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Abstract: Polyimide (PI) aerogel was prepared from 4,4'-oxydianiline and 3,3’,4,4’-benzophenone
tetracarboxylic dianhydride by freeze drying combined thermal imidization. Aramid nanofibers (ANFs)
were introduced into PI aerogel to enhance its skeleton strength. FTIR, XRD, SEM, TEM, universal testing
machine, TGA and DSC were used to characterize the effects of ANFs on the chemical structure, microstructure,
compressive properties and thermal stability of aerogel. The results revealed that ANFs binded to the
precursor polyamide acid (PAA) through hydrogen bonding and dispersed evenly in the aerogel skeleton, thus
effectively enhancing the strength of aerogel. The introduction of ANFs could effectively reduce the volume
shrinkage in the process of aerogel preparation. Compared with those of PI aerogel, the volume shrinkage
rate of the aerogel with ANFs additive amount of 4% (based on the mass of PAA powder) was reduced
from 62.88% to 52.46%, Young's modulus was increased from 1.8 MPa to 6.9 MPa, and the compression
rebound rate was increased by 37%.
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Fig. 1 Schematic illustration of preparation of ANFs/PI acrogel
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Table 1 Preparation conditions of aerogel samples

=S PAA/g ANFs 43MHU#/mL  TEA/mL Z&i#/K/mL

PI 0.416 0 0.32 10.0
ANFs/PI-1  0.416 2.0 0.32 8.0
ANFs/PI-2  0.416 4.2 0.32 5.8
ANFs/PI-3  0.416 6.3 0.32 3.7
ANFs/PI-4  0.416 8.4 0.32 1.6

1.3 RIESHsENIR
1.3.1 %4E

ZIR T, FH KBr &R EXANE ANFs B
B ANFs/PI SEE AT FTIR Mk, 0% B
4 4000~500 cm ', ¥ ANFs/PAA & & B KM
ANFs/P1 & &S BtV A, ANFs 20800 T4 )5 1647
XRD M, Al 5 (°)/min, 26=10°~70°, FH]
SEM /3 %%} PPTA il ANFs/PI & 455 (18 35 2
FPWRER A HT, 76 15 mA BYHL R W4 AbHE 1 min,

InE s 5 kV, TAEREES 1.9~40 mm, EiRF, #
ANFs 7 HOR M B R BT E R R 0.5 g/L, M 73k
JEGTEL AR -, TEM X% BOREAT I
133 HEAEmK

IR T, Wi ANFs/P1 & &SI 0 B4R F i
&, i) i kL 22 2y s v AR A T g i pLGT
AT, R4 RN 3 mm/min, JRAFIEAS N
70%, MR 5 YHBCFIAE, Pasn22-m g,
AN[F] ANFs ZNH 9 ANFs/PI & & S BT
0T, N ST, FHEE SR 10 °C/min, WKL
30~700 °C. ¥ AS[H] ANFs # M4 ) ANFs/PI B A<
B AT 22 R AR BRI, Ny AT, FHRE R
10 °C/min, MX7EH: 30~300 °C,

2 HR5WR

2.1 ANFsHIZ&HRIE
A 2 & PPTA Hl ANFs [ FTIR, XRD. SEM 4
TEM FAELEHR

a

PPTA

\
3325
ANFs 1654 1383 659

_\/——WWMM

1 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500
WeH/em™

b (110200

o AF/a.u.

10 20 30 40 S0 60 70
200(°)



553

SR, A RITRRSY £ A 2 e M A SO O ) 483 -

K 2 PPTA F1 ANFs fi¥) FTIR %% (a ) #l XRD 3K (b );

PPTA #J SEM & (¢) LM ANFs 1) TEM &l (d)
Fig. 2 FTIR spectra (a) and XRD patterns (b) of PPTA and

ANFs, SEM image of PPTA (c¢) and TEM image of
ANFs (d)
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Fig. 3 FTIR spectra of PAA aerogel, PI aerogel, ANFs, ANFs/
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Fig. 4 SEM images of PAA aerogel (a), PI aerogel (b), ANFs/PI-2 composite aerogel (c¢) and ANFs/PI-4 composite aerogel (d)



553

LRI, S5 BRI R R DT L AN OK 2T Y/ SR IV e 5 BRI B o i S R g

- 485 -

Zr LTk, ANFs =5 00 E R A F] T
HE5 PAA - FREZIE) =4 B%45A, ANFs it 5
PAA 43457 HE I S SEVE IS T ANFs 7E38E A )
A1, BaEMorEL, H ANFs f53 0 J12#PERERT ANFs
5 PAA R 20 PR E S B RALAR R
SN, SRR N T A REER  RSTR
24 ANFS/Pl E5SERN N1F R

& 5 Sk PIAEE FI ANFs/P1 5 A S BEIE 1 112
PERE & ANFs/PI-2 E A5 BEMF ANFs/P1-4 B 55
HEENLTE T0% 47 W 28 J5 0 #(1H SEM &, &l 5a Fll
b ATLAE Y, PIABERS A ANFs/PI &2 4 S BEIEAY
F1-W AR £ 4 B X AR X DL R B AR X 3
ARG BE o PTAEBERE 1) 1 7 -0 A8 it 88 0 F- 2%
HiAz FCASE it FUE AR5 2 4354 1.8 MPa #10.13 MPa;
ANFs [IMAME G A BN 2SN 0~20% 1) I ) -1
A AR N BE Y, LAz FCAR R AR 5 3 34 Bl
ANFs @i I mmig K, ANFs/Pl-4 2 & &R

47 B AR AU IR SR B2l 6.9 MPa #i1 0.29 MPa, 43
A PLAREERE Y 3.8 f5F1 2.2 £i%, KB ANFs (1)
TN RO sR T RBEI 0 2R H, MR EERZ 5
AR FIE, B LS F1 2 ERE) ANFs XS EE
BARAEAE AR, AR BERRAS EL S1 J) 2a bk
figo MK Sc ATLAFEH, 4 ANFs vl 1%,

JE 45 [m] R B A B AR AL, X5 ANFs 380 4k 2L
TN, 4 Bl 5R W K, ANFs/Pl-4 B &S B
() 45 L 56 LY PTABERR B T T 37%. [) Ao 38 5 %
e Sd~f o] LUK BE, PT AR BEME & 2 70% 0 AL I i 8
ARGEAIHE | FLIE RS, ANFs/PI-2 &2 &Sk & 4
0% AR5, fLIEZSHBCN SR, M ANFs/P1-4 &
BRI KA 0% A R, FLIBZSHSEsE . JCH R
W5, AT HEE Py ANFs 5 PIp=AE S . L
WEA B E L5, H ANFs B & KAKAE
i ANFs M H JH L8 0 N 45 250, BRmie 7
BARBER ARG, $Em T 2 AR

20 8p 0.4 705
7t i
1.5} —PI g of i losg 2%
e £ S £ £l
1.0} — ANFs/PI-3 =, 022 Bl
7| — ANFs/PL4 = B E
=l =3 = & 5ol
0.5 X2 Jo.1 E
X asf
0 1 ! ! ! 1 1 L 40 L 1 L 1 L
0 10 20 30 40 50 60 70 80 ° o 1 2 3 4 ° o 1 2 3 4
ANFsTRfIRL%

RI7E/%

K 5 ANFs/PI

25 #MBBEEM

&l 6a Fl b 735124 P1 S HEEWFIAN[A] ANFs B i
=Y ANFs/PL & 53 BEE ) TGA Fil DSC ik, #
2 4 PI SEEMEFIR 7] ANFs 8N 1) ANFs/PL &4
SBEREHY 5% IR Ts ) 10% AR IR E( 1))
PR (T, ). MIE 6a FIFE 2 1] LR
F|, ANFs [ Ts 1 Ty 5051k 468 F1517 °C, P1K
BEI I Ts F1 Tho 435K 558 #1591 °C, ifii ANFs/PI
BASRBEI L PURBEIR K Ts A1 Ty AUMS A FRAG, &

ANFs¥IER/%

-

-

GBI -R AR M2k (o), B IO S IRBRBE (b)), Fei M54 (¢ ); PIS#EME (d ). ANFs/PI-2
HEAAABE (e). ANFs/PI-4 25 BEK () 70%) 72 5/ SEM [

Fig. 5 Stress-strain curves (a), Young's modulus and yield strength (b), compression rebound rate (c) of ANFs/PI composite

aerogel; SEM images of PI aerogel (d), ANFs/PI-2 composite aerogel (e) and ANFs/PI-4 composite aerogel (f) after
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Fig. 6 TGA (a) and DSC (b) curves of PI aerogel and
ANFs/PI composites aerogel
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