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This paper tried nitriding of Fe-Co foil plasma irradiation method, and examined from the view of the process to preparation
and the crystal structure and magnetic property of the prepared sample. The Fe-Co foil contained Fe49.27%, Co48.8%, V1.93%,
thickness 100 um was used. In this study, we first tried the plasma nitriding treatment in the 70%N>+30%H. mixed gas
atmosphere which was the conventional condition, and it was done in the previous research, but from the measurement result of
the X-ray diffraction (XRD) and the magnetic property (VSM), the preparation of the Fe-Co alloy didn't confirmed. Based on
this result, we proposed to irradiate Fe-Co foil with nitrogen plasma in 70%N:+30%H- mixed gas atmosphere after plasma
irradiation in Ar gas atmosphere different from the conventional method. The results were summarized as follows. After the Ar
plasma irradiation which was the proposed nitriding treatment method, nitriding treatment was successfully performed by
plasma irradiation with 70%N>+30%H. gas, and formation of y-austenite was observed in addition to the Fe-Co peak. From the
XRD result of y-austenite, it was confirmed that the diffraction peak increased with increasing plasma treatment current and
plasma irradiation time. From the results of the magnetic characteristics by the VSM, it was confirmed that the saturation
magnetization value decreased and the coercive force increased as the plasma processing current and plasma irradiation time

increased.
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Fig.1 Schematic diagram of nitrogen plasma.
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Tablel Plasma irradition conditions.

Gas 709%N>+30%H. Ar
Gas Pressure [ Pa] 8.0 8.0
Treatment temperature [C ] 150~450 330
Treatment current [ A ] 0.11~0.7 0.3
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Fig.2 Treatment current dependence on sample surface temperature.
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Fig.3 Treatment current dependence on X-ray diffraction patterns.

(0.11~03 A)
g3 & g & g
T T T T T T

’;k 4

; 0.7A
|
;ﬁ&ﬁk:::K \ ]
27 L"w~'0.6A
g/W‘ T0sA
g T

"""'J\“““ 0.4A

- - = Untreated
40 50 60 70 80 90
2 6 [deg]

B4 WEERAZS 2L &0 XHREYIRE (04~07A)
Fig4 Treatment current dependence on X-ray diffraction patterns.
(04~0.7A)

Lk

%175 (2020)
W2 y-F—ATFA MPER SN TNDL I EDDA5,

3.2 BIERONEEREKEN

Fig.5 127 A< LB EFEIZR§ % FeCo DI ¥ — ~
Mo b LD TFEROWEFRERT. TIULT I X
TBHHITd B RWBD/)S— X T2 — )V &, WPHBEG
0.11~07A DEMTT I A< 2T 72/8—= A Y
2= VOKTERERLIZLDTH 5.

RALFLD )= A 2 Y 2 — VOKFE L 2.848 AlZHFL
75 A< WLBITET 04 A TlE 2854 A& 22 W BT EHA L
S UMLBIEE 0.5, 0.6 A TIEZN 21 2854, 2852 A b7z
DALERTEGE 0.4 A ORETEHD S LT 5 2 EDTERR
T&72 $BER 0.7 A O EHIE 2.886 AL 72Dk
S AT HLZEPHERTE /2, ZEELEIC L - T
IN= R VY 2 — VO RS — T HE DN 2 2 & TR
TEEDKREL ol E 2D, O XD L E L7-HH
ELTFig3 ENMEERM?025A FTIILE/{LWTH 2
FeN 2AEH &, 03 A Tld FeN O E— 27 25T & 2w
TG, BIMDAERSIND LT ERDELRY, &
(LIS AL S N7 T & TREEIIE T I E R DA - Tl
EEZONDL. SHICERYE LT DL E( R
BENE NI L TRTFEBAIRE L L DICNIREEICZ
TWh. Figd &9 06A Tldy-F— A7+ 1 bHER SR
B, y-F = AT FA MIFEROBAMLA 2 ST wn
RETH L7-0%E % y-FeaN IZZLT 5 F TIIERENI I
FHIZA > T D THRFERDPEIRN LA L2 8E 2 5.

3.3 XIEMESNEOREEREKEN

Fig.6 |27 7 A <AL BT IZR3 5 X BEI9HE SRR D
HEARERIRY. SN 7T A IEERICTH 2 RUEO
IN—=RAryTa—hE, WMEEROI~0TADFEMETT
FSATME 2T o7/ =AY T 22— )LD 20=065[a
(200)] 12BI1T 2 X B FRELRLIZDDTHS.

X ARAOAE Sk 2213 Scherrer D3 t = 0.94/Bcosd B: - illilie,
LMBEE Lo TRDALDTH B, Fige L 1) RULED /S
— ATV 2= VO EHIEET 850 ALTKF LALEEE T 04 A

2.89

N
o]
©

N
0
N

N
Y
)

Lattice constant[A]

N
0
[

2.84

0.2 0.4

Treatment current[A]

LR 2 2L S e 72 & & OEFES

Treatment current dependence on lattice constant.

0.6 0.8

X5
Fig.5



BHRIKFRET A7 T A BENZ X AFe-Cofina b (& FAS) 5

TIE192 A% D EEHIEARE GRA L, LB 0.6
~07ATIIREL AL ENFERTE 2. TIEE
LW CTdH 5 FeN 2SR SN B RHIAE THICER A>T
DRRQAR o 1 iV & i1 | A AW o [ (VAR o dP TS
72k DFE D TE DL L HOEEIIREL LBV EFE
Thsb, MHERELELy-F—ATF A b Eg S
PROFERBEDNKREL o2 L) BN SN D L2 D,
34 XEEFEFONEEEKEFE (0.2A—%F)
Fig7 (&7 7 A~ WHEFI T 5 KW/ S— X 0P 21—
Ve T I A BRI 02 A —5%F L LISTE 30~120
min DEHTT 7 ARG 2T o72/8— A2 T a— )LD
L2 R L7z DTH S, RUHD/S—X 2T a—)Uid
20 =65.02, 8233°ICHHTE =2 ZIRL TV 720 /8— A~
¥ a—)id a-Fe LAl U bee & DA% & 2 #5402 L 2°
bbb, ZITTITAVIMEBZOBE & BT 5 L7z
20=4325, 57.16, 68.42, 7681°\ZHITE -2 Z/RL T 5
CEDHERRTE . T hep HEE T B FesN HVERL S
NTWLZEDNbLID, F/BEFREREZRETHI3E
FeN QY — 7 VK& o TnD 2 LR TE T,
3.5 XEEFRFOMIEER&EME (0.7A—7F)
Fig.8 (& 77 A~ MHHI T 2 KM D/S— X T 2
=& 7T A AEER 0.7 A —7E & LIS 1~120
min DFRUTT T ATREF 2T o72/8— A0 T 2 — ol
WA RLIZBDTH L. RUHD/N— A>T 2 —)Uik
20=165.02, 82.33°IZ[AHTE—2 %R L TV 5 728 bee Mk
OFEREE RO Db D, 22T I AALEED
L RECT B L7212 20 = 43.47, 50,67, 74.68 °1Z[nlT
=% RLTWALIEDHERTE. INHDE -1
fec X FFDO y-A — AT F A FEMIEN L kAR L
THEY, HHEHEHAEKET2E3L -4 —AT7F 1 boH
FE—IHKREL Lo TVB I LD R TE T

3.6 BAFNBMELEDNEER&EN

7T A RPLE AR § 5 faFE L iE o i % Fig9
VRS, SHUET T A BRI TH 5 RLB D/ S— %~
Vo — Vv ORI & LRI R & 12050 —E & L,
LG 0.11~0.7 A DZEHTT 7 A G L7238 — %
YV 2= VORBMBELEOMERRETH S, Figy 25
7T X~ WLEE T O SR LAS IZ BRERAE D 220 emu/g & —
L, 77 ATUAZOFE % IKT 5 L AEER O
e U TR LB As A L Cwvs G 0.7 A ©
EER LML 205 emu/g THAH T EHPHERTE /2. 2

TUIAER S N7z y-F — AT F 4 NIRRT H 5 7208
FRALEASHA L7z L EZ 55,

3.7 REHOUNEER KT

7T A BB FLN KR $ 5 PR O i % Fig.10 127K

1000

800

<))
(=
o

400

Particle size[ A ]

200

0 0.2 0.4 0.6 0.8
Treatment Current[A]

6 MHERAZIS L&D X MG
[ (200)])

Fig.6 Treatment current dependence on X-ray crystal grain size at
20=65" [0.(200) ]

SR (20 =165°

7 o(110)
lewo-2)
1 a(200)
£(11-0)
Te(10-3)
a(211)

=X

S

k=3
©

= 4120min
3
S|
‘E 90min
5 .
E 60min
30min
Py R s N R Untreated
40 50 60 70 80 90

2 0 [deg]

B 7 JLBERERI A LS E72 L &0 X M (02A DL %)
Fig.7 Treatment time dependence on X-ray diffraction patterns at
0.2A.

y(111)
a(110)
v(200)
a(200)
v(220)

120min

90min
60min

Intensity[a.u.]

30min

Imin
- et - -~ Untreated
40 50 60 70 80 90
2 0 [deg]
B8 LR A 2L S 270 & &0 X AREITE (074 DL &)
Fig.8 Treatment time dependence on X-ray diffraction patterns at
0.7 A.

230

220 ¢

N
=
o

N
o o
o O

=R
00
o

[
~
o

Saturation Magnetization
Value[emu/g]

=
D
o

=
1%
o

0 0.2 0.4 0.6 0.8
Treatment current[A]

9 ALBLEHIC NS S S LIE

Fig.9 Treatment current dependence on saturation magnetization.



S 2L A
6 RS RRE
25
20
o)
o 15
3
8
= 10
2
S
T
© S
0
0 0.2 0.4 0.6 0.8

Treatment Current[A]

X 10 ALHEG 2 2L 3728 2 ORI

Fig.10 Treatment currents dependence on coercive force.

. CHUET T AIBEFITH L RUION— X VT a
— VOGS & BRI & 120 R —E2 & L, ALELERGT
0.11~07 A DEMTT I AXBHF L7728 — A v P a—
VORI OWEERTH 5D, Fig10 75 75 A< I
B ORI IZBERRME 2.0 Oe 12V 33 0e 7R L, 7
A B OB & R 2 L REI D EH T2 e
FEREC &7z, SHUINS—RA TV 2= VA y-F — AT
A MR LIS 727208z 65,

3.8 XEEEIFRFICRIFTHEEKREY

A RULHEFRE A S OB LU TH L 720 IE S
M CHERT 2SR DD D 5. SELLEE%
DIS—= AV a— VIHICEBIELZ KL, EIHETO
LAY OIRE %% & N REEHRFIEDZALIZ DWW TG L 72
7T X~ EAULER R OWFE =KL DOV TRl 72 XRD
DOUERERE Fig 11 IR, THUET T XA~ ULHEEG 0.7
A DFMTEUIEZ T 5720 O % BRFFEIC L) &b
ALEHTENZ R L C 22 um F TR L 72 & 2 of ik 2 7R
L72bDTHD. 0 um Db DITEMBEFEZIT> T
RETHY, N=A Va2 VOREHKEETH S 20 =
44.67, 65.02, 82.33° DY — 7 DM y-F— AT F A
N T D 20=14347, 50.67, 74.68 ° DY — 7 HFEETE
TWwh, ZoO#EE% 8, 15umilo7z& Tl 20=4347,
44.67, 65.02, 8233 DY — 7 PHERTE, 22 pm o 72
AETIL 20 =44.67, 65.02, 8233 DHEFRTE, y-F— A
T A FOEHTE — 7 OREHH] o 705 LT
BLTH I EDPHERRTE 2, LD o TN—A v
—ViE 2 um FTEL T2 I EARERTET.

3.9 BIFIRLEICRIFTHEEKRES

7T A BRI BT AR S IS LT AR
LAEDZALIZ OV CTHIE L7285 R- % Fig12 \IRT. Ih
379 AV EGE 0.7 A DM TELUHEZ T 5725 D
2 TS X D AL % L C 22 pm £ TR L
7oL EOMMBALIEOZALIZOWTRLIZEDTH A, 0
um OFREHIEFEIE 21T > TR WVEETH 1) 208 emu/g

a4 15 (2020)

v(111)
(110)
v(200)
(200)
v(220)
a(211)

T T T T

[ “|Polishing
= Jthickness
i 22 um
EWM i
%,.... wy / 15 um
g N )

s 8um

Mw " / 1 Oum

40 50 60 70 80 90
2 0 [deg]
M1 BHERE S X 2 XTI
Fig.11 Polishing thickness dependence on X-ray diffraction
patterns.

230

220

210

00

>

9,190

=

E 180

170

Saturation Magnetization

160

150

0 5 10 15 20 25
Polishing Thickness[pm]

12 BWHEIRE S 246§ 2 S fIRG (L iE
Fig.12  Polishing thickness dependence on saturation magnetization
value.

=
(]

[y
S

N

[
o

Coercive Force[Oe]

o N B~ O

0 5 10 15 20 25
Polishing Thickness[um]

K13 WIEE 20 553

Fig.13 Polishing thickness dependence on coercive force.

DEAHERTE TS, ZORE%E 8um FTHILZZ LT
218 emu/g F CHRIFIRALAEAS L5 L 79 A~ LB FT & 1312
EEE 7Y 8~22 um TIRHFIF—ED T FLLL T
BWZ EDHERTES L72h s CRIRIBLIE DS ZE LIS
FHTHEMBISum BEAR SN TWLEEZ BN
3.10 REAHICRIFTHESEKEN

7T A EALLIRAIC B B R S HIANIR L CREE O
ZALIZOWTIE L 72k % Figl3 1R d. 2iUd 79X
VHIRTEGE 0.7 A DZMFTE{LLIEA 1T 5 72 b O % BRI
JELZ X ) B LALBERIE AT L C 22 pm FTIFEE L 728 SR



BHRIKFRET A7 T A BENZ X AFe-Cofina b (& FAS) 7

WHOEALIZOWTRLAZDDTH S, 0 um OFREHIE
FRWTE 21T > TR WA TH D) 14.9 Oe DIEAHERRTE
TWwWh. ZOFREZ 5um 52 ET101 0e TTHAL 5
~22 um 1F T —EDF T TRELEAUL N T EDHERR
T&E7, THXEMWD S um DRSS FTER LA &I
LpbolEZLND. Lrl, 7IATUEFOME T
BRLZ L Rhorz. ZhUL, R E2 LS5 EK
ELTHERLEMZ T TR T I AWEIZ L 505
BDFREHI A T27200 " EEZ5ND.

4. &

AW TIET I AL > TR= A V2= D
bz, DToMmREH7z.

1) X M2 1S X B WUHL R G AR 00 A i i 3o AT
BTlE, 79 A& EIT) Z L1 L ) LEE
WHOSALLETYy-+—A7F 14 FOREITE— 27 3
ATE, 7T XTMBEEROBEMIIE LT y-F4— R
T A PO Y — 7 B ERENSBINL TV 2 &
WHERT & 72,

2) VSM |2 & 2RSSO MER R TIE, 797 A~ G
ATH & TRMBALME LA L, WHEER OB
V26 U CRIAREALAE 2 A L T 2 E SRR T &
7o FRMENNE T T A E S5 L TN
5 EDHERRTE T2,

3) X AR OB EARAEETIE, 22 um ¥ TEAL
WMEEmMAEST A2 L T8um T TERIN TV
Y-t —ATFA FOEITYE =7 FANEA L, 15um £
Ty-F—ATF A NOE—= I PRERTE /2. T2
ARALAE O BFE EARAEAE Tld 8 um TR LA A
L, 8umPE—EIZR A I EDMRTE 7. Rk
D OBERERETIZ 5 um THREEII2584 L 5 um DI
BIRE—EE 2D 2 L DR TE .

L7z TT I AV W T/ 8=V a— ) a g
LIPS 5 2 L TEATH B y-4— AT F A FHAERIC
I L7z, y-F— AT F 4 MIEHTHI L THRBMETH 5
A-NIVT A NPERSND T RESED D H720, SR
oA-X T YA POAREB L o -FeuN: DLERE A 5.

SHDEE

AKHFFETIE Fe-Co S 7T A~ RS 2179 BRIc 28 FE &
KREDRET AZ RNz, T AEERIZERSIND
NH:"V 12 X ) At s EHIEEL THWTW A7,
75 XA BE R OSHOZEAUZ O W TZRELFTZTB
59, HARLUENH L. T/, BEitErEfbsE/-2
L& B T T A ORIMER K VB - BEREIZOFH

179 2T, TIAREEFOTHOIETIZOWTY
B LTV PETSH 5.

SEXW

D BH % R A R, EA SRR 1
(2003) 719-722

2) /PNWEICEE, IR, BEH Mg 7= T4 b /%=
~uA RS 3Ry PR BRB X O R
G4, 10 (2010) 672-677

3) PEAHMEIE @ SRR O B 1R & s 11
(1992) 999-1007

4) T.K.Kim and M.Takahashi: Appl.phys. Left., 20 (1972) 492

5) Kazuyuki Sunaga, Masakiyo Tsunoda and Migaku Takahashi:
Effect of Axial Ratio and Atomic Volume on magnetism of o
and y-Fe-N. [EEE TRANSACTIONS ON MAGNETICS, 10
(2006)

6) mifs B BRFFKHR THEAE L7 Fe KO - B
T A Y Mg ERYE, 7 (1972) 483-495

7) S= AT a— VOREE . ESEME, 1(2011) 99-101

8) ITANE(E : MR OWE (T), pp369-373, IR

9) Ken Niwa, Toshiki Terabe, Daiki Kato, Shin Takayama,
Masahiko Kato, Kazuo Soda and Masashi Hasegawa: Highly
Coordinated Iron and Cobalt Nitrides Synthesized at High
Pressures and High Temperatures. Inorgamic Chemistry, 56
(2017) 6410-6418

10) =& B, NIz, FHEIEM), NEDO : 5,
L7 7 — AL AfA GRIEMEZEIER) B R oA HE -
AR BT, MSTATEGE AR T L — - BESERON A
FZEWERE, Press Release (2011)

11) The Magnetics Society of Japan, H A&fii& 5724z, (2015) 259

12) Wik oRMBILEL LTozft. g 9
(1980) 1423-1432

13) BEEEME, M OB E LI & 2 O FI AL
AAGE S, 8 (1977) 476-486

14) MEHZFER, Bil—k B8R v 2 v vl 2 @A L7z
2 AL WL BT o Az i B Al B %€, KOMATSU TECHNICAL
REPORT, 167 (2014) 17-23

15) WAL 77 X< BLEAMTOREDOFEE. Journal of
the Vacuum Society of Japan, 8 (2013) 303-306

16) FeHEIES, FHE A : o-(Fe,Co)OOH % HIFEJEEL & L 72
TELTHE AL D2 I F o'-(Fe,Co) N2 T/ KL F-
TERORA. HARBR AR AMTEIEZSE,  (2018) 196

17) SN2, #EHEM, BIKT N 77 A~ RE%IC
& o THIB L 72 o-FeioNe G SURF PG UM A AT 12 B 5
B, VR 1445, B

18) Hyun - Ha Kim, Yoshiyuki Teramoto, Atsushi Ogata, Hideyuki
Takagi and Tetsuya Nanba: Atmospheric - pressure nonthermal
plasma synthesis of ammonia over ruthenium catalysts,
Volume14, Issue6 Plasma Processes and Polymers (2016)

19) dIHfi—, BIUKE : HANo HAFHESAH TO~ 7 4 b
0y AR K 2 SR STEO LS L i, HAR
IR ST HE IR AR, (1996) 298

20) RIIRYS, HE W, BEEEA /K2 5 Fe-
Si-Al-Ni % 8 5 O JpE SR, AR A, 120 (2000)
174-179

21) HWHEZ, THEBGE, FHREEW @ AECRKBAEA B ORI
E RIS L B RDRARGEE. M BSIECHR, 65 (2015) 6-11



