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Abstract The c’ystaIIogr印hic andI工lagnetic s七ructures 0fE。2Fel5A12 aJldE。2Fel2A15

have becIl re矗ned in Gaussian peak—shapc by Rietveld analysjs of Neutron diffrac．

tion data．The re矗ned resulb indicatcd thaC E。2F。15A12 compound has Th2Nil7．tyI)u

llexagonal structure(8p越e group：P63／rmnc)and Er2Fel2A15 has Th2znl7一typc rIloIIp

bohedral structllre(8pacc group：R 3111)．The Al atoms pretcr 12j and 12k sites with

oc叫pancles O．21 and O 13，respec“vely in Er2Fel5A】2锄d prcfcr 18￡18h and 6c sltes

with occ“pancies O 35，0．36 and 0 37，respectivel¨in E。2E。i2A15．Thc nlagnctic IIl(p

ments of all Fe atoms displ8y ferroIIlagⅡeticaUy arra“gement and thc momeIlt8 of Er

atoms co“ple ferrimagnetically to the rrloments of the Fe atoms．The momen拓lie iIl

th8 plane perpendicular to the 8ix_fold axis and exhihit planar magnetic赳li80tropy iIl

both samples、 The value8 of Tc were given and the neutron rc矗ned result8 coincidc

with that of乞he magnetic mea8urements． The relation between magnctic pro础rties
and structures wa8 discu88ed．
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1 Introduction

h recent years，rnany studies focus on interstitial R2fbl7Nx compounds(R二Ce，Pr，
Nd，sm，Gd，Tb，Dy'Ho，Er，Tm，Lu and Y)n)r improving the magnetic pr叩erties．【1j
An血lportant co】姗on feature by nitrogenation is the iIlcreased iron-iron bond len只th

as compared to their parent bjllary phase materiaI．In the study of the e矗奄ct of血tro—

genation on crystano盯aphic and magnetic structures by neutron djmaction data，Yan

e￡口舻’圳r印orted that the nitrogen atoms occupy 9e，189 s“es of Th2Znl7一type rhom—

bohedral stmct砒e jn Nd2Fel7N4 5 aTld occupy 6h，l 2j sites of Th2Ni"一type hexagonal

structure in E。2Fel7N4 5，respectively However，the interstitial comp01ulds pr印ared by

sohd—gas reaction are omy stable at tempera“Lre below～600。C They wiH decompose into

a rIIixture of Fe and RX abo、陀the decomposition temperature Fbrtunately，R2Fel 7Cy

carbides can be alternatives to 2：17 nitrides because thev are stable up to their melting

po．mts Yan et乩州studied the structure of R2Fel7一。G％e2．Recently，the subsmution
0f v甜ious elements，e g． Ga，Al，Si and so on，for Fe iII rare．earth iron inte皿etallic

sllpported by Nuclear Industry science FoundatioIL(H719680109)and Natinnal Nature science Fhun

dation of China(198350501
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R2Fel7 compounds has been invest唔ated extensiveIy． Compared with interstitial com—

pounds，gubstitu“on compounds m州also be pTepared foT expansion of 1attice volume

and increase of iron．iron bond length wllich had been proved by Yelon e￡Ⅱ4刮in studying

neutron di册action data and M6ssbauer efFect of Nd2Fel7一zAlz series Therefore，the

iron—iron exchange couphg may change significantly with the increase of ceIl Volume

because the exdhan叵e mteraction of Fe一王k 5ublattice is sensitive to F色．Fe interatorIlic

distance The cTyst allograpMc and m89netic structmes 0f E。2F。17。Al。(z=2 and 5)
were studied by Rietveld Method based on neutron(ii丹}action data in this paper The

Cllrie temperatllres Tc of both sa玎叩1es wer。given，and the relation between magnetic

properties amd structtⅡes was discussed．

2 Experimental deta订s and results

samples of Er2Fel7一。A1z(z=2 and 5)were prepared by arc melting hjgh—pIlrity

starthg materials Er(99 9％)，Fe(99 9％)and A1(99．9％)ln an a。gon arc furnace and were

annealed in a quartz tube under an argon atmosphere at 11500 C for 24 h． The X—ray

difhaction indicated that the samples were pure Th2Nil7一type(space group P63／n1IIlc)
and Th2znl7一type(space耵oup R 3 m)structllre for Er2Fel5A12锄d Er2Fel 2A15，respec—

tively

Po唧der neutron di贽action was ca盯ied out on a neutTon triple-∞ds spectrometeT at

CIAE．The s锄ples were mkd iIl a vanadi啪can．The iIlcident neutron wavelen层th was

0．1541 nm The neutron diHtaction data were coUected by step scanIlinE at 0 l。interv出s

with the raIIge 10～90。 The triple．a】￡is spectrorrleter was used as a t、∞一ans powder

spectrometer to improve the resolution The neutron di册action pa“ems ofE‘2Fel7一Al。
(霉=2 and 51 were analyzed in Gau88ian peak．sha口e by Rjetveld structure Te矗nement

program FULLPROF and RIETAN for z=2 and z=5 respectively The parameters of

cryst“ograpllic structure of Th2Znl7一type and Th2 Nil7一type compounds were used to

start the re矗nement for E02Fel2A15 and E‘2Fel5A12．The neutron di册action data were

re矗且ed m矗Ve steps：(1)zero p 0int，scale factor and bacl【ground paraⅡ1eters(2)Half_
width paTameters (3)ceⅡpar锄et盯s n，b aⅡd c．(4)AtoⅡdc coordinates．(5)other
parameters，such as site occllpancies，temperatllre factors and magnetic moments． At

the jIlitid sta譬e of re丘nement，the atoIIlic magnetic moInents of Er and Fb were矗xed to

the value 2 32×lO一23A-m2 andl 85×10—23A．m2．respectively．OveraUisotropicthernlm

par锄eter Q=5×lO一3nm2，and each ato血c isotropic thermal日was甭ven． It was

assumed that aU Fe at o】ns have the sarne thermal parameter and mag工letic moment，so

that hnear coⅡstraillts were used． After that．aⅡDarameters were re矗ned and variable

parameters were updated agajn aIld again FjnaUy，a satisfactory reslllt was giveIl-

The crystallographjc and m89netic parameters after re矗nement are listed in Thble 1．

The rather large value of咒。p(10．8％of z=2 and 8．7％of z=5)is caused by the l盯ge

value of冗。x口ccted(5 8％of z=2 and 5 3％of z=5) The nnal observed and calculated

dj册action patterns are shown in F谊．1．The values of ma肼etic order temPerat叫e，i e

CuIie terrLperature Tc，were derived矗om the temperatllre dependence of magnetization
IⅡ一T curves measured by a vibrating saIllple magnetometer in a low extenl一矗eld of

7 958×104A／m．a工ld also listed in Tabk 1   
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Table 1 Crystallogr8phic and m89netk parameters of E‘2Fbl5A12 and E。2Fkl2A15

u=3．0785(d8s)。、 V=1．2233(d89)。， Ⅳ=o、3229(de g)2， s=3、063 zlo一’， z=o．0238((10z)
AtoIn sitc n z Ⅳ z 曰／10一。nIn。肘／10⋯A．1E12——瓦再耵———1]广————可————1再————瓦丽百厂———t曩可西厂
＆(2(1) 1 l／3 2／3 3／4 o．20(5) 一2．5l(281
Fe{12k) 0．87 O．165(1) 0 330(1) 0 983(1) 0．31f41 I．22(27)
Fc(1互j) 0．79 0 330f1) ．0．041f1) 1／4 0．31(4) 1．22f27)
tk(691 l 0．5 0 0 0．31(41 1．22(271
n{4f) 1 1／3 2／3 0．104(11 0．31f41 l 22f271
Al(12k) O 13 0．165(1) 0．330f11 0 983f11 1．20(81 0业2j)也呈L 0．330f1)．O．041(11 1／4 l 20f81 0

～一
Fig．1 Neutron powder d皿action patterns for(a)Er2Ftl5A12 and(b)Er2Fcl2A15

3 Discussion

Neutron and X—ray di册action measurements show that Er，Fb】5A12 com口ound has

Th2 Nil7一type hexa90nal structme(8pace group：P63／mmc)and Er2Fel 2A15 has Th2znl7一

type rhombohedral structure(space group：R 3 m)，which甜e shown in Table 1 The

lattice parameters aIld ceu vollmles obt ained by Rietveld method and X—ray di册action
data are also coincident with each other very weU The Al atoms prefh 12 j and 12 k sites

wjth occupancies 0．21 and 0．13，respectively’in E‘2Fel5A12，to 6 g and 4 f d11rnbbeⅡsites

In E‘2Fel2A15，Al atoms prefer 18C 18h and 6 c sites with occupaIlcies 0．35，0．36 and

0．37，respectively．Alu缸m珊shows an almost equal prefbrence for these thee sites and

do not occupy 9 d sites，beca舡se of relative snlall We碍ner．Seitz ceⅡv01ume of 9 d sites

and the much larger atom metamc radius of Al atom thaII that of Fe atoms．The result，

whjch is consistent with Nd2Fbl7一zAl≈陋J solid s01utions，jndicates that the occupaⅡcy

of Al atoms on the dunlbbeU site increases丘om o=2 to 5．

—§i一§8
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NUCLEAR SCIENCE AND TEGHNIQUES V01 11

Because the magnetic contribution to total neutron djmaction intensity is relative

we吐compared wjth nucle甜contribution，the magne“c moments ofboth Er a11d Fe atoms

are re劬ed sep”ately w“h average moments}whjch are shown in Table 1．The magnetic

moments of aU Fe atoms display f醯romagnetica】】y盯rangement and the moments of Er

atoms coupk f町T妇a譬neticaUy to the moments of the Fe atoms．The moments lie in the

plame perpendicular to the si】【一fold a】【is and exhibit planar m39netic撕sotropy in both

s锄ples The neutron di仃『action re曲ements show that at room temperature the iron

ma印etic moments in the E02Fb7一zAlz cornpound decreaSe from l 22×10一叫A·m。of

z=2 to 0．81×10—23 A．m2 dfz=5 with mcrease of Al concentTation T虹s result is simil甜

to other R2fbl7一，Ak soUd solutionsi引．

111 Table l，the Cllrie temperatⅡes Tc of E‘2Fel5A12 and Er2Fel 2A15 are 396 K

and 338 K，respectively The decrease of Tc is consistent with the decrease of I、e atom

magneticⅡ10ments．The Tc of Er2Fel7(297K)is just below room temperature It h1 dj_

cated that the Tc c卸i工lcrease“out 100 K fTom z=0(ceU parametersⅡ=6=0 8455 11n1

c=0 8270衄)to 2，even though，when z=2，the value of Tc is not the highest one of the

series After the critical point of z(about 3)，the Tc wm decrease graduaHy F0r instance，

when z=5，Curie teInperature Tc decreases to 338 K．TⅡs tendency of the change of Tc

with z could be explajned by the fouowing reason．Firstly，the AJ atom radjus is much

1arger than Fe，then the ceU vohmle can be enlarged by substitution and the distances of

Fe．Fe bonds will increase Hence the exchanEe interaction of Fe sublattice wiu increase，

leadiIlg to increase of Tc． Anyway，the magnetization decreases by ma驴etic dilution

while the substitution contiIlue to increase．therefbre the Tc wiU decrease after the criti—

cal value of z(about 3 iIl this seriesl．This decrease of Tc is due not only to the magnetic

dilution but also to the decrease of F色magnetic moments．

However，the v01me eff毛ct is apparently not the oIlly reason to deterl工1ine the Tc．

Tc also increase about 60K矗om Er2Fel7 to E。2Fel5Si21 reported by Liang e￡Ⅱ州，eVen

though its u11it ceⅡcomracts because of the relatively smaUer Inetalbc radius of Si than

that of Fe．The fact can be expl洳ed as foI【ows：工n certajn sense，the expansion of the

c．axis can be responsible fbr the increase of Tc，but it is not the only and mam reason tq

the increase of Tc．It seems that the cUⅡbrent缸妯ng degrees of the iron 3 d band with

the Al or si valence band m缸山resDonsible fbI the values of Tc．

The Er—Er exchange coupUng is relative weak compared to Er—Fe and Fe—Fe exchange

coupling and its contribution to Tc can be negkcted The mean vaIues of the exchange

coupling const姐t，惋一Fe and h—Fe，have been calculated，and，Fe—Fc isⅡear two times

to JR—Fe．h R is far smaUer than JR—Fe，So Fe·F色exchange inteTaction plays the most

imDortant role for the value 0f Tc．
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