Material Sciences #4¥ R}, 2023, 13(5), 481-493 Hans Xl
Published Online May 2023 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.135051

a-Fe,03/Fe;0,@Ti;C, TxE &M
Bl 2 B R 1 BE A 3%

RieF, TRE
VEBH Tl k23R8 S k2 TR B, 0 Yk

Wk HiA: 202343 H30H; A HEM: 202345 H23H; &4 HH: 20234F5431H

R

AW R T IR R G R E S E A AR, ETXMER, CaE RS FREME,
BB T RIFH BRI, EEFHAESMX, EHitERE B FELREERER. A8
TAEGEE S, P T RN, A BRSBTS R SR M RE R A B R Ba R .
Z3CR A LIFATHCIZ MR AE Tiz AlC: H1] - T TisCoTx, RIS EE T 1% B K LB 2 A Fla-Fe,03/Fe;04
H Bl ) ar-Fe203/Fes0.@TisC: TxE 5Kl .  C-31% 53R H B AR B R HERE, £2 mmAEEFE B
T, #5-33.86 dABRIR/NRETHEE, HEXNRLT 4.2 GHzIE BRI 5, FX T a-Fe,0s@TisC.TxE
EHME a-Fe;03/Fe304@TisCTxE A M EHEMRMEIRB T 1.8 GHzH A BRI, BDRFHFEN
-33.6 dB, XIREFE N5 mm. Fe;0 MR FRISIARNBIMNEN T REAE, WEASSHEHRET
FHRETR, BIMBEEREE S, BRI T TisC.TxHIRBERE T -

eI 40!

TizC.Tx, a-Fe;03, Fes04, EEWRIEAK

Preparation and Microwave
Absorbing Properties of
a-Fe203/Fe30.@TizC2Tx
Composites

Deyang Shao, Xiaolei Wang

School of Environmental and Chemical Engineering, Shenyang University of Technology, Shenyang Liaoning

Received: Mar. 30", 2023; accepted: May 23", 2023; published: May 31%, 2023

EF|H: BB, TR, a-Fey05/Fes0,@TisCoTx AR R % KRB REDTTEN]. #HEHRL:, 2023, 13(5): 481-493.
DOI: 10.12677/ms.2023.135051


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.135051
https://doi.org/10.12677/ms.2023.135051
https://www.hanspub.org/

Abstract

The increasing electromagnetic interference radiation is threat to human health. In light of this,
several synthetic microwave absorbent materials have been developed, although they have ob-
tained good electromagnetic wave absorption properties, however, focusing on the high-frequency
region with low adjustable performance and high matching thickness and narrow effective band-
width, hinders the practical application, reasonable microstructure design and composition selec-
tion are effective ways to realize high-performance microwave absorbing materials. In this thesis,
etching the TizAlC; with LiF and HCl prepared the TizC>Tx materials, the solvent method was used
to obtain a-Fe;03/Fe30.@Ti3C,Tx composites with different a-Fe;03/Fe304 ratios by controlling
the alcohol-water ratio, study shows: the C-3 sample with 1:4 controlled alcohol-water ratio dem-
onstrated the best performance for microwave absorption. The effective absorption bandwidth is
up to 4.2 GHz, and the minimum reflection loss is -33.86 dB with a thickness of 2 mm. Compared
to a-Fe;0:@TizC.Tx composites, a-Fe;03/Fe3;0,@TizC.Tx composites at a thickness of 5 mm, com-
posites achieve efficient absorption of 1.8 GHz bandwidth at low frequency, with a minimum ref-
lection loss of -33.6 dB. The addition of magnetic Fe304 particles not only creates the contact, but
also provides a new loss mode for the composite material, increasing the microwave attenuation
force effectively optimizes the absorption capacity of Ti3C,Tx.

Keywords

Ti3C2Tx, a-Fe;03, Fez04, Electromagnetic Wave Absorbing Composite

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

AR, B RHE IR B AR K RIRE, BT I& )z, EEEFERME T RRER . [
WARHAS IR 7 RAR S S, OO B IR Y R, R AR R, WS TR
BATAE R A . AL TA, BP RGN IERIBITIERE R, KL B R RS R A
AR B AR 2N RE S ROARE,  7E E AR IS ORI AT G P g BRI fa . FE R A,
AR e {1 A IR T DRA7 s 52 FURIE A1 [2] [3] [4]. #Ik HAT, HBR UGS R fa B B AT g 2 — &
TF R vk RE FRU R R SR L T 10 R A R[S B b R B B 55 4 IR & i), MXene
e SRR 6].

MXene & —Fft B i % 42 )8 IR A R AL R V) — 425481k, H1 Yury Gogotsi %5 AT 2011 4F
T RARIB[ 7] TisCoTy A& MXene HHF 7B 2 (IR IR 2 — o BRI A =48 2R p g 2 1 i 2] AL JT R
BRI B My X T A, Hoh M AR RIS S8 (W Moy Nb #1 Ti). n =1, 283, X
&—0. —OH 5{—F [8]. #RMIH—1 MXenes BT FEHTAULHCSE A el B B & M R S 1 FE, % MXenes 5
FABAH S A BRI MR X — IR - Zhang 55 A [9]R A I #Z:, 1£ 200 CIRLEE FHRALIEJFEIEE, R4 TisC,Tx
Mxene AL, 155 Fe;0/TisCoTx HKE AWM EL. & 25 Wil A Ak =Bk FRE S R B H 08 7 ) s
WeWs s 7y, fE 15.7 GHz B B 1 -57.2 dB /N FE, 1.4 GHz FIA 20 ey 56 (JE B 4.2 mm). He
2 N[10]% FH 7K ikt £ 7 Witk FeCo 18 f) TiCoMxene E &4k . E&MRHERE 8.8 GHz B IH
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AR, ERRE

e BE(RL < —10 dB), TMJ/EHRA 1.6 mm. Guo %5 A[L1]RFH# i HA257E MXene 90K F ¥ 514 €
NiFe, 04 4K F0kL B I il £ NiFe,0,/MXene E &4 K. & 3% wt 1] NiFe,0,/MXene B &+ B A IE I E
BRI RN SRR E-41.83 dB, F I EL MXene 452K A (RLmin = —5.03 dB) 5 4 (1) Ha i I8 e i i
At

2. SEEGERSy
21. EAR

# 1 g LiF BRI ZE] 40 mL 9 M HCHIRF I, #iHEI5) . 3 1 g TiAIC, B R 248 I\ 3] ik Z1 ik )
o BIRATE T 50°CRMBIHIRBRE 24 /N, B0 ENRL, 7E 40°C FF 4 24 h, 133 TisCoTxo

BT K R KNI, BRI 054 g ) FeCly-6H,0 B i 78 7 ia ik, A
NaBH, i Fifit k. R LR Mg i (Fe® Fe® = 1:1), I TisCoTx ZKEfit P L8251, BARME,
A NaAC, HEHEBIEIMNSA T84 200°C [ 10 /o FREL e Nigh R, BRA B R YIRE M L8 T
KN ToK L EE B O, E A RISORE BT 40°C B2 T4 T4 8 h, 135 a-Fe,04/Fes0,@TisC,Tx
SEMEL . LIS TR AR R 1 s

s

4

Table 1. Chemical reagents in experiment

F 1 LT AAFEIR

2R 2 Wk P
iR HCI 37.5% RET & FHRML TAHRAF
A LiF Ve REETT R EAH]T
e NaBH, Ve RETE FRAME AR A F
FoIK 7 C;HsO SHT4E(AR) KT & FHREA AR AR
NI =&k FeCly'6H,0 SHTAE(AR) I 245 AL 2 3R A B A )
XU R TizAIC, 4 > 99.99% e AR SRR R A F
ToIK RN CH,COONa SHTAE(AR) PRI A= vl

N T FHK a-Fe,04/Fe;0,@TisCoTx B E M B R Bk e, RIS HIAZ &k, A2 H A T Z A F A5
T~y REURREEKLEE, DLHSKIETTH) a-Fe,0a/FesO, HILLHI, A MIUME &M . AT ZSHIN % 2 i
Zige

Table 2. Process parameters of a-Fe,03/Fe;0,@TizC,Tx composite materials
= 2. a-Fe,04/Fe;0,@TisC, T EAMR ITESH

C-1 0:1 0.6
C-2 1:8 0.6
C-3 1:4 0.6
C-4 11 0.6

2.2. SEHE{YAR
S P 7 BAXAS B W 3 T
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Table 3. Main equipment used in experiment
3 FEIWNHFMEE

B E = i k5T TR
B TR IR KR HH-2 LI A BIR T R LR BR A
AL TR A 101-1 JEH AR A IR 7]
BT RT FA2204B bR R AT IR TR A 7]
HATIRA DZF-6020 RS R SR A IR
P A KQ-100 B LT P A
B 0AL TG16-WS g A OB A BR A
AR ks SZCL-2 HIMAL R RS
EAUE WAy A 100 mL R G tE AL A BR 22 5]
2.3. RIEEE

2.3.1. B FREAFENK (SEM) o4
AR TS ZEISS GeminiSEM 300 4 H 1 B 45 (SEM), #R{EHE 15 kV, BUKMEHR
100~500,000. HilFEE 75 F S AR E 2 M A UEREM & B, RS R G T Hst S Ab 2

2.3.2. X 5t (XRD)$T5 74
ARSI K H 75 Miniflex 600 X SHERATHL . W &S EON: SRS, TAEHE 40 KV, HIR 15
mA. FREEEE 10°/min. FHE A E 3°~90°.

2.3.3. ERRAIROR MEREMIR 57 H

ARSI AL AR Ay Agile Technologies 47~ 1245y ES071C ML B/ HTAX, X il 4 HURE i 7E
2~18 GHz At [ Py kA7 MR o i F TG A v M R, J0 R P T A et 1 DA 378 70, B URE R M 4% 7.0 mm,
P42 3.04 mm. JEEEA 2 mm (1 [F SR ERRIREE, AT AR IR T g

3. BFR5WL
3.1. YISt

AR /K EE ] 6 (1) 0-Fe,03/Fes04@TisCoTx E A4 KHEK XRD M4 R unl& 1 frox. MEl 1(a)wl %1,
C-1.C-2.C-3.C-4 ¥ 35.4°H1 62.5° Kb PRI AT 5 e 73 a1l % 8% FegO,4 (1) (440) #1(311) & [l (JCPDS.75-0033) [12],
MM C-1. C-2. C-3 # 5k 33.2° (AT HF W4 T % a-Fe,Og F1(104) 4 THi (JCPDS.33-0664) [13], 6.48°F1 60.81°
X TisCoTy [17(002) F1(110) #hTHI[14], K BH I % a-Fe,05/Fe;0,@TisCoTx EAMEL. M 1(b) 384
Al DABH 2 PR 21 BE 5 B /K LE I3 0, FesO, 1(440) R (31 1) fi7 5 I I 5 XU 38 N A1 a-Fe, O 11 (104) I I 5 55
LB T E K E A AR o-Fe,04 55 FegOy LA

3.2. WMFH

it SEM 1 LR RAEAFEE K LA 21 a-Fe,04/Fes0,@TisCoTx B &M BRI ESE, K 2(a)~(d)
%o B T-7E DU AR A [ 7K LG R ) 451 0-Fe,04/Fes0,@Ti3C, Ty A RS Ak 3 i s UG . ME T LL
T RE T TiaCoTx KRG MITEFTE I 0-Fe,03/Fes0,@TisCoTx H A M R h# A R BIA . 1% 2(a).
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K 2(d) AR, C-1 5 C-4 BEMERU a-Fe,04/FesO, 9K Bk NERTE, Hmfek, HHAE T ™EKF

R, XSRS R TR R, 17T B8 5 B0RE i I ARG RIS I B8 R B . 1R 2(b), C-2 FE M IFIRA AR Bk

BRIEARN a-Fe,05/FesOy AR URL, (H 2 HIERIMGATIRE ™ H, I H. a-Fe,05/Fes04 4K FIRL T A HE

M, 1 P 2(c)H i C-3 B a-Fe,05/FesOy AR BRI A AT BRI, I H—37 a-Fe,05/Fes0,4 4K kL

FAETE TisCoTx MZ ], IXHEF T TisCoTx 5 a-Fe,0s/Fe;04 4K IHURL ) S B AL T, 43 R K T S ALK [15].
C-3 FEMIITCE AT 2(e)~()Fiw, RHHSH Ti. C. O. Fe JtE, KW a-Fe,05/Fe;0,@TisC,Tx

HAEMEL ST

(a) #-Ti;C,Ty ¢ -Fe,0, (b)

»JL . fww ) . i 4 ¢ -Fe,0,
&
wy“-q,m . Wtuw‘-m. j:t C-3 M
[ SIS SR E
= N SO O < “
WWM A kion, C-l C-3
Q '”‘ & %; ¢
2L ..t men| Z
5 — Y C-2
N JCPDS NO.75-0033 N
= | Fe,0, | S
L It e
20 40 60 80 30 35 40
20(degree) 20(degree)

Figure 1. (@) (b) XRD patterns of Ti;C,Tx, C-1, C-2, C-3 and C-4
B 1. (a) (b) TisC,Txs C-1. C-2. C-3 #1 C-4 #&AY XRD Elig
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Figure 2. SEM images of (a) C-1, (b) C-2, (c) C-3 and (d) C-4, the elemental mapping images of C-3 (e) Ti,
() C,(9) O, (h) Fe
[ 2. (a) C-1. C-2 (b) C-3 (c) #1 C-4 #M(d)8Y SEM B K C-3 HRBITESHE @), (. (). (h)

3.3. BRMEREDHT

—RRRAUL, FE 1) RSB E AR R A R e R, DR, FRATR G T T TisCoTx A C-1,
C-2. C-3. C-4 FEM{EHA TN 50 Wtk N B E A B (e ") FI R HE T 238 (W F 1) ST
SR (e, WIS LRSI AEAERE /T, T REFB (", p) 5 PG AR B (V) S8Rk BB U [ 161 LR FE D), MEARAEY) %
NHLMERE EAFERE ) . TS HEE R 3 B .

W1 3(a) 7 TisCTx il C-1. C-2. C-3, 7 2~18 GHz KR JuH N, &-f ik Sk ZBUF A, X
A DAVHPE A RS, T C-4 1 b T34 vT RE H T 7R B AR (e N AZ B I, F A P AR 1 R IR
[17].

Wi 3(a), Kl 3(0)Fas, ATLLERME R, TisCoTx ) &M e"EiRA%, 7 2~18 GHz (IR TLE N,
1E 5 F1 0.2 7o A58 A B3N o TisCoTx HIZINE A A B B50RT AR A Sy 7 L8 MRSk e 22 1 B 42 S TR 4] 3(a)
Hi, C-1. C-2 fl1 C-3. C-4 FESHIH) e MEERA 1IN, C-1 A1 C-4 FEM I B 4 BIAE 7.5 A1 7.8 2 AW AT IR 5,
Xof EE B TiaCoTx R R IIIRTE, 1M C-2 F1 C-3 BEFH I e ELx EL 5l () TisCoTx A KIRIRTH 0 HI1E
11~13.5, 8~11 Z[alZN. e MEIEIMA R T REEAP R 18] M A AR HEAE T, 1T HOBARER T AH i)
AT N EISEIN[19], 5 B S AR AL A3 0 o

TEE 3(b), e"EJ7TH C-1 Fll C-4 FEAXTLE TisCoTx RA/MEFETHENAE 0.7 247, (HRTEEMX A H K
By, 1M C-2 F1 C-3 FEifFad TRE/K LA, e i mfBAE 2.7 fidy, o 1ORIESET, AR mdx
(A Fa ot TR0
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Figure 3. (a) &', (b) ", (c) (tande) versus frequency, (d) Cole-Cole plots of Ti;C,Ty, C-1, C-2, C-3,
C-4

[# 3. TisC,Txy C-1. C-2. C-3FCA4MENEBHEH(Q) L. (b) EI. MEIEFER. () 5
X ZRE. (d)cole-cole

C-1 I C-4 1) e"{EAHXT C-2 FH C-3 Ff AKX — IR AT e A2 BT TisCoTy & =k ke U S b =
BRYPRIURL 51 S SRR AL I, 3k ST FRL AT L RS N e (/N TS IR FE T TiaCoTx AU B RE A1 1)
PR BIHE e o KT C-2 F1 C-3, "HMIIINZ a5 T 2 AHLE G 3IN, SFAFM A MM E L . d@id &
()T LAEH, TisCoTx. C-1. C-2. C-3 1 C-4 FEmM NIRRT ZE S o-f 2k 2 RBUHRIES, 5
TisC T AHLEL, &l 3(c) C-1 Fil C-4 MM EBFE VI ZRAE A B/ NE T, C-2 AT C-3 NI B (1 A H AR AR D) 26
B, FHrb C-3 FEM IR VIR R, Him{ErE 0.36, RGN HAFE.

75 e"-f 2k SR I T R W T Ak st PR B, 3R] LA B A R B2 1Y) Cole-Cole 2[5k —25
For. IRIE Debye B, & Fl e" oAl LN A R (3.3).

AR M EFEERBELE, PRMEER RSN TEW®E[0]. T
0-Fe,03/Fes04@TisCoTx EAMEL, — R KEMBRTIEH T TisCoTx K I E e HIAEREE, v LAME R
ey, TEARAG I FREA AR T R e A A st 2, AT P~ AR B AR AR A [21]: A TisCoTx 5 o-Fe,05 4
KK T, a-Fe,03 KK 15 FesOp Ak T, TisCoTx 55 FesO PKKL T LR Z R A1l , 728 ALk Ak -
FE ] 3(d), FATTAT LA B2 5 i A A0 AR S5 B LU AR A AR OC . 3 B, C-2 F C-3 TR TR IR
H C-3 BT E), WY o-f LR SEIEARIE L, 3E— 5 I B 1 45 B 7K L AT T B [ LG A )
o-Fe,05 Fll FesO, LU HIHEZHL, I H. a-Fe,04/Fes0, ST AIG 5 | ISR AL, R4S HidiidE, Al
Tl it 05 B KRR P M B9k [22] [23]

BT TisCoTx T AW, £ 2~18 GHz HISNZIEE N, TisCoTx M w/ Ml w2928 1 F1 0. MHILZ T,
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Kl 4(a), K 4(b)FFHEF| C-1. C-2. C-3. C-4 {J w Al u"{li T FesO4 IS AT 2. Bl 4(a), C-1.
C-2. C-3. C-4 (1 p/-f BHZRAE 0.9~1.1 Ju [ Pk )y, 3R BHA77E B S KA CA H AL, 8] 4(b) T LA HY
C-1. C-4 Hyu"-f HIZRAE 0.1 KE4, C-2. C-3 10 u/'-f BHZRAE 0.2 /£45, 1F 2~8 GHz kb, C-2 F1 C-3 i
YUY B ARG AN, C-2 7F 15.1 GHz HHRILH — AN v, FRMEN 0.16, 5 F T4 sl e R ik
W ERE[24][F, & A(c) B, BT BAMBIFE M 1) tan op LRI SAHR R pth AR RIS, C-1
FIC-4 e REARFEIEVIATE 0.1 /o4, C-2 Al C-3 AR EHIARFEIEYI A, 1 0.2 247 o Sl Il AN 4
A EARE RSN, REATRETE St R SO e DGR o BEIG BRI T ERESLR . REVIRE . H ZRILIR,
AEHRILIR IR AN [25] 0BG SIRE R AEAE SR Fa Rt Iy, IRIULHERR T REMFA0RE . RIS, REMERL 7 RSN
JECASI R WSRERFE, [FIFERCHERR . AT 0, JRIARL, AR RSN, & B S i 24k
SIEEH, ATUABREN Co= u(u) 2 e MR Co BEE MR IR, AR E BRI AL iR
CoZEtk, B TIRIBIARA, A ILIRIK[26]. H 4(d)Fn, B EEMRIE Cof thZE7E 10~18 GHz 11
BRI R LR, UFSE T IEZMURIGE P, BEH K 2 B IR AN P2 A2 1o th4h, 2~10 GHz v F AR LR K
AR, 10~18 GHz NAZHR LR BLMAT R . Ik, ARS8 b il IR FE I P AN 32 B2 IR 30 AR L AR
AR o p-f 28 H B 2 /N SRR 2 B TR AE B AR SEIR I iR [27] BLA1 25 5 1] 3(c) kG, I i
AN RERRFE S A ARE L AR, 7R C-3 FERAIIBFENLEI B, A s BFE 6 5t T B TTk .
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Figure 4. (a) i/, (b) ", () (tandw), (d) eddy current coefficient versus frequency
B 4. Ti;C,Tx MEHSE, (1) XAB. (b) ER. HIREANRBRAMSMEXRE

AL A R(1) 5 GEO)HEIH F LT a-Fe,0/Fes0,@TisCoTx & A A4 4k H i sk Wi U 14
fit, W5 EBIR T TisCTx. C-1. C-2. C-3 LK C-4 FEMMAEIETE RN 50% wt I, 1~5.5 mm JEJE K
4 RL-f fZR A =4k RL-f k.
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TisCoTx [/ N SR FELE 3.0 mm JEFEE, {XN—6.00 dB (/4] 5(a)~(c)), ANHEF= A7 R4 I FL R IR W AL
RS 2 RL-f B2t 3R B, A Mk A 20 98, B8 TisCTx MIE A U B0, DABUL R
BERMCRE R 2

B35 T a-Fe,05 3% Fe04 (&1, 2 MIEE/KEL Y 0:1 A1 1:1 22 C-1 1 C-4 FEMENER] T — 2 W
WehE 7. B 5(d). 18 5(F), C-1 fe/NEHRFEMIZE 17.6 GHz 4bik $|-23.50 dB, %M [ 2D RL-f Hi£k 5] 5(e)
(A R It 95 N 1.4 GHz, ULHC /R 5.5 mm. [ 5(m)~(0), C-4 7£JEJF )y 5.5 mm ik /N [ S e
H9-11.62 dB, ) 2D RL-f #ZE 1% 5(n) A R iy 0.6 GHz. EARXTELEL— ) TisCoTx A€/
PeTt, AHRUUACJE I K, ASRei A0 57 1 BB AL “ T PR
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