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Preparation of the bet Iron Nitride Foils through Martensitic Transformation
Induced by an External Magnetic Field
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Cryogenics Center and Institute of Applied Physics, Univ. of Tsukuba, Tsukuba, Ibaraki 305-8577

Foils of the r»-FeN phase were prepared by the conven-
tional gas nitrification method in an NH;+ H: atmosphere.
We found the 7-FeN phase field extends beyond 11.1 at%N
at 660°C, which is the stoichiometric composition of Fe sNa.
The 7-FeN phase with 9.8 at%N is transformed into a mix-
ture of the @’ and 7 phases by cooling to below 180 K. An
intense external magnetic field at 4.2 K is found to drive the
martensitic transformation occurring in the ¥ phase, and a
field of 170 kOe reduces the amount of residual y phase
from 38% to 16%. This results in a drastic increase in the
spontaneous magnetization from 147 emu/g to 198 emu/g.

Key words: 7-FeN, martensitic transformation, bct phase,
magnetization, high magnetic field
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BRI BIE TER LRI S A LA TERIERREFO
92% Hia’48, 8% Ma-Fe &30 T, o' BMEESLILIIT
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2) BT vETEEICE > TE—IKRETNEZMEATH
Z. a'HEFE L1 Jack” 2#5%, iR Huang 5%, 2 LT
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Fig. 1 X-ray diffraction spectra for a starting Fe foil

{a) and the 7-FeN phase (b).
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Fig. 2 Lattice parameter of the y-FeN phase as a
function of the NHs concentration. The annealing
temperature is 660°C.
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Fig. 3 Lattice parameter of the 7-FeN phase as a
function of the nitrogen concentration.
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Fig. 4 Temperature dependence of magnetization
of r-FeN phase containing 9.8 at% of nitrogen.
The applied magnetic field is 100 Oe in the sample
plane. The sample was cooled from 280 K to 5 K, and
subsequently heated up to 280 K.

TR = SDiNy I T 59 FTHB.

Fig. 2 K NH;+H; BERDT7T vy E=TEFELRAEICS T A
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Fig. 5 (a) X-ray diffraction spectrum for as-quenched

v phase containing 9.8 at%N. (b), (c), (d) X-ray
diffraction spectra for ¥ phase samples with 9.8 at%N
cooled from room temperature to 4.2 K. Samples at
this temperature were subjected to various external
magnetic fields of (b) 0kOe, (c) 50 kOe, and (d) 170
kOe. All diffraction spectra in Fig. 5 were recorded
at room temperature.
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M- T, Fig. 4 ® 180K fHlih & 30 K ioh i ToOR bR
1= BB LDZDOTHS LRSI D, ZORERETHE
o ZEGEHIAAVF -—2ETEE 30 TERRE» SERK
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Fig. 5b @ o’ OB FEHIZ a=284A, c=3.12A TH 5.
o' (200) & o' (002) DEEHIZ 5 v ¥ AL RFL SHFIN S
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Fig. 6 Integrated intensities of diffraction lines from
the r-FeN phase as a function of the applied magnetic
field at 4.2K. (a) Intensities normalized with irra-
diated sample volume. (b) Intensity of each line
normalized by the sum of the intensities of the (200),
(220), (311), and (222) lines for the respective samples.
The (111) line is excluded from these plots because of
a substantial overlap with the (101) line of the o’
phase.

EEL S 42K KREABH L Lo bicBIgEEmL, HE¥
BrRLTHoEEE CREL AR X gHEfvy -~ %
Fig. 5¢ & Fig. 5d (=7rd. HUDBES I3 ZhEh 50kO0e, 170
kOe TH 5, Fig.6a kBEHA —257+4 + (4 » ool
HBOBSBEABRSOMKE L TRT. LID) RS HD
(10D KL B Z2OTHRAL, (200) K§tH 5 (222) REE T
70y b L (222) &9 @RORETEEHNT EamE
ZEBCRBONALVOTHRK L . HMBESOMME L bic
(220) RFOBIEEHNEHIETLTEY, BBOURELSSH
B &M 5. Fig. 5a @ as quenched @ yHD /¥ % — i
HATWAEBD (110)BERIL TV AERKASEZ VO TR
RIS TRABEOB I HE LV EEL SN D, REHE
ORISR EHE A L D LT 2201, B40E-II-L
TERROBE % (200), (220), (311), (222) EHTR O MK
DOMTHIKIL LT oy b LSBT L Fig 6b O&HiLli»
fo. y—o RERESHERE S BIS0 HREGRIC L S FFHRIC
#7943, $UDLBEEDAEICHEIBEAMIT 2 LBEENLY
(B S N B T & A58 AT BEIHTER O XS TR 1 HIIRES i X
LT—EThdEELOND, &I AN Fig 6b THSML L
S (220) R O ME RIS L LIBT3 45T
7200) REHIH T EB OIS » TV A, 7220) BHTE D&
BIcH 54 aE&ICH LTSI (110 TmHN,  7(200) [l
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Fig. 7 Magnetization curve for the 9.8 at%N foil
after cooling to 4.2 K in zero magnetic field. Magne-
tization was measured at room temperature in a
magnetic field in the sample plane.
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Fig. 8 Spontaneous magnetization at room tem-

perature as a function of the applied magnetic field at
42K,
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LTk BRBALIR 147 emu/g TH A, BEELAES HRK
REOMBE L TIT-72& 25 219 emu/g TH - 1.
Huang 53 9.7 at%N Dy A~ v LEEICHHIL F-5E
DHAILD 146 emu/g THEEWMEL TEY, TRAOERLE
IF—-ELThAa"

[FIBEIC 4.2 K TRBZHNL R BoZE coBRMILE R
o, HRE O E LT Fig. 8 1o d. BRERALEHIIMEE
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Mot IOREBIEBIED o HOBEIL, F Sk 4O
B #ED 2 L THEHTH B I EERLTVE,
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Bt EKD 2 toicliff oo HETHRBHO o HOSHR
TRELLL TIRE SO, Huang SRR E OB %[5

1072

1Y(200) 7 y(111)+lor(101)

00 05 10 15
300 T T

O 1Y(200) / y(111)+1c'(101) i

250r o Iyl

200

150

Magnetization (emu/g)

S0+ E

00 0.5 1.0 15
I/l

Fig. 9 Spontaneous magnetization plotted against
the ratios of the X-ray diffraction intensities from the
a’ and y phases. Open circles are for r(200)/Ir(111)+
I’ (101) (top axis), and closed circles are for Ir/la’
(bottom axis), where Iy=I7200)+17(220)+1y(311)+
Ir(222)+(400), and Ia’ =Ia’ (110)+Ia’ (002)+ 1’ (200)
+la’ (112)+1a’ (211), respectively.

oEE

7(200)/Ir(111)+1a’ (101) )]
LT oy b L, MERE O ICEETARETEI L0k -
Ta OB LA RIEESL D 9.7 at%N E¥Hoxd L 262 emu/g %
Bt

9.8 at%N @y 48z 42 K THRUEAEHINOL T r4H& o HOH|
BEELS BB X Blal (Fig. 5) & BXMAL (Fig. 8) ®
T eHOTHEMGHEZT->/cE 25 Fig. 8 OlgEE S
b, o fHOWALA 227 emu/g TH 5 & DEER 4187, Fig 6a
KHonza Lk b, kroRBco HICERET % ¢y ISR
DEL AT 07 7 4 1O (220) BTG OEEICE S LTL
575, A (1) TR (220) DR OBES 2 EES A TLHL
ZIT, BllS W iTRo 5> b THI3BESSE Y, o M
YHOREBEL OLBOVEE, d8b0b D (110), (200),
(002), (112}, BL U (211) EIEORIEEDONE, 7O
(200), (220), (311), B L U (222) Wi DEHdE OO, ¢
whb

I/l (2)
1L,

la’ =1a'(110)+1a2’(002)+1a'(200) + Ie'(112) + I (211)

Ir=1200)+(220)+ [7(31 1)+ [1(222) + [7(400)
XL TEMOBRB{EAE 7oy L, OICE#E (Fig. 9 OF
) TAMT I LT HOoBRBILERD L&A, 237
emu/g &8, T DR EC® Huang o 5HE5 LTV 3 260
emu/g KOMIEYNX VN, 44 v iFAT FHEERIL -k
5o O4ER DRBEERER Fickhy, 2%y 5 TERIL .54
SDIERS LD DLRKESVEETHZ, 98at%N Do HOH
FWILE 237 emu/g £33 &, BEBT 42K THHIL AR
oo HEEHZ 62%, 42K T 170 kOe HIIL 230 T2
84% L1530, 170kOe DRIBMLES A ~ 257+ 1 P OBEYE
DFUTICE DS EDhh - 1.
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