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Scheme 1 Synthesis of PDTT and PTDA

Table 1 Factors and levels of orthogonal experiment

A B

Reaction temperature ( °C)

Reaction time (h)

C D
CrO5: PTDA ( mol/mol) HAc: H,SO, (V/V)

1 20 4
2 25 6
3 30 8

3:1] 10:1
4:1 10:2

5:1 10:3
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Table 2 Detail of orthogonal arrays
No. A B C D Yield (%)
1 20 4 3:1 10: 1 65.5
2 20 6 4:1 10:2 35.3
3 20 8 5:1 10:3 8.4
4 25 4 4:1 10:3 71.1
5 25 6 5:1 10: 1 79.3
6 25 8 3:1 10:2 78.9
7 30 4 5:1 10:2 21.7
8 30 6 3:1 10:3 16. 1
9 30 8 4:1 10:1 79.1
k1 36. 39 54.11 53.47 74. 16
k2 77.77 43.55 63.23 45.30
k3 39.03 55.53 36.35 33.22
R 41.38 11.98 26. 88 41.45
The order of importance D>A>C>B
Optimal combination A2B3C2D1
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FRIEMIEM, N AR TR KA § =
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Fig. 1 The FTIR spectra of PDTT and PTDA

Table 3 Characterization of PDTT, PTDA and PPA

Sample FTIR (em™")

"H-NMR (400 MHz, §)

3066 (w, =C—H), 2982 (w, —CH;), 1614, 1582,
PDTT 1516 (s, C=C/C=N), 1370 (m, C—N), 803 (w,

Ar-H)

3438 (m, COOH), 1702 (s, C=0), 1591, 1517 (s, C
PTDA =C/C=N), 1368 (m, C—N), 1286 (m, C—0), 754

(w, Ar—H)

3342 (w, N—H), 1684 (s, C=10), 1605, 1580, 1517
(m, C=C/C=N), 1360 (m, C—N), 753 (w, Ar—H)

PPA

2.47 (6H, s, C—H), 7.32 ~7.37 (4H, d, Ar—H), 7.52
~7.64 (3H, m, Ar—H), 8.60 ~8.71 (2H, d, Ar—H),
8.74 ~8.80 (2H, d, Ar—H)

7.55~7.80 (1H, m, Ar—H), 7.88 ~7.99 (2H, d, Ar—H) ,
8.16 ~8.20 (4H, d, Ar—H), 8.67 ~8.70 (2H, d, Ar—H),
8.75 ~8.86 (4H, d, Ar—H), 13.39 (2H, s, 0—H)

7.61 ~8.34 (7TH, m, Ar—H), 8.41 ~9.30 (10H, m, Ar—
H), 10.45 ~10.50 (2H, s, N—H)
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Synthesis of 1, 3, 5-triazine-containing
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Weal 1,4-Z8 Wi SR RV ), 15 2 R A W R R
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LAY R AE WU, 7 1684 em ™' HY BTS2 B
FEPA PR IE A SR AR k. P 3% 3 A9 H-NMR %46
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Table 4 Synthetic data of PPA

Groups Time (h) ¢ (g/mL) M;*(mL) M, > (mL) Nian* (dL/g)
1 6 40% 5.0 3.0 0.49
2 9 26% 7.5 6.0 0.37
3 37 20% 10.0 0 0.25
4 38 10% 20.0 0 0.23

* M, :initial amount of NMP in the reaction mixture ; "M, : additional amount of NMP into the reaction mixture ;° Determined at a concentration of 0. 5

¢/dL in NMP at 25C

2.3 REYEsE

i T, PPA A[ T NMP Fl DMAc S5l M4
BLEE R b, I RE &R 73V fife T bt i F0 |) PR 1. Herb,
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M A R (H SR 50 R (D5 51,3 ,5- =% ) 5l 4>
JFRBERAR L , RE YIRS 2 kE. PPA R4F
A R TR AW EE P RARFR 1,3 ,5- =45
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AR BAT S0 , I B AT T S I JE R A
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(T, = 345C ). XM T 5K, BA R
FUNARIE-1,3,5- = B4 15| In T REW
A AR NI R30I, TR 55— REW T,
(LGB (T 4E-1,3,5-= 1) BERH 35341, 3
5-ZRELRITHE(T, = 240 ~260°C) ZiHiR £, X
S T BERESS M o SR A AEAE RSN T KA )
AIFEHI .
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Table 5 Thermal and oxidative properties of PPA
Polymer T,°(C) Tse, " (°C) Tios " (°C) Tsq, “(°C) Tyo0 * (°C) T (C) C, (%)
PPA 315 493 519 479 507 506 59

@ Glass transition temperature tested by DSC in nitrogen, 10 K/min ;" Temperature for 5% and 10% weight loss tested by TGA in nitrogen, 20 K/

min;® Temperature for 5% and 10% weight loss tested by TGA in air, 20 K/min; *Temperature for the maximum tested by DTG in nitrogen, 20 K/

min;* Calculated as the solid residue percentage after heating from 150 to 700°C by TGA in a nitrogen atmosphere, 20 K/min

HIE 3 RGP TG F1 DTG £ n] W, , PPA
TER AT 350°C R A H LB St it P o
SRR, PPA (1 5% AR EIRIE (T, )
1 493°C ,10% R EHRJE (T, ) 519°C ;700°C
ﬁ%ﬁ&%ﬁ?”? 59% ,35/_:\"4:' Ts% j‘] 479C ’ T]O% j‘]
507°C, LM R AW BA 0 5 1 i PR AR S AR
Fag k. DTG M5 R E W], PPA 7tk Had 2
L AES06°C L H B 1 — A& B, %02 i B

itk i 0 M1 1 T Jig B (343. 3 kJ/mol ) 1Y T 5 51 i
M. 2550 R G W P H1 I B 34 LU A% e SR T
Je B 3 R i AR, 3, 5 R (1) IR fif
TEALRE LR IR S B . b, R 3E-1,3,5- =R 1
IR GBI IR A W) 70 T 55 W 3L B8N , AT 2
R A Y IFREE.

3 #ig

— " A3 A TR 0 B % L 1 2, 4- 4065
o - -DTGofPPA| HE-1,3, 5= SRR L5 51 o i A A
= ol . RBIFEART R E R E R
z Dls TR TR R R, 4R T
B S RHREEN 25°C MR 8 h, HAc 15 H,S0, FE
Sl 1" € RO 10:1,GO, 15 PTDA BEH 4: L S
a 1-1 Bl . TR T R NS TR 1Y Yamazaki TR
I A IR T B4 T HE MR , 7T A
100 200 300 400 500 600 700 TR TR DL, 9L O 5 10 it £
Temperature (C) PRSI ELAFHLARME RS , DRI T E 52 A bR 4800 A

Fig. 3 TGA and DTG thermograms of PPA T vy k53 5 R S s LA R e P 7 FH T 5
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SYNTHESIS OF A 1,3,5-TRIAZINE-CONTAINING AROMATIC DIACID
MONOMER AND ITS SOLUBLE AROMATIC POLYAMIDES

Bin Li', Shao-fei Wu', Jun-ling Liu', Shao-hui Xiong', Hai-jun Tan',
Gui-peng Yu', Chun-yue Pan', Xi-gao Jian®
(" College of Chemistry and Chemical Engineering, Central South University, Changsha 410083 )
(? State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012

Abstract The synthesis, characterization and properties of phenyl-1,3,5-triazine functional monomers and
aromatic polyamides are described. A novel aromatic diacid,,namely 4 ,4’-(6-phenyl-1,3 ,5-triazine-2 ,4-diyl )
dibenzoic acid (PTDA) was successfully prepared by a two-step reaction including Friedel-Crafts reaction and
oxidation starting from 2 ,4-dichloro-6-phenyl-1,3 ,5-triazine ( DCPT). Its chemical structure was characterized
by' H-NMR,FTIR ,MS and Elemental analysis. Optimal conditions of the oxidation were chosen on the basis of
the yield by using orthogonal experiments with respect to oxidizer content, solvent ratio, heating temperature
and reaction time. The reaction, which was achieved at the temperature of 25°C for 8 h with a CH,COOH/
H,SO0, ratio of 10 and a CrO;/PTDA ratio of 4, gave the targeted product with a highest yield of 81. 3% . A new
aromatic polyamide (PPA) with an inherent viscosity of 0.49 dL/g was obtained by direct phosphorylation
polycondensation of PTDA with benzene-1,4-diamine. The obtained polymer possesses good solubility. It is
readily soluble in N-methylpyrrolidone , N, N-dimethyl acetamide ( DMAc) and sulfolane, and can be easily
cast into transparent thin films. Such polymer exhibits glass transition temperature (7,) up to 315°C, and
possesses excellent thermal and thermo-oxidative stability without significant weight loss up to temperatures of
approximately 500°C . Its decomposition temperature for 5% mass-loss is in excess of 493°C in nitrogen and it
retains 90% weight at round 520°C. The obtained films exhibits attractable mechanical properties with tensile
strengths of 82 MPa, elongation at break of 8. 2% and initial moduli of 2. 3 GPa.

Keywords 1,3,5-Triazine, Aromatic polyamide, High performance polymer



