
V01．13 No．1 NUCLEAR SCIENcE AND TECHNIQuES №bruarv 2⋯}2
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Abstract Comhining x—ray dimaction and lligh pres8ure M6sshaller s1)cctr()sf(’I)y．
the structllre and thc hype曲ne parameters ofSn 8llb8tituted for Fc in 1’一F04N were ill-

vestigatcd．Tlle re8ult8 ofx一。ay diHracti0Il iIldicate that siIlglc phas。7’一(nl叫Sn，)‘N

compmlllds can be 8ynthesized in tlle composition rau gtl 0≤z S 0 3，and tllc Imth—

paraIncter can be well nttcd with two linear如rmulas(}n(z)=3 795+0．01 9×z(㈦I<

∞茎o．10)and no(z)二3．795+0．228×(z—o．1)(010≤z≤【J．311)for diHo¨n L c【)Ilt(mL
of S11． Using high pressIlrc M688bauer spectra，thc innllences of thc m“911ctovollⅢ1t-

eHict and the出emical bondiIl譬e矗bct of Sn atom on tlle hyper矗np ma只t∽tic矗cl(I m1‘l

the isomer shift werc缶st disti“guishcd It is ft】uIld that the magnetovoluIne aⅢl LIlI、

cllcInical bondi“g haw di打crcIlt in丑uences on t11e propc rtie8 of7’一(n1一。S吣)4N．ml(1
tllc 1atter I)lays a more important roIe．
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l INTRoDUCTIoN

It is kncmtn that solid s01ution is fbrmed by introducing some additive atoIns Into a

basic phase Comparing with the original material，the new material f曲med by introduc·

ing intersti“m atoms or substitutional atonls has been changed in the unit cell volume

and the chaTge distribution．As the structure type retains the same befbre and after the

introduction．t11e innuence of introduced atom can be divided into two Darts【1 J One js

magnetoV01ume e矗毛ct(MVE)whicll conles from the contrjbution of the changes of lattice

size，and the oth盯is che血cal bondmg e骶ct(cBE)wldch is caused by the redistribution
of char譬e． In 0rder to understand the mechaIIism of introducing atom which improves

the properties of materials，it is very iⅡ1portant to distinguish the influence of the MVE

and the CBE on the properties，and t¨s is also veTy useml for se甜ching new mateliaI

from both inteTstnial and substltutional asDects．

From the previous research of the Tare—earth metal compounds，the 1nlporCaTlce of

the interstitia】and substitutional atoms caIl be eas主Iv found【2 J hl ordeT to underst；ul(1
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the efrect of interstitial atoms，the MVE and CBE o“nterstitial atoms T fT=N，C)i11

R2Fel7T comp01lIlds were investigated theoretically引and experiIIlentaⅡy．H However}

because of the complexity of the structure(too mu dl atoms in 0ne unit cell)，it is not

easy to get exact reslllt，especially in the quantitative analysis．Therefore some people
fbcus their attention on the 77-F84N type compounds with simpler structure归，刮Besides

this reason，the 7’·Fb4N type compollIlds that have hjgher satllration magnetizatioll

are a poten“al candjdate 0f hjgh-densi‘y magnetic recording materi柚．【7一(JJ It is found

experimentaⅡy that the iIltroduction of transition metal atoms into 77一lk4N can generaUy

iIIlprove some properties of the materials，【10一1司such as magnetic properties，corrosion

resistance and mechanical ductility．h thjs p叩er we report the Sn substituted for Fe jn

7’-Fe4N compounds，alld majnly aIlalyze the MVE and CBE of Sn atoⅡL The aim is to

search the scient讯c basis of the changed properties for the 7’一(Fel一Tsn c)4N coIllpoun(】s

2 EXPERIMENTAL

us血g oxalate cooprecip“atian techn0109y，the original(Fel一。sn。)c204·nH20 pdw—
der were prepared In H2／NH3 atmosphere，the(Fel一。sn。)c204 nH20 powder were

heat—treated directly，then quenched at room temperatllre． Adjusting the heat treat—

ment condition，the single phas8 77一(11e1一zsnz)4N were synthesized in the composition

range o≤z≤o．3．【13】The lattice stmcture was measllred by a D／MAx一2400 type x—ray
di矗￥action spectrometer．The hjgh-pressure M6ssbauer measurements were perfornled jn

a Chester．Jones-Type hi曲．pressure setup with B4C卸vns阳，14】All M6ssbauer spect ra
were recorded at r00m temperature with a Halder MR一351 type spectrometer A 50 m(：1

57Co(Rh)source was used．AⅡⅡIeasured isorrler shift，S are relative to that of Q—Fe at

rOOm temDerature．

3 RESUI门S AND DISCUSSIoN

In Fig．1，some of the】【-ray difrraction patterns of 77-(Fel一zsn2)4N are given．The
reslllts indicate that all the saⅡIDles are the fhce centered cubic structure in the coln—

position range 0≤z≤0．3，where the F毫and sn atorns occupy the corner site(I)a11cl
the face center site fⅡ1，and the N atom is located at the body center site． With t11e

increasing of Sn content，the di册action peaks shift to the smaU angle side，which repre—
sents that the substitution of Sn atom fbr Fe atom causes a monotonous increase of¨1e

1attice pararneter as shown in Fiz．2．The experimental data of lattice parameter can be

weU丘tted with the foUowing two 1inear fbr枷las

no(z)=3 795+0．019×z (0．0 S z S O lO)

do(z)=3．797+o．228×(z—O 1) (o 10≤z≤o 30) (1)

wheTe z，in unit of O．1 IⅡn，is the sn content in 77-(Fel一zsn#)4N
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As mentjon above，the 5tn】c伯re type of sobd solu“on fetains the sa珈e before and

after the introduction of the substitution“atom，the ch a119e of the properties of the

materiaIresults from the MVE and CBE ofthe introduced atom．Fbr 77一(Fe】一，S11。14N，

although the unit cell volume and the properties aTe di丹brent fjom that of 1 7．F04N．bIIt

their lattice structure is the same，so the di圩brence ofproperties betwee“7 7一(Fel⋯Sn∽)‘N
and 17一Fe4N comes fronl the totd contribution of Sn atom If the unit ceⅡvolume or

77一(Fel—msnm)4N could be compressed to that of 7’一Fe4N，the di雎rence of propertles
between tbe compressed 7’一(Fel一rsnz)4N and 7’-Fe4N shou】d be caused on埽by the
CBE of Sn atom Certainly，the MVE of Sn atom can be obt ained by compcⅥi】19 t11n

total e仟ect and the CBE of Sn atom．

F追．3 Hlgh—I)re8surc M6sshalle。spectra of

7’一nqN a￡roo珊te珊peratu】c[5唧
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Fig．4 M6s8baucl 8pcctIa of 1’一(nl叫sll，)4N
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IIl the 77-Fb4N structure the iron atoms occupy two non—equivalent crystallograpllic
sites： FeI and FeII sites Because the easy magnetization direction of the 1 7一F。4N is
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paraⅡel to the『1001 direction，the M6ssbauer subspectr啪of F毛II site is split into Lwo
subspectra with their jntensitv ratio of 2：1．Therefore the M6ssbauer spectra 0f 1 7一}、e4N

compound was res01ved into three sextets with relative intensities ratio 1fFell：2fFeIIAl：

l(FeIIB)H The high—pressure M6ssbauer spectra。f 77一Fe4N is shown in ng 3 and tIle

pressllre dependencies of the hyperfiTle magnetic 6eld马1f and the』S of 7-Fe4N are glVel】
in’】、able 1 of Ref[6] It is proved that th8 pressure dependence of the hyper矗ne magnetic
行eld and the isomer shift generally satis矗es the foUowing relatlonIl 5】

hBhf(p)=ln口Ilf(0)+6p

，s(p)=，s(o)+cp (21

where 6 and c aTe constaJlt，p is the pfessure

It is also known that the stress of mater主a1 generally satis矗es the Huck’s law T1r。I丁1

the de矗niti。n of compressive coemcient片the pressure dependence of unit ceⅡvolLllnp

y(p)can be expresses as f。uowing

lnV(p)=1ny(o)+印 (3)

where the value of K js一5 1×10一3GPa一1 fo。7’-11e4N【1q Supposing 1 7一(F色1．。sn。：)4N
has the s锄e compressive coemcient with 1’一Fe4N．Obvi。usly，if the unit cell v01ume。r
77-(Fbl一∞sn。)4N can be obtained，using(3)we can矗rstly deterⅡⅡne the pressure p whifll

is needed to pres3 1’一(F色l—zsnz)4N to the same 1mit ceu volume of 7’一Fe4N，then we can

calculate the Bhf a：nd，占of 77一Fb4N at this v01ume using(2)，so the MVE of sn atnlll

01l the口hf and，S can be derived Then one can obtain the CBE of Sn atom on t11e Blli

and』S using the total change mmus the MVE easily．Actually，the essential prereqllisite
has been solved by x—ray diH}action IIleasurements．

The room temperature M6ssbauer spectra of 7’一(Fbl一zSn∞)4N are giVen in Figurt
4 After the substitution of Sn atoms for Fe，the M6ssbauer 8Pectra become complcx
There are two distinct changes，one is that the Une width is obviously enlarged whicll

results from“1e nearest neighbor and the next nearest neighbor environment of FcI an(】

FeII in 17-(Fel一。snz)4N，the other is the change。f peak shape when z≥o 1，tlleTe
added is one bToadened doublet wldch results from the decreasing of Curie teⅡ1pera“Ire

due to the substitution of djamagnetism Sn atoms． 11l t hi8 paper，we矗t tlle 8Pectra
with one or two broadened subspectra fbr each site，and add one doublet when 2>0 1

For￡=0．3，we丘t the spectra using one sextet and one doubkt，so one can only get|ts

aⅣer89e value of日hf and』S The unit cell volume dependence of hypeT矗ne magnetjf

矗elds and isomer shjfts derived fIom high．pressure M6ssbauer measu工ements on Pc4N

and M6ssbauer measwements on(Fel一zsnz)4N at r00m temperatlIre嬲e shown in Fig 5

and FiE 6 The l证ear矗tting res、11ts are list in Tabk 1
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Table 1 Hypc而ne 1)arallleter8正}hf(HyI)cr矗眦m89Ilctk打eld)aIld，s(180IIlcr shift)(，llⅢI∽s

catlse(1 bv MvE a工ld CBE of Sn atoIIl(The linear co"elation coefhcicIlt i8 given in parcnfllI、s【!s)

’rotd Effect MVE CBE MVE，CBE

捌n_口i，／棚n矿 ．6，77fo，955) 5．oofo，977) 一】1．77 D．42

011I口i1，，alny 一10．18(o．986) 4．32(o．980) 一14．50 ()30

Dlll丑嚣／olny ．13．50fo．974) 4．61(o．07T) -18 2(】 (1．25

DJsl／alllv(mm／s、 ．5．16【o．们1 O．27Io．63) 一5．43 t)．I％

aJs“／alny fnlm，s1 3．17(0．77) 1．491 0 96) 1 68 (1 80

aJr”／ahIV fⅡlnL／s1 2．50(0．751 1．15(0．86) 1．35 m80

，一、

卜、
、_，

芏

∞
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Fig．5 Unit cell v0111me depcndence of the hype曲11e矗elds dcriVed froIn higll—prcssurt’M泌s1)m1【=I

measllrement8 on Fe4N at room temperatllre(80li(1 8ymbol8)and from room teI“perfL七lII I、

M6韶batIcr measurements on(Fcl一。SnT)4N(open symbok)

The contTibution of the MVE andGBE of Sn atom to the。％f can be obt越ned from

Fig 5． 跣f，日器弧d日落staIld for the hyper缸e矗eld of FeI atom，FeII atom and tlle
wei臣hted ave孙ge value for all subsextets，respectively．It is found that the MVE is a

Dositive e艉ct for site I，II and average五eld．With jncreasing Sn content，the e羔pansioTl
of unit cell volume of 17一(Ikl一zsn。)4N wiⅡincrease the hyper矗ne magnetic矗eld at site 1

and II，and the relation between the coⅡ巾osition and．巩f，which is a赶色cted by the la“．ice

Darameter，is Unear．Thjs is because the increasing of unit cell volume causes an increase

of the di行brence of energy baⅡd between spin—up硼1d spin-dawn 3d elechons of打0T1．1¨i
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Fig．8 UIlit cell VoluIIle d。pendence of the isomer shifts dcriVed from high—pressllrc M沁sml¨

111easureⅢeIlts on Fe4N at room temperaturc(solid syIIlbols)and from roonl temp cl；Il川¨
M6ssbauer measllrements oll(Fcl一￡sn∞)4N(op eIl symbols)

The contribution of the CBE of Sn atom is a negative e行bct，aIld their composltlon

dependence is linear，also The increasinE of un“ceⅡ、叼IuIne will increase the distancc

of Fb—N and FeI_FeII，which wm abate jnteraction between them．As a consequence，tIle

substitutional Sn atom to Fe wollld decrease the hypemne矗eld of Fe atoms because tlIe
Sn atom is anti．paranlagnetic．Ftom Table l，you ca肌see that the contribution of the

CBE of Sn atom to风f i8 predoIIlinant，the contribution of MVE is onIy 25％一42％tIIat
of CBE．So the CBE plays a princip甜role in the change of the hypemne magnetic矗el(1
i”7i(Fel一。snz)4N．
The innuence of the MVE and CBE of Sn atom on the isomer shift can be obtailled

from Fig．6，and the liIlear矗tting results are aIso hsted in Table 1 JSl，，S11 and，S‘1。

st锄d for isomer shift of FeI atom，FeII atom and the weighted average valuel respectiveIy
It is found that the contribution ofMVE a工ld CBE to site II and CBE to site I is Dositivc．

but that of MVE to site I is ne卫ative．

The MVE is a positive e行bct，and it increases monotonously with the increasing of

Sn content It is known that the isoIner shift is mainly deter删ned by the concentration
of 5 electron at nuclear site．With increasing z，the unit cell v01ume increases，this means
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the 4s electron cloud is expansion，wlLich makes an increase of the isomer shift，so this

paIt gives a positive contribution to the MVE for both site I砒m II

As mentioned above，with the increasing of tin concentration，the distance of．FbI

FeII and FeII_N iIlcreases，the interaction between FeII atoms and N∞Fel weakens．A s

both F色I and N atoms act as the donor ofekctrons，the FeII atoms afe the onlv accepfoT

of electTons【刮in Fb4N—like conlpounds．So it will decrease the density of 4s—hke electron

charge of FeI nuclei and increase the density 0f 4s一1ike electron charEe of FeII nuclei As

a consequence，with the increasing of Sn，the，S on site I decreases and tllat on site¨

increases-Therefore the contrjbutjon 0f CBE on sites I and II盯e dj艉rent，
Just as the hyper矗ne maEnetic丘eld，the innuence of the CBE of Sn on the isomPr

shjft is the chief effect for either site I or site II obviouslv．

In conclusion，、Ⅳe have studied the structure and the hyper矗ne interaction of Sn

substituted for Fe in 77-Fe4N by using the x-ray di脏action and the M6ssbauer spectI a

The results of x—ray dm’action iIldicate that sin91e phas8 7’一(Fel一￡sn。)4N can be formed
in the corrlposition range O S z S 0．3，and with the incfeasing of Sn content the 1attirc

Darameter can be、^陀ll矗tted with two linear relation The influence of the MVE an(|

CBE of Sn atom on曰u arld，S of Fe were distinguished．And the result indicates thaf

the cBE plays a main r01e in the change of properties of 7’一(Fel一，SIl。)4N
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