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Preparation of Fe-Mn nanowire alloys and the study of the effect of
manganese content, annealing and electrodeposition frequency on their
magnetic properties
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Keywords Abstract

Nanowire Ordered Fe1oo-xMnx (0 < x < 87) nanowire arrays have been prepared by co-electrodeposition of Fe and Mn
Electrodeposition into pores of homemade anodized aluminum oxide (AAO). The influence of composition, annealing
Coercivity temperature, and frequency on structure and magnetic properties of Fe/Mn nanowires was studied. The
Fe-Mn alloy changes in the saturation magnetization, coercivity (Hc), remanent squareness (M:/Ms), and crystal

structure of nanowires with changing of the above parameters were also investigated. The results of XRD
and SEM suggest that the nanowires have a bcc structure and that their phases change with the annealing
temperature. The nanowires have uniaxial magnetic anisotropy with easy magnetization direction along the
nanowire axis due to the large shape anisotropy. Also, the coercivity of the Feioo-xMn x nanowires was
increased with increasing annealing temperature for all the compositions. On the other hand, the nanowire
arrays electrodeposited at different electrodeposition frequencies show remarkably different magnetic
behaviors, due to increasing of the electrodeposition frequency, the rate of ions for reduction was decreased.

ol osill bl 5l L3645 eog axg 9y5e 5yl g ele Jlabai dodiio )
slogsg, [2,1] el pblise bis sloginew 4y ,0 bpewsl s p)l5 Lot GamcSy pwsbliie Jlislogl olye 3l slaJlo o

gl gm0 &5 gdoe 485,54 bpawgl (nl colo 6lp SFUS e plprea il 00,5 (> 093 @ | pliie a5 wijls a5 (Slogilly
b bgy 2o 5 iz QB 5o meagl ploaedg Sz (g, 5l a5 cul o)l 3l (S0 phite pepblin mewsl slbaal)] csle
Please cite this article using: 2 Lod ooliiwl yj @ylee 3l o opl & gl )l (6l

Najafi, M. Alemipour, Z. and Rajabi, F., “Preparation of Fe-Mn nanowire alloys and the study of the effect of manganese content, annealing and electrodeposition
frequency on their magnetic properties”, In Persian, Journal of Science and Technology of Composites, Vol. 4, No. 3, pp. 255-262, 2017.



oo 5 i Wl jo

o sigy -T-¥
(ARO) Jiliio pyrimasll spmsST B apgi=)-Y-T
Vi o5l b psaisosll (sloadys 5l oolital U il pgarzasl] apus] I8
loadyy jlats cnl gly wiad ags sl Ao 50 09,5 sl b b
135 207 gl b 4ids 6 Doy ! jelis 0.3 Cales b pgaineyl]
)‘)5 6)&L Sy940 450 LgLeO »9 O); Bo AJLJQ 20 Sdody s g 0
ol porinsll gl (55) 2 05250 (3paST 4Y Bi> jslaied; i8S
3 8 oS o0 y9abge NAOH 513 M Jsloro [ aiBs 3 Soaeas Lnad g
gl 55wSes s)lsenl Bl jglatedy (o Ssail Al plxil
o7 S b S 5 SIS sl 5 Jslome 1 ) Laad g pseins]
lod ;o ai B0 7 Sowdy 20V il cov g cudg xS ylgieas (3:1)
Bl oty digl 4t b U ooges (S5 iUl 2ol Loy

sy Pl 4 aloso 53 (b pseiasl] 00,5 il gloanTE s
odds 0010 M pouiagl] a9 Lol (509,581 g0 oo o 50 Gyl 1o
ST aul ) Joonn 5 IS s ol 35,50 5 1 05,2501 lpieay
el o o) pll 4 14 Gles o el 15 oy 40 5ldy cow 0.3
sep o ,ax ojlasl g ould gy BYyES ﬁﬁ?“"}” eS| oSS al> e
(o] pgd Al e plomil 5l LB g oo et 5Ly Ol s b g Sl
@ly 05 Bl gl al> e j0 o LS5 poatiagl anST Y Sl
Sl )3 1y gl alye 50 0ad il paeiagll (slaad g dan ¢psliie o
ol b Ul o ye alie ) el pgo Al yo cgdinnds | g e o0

bl o Lewsdl 5l L)l Y G asgws] anld b oo
a0 0 S e I8 ead oSS Sljis g el Lle, a5 pguieg]
J3ls alils cnlsly mSI ol b plosl g 09 Sl Glgicds LB 5l eolawl
caz W o5 oSl Ul 5l mle blob 4y ol «JB o as
0l 3L el o B sl gowe aY ol eIl Jlasl anT B jo g
sl Al ye 98 b sow Y ol gile SL sl egs atslo, b
55ty el e 9 0.06 SIS ials L 20 4 40 51 s gusl 5dg
o Y S @ o slp 0l 53 gt e el 0.02 25 L 58 4,20
1231 sl oo 40lsl 8 5lg 5o 4ids 3 Boedy a8 coaclly § conlio

B 53 M 5 Fe cuilily sl —¥-Y-Y

celis 3l b (AAD) il pssicosl ST LB o oslel 5 s
S5 oshie ol 4 celzl BBl s y5e Sl clilily iUl a8
29y 5 & Glszear Dy 09 2SIl a5 (39550 99 s g5l plox
g oo b Cedlily Sl ol oolatul 00,8 Jue WIS leica; AAO
yol> Gudm jo0 ol plol &g 30 als o 4l 5lg 4 35,0 2200 oels
5 o2l Slilges Sad g0 5l iz Jgo glaso o syl codg 2SIl Jslone
5 PH onils 4S5 el ly «Sippr il 51 b ppolie (3iSi0 Sligus
el FE™ 4 F™ s 51 (s sl sl Sty ol

U ezl -Y-Y-Y
iy SN ey Son bawgi ol A Slapewsil (539958590
TESCAN < 5 clu SEM olfins o5 5 aslllas 5,50 (SEM)
Alss aile Sz 300> 325 Lo MIRA 3 TESCAN u

Oole i Ghgy ool el el dbgiye sla el )y S ekl
P LIl 5 laprwsil s iz clin 9,505, S el a5 Cul
Wlo o oloaes b 3 peil 0S5, ol bl [43] sl
g o 0318 g,y il sl ig p B L slid S e

slad @ Ol Ry onl po eslaial 3550 laclid (n S,
(AAO) sl poeiagll ST plate Jlovie sLis 5 Sl yS Jy Joxlses
JymS colls Lsay AAOD sdseie slae 5l aolinul [8-5] sges o Lal
Wojim (58,5 )13 Guizmen 5 Wojio o155 S8 ((Ghad 5 Jsb) ol
gl ans jslaneds baSy; (il 5l (o RSy Slilse
[12-9] ol 5508

cilsly 2SI Ghg)y Glsiee b B o ol s slaby, Gl 5o
S sty 58 ) oges (Byxe bty e 5l (S lyear |,
Oleaily Cadgazme b (i (plond oy B o olse o5,
phiel Gl lp oY ploy gadn SRS pas i B pady
o 929 v g 08 JST Slaerwsil Job o

sal)l ags o)l sele O g Gl 0 goamie WYl
G Ol &5 ey olr 4 AAD GlacdB o cwblite corsil
[17] FeCo (s5WT 4 [16] Ni .[15] Co [14,13] Fe a5 slopemwsls
L oils 55w 0,5 o)l .. 4 [20] CoCu .[19] CoNi .[18] FeNi
Ol o5 polie 5wl e az g 950 S (nl 41 5 00 (bliions ol
eebloe lsr n ol Wb Wlsiee seeblite Slapemsil o
Olls a4 5l cpl Gl (oS polie (lB1 gycnl 5 ales slml pengil
gl (osblise ol 30 o0k Dt Wlsi o F@ ol ccbolise
&S ol

OIS ey raie () pegil 4 pegas s (Sl SVl
5 emebline 3 jolie plo bojaie ol WD @ gl) (slallie 5 oas
cobliie olys a5 o1 51 022,21 ol onis (3,155 conblice i
Wb oo yuis polie plu 5l o polie 2ul38 L NI CO Fe ygzmen s0l5e
o 03538l b Fe lageagl (puiblin (plss nosd G825 Gl o
hords 2SI 5o olz 5o ilesldl ©y500 MN a1 s nolie
85 5 addlhe g oy 3590 AAD Sladl ) il

Ol 69y 2 Jsloe ) 35ae Sad clale e 136 ool yo
Oeien g FEIMN LT cslily om0 anTs (b o] cuilly 25
5 Ho ! gurbliin (S loly Jals 00 445 slopragil gurbliin ols>
gy MM o s

& e Y

b'}o—\—f

Sy iS5 5 99.99% ool g yiardee 0.3 Caslinds b poninesl] 4bs
Slagur Sod Jald L5 0550 pland slge pled ol gl 5 el
gl gm0 Sga SIS 1 sl ] Sl (1D 35550 Sllgas ] can (110l
o Sag,S ] (55 555 ] S35l Sl 5 s sl S ]
A Gy s s Sie 5, Yl ol 4 b Sl (o
Jbgs O 5l s Jekome augs (slp s S 13 oolinwl 8,90 yiiw (sl
ool yodais

! Coercivity
2 Squareness

L0l 5)9Ud 9 pgle Ay puins

7))

o1

Yo7



oo 5 i Wl jo

e 9 BIRL HiSie slgixe o) 22 9 piSie- T s WT BSliosw 636 =il

QIO LS (5)9Ud 9 pgle Ay yuis

4j

[y

Yov

L ooods adls slopmwsl den ,0 ggoge ol oibe (MdMy)
Db e 0y MN Gz slvas,s

@-Jh

b-o)

Fig. 2 A typical (a) top view SEM micrograph of AAO template after
the second anodization, (b) SEM image of the NWs released from the
AAO template
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Fig. 3 A typical normalized hysteresis loops of NW samples for pure Fe
and Fe,Mng, in case of external magnetic field parallel (]|) to the NW
axis
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Fig. 1 A typical anodization current during the second anodization and
barrier layer thinning process
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Fig. 6 The Mn content of as-deposited FeMn nanowires as a function of
Mn ions in the electrolyte
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Table 1 Mn content in electrodeposite nanowire as a function of Mn in
the electrolyte solution

Mn in Solution(% w/w) Mn in Nanowire (%w/w)

6 0.36
45 24
75 35
80 4.5
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Fig. 4 The variation of H; of the FeipoxMny of NW arrays versus Mn
content
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Fig. 5 The variation of M/M; of the FeioxMn, of NW arrays versus
Mn content
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Fig. 9 The variation of the Hc|| of as prepared Fe,)Mngy NW sample
as a function of electrodeposition frequency
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