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Electromagnetic absorption properties of Nij ¢Zn,, ,Fe,0,/rGO composites and

their modified coatings
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Abstract: With the advent of the 5G era, the widespread use of various electronic devices has led to serious electro-
magnetic pollution problems. It is urgent to develop high-performance electromagnetic wave absorption materials
to solve the above problems. In our work, nickel zinc ferrite (Ni, ¢Zn, ,Fe,0,) nanoparticles were grown on reduced
graphene oxide (rGO) sheets by a simple in situ growth method, and a series of Ni; 4Zn, ,Fe,0,/rGO (NZFO/rGO)
absorbers were prepared by adjusting the dosage of rGO. The minimum reflection loss (RL) of NZFO/rGO-1:0.5 at
11.24 GHz is -60.72 dB with the matching thickness of 2.98 mm. In addition, when 5wt% NZFO/rGO-1:0.5 compo-
sites were used to prepare the modified epoxy resin coating, the minimum RL value of the cement-based materials
coated the coating is —-42.2 dB, which is 90.95% lower than the minimum RL value of pure epoxy resin specimen;
When the dosage is 3wt%, the effective absorption bandwidth (EAB) value is 8.88 GHz, and the absorption band-
width can reach 13.2 GHz when the RL value is less than -5 dB.
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BA @R ey =4k 2 A S04 (GO)
T IRR IR T H I 2% 1 ) A PR D0 R A S K
TEEMMERYY, HBFELS 20 A i B FE
(EP R =NEBE ey (i Y A i R A (R )
FEA B R TH 77 A K B S5y, AT S B BT 2R AT
REANG FEL R B MR RE o O T Rl X — R R, 38R R
FHRE 4 B A AL JEBH T DT B, DA T 2 T A I8
WrERE . Bl4n, Ding %7 & T —F7E GO I
2H % 1 TG ' FeCo 94 K 45 14 o 34 5 S gl Wi e, 7
VCFCJE B S8 5mm 9 B /b )2 41 8 #E (RL) {58
-39.2dB, /NTF-10dB 194 2 WA 98k 3.8 GHz
(8.6~12.4 GHz), Hou %3 17 fi B 1) 7K #4545
TR xNi/yNiO 240 K JIURLAE 1 (1) 348 )5 S8 AL £ B8 0
(rGO), 7& fi # b M 15wt% if , I/ RLIE N
-46.5dB, DURCJE N 3.6 mm, 4K R A B
FBRMEYE . MBS ST A R R
A il A AT B A A A Rk HE A R I A RE I
Wk F1 919, Saleem % MR LU E WL I & T B
J B Sk SR 19 NiLCu,_ Fe,0, 41K &y, 1R hy
16.09 GHz i}, &/ RL{E ~-22.8dB. HItA] Ak
B, kA - OO AR T GO/ AR A A LT
VA 2000k W i 700 P BT DG B, DA T 348 58 P 10 U8
W P RE -

PRI, A A o 3 B Do 2R K il & T
— £ 1) Niy gZn, ,Fe,0,/r1GO (NZFO/rGO) & &
B, JFEA LR 0 R B IR PE R, NZFO/rGO-
1:0.5 & & # B 75 11.24 GHz I %) % /N RLAE W
-60.72dB, VLR K 2.98 mm, FiZELH 20wt%.
WAk, b R A G S G WO M g 1Y NZFO/
rGO-1:0.5 W i 5] ek 14 1 A 1l 28 1 R B TR 2
K HIBUAAE F1 TR 5 25 i D il %5 T NZFO/rGO/3 %
RIS G MRE, I8 R T T /K Jie P B R T
1E NZFO/rGO-1:0.5 & & # #1452 & 2 5wt I, IR
T A0 R U U D2 I K e 3 T Al EL AT B/ RLESN
-42.2dB, 4l PR AR B IR 2 09 5/ RLAE FEAR T
90.95%, XMW T4 Aok H 4 5™ 5 1) 22 H AR
PR V5 e ) L 1L T A R B 4E

1 XRHBRAE
1.1 E#s

KIRGE IR 5 (C, FH TR RIER A
BRAT, >50um); HHLAR (HS0,, 98%). it %
& (HyO,, rHral). 75 b B = WY 5 Ak 8%
(CTAB, Zr#ral). Sk (NaOH, 4r#ral). T
KW (C,H;0H) . —H K (CgH,y, 40#14E). IET
I (CH4(CH,);0H, 4r#r4li) £ F 1 i [F 24 fb 2%
WA ABRA R fHER N (NaNOs, ZrHral). =%

2 4 (KMnO,, 7Zr B 4li ). 7~ K & i R %
(Ni(NOy),-6 H,O, 4> B 4 ). 7~ /K & 4 BR 4
(Zn(NO3),-6 H,O, 4r #r 4l ), Ju /K & 4 MR &

(Fe(NOs3)39 H,O, 4r#fral) #30 T 1 g 22 sepk A 4k
BRE A RN FL; WU A B A B IR (B44), [E 1L
H (R 23 7~ JE W 650) 1 T 5 R BB i 1k T
AR A A ol P 22 K U8 (PO 42.5R,
o AR LK D ISR A BRA H) 5 B il K e b %
2408 B H 1SO 679—1989 ARfERN2
1.2 H&FHE

NZFO/rGO & & # BL 1 il 25 - AR 4 e ik 1y
Hummers % il % T 24641 B4 (GO)™, K FH faj
1 7K A7 AR K Rl A5 T NZFO/rGO & & # K
¥ 1g CTAB 74> ¥ fit T 50mL £ & F K i,
Ni(NO,;),-6H,0, Zn(NO,),-6H,0 il Fe(NOs);-9H,0
(Hrh Ni**. Zn*# Fe* Y EE /R LR 0.6 £ 0.4 : 2) il
PR R T LR, ARG EIRG
Wb A GO, fE i FE i B b A NaOH
(5mol/L) ¥ ¥, W7 pH A £ 10, ZELHHE 2h,
Bl J5 % ) b TR A W % #% #1200 mL 5 R & (SH-
200ML, 7pMI IR Y, 7E 180°C T I
10h, )5 F 8 FK MK 2 B8 B i BOK,
1E 60°C i H 25 T 4244 (DGG-9013A, |- i —1H AL
il AR AR T 24ah, RS, A
GO 7N 2 il £ 1) NZFO/rGO & A 1 #Lic i NZFO
(GO Jii & 4 0g), NZFO/rGO-n(n=1:02, 1:0.5,
1:1), Hi nE/R GORYJE =~ 02g. 05g Al
1g(#% 1),

NZFO/rGO/H 8 M g &2 & M R il 45 . SR H]
LA 5 0 10 W W BB 9 NZFO/rGO-1:0.5 & &
OB Ok il % NZFO/rGO/¥F & W i &2 & #1 K,
NZFO/rGO-1:0.5 & & # B 75 34 S8 44 i vh fir o5 19 L
B4 5]k owt% ., 1wt%., 3wt% I 5wt%. LI 1wt%
B E MBI, WA TR Bk, K100 g R
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#F1 NZFO/rGO EAMBHEHS
Table1l Compositions of NZFO/rGO composites
Sample Ni(NOs),-6H,0/mmol Zn(NOjy),-6H,0/mmol Fe(NOs)3-9H,0/mmol GO/g NaOH/(mol-L™)
NZFO 0.6 0.4 2 0 5
NZFO/rGO-1:0.2 0.6 0.4 2 0.2 5
NZFO/rGO-1:0.5 0.6 0.4 2 0.5 5
NZFO/rGO-1:1 0.6 0.4 2 1 5

Note: When NZFO is in-situ grown on GO, the high-temperature hydrothermal reaction transforms GO into rGO. Therefore, the substance

listed in the table for the preparation of NZFO/rGO is GO.

B BE 75 80°C 1Y K W& 4 h Wi 2h, ¥4 1g NZFO/
rGO-1:0.5 & & A B BE R Ly 7 - 3 B ZHIOR
FIE T EAR G W, IR GV WO 75 431 30 min,
SR 5 W5 0 BV R 0 B TG A SR B RE R,
SrEHER G, R R REE 80°C, k18 NZFO/
GO/ AW NG A 1k

KA B2 S 5P A SCRH 0.5 YK
WK OK V6 450g, brifERP 1350g, 7K 225g) K i
YRR UE A o 8738 I F 22 7K 8 1 ELAAR b 2% i 4y
W2, BARGERUT B FRAF 7K 8 Im A Ji +F
By, SRIEMAFEG K, RSB 30s, RIFTE
30 s IWIMAARIERY , 33509+ 2 min, el A
PR RE X S) R bR BT, SRR B FE S AT I K
AR BAB S, ERINE LIRS 1 min, 3 [
SRR, B kK78 R SEGAPLT R IFZE, 240
Jao, KoK U R HEAT AL, B TR E R
(20+2)C . B JE N 95%+2% IR E N FEP 28d Ji
HEATIRZ A3

PR B TR R R A VR S TR . FEK
S W o T/ IR e 1 - (I % R R
AMATRE, WREEE AN 1.5 mm. T7ETRE AT,
H T 7K U8 B X ) & ok R v AN T gl e s e R —
SRR LI, CE R TIRE NS, Hik
K SR AR A0 TR Fh K Je A ok, Xtk e b 5

fRR MR fLIR ST I 7T . S EA S, b 4RER
RWERE 2 RmmmREKe, #RiF%
M, WKL, B THERIEN SRR, ElRE
RSP A, MIREPEREA R KW
s, i, —BIRZE R R, R
BHATH, DIRIERZ RO E . &5, #
NZFO/rGO-1:0.5 & & # £ 7£ Owt% . 1wt%. 3wt%
1 5wt% 48 1 T il A 09 B 2 SR 2 S MR
v A 1Y K Je A 43 Bl bR ad S RPO. RP1. RP3
1 RP5(3 3),
1.3 RIMERMKFiE

O R AE 3% . 2K HH Rigaku Ultima IV &Y X 5
LATHHL (XRD,  H A B 22) MCRE 5 0 iR 2544
>k ] Hitachi SU8010 &Y 4 4 H1 ¥ & 7 5% (SEM, H
AL F) XA AR TOWIE ST T RAE

L1 2 B0 e SR FH T it O 5 2 %o o) 8 %9 e
A NZFO/rGO & & M B AT i 280k, ik
1) 2 80 AL G A LR ST (). A HLR RO
(e, S HARAFEEYIE (tand,) . #E33IE (1),
T 5 R T (u) R BAFE IEVIME (tan6,)o 5 il
b FRANE BB DA SR R S 0 RS B o
Fie a5y B 20wt% JF AT R A, TR AR A 12
7.00mm. N7 3.04mm. EJF H 2~5mm ) [F FF
WA, SR Agilent N5234A B {0 55 18 B 28 43 A7

*2 LEBEREEEEHIKE (P-042.5R) BILZERS (Wt%)
Table 2 Chemical composition of ordinary portland cement (P-O 42.5 R) (wt%)

CaO Si0, Al,O4 Fe;0, MgO

SO, K,0 P,0; Na,O Other

55.34 19.91 6.92 591 5.19

3.21 1.61 1.04 0.12 0.75

&3 NZFO/rGO-1:0.5 i 4R ERAE S A M #IABHIKREX R ZEN RE (B g)
Table 3 Mass of each component of cement-based specimens coated with NZFO/rGO-1:0.5 modified
epoxy resin composites (Unit: g)

Sample Cement Water Standard sand Epoxy resin NZFO/rGO-1:0.5
RPO 450 225 1350 100 0
RP1 450 225 1350 100 1
RP3 450 225 1350 100 3
RP5 450 225 1350 100 5
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1 (% 18 & it FL oK) PEAT B G S B0, IR0 Bt
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/N, R H R U W RE S R, R,
RL B /)N T -10 dB (L % 5 (19 95 FE 3 2y 90%) 1Y HL
TR B3 T A L D8 ) RO AL, R SR A AR
9% (EAB).

R G AR P AR R G R 50 1 K S
RS A 180 mmx180 mmx30 mm. 2 S5 %
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DR 285 A A7 ASCI 38 7K e S Bl 1) s 3 %

2 #RE5iTie
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57.7°. 60.1°, 62.5°4b 43 il f{ & T NZFO 9 (111).
(220). (311). (400). (422). (511) I (440) /1 ,
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NZFO Wy fiT 5 W ik B2 80 K, B 56 1 rGO my b, |-
R 25 AR W] T A SCH Y i % T NZFO F1 NZFO/
GO & Mk,

R T i — 2 4 B il £ 1 NZFO Fll NZFO/rGO
A MBI TORTE S 254, XFHE T T SEM %
ik, g5 nE 2 s, mE 2(a) f1E 2(e) AT LA
F|, NZFO 2 B H BRIE () g ok ok, H 36 1 AH X
e, RO 250E 90K ARE S R
LT 9 NZFO/rGO & A #4522 80 1 AH AL 1) 00 JE

PLFFAE, NZFO 94 K ki 547 248 K 7E rGO 1 )2
I, JFHEEE rGO BRI, KK TR 2
Wy A R A W B (B 2(b). 2(d), &
NZFO 94K b F &M J& ) rGO R )2 3 1 7 S kL
KL A . 4 rGO B E KD, NZFO/rGO-1:0.2
A MR R BOR 5 £ 1) NZFO 94 K hr 1 R4
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Fig.1 XRD patterns of nickel zinc ferrite (Nig gZn, ,Fe,0,) and
Nij ¢Zn, 4Fe,0,/reduced graphene oxide (NZFO/rGO) composites
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16 FR T RE R, SR (R p) Fon A B E G AE
HRAERERE 1, HEHE (27 F0 ) W 3% 7R 40 L B4 € 1L
fE 1. BLAN, A F FRRE R 5 RE 43 500 3 A A e 3
FEIE 40 (tan, = ) BB HFEE D) (1, = 77) *
W, HEEENE, oM 8 15E Y — S0k
588 70 M 5 1) 25 R A R R A R U

K 3 KR T &AM BHE 2~18 GHz 51K 75 [l
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Fig.2 SEM images of NZFO ((a), (e)), NZFO/rGO-1:0.2 ((b), (f)), NZFO/rGO-1:0.5 ((c), (g)) and NZFO/rGO-1:1 ((d), (h)) composites

WK, XEH T rGO N FHMME, BAEKEST
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L, KR T ROR MY LR BOR F AT LA A e
5 WL R 1 A LB AE PO, TR 2 80 Ha b R
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AN, A AFE IE DD A R AR AR T i RE S
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MRERE 2 . WE 3(e) Fion, TEMI#H 8~18 GHz
ft, NZFO/rGO-1:0.5 & & # B tans, {8 &5 T H A
BAME, X2 H T NZFO 44 K ki 15 rGO K 2
ZIEJE R T 24k S5 A, $R AL T 2 0y Ak
i, fRHE TR AE, I3RS TO0 5
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