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Preparation of novel polyamide—imide fibers and enhancement of
their mechanical properties

Li Yuyao, Cui Wang, Yang Bin, Liu Yong
(School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In order to effectively enhance the mechanical properties of polyamide—imide (PAT) fibers and promote their ap-
plication in the field of flame retardant protection, PAI fibers were prepared via wet—spinning. Firstly, the influ-
ences of PAI mass fraction and needle specification on the mechanical properties of PAI as—spun fibers were in-
vestigated. Secondly, by modifying the heat treatment process and adopting a "cyclic wet—spinning method",
significant improvements were achieved in the mechanical properties of PAI as—spun fibers. The results demon-
strated that when the PAI mass fraction was 24% and needle gauge was 26G, PAI as—spun fibers exhibited opti-
mal mechanical properties with a breaking strength of 21.20 MPa and a breaking elongation of 20.62%. Further-
more, high—temperature treatment was employed to induce thermal imidization reaction in PAI as—spun fibers. It
was found that with the increase of temperature, the intensity of thermal imidization reaction was enhanced lead-
ing to superior mechanical properties of PAI fibers. The optimum temperature for thermal imidization reaction
was determined to be 340 °C, resulting in a breaking strength of 86.16 MPa and breaking elongation values of
19.12% for PAI-340 fibers at this condition. The PAI as—spun fibers were subsequently subjected to high—tem-
perature treatment through stepwise heating, with a termination temperature of 340 °C. It was observed that in-
creasing the number of temperature stages resulted in reduced heat input during the process, leading to a lower
degree of thermal imidization reaction and consequently less improvement in the mechanical properties of the
PALI fibers. Finally, "cyclic wet—spinning method" in which raw materials comprised of PAI-220 fibers were
utilized followed by subsequent wet —spinning and heat treatment processes to produce high —strength PAI

fibers. The resulting breaking strength and breaking elongation values for these newly developed fiber samples
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(PAI@220-340) were measured as 92.15 MPa and 20.76%, respectively. These high—strength PAI fibers were

self —extinguishable after removal away from the flame and exhibited great application potential in the field of

flame-retardant protection.
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Fig.1 Schematic of wet—spinning
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Fig.2 FESEM images of PAI as—spun fibers for different PAI mass fractions with needle size 26G
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Fig.3 FESEM images of PAI as—spun fibers for different needle sizes at PAI mass fraction of 24%
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Fig.6 FTIR spectra of PAI as—spun fibers and PAI-340 fibers

F & 6 7T %0 ,3 282 em™ 4b i N—H HYRFE R 3
I, 1740 F1 1 630 em™ Zb R P 4544 T i) C=0 Xf
FRAFAEXIFR IR Bl , 1 352 F1 748 em™ Zb R0 iz 3R
C—N—C [RAEIR S FFAEIGE | 3 SERRAE IR PAT 1Y
FEIEVE, £5G PAL ZIAMGIEZOR o #E— 0% PAT /4G
YO A N AT 5387, 1 271 em™ b IR AT
AIFAEIR IS , 1 455 em™ Zb2R OH AYZS IR BhIE,
Kl 6 FTLUE Y, 28 340 CRUFOIE AR N, P14 BE A
HTOH Y 2 ANFRAF U6 ()56 BE 3404 B 0 0 R 3, 15
WA SR BE TR OH BRI TAOT G Ak S 1 i 64 T 94T
FE. AN HRYE Lambert—beer NP 58 % 1350 em™ 40
PR ER T C—N—C AR SIFFIEIE S 1520 cm™
AR R AT IS () 55 FBE R AiE PAT ARV AL S B, FE A
AT, DU FH AT e £ 1 8 B A vy o AR AT e b
FN Y PAT RIAE LR 2E FL AR R 1.077 3,48 340 CHE i
BN PATI-340 £F4ELUE N 1.107 00 FHILERBT, 7E
340 CHAF T X PAT WA LT et AT HALb B, $0 JHz 1k
SN ARBE R U2 T PAL I F 454
24 PAl FHBN D FRESH

PAT AWK AR TN PAI-220 £F4E AR XT 701 i
WE 7 FE 4 iR o PAL RA YR AR E AR 50 F
Ji R 5 972, PAI-220 £F- 4 55 4 4H X 43 F i
27486, HE—AEUET PAI BAWTE R IR T 4T
PV AL RN AR T PAL 150 4548, TE R T TR 1)
PAL 53 . PAL REWM RN Z o BIETRECH 1.46,



P N A N

45 4

-6 -
PAI-220 P4 2 EEde80h 2.73, B PAL R &
YITE mR IR T AT O e Ak ) R 1 T 2 24
PEARXT o3 B i) PAL RA4).

e 2 — PALEAYIHAR
& L6F — PAI-220 £F4¢
&
£ 12t
@
Lo 08F
&
E 04
% 1|o4 165 10°

PSS
BE7 PAIBEWIRI PAI-220 F4EMEN S FRES Lk
Fig.7 Relative molecular mass distribution curves of PAI
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