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Effect of Sm®** and Co?* Doping into ZnFe,0, Nano-ferrite on
Electromagnetic Loss Property
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Abstract The precursors of basic carbonates and ferric hydrate for ferrite were prepared by solid-state re-
action at room temperature and characterized by TG-DSC. The nanometer spinel ferrites with the average
size of 62 nm were obtained by microwave heating at 600 W for 10 min, then thermolysis at 550 ‘C, and
studied by alaser granularity analyzer, XRD and SEM. The electromagnetic loss property was studied by the
relative dielectric constant and relative magnetic permeability of the ferrites. The results show that when
Co?" partialy substituted Zn?" in ZnFe;Os, the electromagnetic loss property of materials was obviously
improved in 100~ 1800 MHz. On the other hand when Fe** was substituted less by Sm®* in
Cop5ZNngsFe;04, the electromagnetic loss property of materials was increased properly.
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PR 45 [ NETZSCH /A 7 ) STA449 M4 dy
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ST A CR TG K SBEAE 53 B070); XRD %K A H A1 2%
D/max-11RB 2 X S Ze it A% [FA 453 £ 10 (°)/min; Cu
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FeClz6H,0, ZnSO,7H,0, Co(NOs),*6H,0, Sm-
(NO3)3#6H,0 FI NaHCO3 4 1y 43 #rli.
1.2 REKEEM KR H &

¥ n(ZnSO,*7H,0) : n(FeCl3*6H,0) : n(NaHCOs) =
1:2:85 (W= 2 th), FREL 17.25 g (0.06 mol)
ZnSO,*7H,0, 32.44 g (0.12 mol) FeCly*6H,0%142.85 g
(0.51 mol) NaHCO; it 7). AN, 56K ZnSOye
7H,0 Fil FeCl3e6H,0 JRN A BEIRST, 2857 3~5
UM NaHCO;, FHASWIAF % (29 40 min) & J W 5842,
13 BILLRR ) SO ), Se 2588 /KPR N =) 5 UK,
SRJE TG K GEEG BIR, AR A THR4fH 140 CHL8
h, 73 2 £0FR R 1 TR G i X e R 22 R A 48 A 22k PR VR
BT R, SRS SR T IR N T P E 600 W
ZAF R I 10 min, PR #Rdh, fE 550 CHA
KEEE 2 h, FRAFHUKRBIA. G5l TFE &

% n[Co(NO3)*6H,0] : n(ZnSO,*7H,0) : n(FeClse
6H,0) : N(NHHCO;)=0.5: 0.5: 2 : 85 i {1 &2 L),
FREX 8.73 g (0.03 mol) Co(NOs),#6H,0, 8.63 g (0.03 mol)

ZnS0,*7H,0, 32.44 g (0.12 mol) FeClg*6H,0 F1 42.85 g
(051 mol) NaHCO; X . st¥ Co(NO3)#6H,0 Fl
ZnSO,#7H,O JABFEE T, 7873 WS, A FeClge
6H,O Jf 78 /0 WF BE A e AT VR & 3850, 13 B AT IR 0k 44,
L5 1PRE SAR [R] B AR B Ak 25 3R A5 0 KN A
G5 2FE .

$% n[Co(NO3),#6H,0] : N(ZnSO47H,0) : n(FeClze
6H,0) : N[SM(NO5)5*6H,0] : n(NH,HCO;) = 0.5: 0.5 :
1.95: 0.05 : 9.5 &2 k), FrHL 8.73 g (0.03 mol)
Co(NOs),* 6H,0, 8.63 g (0.03 mol) ZnSO,*7H,0, 31.63 g
(0.117 mol) FeCl*6H,0, 1.33 g (0.003 mol) Sm(NO3)z
6H,0 1 42.85 g (0.51 mol) NaHCO; k7. &4
SM(NO5)5*6H,0 F1 Zn(NO3)*6H,0 JENWIEE T, B4,
FHK N A Co(NO3),*6H,0 i1 FeCl326H,0 Jf- 78 43 F B A
CANREH), BERTRYR A, JL85 1R S A )
TN AAE B SRAFGRAR K. G5 b SRR

UK RS P 2 4 B TG-DSC i Zeif e .
1.3 ARERE IR K B9 BB 1% UM E

FE AR 50 0 R R R B AR 15 mm, R
/NF3 mm K8 A AR 18.90 mm, 45k 11.72 mm,
e BE /N T 10 mm R EIER, 53 3 T 000 5 A A FRL BT
B (er) , AHRE A o0H B (&) AHAH X 3 20 S
(ur ) o FHOGS B 256 R 00 (et ) - UL R Y Oy 100
MHz~1.8 GHz.
1.4 HRZKEEMHRILZEEA S DR

DI ISR R FE 57, A EDTA 3l e vA I e 2,
T R R G BRI E B L W R R
7, H EDTA & vk llE 8, KM EDTA e E 2.
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2.1 EiREHEREHEEIEY
TE ISR, NaHCO; il Zn?", Co?*', Fe*t, sm*® 3k
KAEA Y, 43 WA Zng(OH),COs#H,0, Cos(OH)e-
(CO3)*8H,0, SM(OH)CO5*H,0 1 Fe(OH); i iiE, Ikt
AP AR R IR R 7 R R 43 ) T
FeCly#6H,0-+3NaHCO, — Fe(OH); (s)+3NaCl +
3CO, (g)+6H,0

3ZnS0,+7H,0~+6NaHCO; — Zny(OH),COz*H,0(9)
+3Na,S0,+5C0, (g) +21H,0

5CO(NOy),+6H,0-+ 10NaHCO, —
Co5(OH)¢(CO3),#8H,0 () +10NaNO,;+8CO, (g) +
24H,0
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Sm(N 03)3'6H20+ 3NaHCOg - Sl’TI(OH)COg'HZO(S)
+3NaNO;+2C0,(g)+6H,0
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152 2% FESH AT IR (1) TG-DSC 22 . iz &
(1 TG Mgkl LIA H, 400 1) 2 K T 3k 5 o [l 7
90~210 ‘Cz I, Bl 5P Rk F i AE gk a3, 4%
530 CZeAT Wi R W) R AL ARG T, KREEN 26.59%,
535 C LA TRV R FF AL, HiZ KR DSC il
LN, 7E 157.9 CAbH — W R A, IX B
T HT IR 2R 2 U B KRR B W L R e A2 38 4y 43 R T
. 5 378.6 T IS B, Xk TH D E
KSR AL TS, fE 4485 °C b7 — W] 8 f s A i,
X2 BT TSR o i I AR BROK 1) ZnFe,O BRAA R A AR
FITEL. FHIZIE ) TG-DSC L& /s 1PFE b 1 AT 94
1) 3 fiftilih 8 ok 550 °C.
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Figurel TG-DSC curves of precursor sample 1*
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FILTHIE 33.69%, [F]IAE 469 CAbAT — W L ) Hug,
XA T ARAR A R AR TS R e 27 S T
IR )53 fiil B2 R 550 °C.

2.3 g

T N A FRAE T AF A2 Bl Py 6 4 A R AT 1) 4
T SEARHMIL R 5 AT AR AR 1 ) A A (IR R k)
5 S AL. R s R QOB A nT LUK IE L v
TH2F N P BAZ S R, AR ) A%t 0 KT AZ g K
B, A R T 9K AR B (2 AL A 15
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Figure2 TG-DSC curves of precursor sample 2*
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Figure 3 Size distribution curves of samples heated by micro-
wave and non-microwave, respectively
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AR 12% /A KR EL A, 3 AN RETIE IR FF
i F AR EE R AE 26.59%~33.69% (8], [ KmidE T Ut
2.4 ARMIKERYLFLES B XRD S
LI 2R 3 ARSI ALY BT R
LR TR AL AL ZnFe,O, BRI, 27F
il & CopsZnosFe,0, Bk Mk, 3FEdhJ CogsZngsFe os-
SMo,0s04 BREAA.
R1 1 2R I AP W4 R
Tablel Chemical composition of samples 1%, 2*and 3*

w/%

Sample Chemica composition
Zn Co Fe Sm
1 2712 0.00 46.33 0.00 2655 ZnFe,O,
2 1239 13.75 46.96 0.00 2690  Co0gs5ZnosFe;Os

3%  12.15 13.48 44.89 3.10 26.38 C0qsZNgsFe; gsSMg gsO4

452 1% PR 3RS I XRD [&lit. 75 1R L K o,
TCRERVER (1) P — 4 AL 1K) X SR AT S AR I A7 A, 1
R4 ZnO Il Fe,Os 171E, & 58 4T T BRI
PR B A ALY, ICHTIK ) S5 3L e A TE. 2
KRR HE X S AT it S vl %, 1% B S ZnFe,O, B A
flkritE JCPDS (N0.79-1150)F Fr5¢4x—%K, htin i 17
Fffh e ZnFe,0 BREA MK . IX 51k 2243 M T4 1t 45 1
FH—EL.

2.5502
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o
o
&
=
o

1.2871

2#

Ny

3#
J:uAJLJ.rQLR.##ﬁ
20 30 40 50 60 70 80

26/(7)

B4 1%, 2% 3R 1 X G S it g
Figure4 XRD patterns of samples1, 2 and 3
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SREME T, AT A 3SR A s #

AR A, 45 E L o o BT DL e, 3
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Fit, ARSI X ST SR AR U (1) A7 B A AH [,
Ui =Rl =W S S R A AR, p et —0 e, — ™=
WY& T30 T7 i FR A b A S R R AR A
2.5 RMIREIBRLRE 5 47 F0 SEM 24

K 5 2 2°RE R B R R A T AR A A [
J& T IEA M, RiEELE 100 nm BL R 15 88% /447, 1%41
SURE S AR RLIE 20 A1 B 2R T SEACAH [F] (78 1t 22),
EATTRIBURDRL BE7E 100 nm LR 4 Ay 88% /- 4. eAT]
RLEZ 5347 1) D1o, Dso, Deo A T2 2. WK 2 il LU
H, 1%, 2%, 3% B PS8 BORIRL E (1E 25 0 (1) Do 155
TEMFIME) 550k 62, 60, 64 nm, H &A1 Dio, Deo
MEARAHZEAR K, HORLEE M I 45 SR BATAT AR s 17, 2°
1SR S KR EE 381K B K . N = ANRE ORI A3 A )
—SOVE AT LA 7R S i ARG AR ATV A 4 9K B Ak
b BAA R I
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Figure5 Sizedistribution for sample 2
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Table2 Resultsof particle size analysisfor samples1, 2and 3

Sample Dio/nm Dgo/nm Dgo/nm
1# 32 62 17
i 31 60 114
3 33 64 120

Bl 6t 3 Frab s B . A SEM BTl
B SRES LS AERIE, R A LR 5], R
RIORL 2 (0] A7 48141 5%, (HIE 2 REHE— D UESE o Ao 90K
Fr . 190 2°FF iy SEM B 3P AL, s 2k
2.6 HRKERB R

BRA AR — I AT WL S RE AT O S RE ) X0 R



No. 2 JE %% B4 Co™ R SMP AT YNK ZnFe,O, kA M ) LR B FE Mk 1 5 i 155

200 nm

B 6 3"l SEM gl
Figure6 SEM image of sample 3
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P, BEAEATR B3N, 1RE R B B A IE Y (tan o) fi
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W, ZnFe,O, Bk P lE M Zn® 8 1t Co™ i
53 HUARE AOURT LU S 58 iy R ) R FE R 1, 3 W]
DLW S 38 v e IO RE A RE AR 12k, T3 v e P R 454
Kbk, #F CopsZnosFe;0, 1, i) Fe® #iffi 1+ Sm® HL
ARRE W] AL A BB AR P, X 22 T
IR AR AR P P 3L

27 BHEHFEESRSN

Zn, Co Fil Fe #BJ& T-55 VU R v 42 8 0 2%, &
I B X MTET d TR R THORIE, W&
AR5, Co? il d LT EA T 74T,
b3 AT, Bk, ST A VRN 3 e,
— RSB T, 1 Zn?T I d BT R, TE R
T, B, T EVERE Y 0, AR SR
BT P d TR R ARG, TR 5N
HUT, T EERIGE R 5 pe, S RMRATEIR R 4
BT

o A0 A 0 P T TR e T R B B T 4
G (N Y Y Al G R N Vil -
HEB, G T I A3 AT 7RSS TR, 3 i)
Sy VYA B R VHIAR(B 7). 75 ZnFe,0,th, 1T Zn?*
J&T sp* 2tk Wi A G B R T dPsp® Zkdk, i
T B AL, UL, BIES T 0k (Zn?7)[Fe® -
Fe* 10,35, ()03 A S, [ 03 B L), JBr Ak
i A ERAE AR, BT B-B B ACHE H, ZnFe,Of RN 2
THAIREAE A 0. 4 Co? ARy Zn?' S, T Co* i
B 7L i FE A A B RS, LARasE, FTLL, Co* HEA
B SRy Fe BN A i, IXFE, 99 O Bt Zn® H
Co> WG, &BE T mER A ZndsFe’) -
[CO3 FeS5]0,. "B MM A4S T I WL RIS m=
10643(1—9) [ugl. 24 6=051H}, B T CopsZnosFe;04
PRER, SR E TN (ZndiFedt)[Cods -
FeSe 10,4, A4 TS HAEA S 65 pa, AARIE
BT AN T BES AR, NI SE B T AR
W BSCHRC R LB, T LU RH K0 3 RBP4
u, X 5 IRATI IR e 4 5 L

Wboes sm R BB T B 4 HTERA
J LR VRIS SR B IZ ). 7E CopsZnosFe,Oy
AT, b R SmYTEURS, BT Sm I
T-2£42(97.9 pm) KT Fe*' (60 pm), Sm** fiil[i] 15 B, Al
e S B T B frrhit FetT, BURJS 42JE B T
SR AERE UL A (Zngs Feds)[Cobs Fels—sSm3' 10, T
Fe* 119 d B2 5 A (K SRR, BE B R
T AR R R A7 ST B R AR, LT R A ok
e 105 1 R 2 TR T 1 R Bkt L7 0 | s
EIRERE, H 5 pe, 10 SMTIIANZEAf BT ) 5 AR

ST, BARAT Fe’ 12 (3d HL T ) I A KT HL T ROk
], {H Sm>* [ 1 ARk, B f BUE 2 WA I
WAASE/AN, T8 G R ORI s s A
BISFBIE, KT 5 pe. FTLL, SM* BRSO L8k A
RIIBEA 7 T IR KT 6.5 ug. 24 0=0.05 11, J&
J% T C0o5ZNosFeresSMo o504 i TR, & I 1
[ 1 R R K T CogsZngsFe,04 B 1. R Ik, 7E
C0o5ZNosFe0, B AT #B 28  BE A 1= sm® 5, T
S T oy ORI, AT & T & A A
Rtk

(1) ASCRAEAIA S B, 254 sk, &1#3
TTESHIEAUIRTE « WUkL oA LU 5 PRk B AR
62 nm Je A3 AL T i R AR b A1 45K ZnFeyOs, CogsZngs-
Fe,04, C0gsZNosFeresSMoosOs HIH KBRS AN 4. IEH]
IR AR SR b A BT B, D5k
SEGAT PR AL

(2 WK 17, 2°R FFEAFER A B B (e
e YW H (1, w'), WEIT T EATTHY L BUFE R P,
4K {F 100~1800 MHz IR 4 i [y, 2K b
(1) FLABURE AT R B R P 35 W DK 2P, AT R iE 1
WG TS BURER I [RIFE, ZEAH R AR TE A,
SURE A AR BREA E O KT 2R IR R A
ZnFe,0, 1, AEREME B 1 Zn? WP B 1 Co® A HL
UF, AUAT DL 2 4 R ) B R R 1k, IE Rk Wl
P M REBURERF PR, AT AT DL 5 e 1 e B R
P, EEURS [ Co-zn &k, LA+ smP Bt /b &
(1 Fe* i, XREME— DAL AR AR . BTLL,
Co® ki 1= Sm* BX A HURG T3k 1311 CogsZnosFer os-
SMo 050, BRAEA T — T BE FLAT R4 1) R FER P R
B L AR AT RE AR P 1) L B e R e A e
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