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Table 1  Synthetic data, inherent viscosity and molar masses of PEPs
BP BFPT BHF NMP Reaction time D" Yield
Polymer PD®
(mmol) (mmol) (mmol) (mL) (h) (dL/g) (%)
PEP1000 10 10 0 4.5 4 — — 0.57¢ 92
PEP8020 8 10 2 4.7 5 21,700 2.4 0. 831 95
PEP6040 6 10 4 5.0 6 41,500 2.3 1. 15 94
PEP5050 5 10 5 5.1 7 56,500 2.6 1.28 96
PEP4060 4 10 6 5.3 7 53,400 2.4 1.24 96
PEP2080 2 10 8 5.5 7 63,200 2.5 1.32 96
PEP0100 0 10 10 5.8 7 43,000 2.2 1.17 95

* Number-average molar mass and polydispersity of PEPs was measured by GPC in NMP calibrated with polystyrene standards ;" Inherent viscosity of

PEPs was determined at a concentration of 0.5 g dL. ' in NMP at 25 °C ;°Can’ t be measured due to sol-gel in the polycondensation procedure ;

! Inherent viscosity and number-average molar mass of polymers was determined at a concentration of 0.5 g dL. =" in NMP at 25 °C using soluble

parts.
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Fig. 1 Synthesis route of PEPs via a step-growth solution polycondensation and 3D models of three monomers
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Table 2 Elemental analysis data of PEPs

Elemental analysis

Polymer Cale (% ) Found (% )
Formula
C H N C H N

PEP1000 (C33H, N;0,) 80. 64 4.31 8.55 79. 80 4.19 8.02
PEP8020 (CgH ;5N 5004) ., 81.51 4.34 8.01 80. 14 4.38 7.75
PEP6040 (CioyH;5 NisO40) 82.34 4.38 7.54 81.77 4.36 7. 40
PEP5050 (C79HsgNgO, ), 82.70 4.39 7.33 82.04 4.45 7.31
PEP4060 (CrosHi2oN5040) 83.05 4.41 7.12 82.63 4. 49 7.19
PEP2080 (Cy7H 37N 5004) ., 83.68 4.43 6.75 82.85 4.52 6. 86
PEP0100 (C4HyN;0,), 84.25 4.46 6.41 83.28 4.67 5.84
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Fig. 2 FTIR spectra of PEPs
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Fig. 3

"H-NMR spectra (CDCl; + CF;CO0D) of PEPs with assignments
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Fig. 4 H-H gCOSY spectra (CDCl; + CF;CO0D) of PEP4060 with assignments
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(NMP) . — & % (CB) \ U5 & %¢ (C,H,CL,) %
R, RUPRRCRIE S 25 5] AR =557 H 1 =
WER BRETTEE b, AT LU R8O 5 e 2R 5 W 0 TR Y
SEHER), 8m oy E A s R AR, AR T R o
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Table 3  Solubility of PEPs

Solubility*

Polymer

NMP® CHCI; CB THF Py G, H,Cl, To Sf DMAc DMSO DMF
PEP1000 + - — — — — — — — — —
PEP8020 + + - + - — — + - — — — — —
PEP6040 ++ + - + - + - — + - — — — — —
PEP5050 ++ + - + - + - + + - — — — — —
PEP4060 ++ + - + - + - + ++ — — — — —
PEP2080 ++ ++ + + - + ++ — — — — —
PEP0100 ++ ++ ++ + + + + + - — + - — —

* Solubility: + + : soluble at room temperature; + : soluble on heating; + - : partially soluble on heating; —: insoluble; " NMP: N-

methylpyrrolidone; CB: chlorobenzene; THF: tetrahydrofuran; Py: pyridine; To: toluene; Sf: sulfolane; DMAc: N, N-dimethyl acetamide;

DMSO : dimethylsulfoxide; DMF: N, N-dimethyl formamide
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=W T 5 A 3R D Tk 1 FA P BB A R 1 DSC L DMA |
TGA K DTG £k WL 5 ~ [ 9, %F I i) 25 4 1k i
BAms TR 4 . dE S AL, PEPs RAIILEY)
(Bl B AL G AR IR BE (T,) 78 269 ~307 C Z[A], H

B A 3Ry e XU B 2 5 A % S 1 1 i £ v
1% F2 B DA T MR FROBUAR k2 45 4 .6 25 [ L R
25 SRR R R DU A AR B 5 0 0 D AR B BT S B
SENIYE. DSC ikt A —A4> T, U IR BL
FIRUA KL 25 5 B WO AR A PR B 5 O A e U0 I 5%
RO HE ] 32 DL E T HER O .

i B A S5 73 HT A (DMA) X 5 45 4y il i



1544 (SR S S N 2014 4
Table 4 Thermal properties of the PEPs
Polymer T, (C) T, (C) Tsq “(C) Typq “(°C) T,."'(C) C, (%)
PEP1000 269 —f 544 578 598 48.9
PEP8020 272 —f 578 592 607 50.0
PEP6040 274 269 580 591 601 50.6
PEP5050 274 274 572 588 603 52.5
PEP4060 289 279 573 588 603 52.5
PEP2080 292 288 579 593 605 53.2
PEP0100 307 291 580 592 604 55.7

* Glass transition temperature was measured by DSC and the reflection point was taken as T, ;" Glass transition temperature was measured by DMA

and the onset point of storage modulus was taken as T, ;“Temperature for 5% , 10% weight loss was recorded on TGA at the heating rate of 20 K/

min in N, ;* Temperature for the maximum decomposition was recorded on TGA at the heating rate of 20 K/min in N, ;* Char yield at 800 °C was

recorded on TGA at the heating rate of 20 K/min in N, ;" Could’ t be measured.

PEP$020 -

PEP6040 T,=274°C

‘ PEP3030 T,=274°C
PEP4060 7,=289°C
PEP2080 =292°C

PEP0100 il

100 150 200 250 300 350

Exo

0 50
Temperature (°C)
Fig. 5 DSC traces of PEPs
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_— 1 _— \ — 41. Y
g 9001600 Z VN S
[5) E \ ! ! 10 =
¥ 6001400 = voyor
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% 3004300 gl
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Fig. 6 DMA traces of PEP5050 membrane
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Fig. 7 Storage modulus traces of PEPs membranes
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Fig. 8 TGA and DTG thermograms of the PEPs
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Table 5 The mechanical properties of the PEP films

Tensile strength  Elongation at Tensile modulus

W
it

Polymer
(MPa) break (% ) (GPa)
PEP6040 69 6.3 1.7
PEP5050 72 8.0 1.7
PEP4060 112 8.0 2.4
PEP2080 116 9.1 2.3
PEP0100 130 8 2.4
2.6 REYHERYE

Wi X SRR GT T =05 e =k
KT HE PEPs g5 S rhfE, 45 R 9 AR,
[ PEPO100 LAk, FrfE B &M RAE 20 4 10° ~
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Fig. 9 WAXD diffractograms of PEPs
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Synthesis and Properties of Soluble Poly ( aryl ether phenyl-s-triazine)s

Bearing Diphenylfluorene Moieties in the Backbone

. . 1 - 1,2 . 1 . 1, 2% . . 2
Li-shuai Zong', Cheng Liu'""*, Qin-zheng He', Jin-yan Wang''*" | Xi-gao Jian"
(" Department of Polymer Science & Materials, Dalian University of Technology, Dalian 116024 )
(* Liaoning Province Engineering Technology Center of High Performance Resins, Dalian 116012)

Abstract A series of novel aromatic poly (arylene ether) s containing diphenylfluorene and phenyl-s-triazine
groups in the main chain were prepared by a solution nucleophilic polycondensation of 2, 4-bis ( 4-
fluorophenyl) -6-phenyl-1, 3, 5-s-triazine ( BFPT ) with Biphenol ( BP) and 9, 9'-bis ( 4-hydroxyphenyl)
fluorine ( BHF) to investigate the effects of bulky diphenylfluorene units on solubility as well as thermal and
mechanical properties. The synthetic procedure was efficiently optimized ,resulting in high M, up to 6.3 x 10"
(GPC). The structure of the resulting polymers were characterized by elemental analysis, FTIR, NMR, and
their thermal properties were evaluated by DSC, DMA, TGA measurements in succession. The solubility of
polymers obtained was modified by the presence of diphenylfluorene groups in the polymer main chain resulting
in being readily dissolved in common organic solvents,such as N-methylpyrrolidone (NMP) , chloroform,1,1,
1,2, -tetrachlorethane and pyridine, when the contents of diphenylfluorene structural units surpassed 20% .
Moreover, PEPs had excellent thermal properties with glass transition temperarures (T,s) in the range of 269 ~
307 C measured by DSC, and 269 ~ 291 °C detected by DMA,5% mass-loss temperatures lying between
544 °C and 580 °C, char yields at 800 °C higher than 48% under N, atmosphere. The solubility and T, s
increase with the increase of diphenylfluorene contents in the polymer backbone. This kind of phenyl-s-triazine-
based poly(arylene ether)s may be considered as a good candidate of high-performance structural materials.

Keywords Phenyl-s-triazine, Diphenylfluorene, Solubility, High-performance resin, Poly(aryl ether)
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