—N— (i FI; X F BOZF-2, 4.60 F1 5.36 Ab43 5 9 J& FRER A I — Ar— CH,— N fl—O—CH,—N— I
[ iU, 3.05 AbIH &8 TH e C=CH |1y iU XF T BOZF-3, BEBE 3 | — Ar— CH,— N fl—O—N—CH,—
Y BT BT T 3.60 Fi14.95 &b, 2.31 i1 4.08 4b 43 511 J@ T — C=CH Fl— CH,— I 1Y i T-I%
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Fig.2 FT-IR spectra of BOZF Fig.3 'H-NMR spectra of BOZF
2.2 BOZF/PSA % #9 Bg B0 14 &g
[ 4 BOZF/PSA B IR DSC fh4k, HAHRIC sange 1 Fis .
(a) BOZF-1/PSA (b) BOZF-2/PSA (c) BOZF-3/PSA
=} o o
50 100 150 200 250 150 200 250 100 150 200 250 300
T/C T/C T/C
w(BOZF) / %: —— 0; ——10; —F 20, —30; ——100
4 BOZF/PSA Wigf DSC Hiizk
Fig. 4 DSC curves of BOZF/PSA resins
i1 BOZF-1/PSA ) DSC £k (& 4(a) ) /I LI E # 1 BOZF/PSA Mf51Y DSC %4
11, PSA B iE F1 BOZE-1/PSA ek YEM g3 HA 14 Table | DSC data of BOZF/PSA resins
TR, LI BOZF-1 9 [ AR IR 1 A1 PSA i3 (BozE) e
w
AT PSA RIISHORIATIILEEE (o) 1200 T, Sampe v o e o M)
0 NSe ca N
WAE P B ( Tpear) 4 221 °C, CER IR (AH) Ry 400.9 J/g,
s R . N PSA 0 200 221 252 400.9
TG 32 B H 0 D RS 2 (RIS HR [ AR S T Rk
%ﬁ W( BOZF) EI,(J i j][] , BOZFE-1/PSA E//[ ‘ri*xj‘ﬂﬁ E/‘J fﬁ[ BOZF-1/PSA 10 199 226 252 385.8
FROUGE (P IR B AN 28 1 IR B ( Teng) 1) 85 9RL T 10) RS B, X BOZF-1/PSA 20 200 229 254 361.7
JH S BOZF-1 " Y £ M 3L 5| & 38 B S b7 Y 15 BOZF-1/PSA 30 201 231 257 3572
B Ik, BOZF-1/PSA AN 5 78 AR B T #4514k 52 220;
) o ) BOZF-1 100 172 297 336.1
HE LR BE S w(BOZF-1) 38 i 2 F Rt 3, 259
X BOZF-1 A, B R ERIEN AT 2 5 BOZF-2/PSA 10 202 231 250 491.2
SR ) 55 B 3k s/, i BOZF-1 H B ) [ 1k ik BOZF-2/PSA 20 205 233 248 546.0
ﬂ%ﬁﬂi&, %i&aﬁ‘lﬁi’_ﬂj‘ﬂﬂ lu\ﬁimi*ﬁﬁﬂ/l\o BOZF-2/PSA 30 207 234 251 561.7
& _ 3 ﬁ ‘ 8 S )
B2 w(BOZE-2) BN, BPERPIRH Tona B w0 ws am ms s
Tear 19 155 W 7 1 B2 31, Tng WS TRUEAIR, AH 35 37 385 K BOZFAPSA " o2 a6 s S8
(FE 4(b)) . XS&=Hk BOZF-2 A £ [ 1k 5 i il i ) '
R, (B IR A SR AT PSA A i D7 Sk BOZE-3/PSA 20 182 24 2T 3616
e TR = B 20 SRS BE BOZF-3/PSA 30 175 219 245 607.1
b % w(BOZE-3) MM I, S ERE IR 1 Tomed B o0 w

Toeax [ AIG T 5 10) % 21, AH A XF PSA 1) 14 3 5% K
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(&l 4(c)) . X2 BOZF-3 H1 (¥ fl 3 5 PSA H (15 I 2 W] 23 & A= Diels-Alder i 21, FEAIK T PSA 1Y
b AL R, 50 i (A i B B A 2%, T BOZF-3 [ B e A e, BT LA e M g ) A i B
w(BOZF-3) i3 Jin i L Tt o
2.3 BOZF/PSA B A5 iR S5 A BIBN S HAALAR 1 B

[ 5 A BOZF/PSA B tEA g D51 1) DMA #h4k. =R T PSA MK RERL &N 4.3 GPa, 4R 320 C
B, i RERL R B 1 A BT B BY, 7 420 C B iR B i KAE, B S 218 R AL, X2 PSA 45t rh & A N
BRIL AR 58 4, A6 il N 2 — 25 SR Ak, B 0% I B 22 38 8 | i RS S 1 n, R TR B 420 °C B, 32
W 2 I AR S T, A0 AR B N T 0, 315 B 32 Bl R ) Bl I B A v S AR 3, A RE AR S SRR R K. AR L
PSA, BOZF-1/PSA #f JIf & 85 (A 7E 2 1R T i REAS I AH X R AIG, 3% J& Ko BOZF-1 B g &5 #4 v 1 4 T 56 ] Ak 32 18k
e R NG B, 427 T R EA IS BB ME . 24 w(BOZF-1) >20% if, Bt S 1E 180 °C FfFiT HY B0 1 /g,
X ] e S T BOZF-1 B i B8 Wi 4 45 40 & AR SR i I e G S350 M kL Az B A1 1B, X 2888 /Niz sl AT i)
JRIEBRA Stz Bl 23 R A — 28 BITEAE, WRSCHR 43 g 1, 1 1T H 55 211 106 ARk BB IAS o

< 6 (a) BOZF-1/PSA <6 ¢ (b) BOZF-2/PSA < 6 ¢ (c) BOZF-3/PSA
=% = [0}
S sl 3 3
2, 2 2
E 24 wﬁz\\ ER
=} Q =}
£ 3} g £
(%] (o] (]
&2t 23 93}
Q =] Q
a l N N N ﬁ 2 N N N ) (‘/_; 2 1 1 1 I
50 150 250 350 450 50 150 250 350 450 50 150 250 350 450
T/ T/ T/
0.06 (d) BOZF-1/PSA 0.025 (¢) BOZF-2/PSA 0.04 (f) BOZF-3/PSA
0.05 I
o 0.020 0.03
w < 0015} -
2003t = £ 0.02}
8 0. e 8
002l 0.010
0.01 W 0.005 00l et e
0 : : ' ' 0 : : : ' 0 : : ' '
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w(BOZF) / %: w—0; e—10; ~—20; +—30
KI5 BOZF/PSA A5 DMA [k
Fig. 5 DMA curves of BOZF/PSA resins

ZIR T BOZF-2/PSA MUEM i D #5 TR GH RERL I (18] 5(b) )38 PSA RYBEAE, [0 R BRI BEAR /DN, fiff BEAS R A 4F
f£ 3.9 GPa Lk I Bl RE T &, 50 FHEMIGZ S, 530 BOZF-2/PSA fif REBI E BE 1 T 1% o 47 Bl
320 °C I}, B PSA [N BREETF LR S [ 4k, A4 AR NI L T, g e A 3 B THG & B, TR B 420 °C /T
[N

ZIE T BOZF-3/PSA MU g D345 TR A it REAR HE (1 5(c) ) 3, ZE IR ~300 °C, W% 16 T, S e
SERETCT R, Forh w(BOZF-3)= 10% 1) BOZF-3/PSA HAiff BEAR it A2 fk #4345 F1 PSA M AHAL, # ik 300 °C J5fififig
BT THE o 24 w(BOZF-3)=30% i}, £ 400 °C LA_E IR R (0 A% BEA Rt B0 R i 3.

H1 BOZF/PSA M #E £ (tan 6) 4k (&1 5(d, £) ) AT AT, 700K T B2 90 B P oA s B0 S 1 30 38 e 2 720 U 2 0
FEU H AL L A8 R KT 450 °C, BAT BRI A AL R BE
2.4 BOZF/PSA I 1%# ig Bl L ¥ B9 A Fa E 1

% 6 iy BOZF/PSA PP M i AL M1 7E Ny SR R 19 TGA Bk, HURRAE B0 B an 2 2 fif . M\ BOZEF-
1/PSA 1) TGA #hi 4k (& 6(a) ) 0] LAF t, PSA B I [ AL 41 Tus 1 642 °C, 1000 °C 1458 B 2R (Ye,1000) K 90.1%.
BOZF-1/PSA B JEFE 400 °C DA T # R HAR /N, = 2K 510 B IX (] 7E 400~800 C. 4 w(BOZF-1)=10%,
20%, 30% i, AH R AP 1) Tas ¥97E 500 C LA L, Yeio00 HLER 2380 D8 3, (HARLEHF 7 80% LT . BOZF-1 K}
JIE AN BSOS R AR F SN, 32 R RO N-0 TN Rk A JS 2 A T RN R R, X 45 M FE R il T 75 5 A
I, Sl A D O TR AR R A E R0 PR T PSA v A s b BE AR 5 UL T AR TR A R I 48 454, 32 0
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(a) BOZF-1/PSA (b) BOZE-2/PSA (c) BOZF-3/PSA
< 100 < 100 . 1(9)2
g 95 2 9% 2
o o o
g% 3 ERY
=R S 88 =
3 5 e 5 80
& 75 & g4 . . . . 2 76
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
T/°C T/C
w(BOZF) / %: w—0; e—10; 4—20; +—30
¥l 6 BOZF/PSA #ligAY TGA Rk
Fig. 6 TGA curves of BOZF/PSA resins
TR PR RS IBE S i, (R H i BR P BE T BRI R B # 2 BOZF/PSA FIi% TGA %4
i BOZF-2/PSA ) TGA £k (& 6(b) ) 7] 41, Table 2 TGA data of BOZF/PSA resins
BOZF-2/PSA W JIg AL 7E Ny U T 10 R B IR Sample w(BOZF)/% Tys/C Ye.1000 /%
X i 7 450~ 800 °C, B # w(BOZF-2) B3 /i, i1 vn . o o1
7y = oy )
[E L) Tas W& AR AR PR AR 7E 560 °C LU L, Yei000 1 BOZE-1/PSA 0 ™ 244
85% LA I, Mt # # BE - T BOZF-1/PSA Fl1 BOZF-
OZF-1/PSA 20 23 83.2
3/PSA MG I iX 3 %2 A BOZF-2 & 41 kit 1y pozrIP ’
NI PE S PR G5 ), [R] B4R 0 FE 1T AT PSA H % 5 f- BOZE-1/PSA 30 S12 788
A B R %A R = B2 S5 i Fl Diels-Alder J52 3 4= %, BOZF-2/PSA 10 604 89.0
T 2 VL B 5 PR 5, PR T BOZEF-2/PSA Bl M 3 g 4 BOZF-2/PSA 20 585 88.3
Rtk R . BOZF-2/PSA 30 561 85.7
3 ; s )
i BOZF-3/PSA 1) TGA i1 £& (14l 6(c)) il LI BOZF-3/PSA 10 584 88.1
th, B % w(BOZF-3) 34 Jin, BOZF-3/PSA # ig #4%
. . S - BOZF-3/PSA 20 560 85.7
FEMERS R B, X RN BER IR B A C-N SRR
BOZF-3/PSA 30 535 79.0

B o N W 20T BE P 25, S 20 1y i B

#, 15— ﬁﬁﬂ%ﬁﬁ%Tu%ﬂ PSA I i SR L AE Bk
[ ATE UK o 05 IR A8, AT R R B AP AR e . SRS, BOZF/PSA MM IR AT 3R 1Y Tas M T HE5R
B R, LT $Rk ﬁna
2.5 BOZF/PSA XM AE iR 51 B0 /v B2 14 R

FH BOZF/PSA Bt A% g 5 5 4 (1) A FL B BIORIAY R 5 FE B A0 32 A8 1 il 26 (161 7) WA, PSA il BOZF/PSA B
PERT R GE SR I A0 HL B BOBE 26 0% (1 I AR, 4550 | Hz B, PSA SR 94 HLH 0k 3.01, 000%
& 1 MHz I}, 4 HL £ 2,96,

X T BOZF/PSA B PE R i, i & w( BOZF) By #2 i, HBe 55 /K /i Mo B0 3 K ka3 . &y
1 Hz 5}, w(BOZF) = 10% % 2l V) A5 e 55 14 19 /i 8 850 3.03~3.13; w(BOZF) = 30% I ek VW i e 75 14 1Y

I HLHBOR 3.10~3.25, 32 P A W R TT 340 7= A (1 B F2 56 A i e SE T, 7 I E T T 5 BB AR, 800

%ﬁ%&iﬁno {HZ, BOZF 5] AR R F BB K I F oo R B AR K2 WAL, C-F #2s34 iAg i At
TRE IEAN, & AR IR T N S — e R L5594k T By R SE i Ak, Rl BOZF Hhr (i TN 3% | 2 2, b3t
FVR TN TR R R & A S R [ AL 4 v 1 O A I 1) S 6 2% B, B Lk 0 T 58 B3z s, 107 45 4 i i, DTG o
IS LB 8. BOZF-1 (M TR 2 58 Bk [ Ak A BB P A0 B W B 45 4, ELAT B (IR A Ak 36, it — BB T /v il
HH . BOZF-2 W 4604 o M e A X fre i, 228 2 IR R OR e SR v Tl T e B8 3 Ik, 114k 4 43 PN B B
(132 332 KR, M 5 A 55 A A 0 55 IR & MR S5 4, B BRI 2 IR0z BEL, T A8 304 v 43 - I Y 1 El A4
B, WM‘EE%”%& BOZF-3/PSA 1 i #£ [ Ak Bef nf LA 214 55 1) 38 56 9% 2, {2 s R ik [T 0 0 7= A= 5 F i Ak
R FERE S5, [l R B T

BOZE/PSA B T b4 i 1% 85 1 i A H 43 #6 %52 11K, BOZF-1/PSA H1 BOZE-2/PSA 14 HL i #E 7 0.01 L4,
BOZF-3/PSA HJ4 HLIFE WAL T 0.02,
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34 (a) BOZF-1/PSA 3.4 (b) BOZF-2/PSA 3.5 (c) BOZF-3/PSA
g 33} £33} § 340
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Fig. 7 Frequency dependence of dielectric properties of BOZF/PSA resins
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Fig. 8 SEM images of fracture surface of cured BOZF/PSA resins
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