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Spin Structure at Obligue Antiferromagnetic
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Kazuko ZENMYO (Department of Physics)
Hidenori KUBO (Department of Electronics)

Abstract

Proton NMR spectra of random mixture Fe,_,Co,Cl,*2H,0 with competing anisotropies
sharply depend on the Co concentration x. The line shape at high Co concentration region is
very sharp and symmetric with peak frequency of about 18MHz. With decreasing x, still at Co
~type antiferromagnetic (AF) phase, the line shape becomes broad and asymmetric to lower
frquencies. With decreasing x, in oblique antiferromagnetic (OAF) phase the line shape
expands to both low and high frequency sides. In Fe-rich region at OAF phase, the another
lower spectre appeares with peak frequency of about 9.5~11.0MHz. This lower spectra are
observed even at Fe-type AF phase. These results suggest that at Co-type AF phase both Fe
and Co spins order along the #-axis in Co-rich concentration region, and only some part of Fe
spins tilt from the b-axis near boundary concentration region. In the OAF phase, both a-, andb
-components order independently, some part of both Fe and Co spins tilt with more larger
magnetic moments than that in the usual antiferromagnets. In Fe- or Co-rich concentration at
OAF phase, the another spins order almost parallel to the each easy axis of Fe- or Co-type AF.
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Table 1.Lattice constants®” and magnetism'®'? of
compound MCl,+2H,0 (M=Co, Fe)

CoCly+2H,0 FeCl,+2H,0
it 3D. Ising AF 3D. Ising AF
Tn 17.2K 22.3K
HEBHE b -8 o-Bh{a- CTEA ¢ Bt 532)
D/he —0.13cm™! 9.58cm™!
£-B/F g,=173, g.=29 =24, g.=19
Ay 1/2 2
a 7.256 A 7.355A
b 8575A 8548 A
c 3544 A 3.673A
B 97.55° 98.18°
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Table 2. Calculated NMR frequencies with
first nearest neighboured spin of Fe or Co
spin sorrounding by Co- or Fe-type AF
state with calculated radius of 50A.
Where lattice constants are used in the
case of x=1.0 for Fe-type AF and x=0.0
for Fe-type AF states.
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Co-BAF (#b) |Fe-BAF (/0)

RIBgALY (M) (MHz)
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/a 15.01 (upper) 9.23'"
7a 6.02 (lower)

* @ TDAE YHBEUCHICETTROESE, e-bEEEL
LT ERETHO 70 b OZT 5 IEFRHENER S,

#3. () CI®, CI"OERESHARICEET 2 EH

B X UOFEH,
Table 3. (a) NMR constants and natural abundance.
¥ Q BARRTO
(MHz/KQ.) (ex10%cm?) (%)
Ccres 0.417 —7.9%10°2 75.4
Cr7 0.347 —6.21x107? 24.6
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Table 3.(b) Comparision with observed and
calculated frequency ratios used above
NMR constants.
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VERU 34l TH D LIRET 5, ThHDOFHEOE
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VEHEEE I —BHL T3, 2D i, Co-BAF
HO Co-richfER TR ETOAE U BEFEMTH 5
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DIFETFHAEREHE L, NMROIBEREEEHIC X 0B
EDENTELLEARTHB,

Ho@UIBHES ZOAEYDIBEERd 1D
Fe AB VA, Fe 120X a- b ELEEXAESIT 2
ERGELT L & OHBFRBOABERECH S, F0O
FCEIBEAT Y IZDOWTD /b /ailDnT
DORFFIZFE2ITRL TS, AER o-8%0°, 5-
BRI L LT3, 12750, BY 72D Co A VB
FUHEIBEN EOA Y 134T Co-BITH 5 b -
EERVWTWEE L, ENRHERT—ACFOREZ %
RD 2 E-FFOBIBHWMEAC O THESR 0
LB ER,

g=+/(gy cos )+ (g, sin 6) (1)

EAEFETAELTwE, KK, ZORETE1D
ORFEA A iz 4 070 s VBB I N T W5 B,
SRR IEIC VB0, @ TODAE D a-% b -8
%, BicHTRESIC O b IR T TR
RESEREUC ERY, HBEAFENE1 270 TH5,
L, AY U258 o EXELEN, ¢-bF
PEELCEEETEO ST b o CHERERHLS
nTL B, b-8 (90°) TI7.96MHz TH o7z b D
25, BEDRED LI 2 DIk & SR, «-(0°)
T6.02-15.01MHz K72 5 KWEB TR I -G
X Fe PE 1B A-THETH 2, BODEND
30 CHRRIC e o T 2 EIFEERIZEE 1 B Co T,
FoWoESHEELTTOr AP Fe A VB AT
BEDFNTNOBEERTHS,
HLAAY 7 7T —TilBRRENIZ L D1, Fe A8
- 5 13EN TV BEE, HEFFHOFEEIZ
15.0518.5MHz £ COEWAH E B> T b, —
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EREIT b, B R a- B S 15EA TR A B D
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Wi, bEdEIOEEIZOAFHEE OEFEEC
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B U CERBEL kb &, —#d Fe A
ik b - Sk E EL LRI NS,

3. 2 FeBIAFHBODRAEIREE (0<0.28)

SOZTRTDAL Y a-BIZ TS LR
TBLIBEDOHEARY M TH S Fe BENEXDLD
TEw 2=0.08 DA% &, ERBEIZEY 2=0.28 0
BELEEAR MV BB O—FUIE bD T X
vy, BREEE S MHz fHERRZ 529754 hD &S
ZEESHZCoREIBHELT A b icddbo
Ths, ColBEDEINC X VERKERDLEIY 5K
XL R0 Fe BN THAT— AV POKRESD
&0 Co MBS 206 THY, Ehd TEENR
BRTHB, D%, Fe-MAFHICB T Fe B
DV ARBEL S TETDAE U BRESHMTH S a-
EAEICH > T b E RIS,

3. 3 OAFHODOREKEE (0.80=2220.31)

Co-BIAFMHLS 0AFHICIIWB L AT P LD
Y — 7 B EGIHI1I8MHz 20 5 K& S B L LS,
B I38913~24MHz LB EE LA 2, 2D
BOLGART bV SyDFEEZFBN0OAFHOKE
R TH DL I L IIBCARNIEBY Th A, 7, =
0.70 2’z 2 HERFEEICH 9 ~10MHz 2 ¥ —2 £ L
Je ARZ MV S BN S, OAFHHD A Y LREERHE
SMITT BIIE, Tho Syk SLIKRMENE ALY >~
REEHEIICLBRTNE R SR, FZTET, OA
FRIEZLDFEELZW SHEDOWL T A0 AR T TFIL
7., BEHEE L T 5,

3.3.1 Fe#r/-3 CoXEVYOAEBE

CCoRAEVIXb-EIEAWTWT, Fe R R2FH
BLEEZZ L, H9@poHL2RIIH
15~18.5MHz EEHOEHETH D, OAFHIcA
5N %20MHz DL EOBEHEIZ R W, E7-2E0E
HEHNEY . 5~23 . SMHz 28N TIRE iy, 77,
W Fe- A3 a-flZ2mEnTnWT Co A VT
PMEL EEZ 2 &, BIOD & 5 BRI 5 ~14
MHz L 22 3ThHY SyuciE~NET &5, DD,
Fe Avy, /213 Co A Y DO—F 3 DMENT w3
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75—

3.1.2 2TOREYHPRALBAETHE(ES
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WTWB EARGE LTS ORBEREO o- b EET
DEEEFOSEERETH B, 121, ZITO Fe,
CoAV Y ZhZNhD E-EOAEELLAIRES
tbfméo:@%fwT@mMqui@Hﬁﬁm
HiZev, BBz, a- b E.EZF TR, a
—cﬁrfwﬁﬁﬁﬁﬁ@ﬁﬁmf%ﬁbfétmm
MHz LU EDEEEERS 2 LR TER, £, bL
BTOAE P IFEOHETHEA TS LTI,
BoEY L4 DD — 2B TEBETTHS, L
L, Blanlz A7 MVIZIEERIC X 2 BT
BLTEZNER orkigTHD, L bk
IBDE, B 4 DO —2 DBERDHLEFIT TR
ZDESRIEBDIXTERY, BORDD 207513,
ACCDEELDHE LTS Z L THBHBATE 22,
EH o L20MHz D EOBESIEH v, DEY,

25 T T T T T T T T T

(MHz)
n
(=]

T T T T T T T T

NMR Frequency
o

10

TN SN TN S S |

i

T T T T T T T
T

i i i 1 1 1 ] 1

o) i T N TN RN OO Y N

Ratio of b~Component Cp

@
R11:

RO Y N T TN O W S Y Y

py

70 b > NMR RIREE R OBTHHAF O HIE, (2

0.5 0

Ratio of a -Component Cgy
(b)
a)ld b -EESy, (O a-

RS 0%, 727210, x(ﬁO:ﬁiMAW®%T@Xt/ﬁﬂb&ﬁ
DEETELIBE, RIS 1 B Fe, BHRIZ Co 04,




— 6 —

T 1T

0.2

Cb=0.0
[ I W | T S TR T T O N S O S
10 15 20 25
NMR Frequency (MHz)

(@)

i Fe,_Co,Cl,»2H,0 @ Oblique KIRHEIEMIc 517 5 A & & (&Y - AL

T T T 1 [ T [ T T T T 1T
Cp=1.0

Ca =00

0.2

0.6

0.8

Ca=1.0

TR N OO0 T IS N Y T Y2 S N OO P I S B S|

5 10 15 20 25
NMR Frequency (MHz )
(b)
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X WD A L, 20MHz U ELOBERE B2 C
FIITETOAFHDOAE UEEEDET LV E LTI
WITHB I e odbnrd,

3.3.3 decoupled system

7 b OREREEE T b OA D OBRE—
AV M X BIBETFREBORE 8L > THRE S, B
GE—AVI 1 18D QBB FREFIINIE L& 72
JTEHRE 50T, 20MHz DL EOIHIEB B 5 72
DR TE— AV PDORESEEN b - ERELR
LVENDH L, MEE—AYIDOKEZEFRAE %S
ETBL gupSTHY, E-{HOKE I THRE— A
FPOKREZDRE L RN TEE SN £-Er 5131
K[RE—AV MNIBEBHAHTRERERENBENTRE
20MHz BLEDFHBEFEIL T v, Lzt T, 1)
DEZELV b o L E-ENIKELRBZETNVEEZ B,

Aharony-Fishman 13#& D ;AR DOFEE AV, £
MEPER L TEET 5 decoupled system DFE, #t
By EBERR A SEENT order U, SHRESEERHE Y
BEoDESD order LTWAEWIFERERZETH
%2 7>, Katsumata FZ P FEELOER» S

DIESDS decoupled system THB Z & EARL T
3,202 27T, TORETEEE (o) B (b)
RSB order 5 L LT, £-HFDkRES %,

8=y (Caga)z+(Cbgb)2 (2)

LREET B, 21l Cald a-By, Cold b-HHD
order DEIETHD, AU Vaixd Co=1, Co=
0, /b Ca=0, Co=1r7 3,

R(2)% BV THEERST & 72 RS OEEBETDOR
Y TRUTH B LIRE LIS ORB R ORS
FlefEREINGTR T, ZOHETIE, £=0508&
OFFACADHHTE 1 BRI OBRE—- X2 b
BRI L T b, 8 1 BEEA ¥ 208 Fe O%E,
Co=1T Co5%0.9681 L, E721%, Co=1T Cua?50.7
DRSS FIEREEII20MHz 282, C.=1, Co=
1Cl21.4MHz £70 %, 2 OFERIZ20MHz Mot
BERHEEL ZLSTE, IOETNVOELSER
BLTW3, 7L, KT H21.4MHz & EEOEH
FEEE23~24MHz £ D RPEDICHTWEDIE, I
OFETRE | BEUAOBEE— A > b RBEPY
LTWBILEIZEb, #IT, 8 IOBHEAEVET
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2T Fe, Co EH 5 bEEUIHEANRY MTI
EZE TEEBENCIED 5 T { ODERMKEL # T
Hbo AR MNVORDFIZAFHICBITBEER~
7V (E8) LER, SEOBBEACYYOFNE
NICoEZ FeBAB L LTELTDEEEYEREL,
HEsnHEREHROFNLFLEY—2 £ L, Co
D& x, Fe DBEIT 1 —x DFEROHEESY T
LEBER Y 572 2 MAD Gaussian B line 2 Bh &b
¥lebDTHb, BRELH2TTT, Co=1DEED
A7 WD Co HAF (12) 13K E V27 FE
1£17.5~9.5MHz, HAREHEHHHI25~12.5MHz %
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= (E20) Y- BEKC DWW TIZ/AEL0.5
MHzEEE LY 7 ML WY, BXEERIZ
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El o/ Fe®— AV 2B 1MELry2 S0t
KEBH0OTHY, ZOVTI4I4 X OFELE
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Y OTEFEDHHETH B3, EEITIT b - LIEMKE L
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FEINER oI A7 bV ER D, IRIBEAE R
OAFHORHETH 2 SuDB L b L —HT 3, &2
WNTH Co=1, Co=1DHEMW2MHz {HifF TA
7 MWVEIEDY, OAFHOBERTH 2 BRAEE~K
E{ Lol Sy —BLLHRLTWE EEZ 0N
B, 172U, 128 x=05D8BETHY, WA M
BB Felk CorryOh»28&5XECTH 5,
T, R Co=1, Co=10D8E, DL VHERE—
AV DORESIVERROEFE, AT MVEEDLS
WEEET 2 0ERTHL,

K13()ix Fe, Co A > DEEOEALH A~ kL
DB ED L S B RIEThEA DD, BT
BEEIIEOBETHH CoCL-2H,0 DD E2HNT
Wk, BIRLIZ LS WCA Y UHMELS EREEA 4 VD F
DD 4DD7T b U T IS FREE DI HR oS8
t, a-bEEEELTERE FHEO 0 b 2 CHIER
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Co=1TH2»0, a-bHTFe AT a-Hli 5
37, CoAE VIS BENTWAEICR S, DL X,
Co AV 727 s (x=1.0) HIEREFEHIZ FE - T
D70 N AT DWTENRFNF9.1817.4MHz, Fe
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A vHRCFEET 558 (r=02~08) iF Fe X~
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400 — 7 DEENBECIRTFST 5, 2055 Fe
A2k 519.2MHz, CoRA ¥ > D19.1£17.4
MHz®D 32D —Z 3wk oicE R D&, §
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NERD, THFBHIA R DSy & X SEHRL
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BT, 202 bEEEORR Y X {8
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~040F TOF9.5MHz # E—27 &FT 5 AT by
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VISR G a- B AR T TH RO AR bk
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A UBMENTWAEDLIT TR, Fe-BIA FRRED
AEYBESG T A ERRL WS, DED,
a-EEEOW AT Y EHL A URHEEL TV S
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L&, x2051127 2 & SL3ERAEENIENEY
NE—27 b3, Bz Fe-BIA FIREDOH T Co
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355, Bl i SU IS AEENIZIED - Tw B HME
AN IEER > Ty, DF D, SLIREI NS
ACYOETY a- BRI FTTHB LIZE 221
%5, LhL, ZOEDEN S b O A FHOSEESE
BREET b TIE L, ColEnRshny: Hiziy
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5, 22T, Fe-BIAFRED L TH Co A ¥ 13fH
WT»3 EREL, FHEARY MV OAERER AT
BB 1221, SLOERAEHADLAD /IS HnT &
P56, CoREFLTHEE, SEERDES L
Twd, Fl4izi 635 A7 VO RPT
Co RAE VP ENT B EEDARY MVOFIE x
=051~70 FTD SL L L {BlTWwB, D&V, S i
Fe-BIAFRETH 595, x<040 X TOROP S,

OAF-type  Fe-type

PN,
f i
i

B15: OAFMIZBT 5 7a + > NMREHE Z~
7 MVEFTEART MVOK, SEITEA
EREOREARY b v, EREZFOER
b, FREIORHT & EARIZHED Fe
AY >, BEH Co A v OREERET,
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B Fe,_Co,Cl2H,0 ® Oblique KERRIEMHIZ B 5 X ¥ 8 B - XR)

4. Bk Fel-xCOxCIZ'ZHzO WwBITA a"ﬁfﬂiﬁeo)xe\/

OEEHE,

Table 4. Tilting angles from «-axis in random mixture

Fe,_xCo,Cl;-2H,0.

= B NMR AR 7T =1 ALY
X Fe Co Fe Fe Co
Fe-type 0.07 0° 0 0 0 0
AF 0.28 0 0 0 0
0.31 0 0
! 0 0 { 0~3
0.40 35 66 3 2 30
0.51 0 47 [ 12 5 55
{ 37 68 90~175
OAF 0.61 15 ( 12 6 66
{ 90 90 90~75
0.70 7 75
37 68
0.80 15 8 81
90 90
0.82 { 15 [ 13 8 32
Co-type 90 90 90~75
AF 0.90 90 90 10 86

* XX T 77 —DBEERNMROBEC—BLEHHOTHY, 2{EALTIE

B,

it Fe, Co A¥Y itz Fe-BIA FREEOR S, D%
N a-BC T TREE, 2205114 5 LAIEDR LI
BDHD S iE Fe-BIAFREOLRMT Co AV
FEESED SEOIREBORKREEZ Sh b,

2% 1, OAFHOPT Fe-rich IBEER TIL, Su
WRBEE NG, Whiph MEL REEE, S KB
a5 Fe-BIAFREBHEELTHLL EWS 2 LD
T& 5,

g, O A FHEOSE® Co-rich BEHEETY Co-
A FHEEE OA FIREEDHIFEL T b 2 EBNTHEE
nz, LyalL, Co-BAFRESOAFRESHIZI8
MHz (R~ B TE L0 TRS Z &8
Ty, L, B5ETFTEIx=080B
227 P FISMHz fHfizfinE—7 2 b 5ol
5, BOKRELAN-TWSE, OAFREST 26T
H120)D & 3 AR D 3K E WS, BERERO L 5%
Hi18MHz O — 27X TE WL T ThH %, oblique
REEF I TR, Co-BIAFREL:DERELYTDH
HHEBEVEHENTHAEEZ OGNS,

4. EBE X DLERIC & B3iR&Fe,_Co,Cl,-2H,0
DR IREE

7u r NMROBEZEMLY, ZORLDO0AF
FIC BT B A Y HREEIE, Co-rich 8T Co-BIA
FIREE L 78BS, Fe-rich fER Tl Fe-HA FIR
BELEWIREBO X C VB HEL T B, F72, fH
FoIREE &\ 3 DIRE, BERESDY order LTZRERTH
ZEVIEENRILE TR E RS, IIT
X BRI BINE L — B U ETE AT PAVETRL,

1.0+01K Iz BT % E &k Fe,_xCoCl-2H, 0D A ¥
VIREER BHRICR T, SHEARY PVORDTRS
T COFIBEEFEETH S, /2L, T Tidorder ¥
BEE Co CoEr8FA—F—kL, BEEL—F—
BT BEHERT PERD TV, BEOD Co
Cold Fe, CoAEYFHIZBILTH B LIREL T 5,
Bz a7z & $129.5, 11.5, 16.5MHz BT i3E
FHG L BEEVEDE > T A HFEEEHREIE L
SHEEO—HE A D 2 LI TSRV, RROGEE
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[416 : A ¥ A REDBEZRI L,

KDOWTRA M7 49 b UIHEARY PV EFILS
AR EERTRT, ERESEROERELETH S,
FRAOERT A E ARERROBICESIICR T, R
DREOEFES Fe A R, BEO/NIVWES
FEus Co AE > DIKEETH %, Fe & Co TlzZFhFh
a8k b -BT & -RTFOEMNEL L2012, order T
SEEHE U THEEAEIIRE L > TL 5,

A FHIZEFERIIY Co-BAFHEE2RE, £
DAY VHBESMAAEEGTHS 1 DOFHEARY
MV TERINGD, OAFMETII2~3EKDA
FROPEE CHRAE : —K L Tw3, Flzi3, =031
~041 TRETDORE VD a- R EVT W5 Fe-Hl
AFREL, fEs, BESHIZIZSERW order Lz
(B E 21X Ca=17T Co=09) OAFIRREDILE
TEHE? L CHEL W3, £=051~0.56 Tt Fe
-BIAFRED 2N T Co A Y V2T a-hn 58
50fEWIRREE, MRS, B FHIC5EEI order L
72 (Ce=1, Co=1) OAFRETHAE: —FL—
B b, x=0611HDEINS 2 2DREIZIMZ,
Co-HA FRED LN T—ED Fe A >3 o-Bhd
SRS A TREELND 5, ZD 2 DDA FIREE &
WiIZOAFREE WS 3 DDREOHEIZ x=0.70
FTHe . x=0.7412% % L Fe-HIA FIRERIZHEBRL,
Co-#A FIRED 2 T—ED Fe A Y 2 a-HH
SIS ETIREE & kS, MRS HIC5ESIT order
L7zOAFRENEFEL, BREE =081 FTID

REEDNE < o

INSBRIART PV E—FT BEEA~Y M
5RDEBND Fe, Co A DFNFHROMEE AL (a
SHEINT a-BHE A YO TAE) 2RA4CFET,
HBDI: AR 7 7 =1, SR TELNT
w3 Fe, CoABDFERbELIIRT, 72750, A
AT 77 —=THBLNIERII Fe AV IZDWLTOH
Thbd, £z, FEPHEELLUC DL TIISE B OME
EAEORBETOR I VB2 PEE LR TH 2,
B BER S ORER LT L H—FL 20,
Co-BIAFMHD WL TE Z—8D Fe A ENT
WwWhZE, 72, OAFHOZH»TH AFRERLIE
SELBoTwEZ L TREARY 77— DR L
FL—HBL T3, £, FYEHILTA VB2
W TW ZERBL TR, NMRIDVEsNE
BECBIT A VRER ZhPSETIEHRA I
BT 2D ZhbEERCE—RLT»a,

5. BRI

FHHEANT MVOESEE, OB ST Co-BA
F, Fe-BIAF, OAF (523 order LTV T W
3) REOR Y DED BEEOBEE(LRHINTT
¥, CoBIAFREBIZOA FHIZIT V2 &L A TEE
EZiEA 3 508, Fe-BIA FIREEIXFO A FHIZIZV -
THHRRWEETIRD LT n, D& D, b-BES
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7200 Co-BAFMHENLS OAFHICIEWE &, FCK
HESBEEDO A X a- B order 3508, o
Fis372 0 0 Fe-BA FAED» 5 OAFHIZIZ V5 TH
T —ERDAE Y L b -BIES D order X &7
WEWS IR S, IO order DEFHFDED,
6 OREENIREEL 1/ T DEEZE{T Co-BA FH
& OA FHOMICIFEEER R A 51525, Fe-BA
FH: OAFHEOBIcRASNZI -T2 2 L DREAT
FinhEz o355I RHTH %, 050=x
£0.70 DEEFER T Co-BAF, Fe-BIAF, OAF
DI OORENIEL TBY, 0AFREBIIZIF60%
L—ETH B, 1277, OAFHIzE8IT 5 Co-HA
F, Fe-ZIA FIREESS long range order TH % DG
PIZDWTIRNMR TRPSETE 2\,

B L7 & 35z, B Cs_xMn,Cl;-2H,0 ODNM
RS EEBEBWER O N AL Y EZDOHOY 4 —
VD3 ODRENFEET L IEFPHEHLELE S T
5,119 B E Fe, Co,Cl,*2H,0 DOAFH#HK B}
% A REEDNESE Cs,-xMn,Cl;+2H,0 D A ¥4k
BrRERICTHNE, AEDODHFR Y+ —NMZLBB0
Lip B, FOEE, Co-BID b -HliE 7213 Fe-BloD -l
BEWE R AL EZFORBOY 5 — VBRI 37
HOEBPBHENE 3T THL, DD, bL, 7
o s > NMRT Co-Bl ¥ Fe-BIZ LTV +—VDfE
ESNERIENE D 5IE, AT YOKRE SHBRDICHE
3T nIFEH RN B X7 PV IZR10 HHE S
BE3Ww#17.0,8.7,5.3MHz e ¥ —27 %2 b 573D
DOF I ARG A EFDROT +—NMZ L 2ERDD
VR BBTTHD, ZOEGEPELLETHIE, B
HEn2BFRBOESEIZI7T.8MHz TH S, 25
MOAFHTIENS WRT L5 24.0MHz 2 TS
PEHENTBY ZOEFAVTREENTER L, T
I, decoupledsystem TH 3 &L, AL DKAE
SN HE, FIZE, =050 TIRE11L D F A A
Tk B#917.0,8.7, 5. 3MHz %2 —27 L7233
DOHTART A Y+ —Vic X B HREE2.4
MHz % 5 B{EE5 . 3MHz D/ 77— — DR
N7 MVOBEREDVBIRZITTH L, I, &
BEAIBEAE N TWwS L, EEEOS.3MHz OES
BEIET S CBHEEC ko BT DO I ETH B
LR T Z OBGRCOHBELERETH B, Lrl,
Z ORETIE, S, Su £b 5 LHBHEET USRI
v HIERT AR TTH LY, AL, SLEE
T2 =070 LHBEL 720,740 Su DI K E e

B4 Fe, ,Co,Cl*2H,0 O Oblique RESHEMARIC BT 2 A € V#EiE (B8 - AR

EaH eIz, DED, Sy & Su DFEEFEIRFNERICH
TLEbDTHY, FAL T+ —ND LS RHE
ORI NI EERL T3 UL D, B8 Fe .
CoCL2H,0OM OAFHIBI 3 A VIRER
CsyxMn,Cl-2H,0 DA 2 REEL OA FHIcB W
TH Fe-FIA FIRES, Co-HA FRESEEL TV
LS ETEETIRWSY, FUTEREVENSI L
FRLTWS, ZOEWE Csi_ Mn,Cl;+2H,0 05
E174% Cs DEFMD Mn KB TIEEIHL, OA
FHE53& b8 T Mn-rich flizff-> T3 (x=0.025
~01D) 72 » L Bbh a8, FHlic W TRBRS TR
THTH 5,

70 b Y NMROYOBEGEARY M VOBEZR L,
SR M ER ST BABEOESET R4k Fe,-xCox
Cl,*2H,0 @ 1.1+0.1K o BT 3 A ¥ & ORI,
UTD4ETH S,

(1) Co-ZAF#, Fe-BIAFHETIX, Fe, Co #fb
PTEEAEETDAY Y REOEBHAAEEENT
Wb,

(2) 7272L, Co-HIAFHEDENTH oblieque fHE D
BB (ST W T, Fe A ¥ O—IXESE
HE»SRE LMENTND,

(3) OAFHM®D Fe-rich 85 TlL, Fe-BAFRED
AEY EENT VB A YRHEL T, Rk
Co-rich #8000 A FAE T Co-BI A FIREE Lt
WA YBHEL TV, 27, HRREENHL
T 2ODAFRE L AT A U HBEEL TV S,

(4) MELTWB” 2w BRILH, EEESSERE
iz order LTWAIREETH Y, Fe, Co A 3k
HA T2, ZOLEDOFRE—XAVPOREEE
BHEOAFREL I KRE Y,

PEDESiZ, 27 ukBlEFRTHENMRD

HEASE, BICEROARXT 77 —OFREE,

OAFHIZEBWITHETOAL VHIMENTWEDIT

TR, Fe-BIAF 7213 Co-BIA FIREED A

VHIEETBEWIETIR—EL TS, &/,

MFOER - b, decoupled system TH U #it, 4T

RADHE W oeder LT3 09 HTIEMER

T AR RS Tn D,
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