555248, 1040 T B o ok N Vol.52, No.10

34 2024 4% 10 A ENGINEERING PLASTICS APPLICATION Oct. 2024

doi:10.3969/j.issn.1001-3539.2024.10.006

i m BRI BRH & RS T RE

HRGE", R, I, ERE ', BERC ', BRI, ERE, AR, XIR ", B’
(1 VYA REZERD BB 2 5 TRR2ERE , T 6100395 2. PR Kb L 5 R B R HE TR S S22, AR 610039)

THE: b T 5 AR BB T e (PAD G 5 A, PR T LR R Tk P oy R . A T 423 PALRYIE R
i T EARZE R AL A R A I3 3 B R BE R T Z 3R IR M A SUBUR AT PAT 69 M A6 % v, VAR W R e i = FUF LK
VRS 2,6-=F KR AR, AR T H 0 IS 4-[(4-R 3, 5- AR AN E R P -2, 6- = F AR K e
(ADPD) 4-[(4-&H-3,5-= 9 A KB [4-(Z AT IR FI]-2,6-= F A K B(ADFPD), B 5 1 K Z B2 BFBE A AR T
ST MG PAL, BT et & Sk AL AR SRR SRS xR e RS M AT AR 38 3 5 AT IE I R A R AT A
PAL; R A 2 TR TR A E M KRB A AR XX PATE AR AT T R A2, SR AW, AR
LA BT AR R P A e S AR, BB AE TR E K T 300 °C, £ RAMIIREL T 5% A TR E A 430°CAR L, RK
R FIR LA 600 °CA L 2 KA F 454 b ad b K 5| A—CF, 84 PAI-1 2 5| A—CF, #4 PAI-2 49 X 45 R, X IL PAI-
2 JE AR Fe oM R L34 T PAL-1, I BLAE S A 2 IR -4 o R @ Ak, R W —CF, 38 4% 7 232 3 PAL W37 5 M4k

KR RBEBE TR A A AR IR A

FESES: TQ322  XEFRIAM: A XEHS:1001-3539(2024)10-0034-06

Synthesis and properties of novel fluorinated poly(amide-imide)s
YANG Chengqiang"?, LI Guangzhao'*,ZHANG Shuai'*, WANG Qiuhong"*,LU Qian"*, CHEN Honglin'*, CAO Jiaxuan'?,
ZHOU Shengrong"*,LIU Gen"*, HAN Rui"’
(1. School of Materials Science and Engineering, Xihua University ,Chengdu 610039, China;
2. Key Laboratory of Materials and Surface Technology , Ministry of Education, Xihua University, Chengdu 610039, China)

Abstract : Due to the low solubility of aromatic polyamide imide (PAI), its application in solution processing methods is
limited. In order to improve the solution processability of PAI, reduce the cost of solvent usage and improve its thermal properties,
the effects of the triphenyl ring structure and fluorine substitution on the properties of PAI were investigated. and new diamine
compounds 4-[(4-amino-3, 5-dimethylphenyl)]-2, 6-dimethylaniline (ADPD) and 4- [(4-amino-3, 5-dimethylphenyl) [4- (trifluoro-
methyl)phenyl]methyl]-2, 6-dimethylaniline (ADFPD) were synthesized by using benzaldehyde and p-trifluoromethyl benzaldehyde
with 2, 6-dimethylaniline as the raw materials. Then with trimellitic anhydride chloride to synthesize PAI containing the new struc-
ture. The monomers and polymers were characterized by fourier transform infrared spectroscopy, nuclear magnetic resonance hydro-
gen spectroscopy and other characterization methods, which proved the successful synthesis of the new PAIL. The properties of PAI
were characterized by differential scanning calorimetry, thermogravimetry analysis, water contact angle, and solvency property test.
The results show that these polymers all possess good thermal stability properties as well as good solubility, with glass transition
temperatures greater than 300 °C, 5% heat loss temperatures at 430 °C and above in nitrogen environment. Maximum heat loss
temperatures above 600 °C under nitrogen. On the basis of the similar chemical structure, comparing the test results of PAI-1
without —CF, and PAI-2 introduced —CF,, it is found that PAI-2 is better than PAI-1 in solubility and thermal properties, and it can
significantly reduce the surface energy of the polymer, which indicates that —CF, group can effectively improve some of the proper-
ties of PAIL

Keywords : poly (amide-imide) ; fluorine containing group ; thermal property ; solubility
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Fig. 1 Synthesis process of ADPD and ADFPD monomer
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R, S5 < BT SRR IOt W e 1945 -5 L e 37

— A B YRR AE W SO0 | 3 B L T N—H I i 4
PR Bh s, A B B9 C—H AR 47 T 2 815~
3085 cm ' Ab, M5 AN RIR B 1) C—H BRFAIE I
FE 2360 cm ™ Ab o FE R R BRAR AT £ I, v A
1 106 cm AW E C—F (2 FURRIE I

X TR BRI S5 K 14T 40T, & B8 ADPD 4k
2RLER LA TAORTER) ], 5 a,b,e,d e, fg %
N AR BT F 5 ADFPD [ b 24 454 B4 6 Fl AR [R]
fH, 20 a,b.d, e, £, g RaRARIE T, i
& B'H NMR 41 & 4 fif 78 . ADPD [#'H NMR
(DMSO-d, , 400 MHz): 7.23 (t,2H), 7.13 (t, 1H), 7.06
(d,2H), 6.52 (s,4H), 5.10 (s, 1H), 4.35 (s, 4H), 2.03
(t, 12H); ADFPD ) 'H NMR (DMSO-d,, 400 MHz):
7.59 (d,2H),7.27 (d,2H), 6.54 (s,4H), 5.22 (d, 1H),
4.41 (s,4H),2.01 (t,12H), %} ADPD fil ADFPD 4%
J T () Ak 2B B ARG TR T 43 MT , 55 T — ke
R 45— 30, R B i 544 ADPD 1 ADFPD
RAZY RoI g5

¢ water,
acb ‘ d l DMSO-d,
¥ 1 |
7.57.06.56.0555045403.53.025201.5
3

(a) ADPD

water
g

a b d J DMSO-d,
1 1 |
8.07.57.06.56.05.55.04.54.03.53.02.52.0 1.5
0
(b) ADFPD
K4 ADPD il ADFPD /Y '"H NMR % &

Fig. 4 'HNMR spectra of ADPD and ADFPD

2.2 RAEMEMFAE

PAI-1 5 PAI-2 () FTIR i 4n1& 5 s . MIALS
Al LA g R E 43047 F 1 780 em T 1 720 cm!
A B4 T IV 3R L B0 5 %) A e R A 0 I s 0 A X
g4 sl , LA K 1 376 cm™ &b B 1 IV e R C—N 4
AILTAMREIE A o PR B b ) N—H SRR AIE 2 i

1720 cm’k;:"x ’

“C—F

3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

5 PATAYFTIR i&
Fig. 5 FTIR spectra of PAI

W47 F 3350 cm ™ 24y, C=0 1T 1 681 cm '4b, 3
WL D il 25 0 T T 25 A 1 PAL, X T PAL-2, =3
H 5L (—CF,) I 59 C—F [ RRAE W Wi et B8 7E T
1317 cm "&b, BEAb, B S %A S H) B 0 10 R Bh
MR PR R 2T HMRFAR G | 3 W) SR Mok e 1 1) IV Jie £ Fe A
e,
2.3 REeMmigIEeR

| F} DSC %} PAI-1, PAI-2 #1 PAI Torlon®
4000TF (A fii K PAI-4000)E 17 7,03, Jf-XJ PAI-
1 A1 PAL-2 A E AT T TG MK 04, R 1A
PAI-1, PAI-2 [ #APERE I IS5 5, N 1 AT LLA
PAI-1,PAI-2 ff) T, B 300 °CLA I+, ZEA S 5% K
R (T ) 7E 430 °C K DA b, e KR iR
Y7 600 °CLJ |,

F1 PAIRHEREIIKE R
Tab.1 Thermal performance test results of PAI

Sample T/°C T,/°C r/oC R /%
PAI-1 310 430 635 4.08
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Tab.2 Solubility of different PAI

Solvent PAI-1 PAI-2 PAI-4000
DMF ++ ++ ++
DMAC ++ ++ ++
NMP ++ ++ ++
DMSO + ++ ++
Acetone + ++ -
THF ++ ++ -
CHCI, + ++ -
CH,CI, + ++ -

Notes: “++" is soluble at room temperature; “+ " is soluble upon

heating; “—" is insoluble upon heating.
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