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R)A 2 RORYT7I FLREOTBESSFIIEN-BAMEE., BBMAEE. MES
HERTEHIC, EFHHE. MEFEMHELZEREVSH TRV LA TS, 5., &
BEEROMMILICHEIBRESOEERMELEEMET H-0IC, MBS T FOESR
BERLISHEVEOLSEEA, BAIZHEATOLATWLS ', ZOERFERLOFED—
DI, FYTLFOAFLEEKBRENSEREINSE F‘uﬂw»\ﬂwmwru*ryj’
OELE HFAR)ZS7IVICEBAL, RURVYAFHIUEERT HFENRE
EhTws BB LhL, :hito#&iﬂiﬁml TILEENEFENE-0H
T RAEHBEN 250 °C HEICHRAISh, BohfzRURD A FH O UDOE TEHR
BE-oTW3, #2 'CZFEJTA‘CIJI Iﬁlll'é'&*%L’EﬁB MNOT7 S/ EDAIN Ml
HFA%M;AéM—y? > (HFANap-NH,). 8L U7 = F#EEDOA L FEIIZ HFA &
NEASIhUT7 S (HFANap BA-NH) WO BARFEERTH & T, BMEEICE
nh, BEEMERIESTFEERTHEFBMELT:,

=

15-CF 2/ F 7L EAXTHINLAOTE LY - 2K EDFBHERRZBERK
Z&-T HFANap NH, Z&8RL. ESizp-=bORYY ALY A FEDKRZKEMR
RiEETo1zt%. = FREOEMETIA%E1TS 2 & THFANap-BANH, &R L 1=
(Scheme 1),
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Scheme 1. Synthesis of HFANap-NH, and HFANap-BA-NH..

& L1= HFANap-NH, $ & U HFANap-BA-NH, &, PAHILKRU B O FELUT
FSALRUBZEBAKMEDERAICE ST, RUARLIAFHD U KYRVIF
FHOUT IR BLURYARIIETZFHOUA 2 F)DERZITOTz (Scheme 2-
Scheme 4),
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Scheme 2. SyntheS|s of polybenzoxazines.
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Scheme 3. Synthesis of pon(benzoxazine amide)s.
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Scheme 4. Synthesis of poly(benzoxazine imide)s.

HRLER

ARARTERLERIRDVAXH D URNBEELFOBRERE (7m)TEL ., B
FERTHEIENTEREINA, RUNRVYFFHIUT I RRHIEBBRESFELURY
RUVFXHD oA 2 PHIBARESFOEBKETEL. ERFERTHLI EHUR
BEhf (Table 1), RURL VA XY O UHIBEELFHNERFFEREL G =D,
T2/ ERBIIHLIEFHSIEDO HFAR L+ 742 L VRIZK o T HFANap-BA-NH;
[THART HFANap-NH, D7 2/ EDOFMENETLE-HEEZLND,

TGARIEE 0-400°C DEEBIZH+2 DSCAIENHER. 5 %EBEEFVREN 434 -
498°C T. A5 RAEBREFFEBRARIAR L IAXTHOUFTI F)THS
poly(HFANap-BA-NH,-alt-ADC)D & 329 °C IZEfl s h., D FE 7 F TIXERBR S hiah
2tz THIF. EEVEBEBEDTAT U VICL > TES FHEBOEEERNEO S
NizfzheEEZONS, EHICEABRF VYA MR CE S TIANLEZRE LR, BF
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HEHNE <. DMAC ~DERULNBLER FIXIBCXHEETT 71 LARERTE,

Table 1. Inherent viscosities of precursors, thermal properties, solubility and film

appearances of polybenzoxazines, poly(benzoxazine amide)s and poly(benzoxazine

imide)s
Polymer non® Solvent® To°  Ta’ Film
dllg DMAc °C °C

HFANap-NH,-alt-TPC 0.27 ++ - 498 Brittle
HFANap-NH,-alt-IPC 0.07 ++ - 492 Brittle
HFANap-NH,-alt-(TPC; IPC) 0.26 ++ - 490 Brittle
HFANap-NH,-alt-6FDC 0.07 ++ - 488 Brittle
HFANap-BA-NH-alt-TPC - + - 482 Brittle
HFANap-BA-NH,-alt-IPC 0.72 ++ - 463 Flexible
HFANap-BA-NH,-alt-(TPC; IPC) 0.70 ++ - 460 Flexible
HFANap-BA-NH,-alt-6FDC 0.71 ++ - 457  Flexible
HFANap-BA-NH,-alt-ADC 0.38 ++ 329 434  Flexible
HFANap-BA-NH2-alt-PMDA 0.62 ++ - 489  Flexible
HFANap-BA-NH2-alt-BPDA 0.27 ++ - 495  Flexible
HFANap-BA-NH2-alt-BTDA 0.41 ++ - 486  Flexible
HFANap-BA-NH2-alt-6FDA 0.32 ++ - 482  Flexible

? Measured at a concentration of 0.5 g/dL in DMAc at 30
partially soluble; -, insoluble. ° Glass transition temperature measured by DSC at

heating rate of 10 °C/min from 0 - 400 °C under N, stream. ¢ 5 % weight loss
temperature measured by TGA at heating rate of 10 °C/min under N, stream.

ERLE=T A LLOERERE (ne) LENBITE () ERMEL. TOLFETEE
FiLl, 2ORRE Table2IZRY, EHELLTIVRBEBEROBVED FIRELE
BEMELMERIZHY . 2.52-2.96 LLLBHEVLEEERTH 1=,

Table 2. Fluorine content, refractive indeies and dielectric constants of

polybenzoxazines, poly(benzoxazine amide)s and poly(benzoxazine imide)s

°C. P Symbols: ++, soluble; +,

Polymer Fe ne? mw®  aAn? Nav© el
wt%
HFANap-NH,-alt-TPC 39.02 1546 1524 0.022 1.539 2.60
HFANap-NH,-alt-IPC 39.02 1602 1519 0.083 1.574 2.73
HFANap-NH-alt-(TPC; IPC) 39.02 1596 1477 0120 1.556 2.66
HFANap-NH,-alt-6FDC 4220 1516 1506 0.010 1513 2.52
HFANap-BA-NH,-alt-IPC 2772 1672 1554 0.117 1.633 2.93
HFANap-BA-NH.-alt-(TPC; IPC) 27.72 1669 1575 0.094 1.638 2.95
HFANap-BA-NH,-alt-6FDC 32.61 1619 1539 0.080 1.593 2.79
HFANap-BA-NH,-alt-ADC 2589 1.611 1.557 0.054 1.593 2.79
HFANap-BA-NH,-alt-PMDA 26.07 1667 1534 0133 1.622 2.89
HFANap-BA-NH,-alt-BPDA 2398 1674 1574 0.099 1.641 2.96
HFANap-BA-NH,-alt-BTDA 2330 1658 1585 0.073 1.634 2.94
HFANap-BA-NH,-alt-6FDA 31.07 1.581 1.551 0.030 1.571 2.72
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? Fluorine content calculated from structural repeating unit of polymer. ? In-plane
refractive indicies. ° Out-of plane refractive indicies. ¢ Birefrungence (An) calculated
from An = ne - nry. © Average refractive index (n,,) calculated from n,, = (2n1e + ny)/3. f
Dielectric constant () calculated from &= 1.10n,,°.

BEXHMEZERT T4 LLDSIERABREITL. TO5RMEE. WififhR, BLUY>
TEREZUNEL, TOHREE Table 3ITFT, 2L LTEABRENE . ®FEDS
WESFIEERBMBRENBIMERICHY . AR THERLEZT 1 LLDOEIREE.
MR, BLUVYUTERLENREN 59.2-119 MPa, 4.7-16 %. 0.988 -2.37 GPa T
Hotfzo Tl FY XA MARICH L TREEAAREETHEARICYIYRS= 74 LLT
(&, WITARISENYE 1= 1 L AIKSIREENETEIMERICH o7, ik, EH
Lz 1 WLADEREREHR ADBRTESIZT A IILLADERFFATEILT 7 REK
BTREEC, ETERALTWSEHEEZ OIS (Table 2),

Table 3. Mechanical properties of poly(benzoxazine amide)s and poly(benzoxazine
imide)s

Tensile strength Elongation Young’s modulus
MPa % GPa

vertical parallel vertical parallel Vertical parallel

Polymer

HFANap-BA-NH,-alt-TPC - - - - - -

HFANap-BA-NH,-alt-IPC 75.1 84.4 16 15 0.988 1.12
HFANap-BA-NH,-aft-(TPC; IPC) 108 112 11 1 2.37 21
HFANap-BA-NH-alt-6FDC 87.9 95.6 12 16 1.61 1.69
HFANap-BA-NH,-a/t-ADC 59.2 61.8 7.3 4.7 1.20 1.60
HFANap-BA-NH,-alt-PMDA 102 119 7.3 9.7 2.20 2.11
HFANap-BA-NH,-al/t-BPDA 91.0 109 8.0 14 2.01 1.60
HFANap-BA-NH,-alt-BTDA 68.9 75.7 11 10 1.25 1.29
HFANap-BA-NH,-alt-6FDA 93.8 92.2 14 16 1.55 1.44
FEH

AARTERLEEERARYUAR D IFFHO U7 I PN ERVV=-B59FEF, A5 X
BBRENBAIhE, o T . AHELEESFIE5 %EERABEN 434-498°C
EEN-BHEEERL, 2.52-2.96 LLEBMENEEEERERLz, 512 DMAC
~DBRENT <. MDD HFANap-BA-NH, h S &R L EEA FIZBECZHME 2RI 74
IWLHPMERTE  ZO5IRAE. HHEBER. S LUV U FRIETZTNEN 59.2 - 119 MPa,
47 -16 %, 0.988-2.37 GPa TH > 1=,
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