WO T %

ACTA POLYMERICA SINICA

Rk A% S 5| A\ 3 Jo & SR L g/ BR B - Bt 3 B A0 5 ot Y0 B
U N F IR LGRS MR

EAE FRE K R AL Ami
(KRS TR S TR Sl THR AR T A R 610065)

W OE RS | AT TR R A IR e fb 8l ) 24 4% e L SR 4 5 P RV A8 R i AU K2 ) [
A, AR TR LG 637 W SR I Jre (CPT) R R B -t e (CPAT) A GR AT 52, RSB 5 T Ik Ricsi 5 | A BB K 5]
FH R (60%~160% )X LA MR e Ak S 8h 12 . 58 A E e fb J5 SRAEAS S K4 LA B RS 24 R PERR 5
SERRW, TR SISO T AT e Ak 8l )24 6 A% . CPLIR R AR /K A ik 5] 120% LA F i,
1 T AR R — G 3 CPATAR ZR ITE 60%~100% FHH: T [K 737 N SV E 2 B0y — v, T7E
120% LI A1 S0 5 190 24 0t 1 550 I 5 SRy R RN . 8 ) 2 s A 2 S il — 2 5 i R R AR S S5 R TS L X Gk
P S5 T S 25 T, SR A = vl (e e B SO b, SR T IR, DT SR CPT i 2%
IR U EAR T s Y IB K >120% B, JLHE PR B | 2L 2R 550 nm iF 1 2R 43 51 ik 5]
130.3 MPa, 10.3% f189.8%. AHLb 2T, CPAIIERINH B ik, H I G2E M AR IR DR S84 ) P41 i i
FRENUE— B3 . AR TAE R CPUCPAT WAL A4 58 e Al il R 45 K 2 A MERE DL AL 4L T BB AR Al

KR LOBYIRBEN - rBrde; Rvish e, f5iK51E6e

SR e, BRER, SKREE, FLA UL, X 1] BH . PR B | KT TG 62 SRk IV R T fe - Tk ST e A 27 1 SV Jee £ 3 g
S RAR B SR S YERER R . % 2 F 52 4R, doi: 10.11777/j.issn1000-3304.2026.26066.
Citation: Sheng, Z. H.; Luo, J. H.; Zhang, K.; Kong, L. J.; Liu, X. Y. Effect of amide bond incorporation on the

chemical imidization kinetic pathways, structure, and properties of colorless polyimide/polyamide-imide. Acta

Polymerica Sinica (in Chinese), doi: 10.11777/j.issn1000-3304.2026.260066.

FNE SR HR B P R 7 55 R R
TH BRI EMRAM TR R AR R 0
i FAUETEE, IENAE R B S R R R
RIFI /1 A0 5 RS R 1051, 78 AR 22 {5 ik
ARk, T 832 B JE T i% (colorless polyimide,
CPD) A SHe BAR S i #4bE . 752tk fe . A HiRE
PERIATIN T, CRCAFRME BN S Rt i
o 2 N HIT 55 R 23 A RL 2 — 1081, SR,
b & S A . AT S TR T IR K
&, {&4: CPLRAE LR & YERE T VI e gk — 25
A TR, JCHRALETJFIINE 8@ it &

2026-03-06 I, 2026-04-21 5[], 45 H R

I RAMX AR [RATIAFE— e il 29

£ CPI £ 8 b 5] AW 2 1R T+ 256 PERE Y
BB TR 2 — . B 5 A— 72
SO R 3 B R R 0 A AN TB) AR B4R R O =G
AR R RESE UL L
L) J1 R G e L R, RS
73 3 (1) JJc 6 5 Wk Ji - I8k WV i (colorless polyamide-
imide, CPAD {4 %, il R L H A A T CPI 45
P RRAE 5 M RE W 1012, 5 F R B T I8
I T 45 R T 3% CPT Bk CPAT e &8 R Bk, 4F
Al FGaE M. BEE T 5 Re A A

BT ERARPIFRG G5 52173008)F1YcHE m 4y bRk 4 [ 5 R 5250 2 FFE (9 H 5 sklapm2025-4-15).

*EfEBER N, E-mail: Ixy@scu.edu.cn

doi: 10.11777/j.issn1000-3304.2026.26066; CSTR: 32057.14.GFZXB.2026.7609



2 [

n T

Fok

PERETTJE T BCA RGBT R34 M2 R, X
TR 5 NG e it — P MU R B R 4L
ST AT R B R 1) R N B ) 4%, LA
JIXFNB) )5 22 R W] s s B SR AR A S M i
SMERE, MOGURIAAE .

RIS, BRI AL RE
YR — A B RG. THEABERR
YRR INIRE 77, RIS R RE A0 5 I
it S 5astae . REGECIEEBRM SR
2B, AT O I ST 2R s DB K B ) 5 AR
WE 2, BBEBEA R T CPLS CPALZ ] (A
fEGER 22 5, AT REAE AR SR IS R 2 A I 5%
BRPRER, I I S e T AR A BB
s 5 FHE R, SO IR R I R AR S A St
REf i . Rk, UK ESEMASERER,
WIS JE DL SE SRR CP1 5 CPATR R 2 A 22 57

A TAEREL CPI 5 CPAT 2 24K & A N 78 %t
G, JE I TR KGR & (60%~160%), 45 & 5
A LI AR e 2T A (FTIR )38 B Ak 2 196 0 feAk,
R, RG] AR A Eh )
AR BIRONA, D R e AR Ak S
ISR EE M. T R RE R 2 B

1 SLIGERS

1.1 ERSiF

2,2"- (=5 ) R 2 (TFMB) A N, N'- X
(=5 3E)-[1, 1B K] (AB-TFMB) 5 & M FH
EIT IR PR A F (CH E ) 4,4-(N R A
H) AR ZE — R (6FDA)IA [ H M B G 7 IR
B BR A A E R M) NN- 3 2B
(DMAc), ZIREF(AA)FIILIE(Py)IE H Aladdin f£
THRAR; 87 /KTCK LB E AR
AR AH.
1.2 XEHE
1.2.1  CPIE ] %

¥ 6FDA F1 TFMB 737 - 180 $190 °C 7=+
K2 h, DABREMRPZKS: . BEJG/E N RS T, 4
TFMB. 6FDA Fl DMAc il A\ = 1% -H (TFMB
5 6FDA JE/RLL A 1:1, BRI 5 2818 wt%),
TR S 10 h, H115 B2 (polyamic
acid, PAA)YAE TR . 2 )5 7] PAA S A I AN 7]
IR CEREFFI AL RILE, FHd AA 5 Py
FBE IR b A 2:1, TR Nk isE N 8 h, 15

FIAS [ FRGE e PR B ) SRS W . W P A A
OB RIS T A b, W TR
9750 pm,  FEAEE AR T 120 °CIR$F 1 hy
250 °CORFF 0.5 h, LU BRI 77 I 76 Bt fi 24 FA Ik IE.
Jetl, 33 CPIME, /158 J5E 57 428 1l £ (40£5) pm.
RGBT A i R Z BRI I AR,
FE 52 il fiy 4% 9 CPI-60.  CPI-80. CPI-100. CPI-
120. CPI-140 1 CPI-160, %7 RKR LFRET
IR PAA R FEBE IR B E 40 L
1.2.2  CPAI Rl 4%

¥ 6FDA T 180 °CHZET/#2 h, H4 TFMB F
AB-TFMB T~ 90 °C L7 )4 2 h. Fifi J5 7£ N, TR 47
T, ¥ TFMB. AB-TFMB. 6FDA flDMAc il A
= B (TFMB, AB-TFMB 1 6FDA JE /K Lt
N2, ERES RN 18 wt%), T EimiHE R
A 10h, Hl15 A EE L PAA W . 2 JG IIAAS
A &1 AA/PY R R, TE= IR T4k %% 8 h,
A3 BN [F] TP T Jie A 2 P 1R R B e v . P e v ik
TR b, F TR BRIFEIRE R 750 pm,
HAE B A T 120 °CfR4#F 1 hy 250 °CARHF
0.5 h, VUBEERIE T 50 i AL it 1531
CPAI I, 78 i )5 B 428 1) 7. (40+5) um. MR 4 2
FREF IR I E AR, KA 5t 433l i 44 9 CPAI-60
CPAI-80. CPAI-100. CPAI-120. CPAI-140 Al
CPAI-160.
1.3 Mg S RMEF

K- WA I THIASCO, V7100ST-
VAP7070) I 5 1 O 0 i 22, MR 58
(25+2) °C AHRHE E (50+5)%. & FH Instron 5967
HLT 5 BB LI 1) ) 5 MR, R AELRE
Pk 5 AN FATRE I A . % 28 904 I i i
LA 4T A6 15 (ATR-FTIR,  Nicolet 560)%
TERE AL 22450, I v 4000~450 cm™. 3R
F X 5 2R 417 5925 (Rigaku Ultima IV, Cu Ka) 7 #r
RS AR S5, MTE L 10°0~55°. KM% 8
F5 4 (Metricon 2010/M, A=635 nm)il & 5 X7
S} . % FH Materials Studio 2019 #1444 2 45 74 4,
W, FEEE TR BRI A S EH SR S,
Gy BT 23— R AH LA FHARFAE .

2 FHR5iTE

2.1 BfBRE XML F B AR & R 3h 1 2 B S0
N2 BN R A AT AL i e P i) 50



BRI WEHEBE 51N TG €0 BRI, . f /SR P - B e A = BB U A 30 70 2 B A e 45 ) A5 P RE AR 5 i)

3

FIEAT N, AR TARRE I i BURE 45 & FTIR PR,
S B PR R s R sk B A B T i A0 FE B (imidization
degree, ID)IJVEHAS . ID #1380 cm 4b Ik P i
R C—NHZEIRENIE 5 1500 cm™! 40 3R B 2445 5)
WG B BT, an A (D) BT R (ID A2
BT AR Sias0 N 1380 e ABBETE iEFR C—N
fH 45 415 Bl U O U THI A s S50 M 1500 em! Ah i fi%
PR N —H 25 i1 3 20 06 Fr g TRI AR ) 151,

(S1380/S 1500 ) (1
(8138081500 ) =0

EMIERE E, DU SR 8] 5 ID 22 8] R 2% &
AR, AN TR BE K TR R PR 2 I e et
BT G . B RHA—RIRBLF) S5 T7
FIn(l - a) = -k #1THE, Hia NID. 24—

ID, (%)= x 100%

F1EERNE IR A I (R2<0.95), TR 2%
NN TTRE(L = a) = ke + 1 KBTS, LA
IEHE,  FHHR A 8 i I 2 2 L 246 1o,

CPIE R [NBN 134U E 4 R R, /K57
B0 A B Z A5 7 5 25 1% B B3 AR
R .24 B 7K 7 N 60%~100% i, CPI-60.
CPI-80 F11 CPI-100 1) J it 2 B AF & — 0 I B 5l
F12 R (] 1(a)~1(c)), 3% W 2 % $ 40 il N
0.00484. 0.01475F10.01912 min~'; 24 /K 7 FH
I 2 120%~160% B, CPI-120. CPI-140 £/l
CPI-160 M 5E 775 — G [ N3l /) A (B 1(d)~
1(f)), XN RMH R E L 7H90.01788. 0.01543
F10.01450 min~'. R4 REK B, CPIARTIfL
SR A R AR BRI &2 T EEE R

S0
4t
8 5.1 a8
I [ 3 [
= =1 =
£=0.00484 1t k=0.01475 1k £=0.01912
R?=0.99 R?=0.99 R?=0.98
50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time (min) Time (min) Time (min)
0
(@ © 0.
-1} -1+ i
—~ u —~ —~
g | g 3
I 2 P2 T 2r
=3¢ = =
,3 L _ |
_4 | k=0.01788 £k=0.01543 31 k=0.0145
R?=0.97 . R?=0.99 R2=0.99
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time (min) Time (min) Time (min)
(2) Low dehydrator ratio \§
_e-T T T Tl Bimolecular kinetics
e Rate-determining step S e e e e e e e - O
e AN @ )
'z . o . i 2
/ - ~
, \\ o e JJ\ e ~N+¥ ~CH O
e =~ \ | ’ 0 AN I }
I A 0 0 o \ N ,/ NN
: o ~ + 'I N / ‘}Q o) \\ Z.
\ ;| —— [ & —
/ N N |
\ JZ: N )/ \ N !
\ | _ ’ \ | _ ,
AN "?ZC‘ P N /

\ L s
So Rate-determining step .
-
~

-

Excess dehydrator

Fig. 1 Kinetic analysis and schematic illustration of the chemical imidization mechanism of the CPI system: second-order
kinetic fitting curve of (a) CPI-60, (b) CPI-80, (c) CPI-100 and first-order kinetic fitting curve of (d) CPI-12, (e) CPI-140 and
(f) CPI-160; (g) Schematic illustration of the chemical imidization mechanism of PAA(6FDA-TFMB).
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Fig. 2 Kinetic analysis and schematic illustration of the chemical imidization mechanism of the CPAI system: first-order kinetic

fitting curve of (a) CPAI-60, (b) CPAI-80, (c) CPAI-100 and second-order kinetic fitting curve of (d) CPAI-120, (e) CPAI-140,
(f) CPAI-160; (g) Schematic illustration of the chemical imidization mechanism of PAA(6FDA-TFMB/AB-TFMB).
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Fig. 6 Optical properties of CPI and CPAI films: (a) photographs of CPI and CPAI films; UV-Vis transmittance spectra of

(b) CPI and (c¢) CPAI films.
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Table 1 Optical performance of CPI and CPAI films.

/‘Lcut-off T400 T450 TSSO

Sample
(%) (*%0) (%) (%)

CPI-60 358 75.21 88.32  90.05 1.77

CPI-80 358 73.53 87.55 8948 224
CPI-100 357 74.21 87.80 8995 1.93
CPI-120 350 82.13 88.73  89.83 0.33
CPI-140 354 81.65 89.35 9041 0.80
CPI-160 356 80.31 89.34 9049 0.79
CPAI-60 366 54.38 82.66  87.56 4.88
CPAI-80 367 54.49 82.71  87.53 582
CPAI-100 370 52.93 82.25 86.83 5.11
CPAI-120 360 71.98 86.23  88.41 2.05
CPAI-140 366 64.24 83.79 87.84 2091
CPAI-160 365 65.60 84.14 8747 288
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Research Article

Effect of Amide Bond Incorporation on the Chemical Imidization
Kinetic Pathways, Structure, and Properties of Colorless
Polyimide/Polyamide-imide

Zhao-hua Sheng, Jun-hui Luo, Kang Zhang, Ling-jian Kong, Xiang-yang Liu"
(State Key Laboratory of Advanced Polymer Materials, College of Polymer Science and Engineering,
Sichuan University, Chengdu 610065)

Abstract To address the insufficient understanding of how amide bond incorporation affects the kinetic pathways
of chemical imidization and the subsequent evolution of the structure and properties of polyimides, colorless
polyimide (CPI) and copolyamide-imide (CPAI) were selected as model systems. The effects of amide bond
incorporation and dehydrating agent content (60%~160%) on the kinetics of chemical imidization, the aggregated
structure after complete imidization, and the mechanical and optical properties of the films were systematically
investigated. The results showed that incorporating amide bonds significantly altered the kinetic pathway of
chemical imidization. In the CPI system, the reaction changed from second-order kinetics to first-order kinetics
when the dehydrating agent content exceeds 120%. In contrast, the CPAI system exhibited first-order kinetics at
60%~100% due to the intramolecular hydrogen-bonding-induced “built-in catalysis” effect, whereas it reverted to
second-order kinetics above 120% as the hydrogen-bonding network was weakened. The difference in the kinetic
pathways further affected the evolution of the aggregated structure of the films. X-ray diffraction and
birefringence analyses revealed that increasing the dehydrating agent content promoted denser chain packing and
enhanced in-plane orientation, thereby enabling the synergistic improvement of the mechanical and optical
properties of CPI films. When the dehydrating agent content was >120%, the tensile strength, elongation at break,
and transmittance at 550 nm of CPI films reached 130.3 MPa, 10.3%, and 89.8%, respectively. In contrast, CPAI
films exhibited higher toughness, and their optical properties were further improved owing to the enhanced film
uniformity. This work provides a theoretical basis for regulating the chemical imidization process and optimizing
the overall performance of CPI/CPALI films.
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