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Abstract: Polyimide aerogel (PIA) possesses excellent thermal stability, remarkable mechanical
properties, and good dielectric performance, efc., and is extensively applied in domains such as aerospace,
electronic communication, and adsorption cleaning. Nevertheless, the high shrinkage rate and inferior
hydrophobic performance of PIA significantly impact its practical application. Herein, This study
meticulously design the molecular structure of polyimide and integrates it with a composite filling process to
fabricate a composite aerogel characterized by a low shrinkage rate and superior hydrophobicity. This
innovative material is specifically tailored for efficient oil-water separation, aiming to enhance the anti-
shrinkage and hydrophobic characteristics of polyimide aerogels (PIA). ACF/PIA-10 has superior
dimensional stability (with the shrinkage up to 12.7% ) , high mechanical properties (with the compression
strength up to 2.36 MPa) , outstanding moisture resistance (with the contact angle up to 1117) and excellent
thermal stability (with T5, up to 519 °C in nitrogen). The addition of activated carbon fibers not only
enhances the mechanical properties of the material but also optimizes its pore structure. The composite
aerogel exhibits a high adsorption capacity for oils, which makes it have considerable application prospects
in the field of adsorption cleaning.
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Fig.1 Preparation process of polyimide
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Table 1 Density, shrinkage rate, porosity and contact angle of polyimide aerogel-based composite materials

Sample Density/(mg+cm ™) Shrinkage/ % Porosity/ % Contact angle/ (") Ref.
PIAM-2 153 16.6 107 [16]
Sample 7-3 142 14.1 90.3 116 [20]
PI-TPU20 193 5.1 86.3 110 [21]
PI-37.5 181 19.0 88.4 112 [22]
PI-100 246 15.7 132 [23]
ACF/PIA-10 91 12.7 93 111 This work

T MR AT 4 /R B T AR SO B T 3R 45 4

i A B AT T S [ P R £ A R Y
ACF/PIA WL ZSH5AE, W01 6 TR . ACF/PIA i 4
2 B e m R FLBR 5 A, LI KNS — |, HIEAR Ry
[BE s IR TR, SCBE R 38 50 # =F 5 1 2L 45
fiff H ELA A ) FE R TR RIALBR % . AE 6(b)~(d)
Hn] DUULEE B P filk £F 2 3550 o0 A 7SR I FLEE
Xof SRR U e A 1) T S AR L BT TR
oo B8, P04 LA PO B A i B P s o A B

2.2

VR 2T 2 55 B34 0, B i FLAR R 2 3 K
MY 60 pm I N2 90 pn, EPUE T FE W4 R I
TR A 21 4 9 0 A AT AR AR A i A o 7 v B
A . BEBOUE S AN 6 () 7 , Al AL 5]
UBEME Y AL EE N B 5 A R 2 LS, A B il 25 X
BRI LA IR R R LB AR AR i o A, FLEE P
FRKG 20 22 FLAS R o FLBE SR AL 1 G I A SO T 1%
BRI R AT 12 RE o 1816 (D) D TR PEBR 2T 48 1 B 35
P AR AP R T £ 4 R T AT — L6 B A5 A1 SR, (H R AR



54 BT R

2026 4£ 3 A

TR 24 SEM R AR B 10 T3 A5, AT LA ZE 2]
T 2 3 T Tl UL 235 A0 11%) R BRCF JE , HL 3 1T ph JE B0 Rtk

SERILLRL, R &4 Z ) a] RLA 2 £, FLAY /NI
AT GUK SR PRAE I

[#16 PIA ACF/PIA FIl ACF f§ SEM [¥|
(a)PIA;(b)ACF/PIA-10; (¢)ACF/PIA-20; (d) ACF/PIA-30; (e )PIA (it KIE ) 5 (f) ACF
Fig.6 SEM images of PIA, ACF/PIA and ACF
(a)PIA; (b)ACF/PIA-10;(¢c)ACF/PIA-20;(d) ACF/PIA-30; (e)PIA (enlarged view) ; (1) ACF

2.3 EMERRTYE/BR B B S RV RE

ACF/PIA By #EfE R I TGA . DSC #4711 %
7 (a) A BERE ) DSC £k, PIA 5 ACF/PIA (W3
B AR E AR BE 20 220 °C, 3% B it T 0 P w41 4
5 SR i A P B R AR R P A W B AR B
BEAL e AR R B R U A W S, i — 2D
TGA MR S BE A REVEA TR AE . 7 (b) i

90F
ES
_5 80
S ol
= L] N
@ cnl  ——ACF/PIA-10
260 L CFPIAZ0
=50l ——ACFPIA-30
——ACF
40

(a) —PIA
—— ACF/PIA-10
~ —— ACF/PIA-20
o —— ACF/PIA-30
=z
=
2
5 \
O
I \\
exo up , ;
150 200 250 300
Temperature/C

WREF 4 7E 600 CRIA AT T LA KA 50, XA
K F e M4 RS H A B BB o PTA 9 Tos, 2 505 °C,
ACF/PIA B Tysoe M 519 °C, E— 2 3 WA 36 M b £
HE 51 N SR Tk W e < S R A B v R R IR E R L A
T il 2% v PR R AEE S AT B, TGA 5 DSC i 45 5
72 WA 1 Bk 2T 4k /3R T 0 e =3 Jie LA 8¢ v 1) T I
HFH

100 200 300 400 500 600 700 800
Temperature/C

El7 PIA.ACF/PIA 1 DSC i (a) F1 TGA £ (b)
Fig.7 DSC(a) and TGA(b) curves of PIA and ACF/PIA

2.4 EVERRTYHE/REE IR SRR I F 1 RE

ARG AR £ 4E U8 i 52 G B b T
SVERERYSZ A, X ACF/PIA BEAT He i 2 50, AN [ 376 P
ik £ 24 S i ) i F) S OB R A T 4 7R P A
J1-REA LN IE 8 Bz o A AT AR 2, BEI Y

Fe i B R BT LLoT o = A B B SR S AR B
B, MmN AR /N T 1000 5 B R #EA B AZ 19 5 X,
PR L 1026 2 4000, BB IT 4R UK AZIE 5
e Je RS IX, o B 4 47 ol U R i T 52, T 4 o
LRI AR AR B IOL 7 A S N O . BRI A BRIR



Ho4d 3

P R 2GR 23 B 1A SR I A2 B

95

FLEEH M AE TR AR B rh 22 1385 R S B B
(A AR, DRI 7 g -y 7 i 2 P AT R AR AT R o B
F14) S 4057 i J TR o o 15 P i 2T 4 5 P B8 T 386 K
16 28 o 70% B, ACE/PIA-30 (1) J& 45 58 & &

2.86 MPa, it = T 4li 2 [k S e <0 Bk B 10 TR 4 o
1.63 MPa, 1 B I P 5k £ 4 149 i A BE 18 X 28 1k S i <
EEIC B AR B R AT bR A T, (2 A BRI T 2
FHEEE S

3.0 16
(a) (b)
251 — PIA I 14}
—— ACF/PIA-10 s 12
© 20} —— ACF/PIA-20 D
o 310
= —— ACF/PIA-30 S
1.5 é 8f
o s
B10} o 8
!
0.5} > ot
g 00 10 20 30 40 50 60 70 0 10 20 30
Strain/% Mass fraction of ACF/%

K18 ACF/PIA RS- R AL M 2k (a) Ak Fedsi e (b)
Fig.8 Stress-strain curves(a) and Young’s modulus (b) of ACF/PIA

2.5 EMERRET /3R BT B S R BE B M R
Bk 7 e SEE IS BT A T 25 TP S A SR KO g
R UL R ik 3 | B I A5 S K L AT G SR Bk SR K
20 5 o IV Je B I A TR R BE v Al RIS KSR RS E
SN P FLBR R SRS IE = A B AN, DO SR 1Y
GERR MR R o o SR I U e A s A T B K R DA
AR B T 1 5 2E— 2D A JR LA W 53 ) 1
M5t

AWFIEIE i T AT, il T A R
il 1) 2R T 0 e 2 5 B S, W R B 8 T R Y i K
o WE 9(a) o, ACF/PIA )45 fih £ Bifi 25 35 1 %
SRS B BEIN T1 1 FRAIR 2 1017, 3 J2 i i Mk

140 @

YRR SR W R RIS AR K E RE
AR T AR AR SR Ah TR PRI L
AN BSRBEAR T MR B DR R AR BER 2 A
HH 24 0155 K P (ACF/PIA-30 A4 il /1 101°) | 3% 45 25
T TR e B il A R b BT S A
() SRR B K P S A R L (—CH,) i DA R AR 2 1
BE, P2 T AP RE K PE . 19 (b) M 7K Ik . =
Y, SRIE e 52 A RBEI A R AT i K M, ACF/
PIA-107E 24 h MK #40H 6.5% . B 9(c) i ACF/
PIA-10 57K i 422 fish £ B I 18] AR PR 10 B 4% . AR LR 4G
FLfbfA o 112°, 3 min J5 A S EE il A B T A2 2,5 min
sk L2 ik R TS BE IS 21 106° . AHER T3 1 HAth A 56 53¢

120F -
100} =
8o}
60}
40}
20}

H

Contact angle/

i 10 20 30

Mass fraction of ACF/%

© yoimin 112° 1 min 108°

i,

9 ACF/PIA Pt fig
(a) ACF/PIA ByFfi /i1 ; (b) ACF/PIA fYI/K 55 (¢) ACF/PIA-10 B fih /A Bl 7] 22 £
Fig.9 Moisture-proof performance of ACF/PIA
(a)contact angle of ACF/PIA ; (b)water adsorption of ACF/PIA; (¢)contact angle of ACF/PIA-10 varies with time

(b)

Water absorption/%

0 10 20 30
Mass fraction of ACF/%

3 min 108° 5 min 106°




56

FHRLT A2

2026 4= 3 H

TR 1 18, R FH 25 i 7K FY 8 40 B 1) 306 PR R 2T 4/
SR It IV g B JC [ Ao L LS 00 5 Y By T P FE
2.6 i1 Bk AT 45/ B B D B SRR BT R PR 1

TEXTE PR £T 4t / R T e “UBE I (ACF /PIA)
117 Z2uals , WE R AA R LA, 16
AR BILBR B2 RO S i PR E T . B A BRI R
U PR KA o G W AR BIL TS B/ 114 5
FEE

B 10Ca) 5T T TG VERRET 2 A5 0 00 T4 Wik
BRERSCR s . TEMERREFAER I $E i T R A
X 4y ik R I B R o DB ) 31 9 e B 1R R
A LA R 3 Vw27 i A B TBE I ) 2 LI 2%
Hh, LR B BAL /A LA S B A ) A i
P HE A L/ RALEL AN JE B R 2 ALE5H , i
Yo B SR T iR A, T R AT 4
VRSG5 , AT AT R0 ) 22 2R IV fhe =5 Je 1 R
Rk B R B S5 R 4, dERF FLBREE R, RO R T
PRI 6 o BEE IS PR AT 4R S a4 s, B 5
BRI Py 1k ) W SCRCR B8 o A 2 T A Ak
21 2 5 o v I SRR M R R T R M LAY A,

SO VEOR £ 4k 13 o P 3R A0 3 P k41 4 PR AL R G
BRI o T A, S PR S 5 R 3 A S
Wb

& 10(b) A ACF/PIA-10 4 W B 3l 71 2 Hh 2%, 481
GZ80nF 2, HE10(b) ATAN, ACF/PIA-10 X5
T 1 VR A 36 7 ) B S B b T R, 2 R
BT RNS EWIRTA. FRe 2 T A — R B
ST RE I AUA AR 5C R B R R T4 — W It 3h F1 22
L, B S Qu(5.1157 g-g 1) 5 52 b ]
(5.16 g-g DEMAF A Wik, Wl —Z%sh i
B A R ACF/PIA-10 X5 91 3 1 W Bt 5 4
ACF/PIA-10 AT D bR W B 7K T8 04 87 0 3, W B et
T2 22 W) BERAb 25 VR F s, 8 28 2 W) BEAR %46
10 (o) P T A HE S FE S Tl oK 0 B 3R B 6
SBEIE ACF/PIA-10 BE % A R W /K T b i i )2 .
& 311002 2 T SR A GE 114 B K P B R X
T2 B W B L T L B ACF/PTA-10 (14 W B 4
Al (547 %6 ) P T o Ath SC R i 38 1) ABE A o T A
W 45 R R W, 2 G BT I K ) = R o0 25 0
T EL A AR I I i

6
600[@ ©)
T 5}
500} I
xX J. T 4t
< 400 L =
s T o 3k
;300 (%1
% 200 2f — Pseudo-first-order kinetics
100+ 1 — Pseudo-second-order kinetics
= 10 20 30 00200400 600 800 1000120014007600
Mass fraction of ACF/% Time/min
i (©) ACF/PIA-10 ’ PIA :
. i
| | ..
i B ‘ — == H
| —_— L o :
: 1
1
i K= ===
1
1
i 8 i
: | 1 [ ‘ | |
: ] 1 i
N |
s, 1 e | _—— = 1
B D @ ,
1
1 1
| —— S— — — i
[— - TR T - RS o ) a

K10 ACF/PIAWZHIVERE
() X P WIS RE 11 5 () ACF/PTA-10 Wt 3 1241 28 5 (o) Tk 20 B8 R
Fig.10  Adsorption performance of ACF/PIA
(a)absorption capacity for mineral oil; (b)adsorption kinetics curve of ACF/PIA-10; (¢)images of oil-water separation of ACF/PIA-10 and PIA



Ho4d 3

P R 2GR 23 B 1A SR I A2 B

|

o7

R2 ACF/PIA-10 B9l — 5 U REN N FRE S H
Table 2 Pseudo-first-order and pseudo-second-order kinetic model parameters of ACF/PIA-10

Pseudo-first-order kinetics

Pseudo-second-order kinetics

ch/(g'gfl) R2

ky/min"!

Q./(gg™H)

ky/(grg 'emin™") R?

5.1157 0.0074 0.9951

5.7725

0.0015 0.9886
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Table 3 Water absorption, oil absorption of aerogel-based

composite materials reported in literature

Water Oil
Sample . . Ref.
absorption/ % absorption/ %
PIAM-3 57 342 [16]
Sample 7-3 14 386 [20]
PI-mCNT, ,-ODA 447 [27]
H-PUA-S12 327 [28]
ACF/PIA-10 6.5 547 This work
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