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P T ANIE ANF & 80 R 5% 1%, PRARETEREMTRET, O PL AR AE ren 24 e M 8 75 4535k
(R AR AL 1 %

1 SERER S
1.1 EEFER

K2RV R EF (PMDA) : 4hirdl, BB T AR R A IR A R s 4,4- 8 5 K
(4,4-ODA) : 7p#ral, Eigblf T ARG AR AR NN-THE 4% (DMAc) = 7T
ai, EZEPMLERFGRAT; =28 (TEA) : fral, EZERLARFIGRAR,; —H%E
JEHA (DMSO) = Friiral, LML RAARAF; AWM (KOH) « /#ral, EZAEBMN
FRFVERAR . FoeTdE: hORFARAR (VP220)
1.2 JRWE IR ] 2 T 72

¥ 0.1 mol4,4'-ODA H1 50 mL DMAc A 100 mL =#iki, @itk 1d 4,4'-ODA 582 VE R,
B2 M 0.1 mol PMDA, EAEVKAKIG 5 A4F F ML 8 he K R IERAZIN 500 mL 2585 /K, B
2% DMAc 7], WEEBRNR R EME A . FE B FKEGETH)E, 5% OR S WIEKLE 60 °C
ST TR, AR5 15 30 T 0 44 B g 7K 3 2 3R 15 0 i T B A4 PAA B oK .
1.3 F PR % 5 BUR I ) & 2

¥ 1.0 g FFLLFHER 1.0 g KOH JIAF] 44 200 mL DMSO FIBERR b o I GE ACK 1R &40 %
BIE=IR TR 4 h, (05 0 40 2 58 VA R, VTR IR 38 A8 UG 20 € IS LD VAl 5 5
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TIKEL 1. 2 LB BN KA 13303 (R OIR IR o B 5 8 HUBR 0 5 5 3 BUE 5 88 ok,
PRI, 19 3R B CLB IR IR IR 25 B KRR 3 IR, B e 4 HIOZE 200 mL 25 85 1K R
3 2 mg/mL ANF 43 Bk
1.4 TRBE L 2 -J7 48 & 4 S 0% S0 SR Bt ML Joe L4 R Py o) 28 i 72

PI-ANF “UHREI Il 4 AR . B4 4 4F (19 ANF 20 BOAR NN 25 85 7K il 5 BETEREE, AE A
TR PAA, fRIF PAA M RFEN 5 wt%, A 0.5 g TEA, HiiH:% PAA EAEM, KR 0%
WEINBEE, AHEBONA R T EBEIT AR T (720, AT B RSB E U
FIELE Ar AR R, IIFVE 100 °C. 200 °CHT 300 °CIREFIER 1 h, # AL 5 KA A H & = iR i
AAF3) % 5 (0 PI-ANF B, ANF Jii & 5 S50 & 1 BB 0 008 1% 2% 3% 5% 8%, FF il fir
%4 PI-ANF-1. PI-ANF-2. PI-ANF-3. PI-ANF-5 Fl PI-ANF-8. PI-ANF “<#tK (1) B AR /7 W, Tab.1.
ANF Bt & B3I ANF 73 B 3 UK BN B RV VR, 7R3 I v VR T 1545 3] ANF UREI . PI
AHEER R EE 1.0 g PAA, NN 18.5 g ZEFIK, FIBIIAN 0.5 ¢ TEA. BEJ1#iHEAE PAA 52454
filt, FEREINEER, FIRAGETE, PP ERE S PIANF SRR H & mAE 5 Had
4 N TR S ke (PDD) . PI-ANF il £ 9 R 78 2 R 4 Fig.1 s

g+ O Oren mmror 10 O-Of
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eprotonatmgl R

PAA ANF TEA

A

— 7 Freeze-drying
i /Thermal-lmldlzatlon \

b

Homogemzed dispersion PI-ANF

Fig. 1 Preparation process of PI-ANF aerogel composites

Tab.1 Formulations of PI-ANF

Sample PAA (wt%) ANF (wt%) Water (wt%) TEA (Wt%)
ANF - 0.2 99.8 -
PI 5 - 94 1
PI-ANF-1 5 1 93 1
PI-ANF-2 5 2 92 1

PI-ANEF-3 5 3 91 1
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PI-ANF-5 5 5 89 1

PI-ANF-8 5 8 86 1

1.5 MR ERIE

1.5.1 ZLAM6HE i SR H A B AR S 2SO0 1 23 A (FT-IRD , SR ZRBR KRB AR A A,
Nicolet 6700 #0) FHIRALHR T ik, #AE LR TR K, A6 E v 4000~600 cm™, 73
Py 4em™t, HIIRECH 16 K.

1.5.2 WS M XA E 725 (SEM, HAHE RS, ISM-5500 &) W
ML, PR E WA, MR RN 15 kV.

1.5.3 FLERRME : KA A7 E IO LA B A IR AR, 3H-2000TDI &Y), XJF it
BEAT LRI SR (1D BHABRAEME RWEE CRLL gem?)

0=— ¢H)

A MRRBRIOAR, & VRTERAER, om’,
SERIGTLEE (P) fE (2) HFHE

= (1 ——0) x 100% )

A RERUWEE, gem?, REEE, gom’.
1.5.4 K& W g =N e : Wa Rl (3) 1M

= (1 - —O) x 100% &)

s wRABREMER A JEEZER TSN TER N EAEE, mm: wo il & &N
BABEATEE, mm.

1.5.5 WS PERE IR AR 1SO 10534-2:1998 Frift, KA FHHUE 7 Sl (Jbnt A BH A R R
AF, SW4A77 B XFEEEN 15 mm, EAAN 30 mm FIRES AT A KRB (SAC) , IRAR R
FEl 4 1000~5000 Hz, AEANZAFE SR 3 %, S5 R DILA 1 1/12 SR E £ R

1.5.6 J72#ERE AR : AR E AR GB/T 1041-2008, KA 1 5 BERIEHL (3 Instron A 7], 5966 %)
XPRES VR N 15 mm, BEAAN 30 mm FIEFEEAE S, BLS mm/min (1 H 45 58 5600 S BEIR FE Sl 34T
JE 45 -1 3. AN 2K 3 SRR B I

1.5.7 #RE T RHEZEA WX (T, F2E TA Instruments A 7, SDT-Q600 &) £ N> KA T
X FE S HEAT B 238, BER B ECN 5-10 mg, FHEEZE N E N 10 °C/min™!, II#GE A 25~800 °C.

2 REW®
2.1 PI-ANF fLE3EEE M) 4

I FT-IR XF PL AT PAA Hh 2245 MHEAT T 40 M1 PAA 52 BU/K IR R Th 648 S PT I 32 B AR & A2
7E FT-IR H I C=0. C-N. C-N-C FH X%} BFFAEWE . W Fig.2(a) Frzx P11 FT-IR St HH7E 1774 cm!
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A 1713 em™ b8 1 FRFAE OGS B 5 C=0 A X FR A 4 IR 2 A C=0 BN AR 45 = 50 . £ 738 cm ™!
Kb AW AT I - C=0 B 1Y) A5 4R ZhE B T BRI B A7 E o 76 1014 em ' R 742 em ™! BT 04 5
C-N-C B 4EHRANAH G, 1372 em AL J& T C-N B3R 3N 16, 1244 cm™ F1 1086 cm™" Ak [ U4 X]
T 75 B PR AT 245 R 2 1181, 6 bE AR RO Ji A6 1 PAA FE iy, PAA FE il 75 FT-IR J6 3% & 1 35538 B C=0.
C-N. C-N-C & FIXF N AFFEWE, KB &1 P14 %), PAA C&5Ea k. £ Fig.2(b) ANF [
N-H #EA1 C-O 8 (1 A0 IR 30 (R W U5 0t BLAE 3315 eme! AT 1643 em! &b, 7E 1305 em ! A (14 W g 06 ot
JiF- ANF 1 Ph-N #5523, PI-ANF 24 ERFDGIEE P HIL T C=0. C-N. C-N-C & B}
PRFAEE, T ELAE 1305 em™ AL FJHIEL T ANF 1 Ph-N 8 (IR IS 0%, PI-ANF Sk i A0 41 40 6 1 Pl H
LT ANF F1 PL XS B FJRFAEWE, UEB T PI-ANF A48} 1 B D il 45

(a) (b) 1774 cm™” 1713 em™ 1014 em™
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Fig. 2 FT-IR spectra of (a) PI and PAA, (b) ANF and PI-ANF

2.2 PI-ANF “SUBERAY T S0 4548 73 i

M Fig.3(a)Fl(b) P1 K &L ] SEM K& AT DLiE 28 b tH P Ak 9 S /2 & S FLRR &5 44, JF AL
FLEEJEHE . ZEINN ANF J5 PI-ANF SR 527 R PT 2R LR35 51 2 FLIR 45 ) Fig.3(c~f), {H/& ANF
(R IINAE 13 SR A FL AR 759 8 Lz dlL, mTREZ RN ANF MG TE PTE 42 R LB AR . ER B
1A% 7 1) A i o] LWL S S| 220k ANF. 24 ANF & 81 =i 2] 8 wt% I Fig.3(g~h) ANF ki i) W]
VI SR A8 4 AU e LB AR g Py Sl T, E PL AR M 1) W S L B 5 40 AR S i 2 A 35 50 1 J2 454 . Fig . 33d)
J& PI-ANF SUSERHI T SEM BIE, JE/R T 381 € ) A VR AR B A U5 5 UK ff AR K7 ), T X
P ST B i A A R R B8 ] B ] W] BA SR A4 PI-ANF S 5 ot (0 L bk it JEE 1181
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Fig. 3 SEM images of surface for (a, b) PI, (c, d) PI-ANF-3, (e, f) PI-ANF-5, (g, h) PI-ANF-8, (i) directed freezing of

pores

PI A A ) 4% b A2 b T B8 DA U TR A O AL L 2, i TS T AR I ) 22, 9
FIZER 25 EBIER 71, SEPL AR M 4ERY, (H 2 PLAURE R 1 UCAR 32 R A 78 AT e fb i
R, PAA SEEICTET: i (i B T 2 18 52 7™ B AR, 7EINN ANF LSS SBE (1 U4 2 B 2
NEERO), 1 Fig.4(a)ffi7s . P15 PI-ANF B ALBR 3 JUFORFEANAS, T AU IR R A AR S 407 22 32 3 Dk
/NPT A RE I 37.4%3% 45 F#AKE PI-ANF-8 1] 30.0%. Fig.4(b) &/~ B % % ANF & 211
hnEs BRI E TSN PLAERE 0.0976 g/em? B HNF] 0.116 g/em? . X /& 1T ANF 78 H g 34
FUERHPE R, PLAE i 3200 ANF R DAFE Sy SF0RHE 70 e 8] DS T L %5 B 40 i) PI-ANF Wi, [t
PI-ANF BB AT 8 S/ AA R 46 %, AT 3 PI-ANF AU 58 R RO R e Mg o
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2.3 PI-ANF S BER 75 S R

N Fig.5(a) i, AT A AR RE il BN 22 8056 FEIAE 0.02~0.98 [, i #5 A2 1) Tt i, 1T ANF
A BIRFFFLEAR, ANF SUEEI A RE 55 4075 I8 7 AR 1 58 IR PR BE AN RE S AEH, R ANF SUBERRTE
AT (3000 Hz BA ) BV A, SR HAEE AR F WS REUE . PI-ANF SRR IS RECE
B & e BRI A . 2 ANF & 808 3 wt%i), PI-ANF BRI S MERE A B i f£. Fig.5(b)JE
N T T SRR S I S R4, A Fig.5(b) el BLE H, 7E 1000~5000 Hz Ju [ 4, PI-ANF-3
(1)~ 2410 75 2R M PTABFE 1) 0.56 2 T1 2 0.78. HAR ANF “BEIRAE 4000-5000 Hz 1 A B % 3 tH
JEH R REL HR A BCT S RECN 0.53, KA /NT PI-ANF-3 Al PI S 5K - PI-ANF-3
S (R B & PR RE AT U R T ANF BUIN,  HCAE PLE 2R R AL/ A i T R B ALY, RILAS MR
S T H v e o 25, A 1 L A AT S T U & o TR G, PI-ANF-3 “UEEIR A IR & FLBR 45
PRI AR R B S8 R A AT . Bk Ah, ANF B N HL B T P R, R4t T 2R
H(Fig.3(c, d)), A RHIHGIN 1 PP S B8 A2 T A R IN 1 75 BERIAEHL. {5 ANF &84 5 wt%
F1 8 wt% iy H 7 RACE I T F B34 (Fig.5()), Rl ANF & 2155 8 wt%Hf PI-ANF-8 X
IR I 7 B0 7B R 3 B AR, T 3R REUN 0.26. X2 H T ANF &&id i, £ PLALBE it
BL Y 55 50 PT AR Y #8580 12 LR B3R (Fig. 3(g~h)) » KB P AR A RE 2R T 4 S A i DAE N
MBI A . 45 RRPIL BN ANF JE A2 PI-ANF BRI 1 BE . ANF AE 9 HLIH
BHE S &/ T 5 wi%hf, il 4 11 PI-ANF “UBER i 2 FLa5 M m LA <R Je , AR TS R &
(AR HBOM 1T 2 T L 10 S5 1D 2 O TR 75 e M e
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Fig. 5 (a) Aerogel sound absorption coefficients and (b) average sound absorption coefficients of ANF and PI-ANF

2.4 PI-ANF S B J1 ¥ 68

ANF [N 5 T PR I ¥ 75 22 14 g 5 38 1T LA T PI-ANF S8 i 4 R i (1) 77 2 1 ik
N TR ST ANF XF P1 J7 22 AE ISR, X ANF & &0 PI-ANF & &S B 3EHT 1 R 48603 5
J1-RiE i 267~ T Fig.6(a)d1, FrA PI-ANF “UBERFE M3 R H R4 1 R4 R 3 G . BEE ANF &
BN, PI-ANF “SBERAE dh i 4 0 JE A R 4 B e 3 45 3 1 R F 4R T, BoR 4 9 b PT 4k
(1) 20.3 kPa 3 i1 % PI-ANF-8 1] 104 kPa, #& I 5.24 51X 2 H T ANF B SE A RE % T
TE NSO 1) N R 45 K (Fig.3(g)) . FRAibE & 2 F oK I Wb RE 45 1 R A1 ) 2 4 08 M 1) B 2248 45,
Fig.6(b) Al LA & i PI-ANF S5k 1 s 4 At 26 RE 1) 66.7 kPa $2 7+ & 434 kPa #2711 6.5 5.
X IH R B ANF Jy PLE 22484 7 A7 R 3SR, 10 HOE 249K FEE 1K) PRI ANF 22 [8) 1)) 3852 #r
VE R B B 1SR A 8 22 FLES KT I8 R . i ANF T PT 4L R I /<05 % S 0% 76 TR 455 28 30% )3 28 Ji5
P R A R SRR, E— BRI TR ) R

(a) 120 - (b)lzu - 500

B [ ] Compressive strength

: —— Compressive modulus e
100 | —s— PI-ANF-1 F ] _of 7| .-
—4+— PIANF-2 ¥ | F 5
¥ / = £
g0 | PI-ANF-3 rf*mwm [ s sl >
= [——PLANFS 7 —0 = il e
& e . ({ [ g =
g «— PL-ANF-8 1 /] H 5
z 60 i / 7 60 E
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7
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0 b 0 fiffpl TP: - , - 1‘<PI Z1A
0 5 10 15 20 25 30 P PRang PRang Prang Prang Plang.
stain (%)

Fig. 6 Compressive resilience curves for PI and PI-ANF materials: (a) compressive stress-strain curves of PI and
PI-ANF materials with the ultimate compressive strain of 30%; (b) compression modulus and compression strength

of PI and PI-ANF materials
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2.5 PI-ANF St #fa e v e

AR T AR S P A R U FLAE W i 5% 1R T AR D B M RHI G B Rl R 22—, Fig.7(a, b) AT BUE
BN ANF LUJE #HRFEE 2 5 R FERS I R B . Tab.2 #IH 7 ANF. PI F1 PI-ANF AR VEA T, %45,
Tsoi 7 M BT SR KA 5% X B s Tonar A RE K 2% FE 28565 B2 (3R 5, A Tab.2 B LAY
BE M, PL i FHoE 48 b0 R BRI i B0 T LA PT AT 35 AR 55 1) 40 1 W M A0 v O SR RE 5 1, 45 PI
e AR B, Tso Ml Toar 53 5929 546 °CHI 593 °Co B IR B I T i 7E 253 °CHF ANF 5561k 3
MR Tso P98 73 o NN ANF J5 PI-ANF BRI Tso Ml Toax AHEL 5 PI#AT FTREAR, X2 /T
A ANF # B} PLJS Rl 9 ANF ' NH-CO %5 5 Je R4 50 il 330 ANF & 585 PI-ANF (1) Tso 811K,
Tso, M\ PI-ANF-1 [f] 545 °C R [# %] T PI-ANF-8 [£] 430 °C, T1fi Tyax B PI-ANF-1 [¥] 585 °CH& f F4 ik &
PI-ANF-8 [1] 582 °C, H1 T Tmar EE M T PI-ANF SHEER H 1 PL AR E, Toax IREFA L L] ANF
E R PT BRI AN K o ESR PI-ANF-8 SR AL Tsoifl Tonar #5H T FEAR, {HJZFE 800 °C
IR R A0 A LUAR SR 35 49.1% . PI-ANF S BEARAE 800 °CH #F 5l 424 1 43 ELBE ANF & &
G0 H IS 3G NS AR %, 1X 2 T ANF & = 8AKE ANF X PL& 223 R A K, B 440k
KWL ANF B ARV PLIERR A9, HEZE PT MR RE R R E /L LT, B ANF
RGNS E A S BRI ARV ANF L] EFE, B ANF I JE X PT B Ad /) il A e 3 AF FH 35K
A TR, 45 BRI ANF J5 PI-ANF "t 1 i 2 VE A TR, (BT RSt He e
400 °CHIBLmIREE A, WRARAE BRI g e 1k

@ (b)

02

< 6 4 O-04f

= = L9
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Fig.7 (a) TG and (b) DTG curves of ANF and PI-ANF aerogel

Tab. 2 Thermal stability data of ANF, PI and PI-ANF materials

Sample Ts0 (°C) Tnax (°C) Residue at 800 °C/%
ANF 253 547 42.9
PI 546 593 51.3

PI-ANF-1 545 585 54.5
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PI-ANF-2 533 584 54.1
PI-ANF-3 491 583 50.7
PI-ANF-5 440 583 50.5
PI-ANF-8 430 582 49.1

3 &

IS ANF fIPL AT 24, 145 7 PILANF 246 BRI EL . ANF F1 PLJURF IR VR & FLBR 25 44
T 1 PI-ANF & &S EERAR 57 10 75 5280 71 %% PEBE, ANF MG 7E PLE 2R N T KRERN LT LA
ROB M AIFERLE I, PI-ANF 28 SRR SR S8R & T LAA 2 0.78.. B4 ANF & &1 LT PI
A1 ANF 2 [6] 38 58 (0 ) B S HREAE FHA B T WRWSORI 20 8OSE 2 R, SE PR 45 M B3R, PI-ANF X
Uk JIC 5 K T 4 9 P ) 20.3 kPa ¥ /1% PI-ANF-8 [¥] 104 kPa. H1-F PI A1 ANF #3431 Kl 4 A1
N SR B2 B, PI-ANF SR A 5 550 o 1 # B2 8 M SCHRRTE 400 °CRUBR il N A, fE@Ei . VM
17+ B 2 S AR A AV TE N I S
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Preparation and Acoustic Properties of Aramid Fiber/Polyimide Composite
Aerogel
Jingjie Hu, Shufen Han, Yiling Chen, Feng You, Xueliang Jiang, Chu Yao
(Hubei Key Laboratory of Plasma Chemistry and New Materials, School of Materials Science &
Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

ABSTRACT: As a high-performance polymer material, polyimide (PI) aerogel holds great promise for
applications in acoustic and thermal protection. However, PI suffers from a monotonous pore structure and
poor acoustic and mechanical properties, which limit its use in noise reduction. To enhance the overall
performance of PI aerogels and expand their scope of application, a polyimide-aramid fiber aerogel
(PI-ANF) with low shrinkage, high strength, and excellent sound-absorbing properties was prepared by
mixing an aramid fiber (ANF) dispersion with polyimide acid (PAA) and subjecting the mixture to
freeze-drying and thermal imidization. Following the incorporation of ANF, the shrinkage rate of the
aerogel samples gradually decreases from 37.4% in the pure PI sample to 30.0% in the PI-ANF-8 sample,
while the maximum compressive strength increases from 20.3 kPa in PI to 104 kPa in PI-ANF-8. The
minimum decomposition temperature of PI-ANF is 430 °C, which still allows the aerogel to be used at
relatively high temperatures below 400 °C. When the ANF mass fraction is 3%, ANF incorporated into the
PI matrix forms a large number of mesopores capable of effectively absorbing sound waves, optimizing
the acoustic performance of the composite aerogel and achieving an average sound absorption coefficient
of 0.78. The results indicate that the introduction of ANF effectively enhances both the sound absorption
and mechanical properties of PI aerogels, demonstrating significant application potential in the fields of
new energy and building materials.

Keywords: polyimide; aramid nanofiber; composite acrogels; sound absorption
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