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Abstract

Using aramid III fiber (F3) as the carrier, PPy-Fe304/F3 and PPy/F3 products were prepared by one-
step preparation method and in-situ synthesis method respectively. The macroscopic properties,
microstructures and morphologies of PPy/F3 and PPy-Fe304/F3 products were compared and stud-
ied. Finally, the electromagnetic and wave absorption properties of the two products were deeply
studied. The results show that compared with the raw material F3 fiber, the electrical conductivity
of PPy/F3 and PPy-Fe304/F3 products has increased by 15 orders of magnitude, and the dielectric
loss ability, magnetic loss ability and impedance matching effect have been significantly improved.
Among them, the PPy-Fe304/F3 product has the best wave absorption performance. When the thick-
ness is 4 mm and the frequency is 11.4 GHz, its optimal wave absorption effect can reach -23.5 dB,
and the corresponding effective absorption bandwidth is 3.1 GHz.
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1. 51§

BEAE (5 ERARRRSR KR, DL & AR I BT 7 i 45 B AR R S A, FGX A ] B
KT g™ E ) LR e i R 1] [2] 6 WA R —a] LAY D B i S S AR R AR, AR A
Fi, BEE LS REEARNAWED, FE02 TS E S ERREEINRES LA NS
RETBREZ BN REHIGS, DR R B B C BN —BUa V) 753Kk, BN 4B 7 2RI B A IR
WeRLRES, R E AR )% TR R ) S M REAL S 10 RE s [3]-[B] 0 AR, FERR WA RN, SRk
W% (PPy) (Rl 4 81 . 3 HPELS . RFEANI P o, 523 T 238 12 KE SRR FL[6]. SR1,
FRLH Sy I SR AN AT TE 5 FRATRERILIR,  BELBTIC T P e s 22 AN WSO A5 1) I, TGV A2 e 1 e R 38 A1
BHOZER, R FE N GUR A 5T 8 RURE SR SRR &% B[7] [8]. TEWEMEM KL, RBEARE
PET A2 DU 5L =8k (FesOq), TRIFLRAAG . P05 IIRETE BB V2 2. SRR 5 M b DU A8 =k 1
PhREMERT, AR AR E AR AR S AT FERETE, OG T MR A R R, BR NS SIIGS HL T i
1 = M 29 -[11] - Yang S5 [12]i8 ik fi 5 b 5 A R B 45 B R ARIE % T PPy/FesO4 P Il
R TR AL . PPy ~FTHI IR 45 44 5 FesOu gAML -1 45 A AN i T A AR [ BEL BT IC T R0 P RE & 3508,
T H AT T3 AR AR 0, A BB e RE . ZREIURE[13] R F 3L iiie vk 5 I A 58 &l
% 251 PPyIFesO4F3 AWM KL, 45 KK PPy/FesO/F3 EA 5 PPY/F3 Fe sEAR R il M i, oA
/N STHRFEAE 18.0 GHz AbiAF|-27.1 dB, AR %47 v 12.2~18.0 GHz, AHMIIEFEH 2.4 mm.

AR PPy/FesO4 52 A TR BHE A L 5 (MR MR R, AEBAFTE I 46 7 VR BRI ) 2 PR R AN 2 IR A
PR T AR AT AR E F AR SRR Ak R . T, WERON GUIT IR T R r R B 5 S
WP TAE, DARTFH Jpethfe . T8 [141FH FesOu 99K 2 BORRHHR SR 5L, B 5E3R1E T FesOu ki
WS G, SRIGHG AR R IRARL, SR A S Gk il £ H T HGNE FesOu SRS K FL T 5 il 52 4 41
W, Uk SRR EE IR EE 9 0.60 mol/L B, 1S G AR A R SR il B, 7E 30~500 MHz A HLR
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T

FEMCRBEETTIE 15 dB. M THREF4E, 5L 4E(F3) A F N R Mg A EaE, HAfaRE A 45
GPa, #{:E Tk 130 GPa[15] [16]. &1 F3 LM 124 ERE, R — Bl &%, K RILME 5 FesO4 ki
TR MG BRAELF4E R, AT AR & I R e A 18], 10 ELAT A 6 3R A5 e EL P S5 W 1 e AN 5% 1
MU 25 PERE I 25 R ThRE — 10 52 BB A R

2. SKhy
2.1 IEN

HRMA4EFI), FRAW TR A RAR; g (fha4al), Bilgpdr T AR R A IR
Nl R OREERR(PTSA). =S ek (FeCly6H20). &K (NH3-H,0). FELEBIEEFI(KH550). oK L EE N
STal, SRR TR ARSI gL), EZGERERTIARA R AWK, SLREA.

2.2. PPy/F3 #1 PPy-Fe;O./F3 FE4ibl &

2.2.1. PPy/F3 F=iiodl i3 12
FREL 0.4 g AbFEH19 (0 F3 £ 4E(5 mm /oA REET4E), KIS 180 mL 281K, Fe /0 fiiHE = F3 41
Ay B AT, AR R TRV 0.06 mol/L (0.8 mL) Py HAfRAIMK & >y 0.04 mol/L ) PTSA i, RI5%
181 S35+ 40 min (25°C);  #E45 [F)VR SRR N 20 mL FRAGECHI ) FeCls ZK VAW (W JE 9 0.02 mol/L), T
HPEHILE 2 mU/min 7245 WINSERESE, IREFGASHIRESAAE NI 5 h, SRR SN = M)A T IR,
IR K OB BB e B VS TE B s B 4T (55°C, 12 hyab 3, 15 3I7E F3 £f 4
KIMFALREAR PPy B G LYY, i PPy/F3.
2.2.2. FesOu-PPyY/F3 Fr{— 3L HI R R R iT 12
FesOs-PPy/F3 P4l 45 JR . K5 — 52 F ) FeCly-6H20 MBI+, —¥% Fe¥*al LK Py Bk
W EEA L PPy, 1 Fes* it il Fe?t, FIRIEA SN B Fed R J5 B Fe TEBR IR 5T T A2 i FesOq,
TEREA IR B AR, FeS* REMEL A SR OB, EB R ML) (2)3X:
Fe*" +e” =Fe*" (N
Fe’* +2Fe* +80H™ =Fe,0, { +4H,0 ©)

P G PTSA. Py#ifk

PPy/F34T 4

Figure 1. Schematic diagram of the preparation process of FesO4-PPy/F3 product
[# 1. FesO4-PPy/F3 =4l &R IE R = E
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Fes04-PPy/F3 F=#iill & it F2 (] 1): FREX 0.4 g AbFEF4 11 F3 £F4E(5 mm A4 Faer4E), KA 3]
150 mL Z&MKe, AaHHEE F3 4408055 miERPREMA 05 mL ) Py SEFINKEER 0.04
mol/L f] PTSA VAW, SRJ5 2181, 13t HE 40 min (25°C); #:45 1A1IE & i\ FeCls 7KV (4 g FeCls-6H,0
T 30 mL Z&M/Kkd) 30 mL, EFEHIZE 2 mLimin A4 IR, W F3 474t i (g Ay
N, (RFFISIEHE A TR 5 hy B FIRIEHRT S 60°C, IPREEIHiHEEE, B 20
mL 20K, I L mL/min 224, WMNSESE, &AM 1h, &EMA 4mL 1) KH-550, FFHR% 70°C,
TR 1h, SRS RS FEEAT IR A, FF 2K AT K B B G Ve B R e AV E Y, &
JEEHET(55°C, 12 h)AbFE, 13 FI7E F3 £F4E3R1H 4 Al & BCH PPy 1 FesOs IR G774, 1d 4 FesO4-PPY/F3.

2.3. FHIRIES RS MR

i ZV-E10L AR AR R)XTERE F3 LR 4ERI P~ AN MR AT H08%,  FFidk— 2 H HELIOS
NanoLab 600i 74413 i 7 2B (GEE FEI A7, TAEHIE 20 KV)BEAT O E 54 -

i Nicolet 6700 %4 & HL £ 4 1AW (3 B #4 H 8 1 71 A B R P AT A 22 B2 0 i, KBr [, %
3 [y 400~4000 cm L,

H Philips X, PertPRO % & X S & AT (far 2= MAANEHA F)XT JERE F3 2R 4EFN =W AR 5 45 b 245
PGSt o FRTGIEN Cu-Ka, #AEHE N 40KV, #EAEHTN 30mA, i YRy 10°~70°, 4
2N 5°/min.

VIR F3 LR 4ERI =4 73 R EAE 1 om R R REE S, SR )5 A RTS-9 BRI DY ERET A0 i 5

B F3 L4915 w5 A LR E L 3.7 IRA G, ML HBLES, 75 20 MPa #ff FRHE 2
min 13 2= [F 3R (FHEAMEN 7 £0.02 mm, H4EK 3.04£0.02 mm, JEER 4mm L£4). #5143
HIER, F AV3672C BT — Ak IR 2 45 o A (h L R R A R IINATE 8~12 GHz e NI
I HUE BN RE T5%, IAR 20 51 55

3. /R5WiE
3.1 FHIERER SRR

(b) (©)

. 2cm : 2cm 2cm

Figure 2. Digital images of raw material F3 fibers (a), product PPy/F3 (b) and PPy- Fes04/F3 (c)
Bl 2. [RH F3 474 (a) K ~=4 PPy/F3 (b)F1 PPy-Fes04/F3 (c)HU B E &

2(a)~(c) 55l 2 JERL F3 £F4E R PPy/F3. FesO4-PPY/F3 F=#) Bt s fr . IS 2 il A, R
F3 SFEANIL RO, EEARERUIRZS (I 2()Fow), T4 PPy/F3 Al FesO4-PPy/F3 FIHERRAR AR
K F3 A4S0, SRR, s nlinE 2(0)FE 2(c)fin. LLEEEREI: PPy/F3 Fl FesO4-PPY/F3 724
(AR 2 P v T IR} F3 274k, X nTRE NN F3 LR 4RI Uk RN, $&TH T el £F 42 18] (I
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BMiBE A1, MfEeroE 2 MR AR RME . B— 1, PPY/F3 =4/ B e, mTElm e R aika
(1) PPy F=#) 2 A [17], [RULIEZR PPy MR 3R 5 4R 4L, FEXT F3 A4 4B 1 S 5 FesOs-
PPy/F3 =44 it 2 B 0 g B4R 42 (M BRI G NI s, SR — Bl T E, 7Els F3 44ty
SRR R E T RE KT PPy/F3, JFH X F3 LF4EE T B mE. K 2 AHHER F3 214
PPy/F3. FesO4-PPy/F3 F=¥)if) SEM Btk — 5 Friz skt

Figure 3. SEM images of raw material F3 fibers (a, b), product PPy/F3 (c), (d) and PPy-FesO4/F3 (e, f)
& 3. '} F3 £F4E((a, b) K =40 PPy/F3 (c, d)F0 PPy-Fes04/F3 (e, f)iY SEM

3(a)~(f) /2 kL F3 £F4EF1 PPy/F3. FesO4-PPy/F3 =411 SEM . MIJEkK} F3 £F-4E(1) SEM EIW] W,
T EALAE SEM IR (Il 3()Frr)it & il SEM B (1 3(b)FToR), #is#h SRRk F3 44
[ 26K . PPY/F3. FesOus-PPY/F3 F=#it) SEM BEI(4-Hiln el 3(c). K 3(d)FE 3(e). K&l 3(f)Fm) Ml &
N PV RAYER, I BARSCENREY AR, S8 FT-IR s AR N PPy F1 FesOs. 7EHIFH
P, PPYIF3 PR TG R R IR AT I 2 s SEM B fr, BRE 6T B0, BURLAN/NY 5] 1T FesO4-PPy/F3 7=
Vi) SEM R, ZF4ERTIE RIS, BORIECR, X5 FesO4 B G A AERTAR KK R

3.2. LTSN IE S M

K| 4 J& PPy/F3 &5 PPy-FesO4/F3 F=#)1 FT-IR . MEIH AT LLE H, BF=Y7E 1640 cm  &bXT K
Bk 3L ) C=0 B 4E R (BEAZ | 3 75), 1305 cm ™ AbXxd B C-N fHZE A1 N-H 25 il (Bt LIS ).,
1035 cm L Abxt R N-H T 4 25 #i3R SN (ZEFR), 966 cm™L Abxf N A3F I C-H RIS thiRsh, LA F3 4F
HE R AER S [18] [19]; 7 1548 cm Abxd N FR A £E 4 ) C=C {H4E 4= 5H[20], 1481 cm Al 1470 cm* X%f
RETMERE IR 1) C=C {4430, 1400 cm™t &bX} RIMEME FRFIZRIR C=C FIRFAEML g, 1187 cmt ik C-N*1)
f4EdRan[21] [22], 1035 cm ™ ibA2 N-H BT A 2 PRz, 910 cm ™ Fl 782 cm ™t % BRI 34 1 C-H i 4k
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LA IRSN[23], LL BN PPy SREATEI IS, PR PPy 3k 5 F3 £F 4K 1M 7F PPy-FesOu/F3 P-4tk K,
566 cm L Ab & FesO, 1) Fe-O fH4EREshIE[24], ViR — 54k, FesO4 bl O 5AE T 4 4R .

PPy/F3

Fe,0,-PPy/F3i

i
1
[ . ‘
i o !
1640 | 1548, 1400}1305! 1187/ 10351966! 910

2000 1500 1000 500
Wavenumber(cm'l)

Figure 4. FT-IR spectra of products PPy/F3 and PPy-Fe304/F3
4. PPy/F3 #l PPy-Fe304/F3 F=41#9 FT-IR

3.3. =49 XRD 94

Fe,0,-PPy/F3
T T T T T T T T T

10 20 30 40 50 6 70
26(%)

Figure 5. XRD patterns of raw material F3 fibers, product PPy/F3 and PPy-Fe304/F3
5. JER} F3 44 K 24 PPy/F3 1 PPy-Fes04/F3 B XRD

52 iRl F3 2 4Ef1 PPy/F3. PPy-FesO./F3 F=#)i) XRD Bl MIE 5 vJLAE H, J5kl F3 4F4E1E 260
=205"H — AN RUE, XT3 AFYERHEAT R I (110) i,  HLURIERRAE R, WRAs, (REFIXE S 14 e
[25]; PPy/F3 F=¥IfE 22°~24.5° X [ B tH B 1 SR BRI AT S e, X /2 PPy JG e B G5 M I R B AR AIE,  JF LR
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T %

FRE RS S, B HERT R AL R AV AU FEA 20 F3 R4 dh iR g =R R oM, X a6 T
TREFF=I0 S BN ) - RE[6]: PPy-FesOa/F3 P4 [ i £ B J5URE F3 214 1) dp A AT ST IR AIE 3-8 I PPy
WAL IATENIE, R PPy HRkL F3 A4 INE G, fE PPy-FesOu/F3 =ik Elh, HIL 7 — RAIREL.
WA IRTETI, IXEL B AT IS AE 20 v 20.5°. 30.80°. 35.80°. 43.40°. 57.28°. 63.25°Hif1 6 M) Xt
N T FeaOgq 375 54 A A1) (110). (220). (311). (400). (511). (440)% 1 (JCPDS NO. 19-0629), i H
IEIEATE FesOa MHTF, WA MELEIR I 2% T UE (W o-Fe O3 HIVE), TG R FesOs s FHZE R S
Sh4 1 2-SEM RIS T AT &, FesO4 IN .78 5 PPY/F3 K Hi[10] [26].

3.4. PR HT
@] (b)
3.4 -
Fe;0,-PPy/F3 ,5]  Fe;0, PPy/F3
3.21
3.0 PPy/F3 2.0
2.84 M
“w 2.6 %o 1.5
2.4+ 1.0 1
2.2 1 F3 05-
2.0 —MMM F3
1.8 T T T 0.0 T T T
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Figure 6. &'-f curves, ¢"-f curves and fan de-f curves of raw material F3 fibers, product PPy/F3 and PPy-Fes04/F3
6. Rl F3 414 K =4 PPy/F3 1 PPy-FesO4/F3 BY &'-f BhZk . o"-f BZk. ran Je-f HIZk

K 6 S J5RE F3 £F4E R PPY/F3. PPy-FesO4/F3 F=¥I1E 8~12 GHz i il P4 A FEL 8 A SZifi(e)) KB (e Al
A FLAFE A IEVIE (tande = &' )BEMR OB 28 . B @&, JRAEN F3 £F4E 1 B B s fe
2.0~2.09 Z[d], T PPy/F3. PPy-FesO4/F3 F=# /il # e 43 mil#E 2.83~3.0 Al 3.2~3.6 . [Al; HH K (b) ]
W, TR F3 ZF4Ef) ¢'E 0.07 £ R, 1fi PPy/F3. PPy-FesOu/F3 P24 "4 HI7E 1.43~1.80 £ 2.4~3.04 2 [i],
SRR F3 A 4EM LLER, 7F F3 214K & B L PPy Al FesOu Ja, &Ml e ¥ — E R A, Ui SRR
Y PPy Hl FesOs TR G LF4ER AL AT F3 ZF4E M/ A FEVEREAF RIER T tHIEI(c)mT s, R} F3 4R 440
e IEDIMEALE 0.03 B, ANE&N RS, 1M PPY/F3. PPy-FesO4/F3 724 tande 43 I7E 0.50~0.61 Al
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0.74~0.85 2 |fi], 55k} F3 £F4EAH L, PPy/F3. PPy-FesO4F3 F=¥IH] tande 1E IR TLE N (8~12 GHz),
RO TR F3 44, RUPFHFF=PEER F3 442U AR TN B iFERe /1, Hf PPy-
FesOu/F3 P21 I e AL 1/ Al FE g

1.12 (a) 0.06 (b)
1.10- Fe;0,-PPy/F3 0.05 Fe;0,-PPy/F3
1.08- 0.04
= 1.06- PPy/F3 % 003{ PPy/F3
1.04 1 F3 0.0217 F3
1.02- 0.01
1.00 . . . 0.00 :
8 9 11 12 8 9 11 12

10 1|0
Hi% (GHz) i (GHz)

Fe,0,-PPy/F3

8 9 11 12

1|0
Pi#(GHz)

Figure 7. u'-f curves, p"'-f curves and tandu-f curves of raw material F3 fibers, product PPy/F3 and PPy-Fe3O4/F3
E 7. FR} F3 454K =4 PPy/F3 1 PPy-FesOa/F3 BY x/-f BZk . p'-f BRZE. tanou-f BZk

7 52 )5k F3 £F4EM PPY/F3. PPy-FesOu/F3 F=4I7E 8~12 GHz i [l N -3 38 SE (u') R0 (") 1
WHREA IE VA (tandu = w/'wBESR AL . B 7 7750, Rk F3 4480 w'7E 1.01~1.05 2 [A],
W5 tandu TN 0, RF\HA B GRAFERE )T PR, PPY/F3 I p's w4 F3 44— e fE g
K, {HH tandu {XAE 0.003~0.025 2 [8], K] PPy & MIELF4ERH, FHARM T =¥ BB FERE /), X
5 PPy RAERLME AR KRR, 1M1 PPy-FesOu/F3 FEYIfE R E N (8~12 GHz), wu'v p"Fl tandu %
F3 £F4EAN PPy/F3 #3GK, i B FL A S (I EAFERE 7T, A I T 52T+ = vt v G R R i e

WA R ) E A Y32 A AR 2 THI sz S R e PR TR i 8, X 2 BB T S BHLATT DT AR 1 0 P T g
MIZENkRE 71[4]. ERAR AWM B RE EA N BHA S B B RIBHBTAHUC AL, %4 ZESST 1B, Zn=2Z0, R4
SERIA B FHPTVCHORAS, LIS NG B v] 56 ik NPPRA B, X 2 Ha ik B8 2 2 8 AT i . 75
SRR GL, Z AR 0.9~1.1 Z 18], Bl i B FHAE B S IR P, FRER AR R T s S b,
HL R AR 25 Gy IE NP RL N R [27]. 14 8(a) A2 Rk F3 41 4Efll PPy/F3. PPy-FesO4/F3 F=#)7E 8~12 GHz i [l
WIGPHPLUC R . BRI UE H, JRORE F3 R4Sk SHPTICRC i 25 1 Bcize, RMILPHPIICERZE, K
o FUREIR R A 0] B B TRl oV RO NAERE R, JE ik DU FUBEUE I BB A0FE s 1T PPY/F3. PPy-
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B

FesOu/F3 P ¥ FHATVL L AE B BBl AR I T 1 BHi, L PPy-FesOu/F3 HIPHBLILACE L5
1R, 2T RE S S R HE 7 BRI A RO NP A B, R H R A DI 57 (1 B UG B 2

20 180
18 160 -
() () [
16 140
144 120
12 3 ¥ 100 PPy/F3 JRITO,
El 104 Loeseeseveses
= s X 80
o 8-
6_
4] 40
2] PPy/F3 20 F3
e ie e e 222222y
0 Fe;0,-PPy/F3 0-
8 9 10 11 12 8 10 11 12
P (GHz) % (GHz)

Figure 8. Impedance matching (a) and attenuation constant (b) plots of raw material F3 fibers and composite fiber
products PPy/F3 and PPy-Fe304/F3
& 8. R F3 414 R & & 474 P4 PPy/F3 1 PPy-Fes04/F3 BIFRHLITAL (2) TRk E T (b) Bl

IR T (o) IR T ARHE A B FE AR REXT G IR FE R BE ), o [EBOK, A RE(EEN
) R B R SR R WAL [4] o 1] 8(b) A JFUR) F3 214 Al PPY/F3. PPy-FesOu/F3 P21 8~12 GHz i [ Y Bk
7. IWEFRTCUE H, 5k F3 2R 45 o fERENMIBGH N, 78 10 1 R A€ e, 17 PPy/F3. PPy-
FesOJF3 F2YI a, WAL T IR F3 £F-4E; PPY/F3 F=¥I¥) o 7£ 90~107.8 2 [f], PPy-FesO4F3 F=#I¥) a 7E
130~165  [a], FEjlJ2 PPy-FesO4/F3 1 o HUE R i, R H X i i BA i FeRe /1. thoh,
PPy/F3. PPy-FesO4/F3 F= i 3 5 A 1B A 6 i) T s T 8 K, 3X 32 B (T F s S e 7t =it PPy S
W2 H LA B F I IR B, AR EARFEI IN[28]; Sy — 5 THl, AR T = ST AR A AN e, FE AT
g R S T, B DL SURERL, M 2 PR A 3 R R 7 [29]. BRIk, 25625 REaE AR S M
BHALUCECHFE, PPy-FesOu/F3 =9 8 A1 57 (1 IR 1

3.5. IR L RES AT

— DL, RAHRFEE R < —10 dB (RIZR7R 90% ) HL A I8t 15 30 AR MR AC) 3t v DA JE SRR N FH - [Tt
2 RL < —10 dB T A RO B . 18] 9 2R F3 £F4E N PPY/F3. PPy-FesO4/F3 P21 [ S 4 AR (E
Ry [t FL B2 (8~12 GHZ) I RHERE d (1~5.5 mm) AL =it &l . MBI AT LAE Y, fEFTHTE 72 )
PR EETLE N, JFR F3 4R T-10 dB IR AR PPY/F3 FfE R N 45 mm, i
N 11.1 GHz, H AR R TIA-17.8dB, X B 1A RO A 58 9 2.8 GHz (9.2~12 GHz); PPy-Fes04/F3
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Figure 9. 3D color maps of reflection loss for raw material F3 fibers (a), product PPy/F3 (b) and PPy-Fe304/F3 (c)
9. B} F3 £F4E(a) =4 PPy/F3 (b). PPy-FesO4/F3 (C)HI R SHRFE= 4 E

4, &5ig

KH— D #7008 BAA N AR RE ST 10 T H PPy RIRAISFERE J11) FesOa 43 A5 TE T F3 £F4ER 1,
FEXTLFYERFEAT 7B . PPy-FesOa/F3 P2 I th f A 1) BT DL RC R 1A A L B S ik e 70, A el
PR RS, (EJE RSy Amm, FiE 0 11.4 GHz I, s R ROR PTik—-23.5dB, 56 8 A7 80 AL A 5
4 3.1 GHz (8.9~12 GHz).

E&WH

FIAR b 2 B 2 3 4 10 H (2024ZRC018)

DOI: 10.12677/ms.2026.162034 162 ey PR


https://doi.org/10.12677/ms.2026.162034

&5k

(1]

[2]
(3]
(4]
[5]
(6]

[7]

(8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

Wang, Z., Yang, T., Zhou, L., Hou, X., Fang, Z. and Hou, Y. (2025) Current Progress and Challenges of Electromagnetic
Wave Absorbing Materials at High Temperature. Advanced Science, 12, e04286.
https://doi.org/10.1002/advs.202504286

SRS, BN, FHE, & WRETYERHAE S S BRI FEHE R[], AL TR AL, 2025, 21(8): 1-7.

HHRE, TN SRR E R B U ORI ST RE R [J]. AL B A4k, 2025, 53(5): 48-54.

Guan, C., Su, S., Wang, B., Zhong, J., Chen, J., Sun, F., et al. (2025) Electromagnetic Stealth Technology: A Review of
Wave-Absorbing Structures. Materials & Design, 253, Article 1D: 113891.
https://doi.org/10.1016/j.matdes.2025.113891

Xiang, H., Shi, Y., Yang, Q., Wang, X. and He, Y. (2024) Optimization Design of Honeycomb Absorbing Structure and
Its Application in Aircraft Inlet Stealth. Aerospace, 11, Article No. 796. https://doi.org/10.3390/aerospace11100796

Li, L., Zhang, X. and Wen, B. (2024) Fabrication of One-Dimensional Polypyrrole Nanochains for a High-Efficiency
Electromagnetic Wave Absorber with a Low Filler Loading. ACS Applied Polymer Materials, 6, 5653-5661.
https://doi.org/10.1021/acsapm.4c00269

Dai, Y., Zhang, X., Wen, B. and Du, Q. (2022) Facile Synthesis of Polypyrrole Nanoparticles with Tunable Conductivity
for Efficient Electromagnetic Wave Absorption and Shielding Performance. CrystEngComm, 24, 3287-3296.
https://doi.org/10.1039/d2ce00206j

Tian, X., Xu, X., Bo, G, Su, X., Yan, J. and Yan, Y. (2022) A 3D Flower-Like Fes04s@ppy Composite with Core-Shell
Heterostructure as a Lightweight and Efficient Microwave Absorbent. Journal of Alloys and Compounds, 923, Article
ID: 166416. https://doi.org/10.1016/j.jallcom.2022.166416

BB, ZNE, ERUE, SE. FesOs A5 HIMAB RIS LU BT S RE[J]. P3RS, 2024, 44(12): 1-12.

Liu, T., Zhang, N., Zhang, K., Wang, Y., Qi, Y. and Zong, M. (2022) Multi-Components Matching Manipulation of
MXene/PPy@/2-SiW11Co/Fe3O4 Nanocomposites for Enhancing Electromagnetic Wave Absorption Performance. Com-
posites Part A: Applied Science and Manufacturing, 159, Article 1D: 107020.
https://doi.org/10.1016/j.compositesa.2022.107020

Cheng, S., Jia, R., Yin, B., Shang, W. and Liu, S. (2025) Controllable Fabrication of MnCo0204@ Polypyrrole@ MXene
Ternary Composites for Electromagnetic Wave Absorption. Journal of Applied Polymer Science, 142, e56724.
https://doi.org/10.1002/app.56724

Yang, X., Fan, B, Tang, X., Wang, J., Tong, G., Chen, D., et al. (2022) Interface Modulation of Chiral PPy/Fe3O4 Planar
Microhelixes to Achieve Electric/magnetic-Coupling and Wide-Band Microwave Absorption. Chemical Engineering
Journal, 430, Article ID: 132747. https://doi.org/10.1016/j.cej.2021.132747

YR, N5 A T4 1 o7 B A8 etk B PP ap 14 RE T 9 [D: [hil 2247 8 3], BGAR: P g A28 K %%, 2019.
TEM, 43S, ERAE, 5. FesOq 15 BRMLNE KT AR LW b7 GRS 42 88 I B Wi AU RET 70 [0]. 2244, 2018, 55(2):
19-24,

Liu, F., Li, F., Li, X., Tian, H. and Lei, X. (2024) Tensile and Interfacial Mechanical Properties for Single Aramid IlI
Fibers under Dynamic Loading. Polymers, 16, Article No. 804. https://doi.org/10.3390/polym16060804

Zhou, B., Wang, X., Wang, Z., Zhang, O., Jiang, Y. and Tan, L. (2024) Enhancement of Antimicrobial and UV Resistant
Properties of Aramid 11 Fiber through Surface Coating. Progress in Organic Coatings, 189, Article ID: 108317.
https://doi.org/10.1016/j.porgcoat.2024.108317

Y, e, MHE, & SRR I7 A TIET 43R T ) SR AL & B L™ MW R B AT 2 [0]. A6 TR B A4kt
2020, 48(8): 130-136.

Qi, G., Zhang, B. and Du, S. (2018) Assessment of F-11l and F-12 Aramid Fiber/Epoxy Interfacial Adhesions Based on
Fiber Bundle Specimens. Composites Part A: Applied Science and Manufacturing, 112, 549-557.
https://doi.org/10.1016/j.compositesa.2018.06.001

W UER, THEHE, PR, & XA07 L LT YRR v IR S R O P A T S SR & [0]. 918, 2025, 44(4):
4-8.

Islam, R., Sood, Y., Mudila, H., Ohlan, A. and Kumar, A. (2024) Microwave Absorbing Properties of Polypyrrole-Based
2D Nanocomposites. Journal of Materials Chemistry A, 12, 31004-31027. https://doi.org/10.1039/d4ta05676k

BO . PPyIFe:0s/ M eV 52 & W B B ) 6 e He 2 T B PEAT ST [D]: [k 2Ahr it 0], R REETLRE,
2024.

Mao, D., Zhang, Z., Yang, M., Wang, Z., Yu, R. and Wang, D. (2023) Constructing BaTiOs/TiO2@polypyrrole Compo-
sites with Hollow Multishelled Structure for Enhanced Electromagnetic Wave Absorbing Properties. International

DOI: 10.12677/ms.2026.162034 163 ey PR


https://doi.org/10.12677/ms.2026.162034
https://doi.org/10.1002/advs.202504286
https://doi.org/10.1016/j.matdes.2025.113891
https://doi.org/10.3390/aerospace11100796
https://doi.org/10.1021/acsapm.4c00269
https://doi.org/10.1039/d2ce00206j
https://doi.org/10.1016/j.jallcom.2022.166416
https://doi.org/10.1016/j.compositesa.2022.107020
https://doi.org/10.1002/app.56724
https://doi.org/10.1016/j.cej.2021.132747
https://doi.org/10.3390/polym16060804
https://doi.org/10.1016/j.porgcoat.2024.108317
https://doi.org/10.1016/j.compositesa.2018.06.001
https://doi.org/10.1039/d4ta05676k

[23]

[24]

[25]
[26]

[27]

[28]

[29]

Journal of Minerals, Metallurgy and Materials, 30, 581-590. https://doi.org/10.1007/s12613-022-2556-7

AREEAG, IR, XITUEE. WENREER 5 2% TS ¥ 58 R 22 = AR WA R R 25 [J]. MRETZHOR, 2025, 23(6):
1-7.

Zhang, L., Liu, Y., Rehman, S.U., Wang, L., Chen, Y., et al. (2023) In Situ Synthesis of FesO4 Coated on Iron-Based
Magnetic Microwave Absorbing Materials and the Influence of Oxide Magnetic Materials on Microwave Absorption
Mechanism. Ceramics International, 49, 12972-12979. https://doi.org/10.1016/j.ceramint.2022.12.170

TRER, MG, AEMK, & BB AT LB AT YRR % S A RERIT AT[I]. AL ET AT KL, 2025, 27(9): 1-7.

Li, Y., Duan, Y. and Kang, X. (2021) Multi-Scale Integrated Design and Fabrication of Ultrathin Broadband Microwave
Absorption Utilizing Carbon Fiber/Prussian Blue/FesOs-Based Lossy Lattice Metamaterial. Journal of Materials Chem-
istry C, 9, 6316-6323. https://doi.org/10.1039/d1tc00511a

Chen, G., Li, Z., Zhang, L., Chang, Q., Chen, X., Fan, X, et al. (2024) Mechanisms, Design, and Fabrication Strategies
for Emerging Electromagnetic Wave-Absorbing Materials. Cell Reports Physical Science, 5, Article ID: 102097.
https://doi.org/10.1016/j.xcrp.2024.102097

Wk, ARHEVE. AZ5T G5 M BRIBRAL Bk @Bk @ SRR JHE 22 A1 52 & W AR ) o S W e MR RE 9], WAL B TR 24k,
2023, 49(5): 550-559.

Shen, Y.Q., et al. (2024) Fabrication and Microwave Absorbing Properties of FeCoNiAl@ C/CCB/NR Absorbing
Patches. Journal of Functional Materials, 55, 9118-9126.

DOI: 10.12677/ms.2026.162034 164 ey PR


https://doi.org/10.12677/ms.2026.162034
https://doi.org/10.1007/s12613-022-2556-7
https://doi.org/10.1016/j.ceramint.2022.12.170
https://doi.org/10.1039/d1tc00511a
https://doi.org/10.1016/j.xcrp.2024.102097

	Preparation of PPy-Fe3O4/F3 Composite via One-Step Method Using Aramid-III Fiber as Carrier and Investigation of Its Microwave Absorption Performance
	Abstract
	Keywords
	1. 引言
	2. 实验
	2.1. 实验原料
	2.2. PPy/F3和PPy-Fe3O4/F3产物的制备
	2.2.1. PPy/F3产物的制备过程
	2.2.2. Fe3O4-PPy/F3产物一步法制备原理及过程

	2.3. 产物表征与电磁学性能测试

	3. 结果与讨论
	3.1. 产物宏观性状与微观形貌分析
	3.2. 产物红外光谱分析
	3.3. 产物XRD分析
	3.4. 产物电磁分析
	3.5. 产物吸波性能分析

	4. 结论
	基金项目

