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Improvement of Magnetic Properties by Cu Addition in
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Grain-oriented Silicon Steel
Synopsis :

There are a few reports that Cu sulfides precipitate with the addition of Cu in the grain—oriented silicon
steel, but the precipitates of Cu sulfides have not yet been well observed Thus, the observation of the
precipitation of Cu sulfides is performed and the metallurgical effects of Cu addition on the grain—oriented

silicon steel are studied.

(1) With the addition of small amount of Cu, fine particles of (Cu,Mn) , ¢S (size 200~500A) precipitate
and inhibition effects of normal grain-growth are enhanced. The distribution of Cu sulfides in hot rolled
sheets provides beneficial geometrical situation to grow sharp Goss grains selectively during the secondary

recrystallization.

(2) In the texture at the subsurface of hot rolled sheets, {110} (001) grains are increased, and after de-
carburization, {554}(225) and{110}¢001} grainsare increased, on the other hand{100}{001) grains are
decreased. These make secondary recrystallization easy.

(3) When small amount of Cu is added and cold rolling reduction is increased from 55%, to 65%,, there are
improvements of magnetic properties of grain—oriented silicon steel.
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H AR ERERIC T % Cu o REXWE LTS HE
G, BALgioBMAEIbs I OW HZEE) & BUERER,
{Lahr s L OEHE RSB OEL & KBRS
REBYAEETHERYIT, WMEEME L OBRERH
Uiz SeEFNE T AR O BIER A A L. £/
D LB AV RER S % Table 1 WRT.
2-2 Bik{LEER

Table 1 ®» A, B, C, D o®BJElHv v 7 &% HfA\T
1200, 1250, 1300, 1350°C = 30 mingg#h L T,0°C XK
WA As LB frok. B oK%
BF I3 % 7odic, FESIL Ar 7 AR BEWT, BBEO
BCRB LI HME /57 >4 rEBLT, Ar O
EfFEy CO wishkwiA L. SR TRRERHE
BT oo, BRRAMBEE w50, bl Lk
THRIZIEH 2 52 &N TET.

2-3 HHEHRE

Table 1 oHOEEH v v 7 & BT, 1350°Cx
20 min#gEho BULEBOKEKFIC 25 LEFLLE A 1T

Table 1. Chemical composition of the steels.
(wt%)
Specimen - C Si Mn | S Cu
A 1 0.04 | 2.9 0.10 ] 0.027] 0.05

B "0.04 | 2.9 0.10 | 0.026' 0.16 |

c 0.04 | 2.9 | 0.10 [ 0.027 | 0.25 |

D 0.04 | 2.9 0.10 | 0.026 | 0.44
E 0.05 | 3.1 | 0.06 | 0.020] 0.01

F 0.04 | 3.1 0.06 | 0.026] 0.01 |

G 0.04 | 3.1 0.06  0.027 | 0.08

H 0.04 | 31| 0.06 0.027' 0.17 |

Table 2. Chemical analysis of S as Cu,S and
S as MnS.

Galvanostatic|
electrolysis

sheet samples 30X 80mm

Composition of electrolytes
methyl salicylate. CgH4(OH) » COOCH, 150m¢

salicylate acid. CgH,(OH}+ COOH 509
tetramethylammonium chloride, (CH,3)4,NCI  50g
methanol, CH;OH 4.8¢0

Condition of electrolysis
current 0.96A, time |h

Filterin menbranfilter (.2um. 47mm#
Dissolvin

Filtering

solvent; methanol iodide |%. &0md
condition: 40C. 1h

Mess—up to 100m¢ by methanol

Atomic absor-| Analysis of Cu and Mn by atomic absor-

?J‘.logletric me-| ptiometric method
O

7%, 800°C~1250°C DEfEEc, 10s, 30s, 1 min,
2 min, 4 min, 10 min, 20 min 4 5 FTHABE A FTD
Fo. WHAESERERE 0.5 mm X HHEI L, (¥ airadT
v, CupS, MnS o #f A ER L7z, S as CupS f
IO S as MnS o4 #ifEiz Table 2 1RTHET, &
fEmh RS 2 v BEMR LRt FRCHE LT,
COFEED Cu & Mn ZFEFREETHEL TH LR
72 Cu % L O° Mn 0fED 5, #ifb#ir Cu.S, Biifb—< v
# vt MnS F{EELT, S as Cu,S, S as MnS %3t
BrrlbhoRpiboThs.

2.4 JHRAFTEEER

FHrEEEZEMK o Cu sy Hor»ieT% BRY
T, B ES SR IO EERESRBEOBEICE
HLT, Fig. 1 WRIPRAATEFRLAERAELT
.

BIEH CIL, BRLWHT ) B O B2 L B A
BArFEE L. Ftosigr, BEK 1L 7=V
v—x 50g, 7aexany 10g avibn) 6g OFEE
BHTERREYT, TOF T RFEHBE THRETS
MERES — A v v 7Y HEChE U CE TS T
g2 fo. BUCHESERIT, REy 0.1mm B CH
BEL, XgEgtEkc (100), (110), (111), (211) mEo
BEELHETEL, WEHROE(LEFH .

BEIFEED—K - —IRE TR, BURBEMIE O
B A L IR R, SR ERERORER Y RS
DIETRE TR 456~80% 0&®HET 5% T LITHRE
L.

HeRIBEMIE 850°C x 3 min 3Bk, WipRpESNIL 840°C

Process Processing Condition(® )and Investigation(C )
hot rolled sheets < Texture of hot rolled sheets
Observation of sulfides
0.30mm } 0.23mm

® soaking  1000C X80 s
100C hot water quench
> Observation of sulfides

[hot band's annealing |

1st cold ro||ing @ reduction : 32~80%

mtermediate annealing] o soaking 8501C X 3min
in semi—wet hydrogen

C:Recrystallization texture

|2 nd cold rolling
|decarburization

® reduction ; 45~80%
thickness : 0.30mm. 0.23mm

@ soaking 840°C X4min
in wet hydrogen

Recrystallization texture

¢ C G O heating cycle
Observation of 2ry recrystallization

e single strip tester (B,o. W)

[magnetic inspection]
Fig. 1.

Processing condition of labo. test.
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1

x4 min HHDRIETT, FEMEAMBOBILL A
NHIeHK, BEHEOKER 1/5 EOBERKAREL,
ZRTTENTRIT DT

B BEg 12 650°Cx 10h fi##4% 25°C/h = 1 200
°C FTHELT, 1200°Cx20h DEBEIT 5 1 2
A CRERHEHE L OBIRH B2 KBRA 1T 5 L, Cu
BIMOFEC X 5 KB REBOE A FEET 570
T, KE 15%, BFR 25% OFEFESH T 850°C 1 900
°C DSRBER, ¥ X% 800°C 2 i BiREE 25°C/hT
AEA D EBRA T O,

3. R B B B

31 HEMOBEGLEBHRE

BAEBLE I T2 H R EERMINL, BAM /o7
HEEE LT MnS pifEbh T3, #6827, #E Cu
ZIRINT 555, Mn T Cu #8485 H25E
P Ch D E#E% T, Cu, Mn 345 F DR CLE OB
By 4 Uiz, Table | o A, B, C, D o #Eizx M
W SHBRRE B4 Fig. 2 1. Cu 0.16%, S 0.026%
DYt SRALE O BEAELRE L 1250°C -, Mn 0.10
%, 50.026% o0& MnS OEMALEEY 1300°C
X DEWD. §E2T, MnS pifFgEt Bk J EikEE
R Cu 245 0.20% HmLTh, BHRLEEYS
HDHENRL, BIED MBGML BET S LB
L.
3-2 FLROWHEHRAET

Table 1 o+ v 7 A HE BT, BHE(EEOHR
WA EEE O R %Y Fig. 3 i3, ZoksEIz Mn,
Cu SEFET OB OF T, Cu,S, MnS DR
TEHTHIHIARR & i3 W B A, TEAESETE F oM 8% X

T T T T T
X 401 Steel A o .
~— v
o) \ B a
(@) \ cao
— 30F Q) D v s
\ A
X AR Solution 1
) “\ temperature
~20Ff A N
\
A RN
3ol B
T RN |
0 N \A v
© “o Op— D
0) t fte o
ol t °
A B C D

L Il 1 1 1
as hot 1200 1250 1300 1350

Soaking Temvperatu re(C)
X30min —=W.Q.

Fig. 2. Dissolution behavior of Cu,S.

{&ELTW3. Mn 0.06%, Cu 0.17%, S 0.027% o
v 7 VHOBEER O L, CuS OffHE S <,
MnS o#fHE . Fo—oDFERIRBELED
it E o RRPIC CuS BRI T 205 Th5 &
HEIND. MnS O, — X134 1100°C, Cu,S »
PrHl s — X3 1000°C Th 5. MEBOHH, — X1y
100°C DR EZA B b, BIEROBIERFESE - FHiaEM
1% MnS & CuS ot HEBNC Y B L 52
T2 EHEIND. EERS TOBERDHHHED—
B% 3 & Sas MnS 43ppm, Sas Cu,S 112 ppm ¢
»HbH, MnS oBMES%R (E) 040 Sas MnS 83
ppm, S as Cu,S 18 ppm 1z f£XT, #E Cu DBk
OSOBER L), FEHITHBEZELSEML TV 5.

3-3 FLMOHTH R & MIEIRAERED B

W& Cu ML, Table 1 v v 7 )L HOEE
WO Y2 EF BB CHLE Lok R % Photo. 1 1©
Y. BRO JITRBUNMT A KRB BZ SRS, &

MnS precipitation curve ace--..
Cu,S precipitation curve
T

T ——T—T T T
% & % % % % %
1200F &% % B % % N %
% %
~ lioo} % Y Y% A
e
gIOOO- Bhas S Y0
ey
o
—
g 900 Hu o e
€
8
8ool % Y& o e ] Ses %
Lo sl
(o] [oR2) 1.0 5 1o

Time (min)

Fig. 3. Time-Temperature-Precipitation curves
of Cu,S and MnS (a/b = S as MnS (ppm)/
S as Cu,S (ppm)).

Photo. 1. Optical micrograph showing sulfide
precipitates at 14 depth under the surface of hot
rolled sheet of 39,Si-Fe added 0.1794,Cu.
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O EFPRBUMMTHEEE, THRORNACROh S~ 51
MIRFT O EE T F O BT O TLATEHE SR
HEADE .

kg v S AR ETEEE T LR % Photo. 2
RT. BFIRBUNMTHE, a8, d, WRT XSy A
X% 500 A T, ¢, f © EDX iR RT L5
ww, KA Mo & Cu 2&ET5MIEMTHY, b,
e WRTEFHREAFOMAE Mn, Cu)s S LRAESH
#-. (Mn, Cu),.sS DT L T, B THMCELE

T5%.
3.4 ERSRESHBORERR
3-4-1 BGEREGRBOLAL

B Cu 2%EMLAEA &, WwinLcwaoBER
HE oM OB Fig. 4 iR, M ERMBIER
DELEBIREST A TGS fx LTk b, KiAg
1/4 ¥ ez {110} EHAKAE <, W EETT A
L BE LA L bRy, BEEe {112} d10)+
{100} <011y Flo FEIEE Gk A AT, LHE
15 Bice—zopm5n {110} mEEs Cu 2K 5
L@ TS, HAMHERMIGC ST, BERE
W 1/5 B E&hs (110) [001] JFfokins,
FEIE - B TR E SR &C, Goss fifufi=m = —
(colony) ML, —KEMMBCEETDEELD
RTxpown, L@ 1/5 Eo {110} BEE <
5o ki, TEFEERD Goss FLORBEL DS
S EHCERT 2 :Ex bhb. Cu x 0.17% ¥
mt s EEER /5 Eo {110} mEEs&E 2 EHX

(a)(d) Distribution of (Cu, Mn),S
(b)(e) Electron diffraction pattern of (Cu, Mn) ;S
(c¢)(f) Chemical composition by EDX
Photo. 2. 1000kV electron micrograph and
identification of (Cu, Mn) ,S.

RHATH5.

3-4-2 FEREHEEGEBOZL

Table | oHE EDHE Cu RINEEDY v I 1T,
—WIE TR 67%, “RIEFHR65% O TETURELICY
& oHRIBESE s X OBRBEME O REE 1/5 EORE
HE& o H(b% Fig. b i+, Cu0.17% #HMT 5
Lk b, {554} (225) Byt {110} <001)FfRrfrAssEin
L, {100} <001y A3 s8R 1rEDdLIRD .
SHptH (Cu 0.17%) THRIEIED KE TERE 50~
759 LA 0, BRSO REE 1/5 EOofEE
B A0y Fig. 6 wir$. {110} <001} J5fz
DEEEIL 66% b EL, 75% DEET LIS
&, {110} QOLYHLAHA L, {554} (225) Jifunisy
MLTe%. ol Cu 2FEMLERVEES AU
199, [ REEIHE O ETEE 1/5 BEO B LEGERY
G B EmAOBERL, BRRELEOETRTHS L ik
Ths.
3.5 Cu ZMOFEICLZ REZEREBDHOEIL
Table 1 o4 v 721 E, H %k ETE 65% O
— TR T ORBREEMEORR & FVT, 800°C A5
25°C/h THE L, 850°C, 900°C, 912.5°C, 925°C,
937.5°C, 950°C TH( Y H LR OB~ 7 » ik %
Photo. 3 4. Cu 0.01% r¥imLicswHaEE, —
KEREGEEREE 900°C T CRRBBLTED,
Cu 0.179% ¥bn U7-3a1: ks fhBtaiR o Ky 25
°C ®hT\5. Cu 0.17% ¥t 5 & FLpamdT

T 1
Culwt%]4

20

N WO 0O

© ooo00
N W RO -

<hk 1> / N.D. Axis Density (x random)

0 ’
X / |
Mo #0002 -0 w0~ Chn MDA AA_AA

0 0.4 0.8 Center
Through-the-Thickness Location {(mm)

Fig. 4. Texture of hot rolled sheets.
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A BAHA N LT, RS d R O R R A 17588
{leh, ZREBHEHERERRRMGBRE EBhicbn s
HEIhS.
3-6 & Cu FMOBIISHICRIITTRE

Table 1 ©» E, F, G, H o#JEix%H\C, 0.30
mm DREEHEIED Fig. 1 O F v v v rgfhch
RO RBE T o0 Ao KRy Fig. 7 wrd.
Fig. 7 X b, v 7 A E(Cu 0.01%, S 0.020%) ni
B BRFEMEYRR L35 KETRIL 50~55% T,
ZRETE% 65% i) 5 & RESBRIARRER o

(a) free from Cu after intermediate ann

(b) free from Cu after decarburization

(c) addition of 0.17%Cu after intermediate ann
(d) addition of 0.17%Cu after decarburization

Fig. 5. Variation of primary recrys-
tallization textures with addition of Cu
after intermediate annealing and decar-
burization. (1 st cold rolling reduction:
67%, 2nd cold rolling reduction:65%)

(2) 50% (b) 55% (c) 60%

(d) 65% (e) 70% (f) 75%
Fig. 6. (200) Pole figures of 39;
Si-Fe added 0.179,Cu at 14 depth
under the surface after decarburi-
zation 2nd cold rolling reduction.

D, MR OFRAEFFEL. 10% %z 5 & KEMRLE
U, BRKEMENELLSE TS, SEELEyYr I
F(Cu 0.01%, S 0.026%) <Ti¥, BEFRAO-®kE
MO EEL, BB RETED 60% LEx 58, 65
% D OMKEEOL LG EY, 710% THEOFRESY
B, SE2ELE e Ca 2 EMLeyrv7 A G
(Cu 0.08%, S 0.027%) % XU v 74 H (Cu 0.17
%, S 0.027%) T, SETRAO KBRS —B
ELEETDH. Cu0.17% HmmL7eHy v I ATk, =k
FEFE 65% THRSEEIREBMEYRL, 0% T
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Cu=0.17%

Photo. 3. Macro structure of the specimens free from Cu and added Cu during final annealing.
(Heating rate : 25°C/h from 800°C, Thickness : 0.30 mm)

17—+ —t WETEREHEFRD 50~55% i 65% ~L@mdbh,

ot gauge: 2.2 7 =2 > ¢ 3 A
. e Lo //4[ BB By &5 2 ENVTE, SRS ELALT

Y
o
T

: 5T EDHBE LK.
4. E =

41 FHLROFHBWICONWT
] 4-1-1 At R ORIE
FRSEZESEE o Cu, Mn 3HETOFHEHO I I

—
($,]
T

Watt Loss W (W /kg)
=

1.37 1 B LTit, N. F. Dusrov & (1960)8 %51 ¢% V. F.
Y Nosacu & (1978)Po#i&h b 5. Dusrov © 5itfi{b
12 cut.0me % CuS X LT 54, BFMER 2 -/ OBFC
. gu 8:85;/3/0 X ARIBIXFF2oC ey, NosacH 57 13 Cu 0.05%,
1145750 55 60 65 70 75 &0 Mn 0.07% o 39 H#MORIER CHIHDBRER1T
2nd Cold Rolling Reduction (%) W, BB E AT & 0Tk b, %A MnS,

Fig. 7. Effects of 2nd cold rolling reduction and FeS, FBIC CupSs AR IR TS L LTS

addition of Cu on the magnetic property. (0.30 Cu 0.17%, Mn 0.06% ©» 3% HERMBIER THL
mm) Shabesis, KEHst Photo. 1, 2 WRT X 5%
I D A TR T BT 1000 A LI R/ ie#itify & 752 TC, Mn Fizik
D EofEREyrn, Cax 0.17% Hml, SuEd  Cu BMoOFHEIX, MnS kX0 CueS it Cu,S
&, ZRETFTROBETUTCRERENLZEL, = Ol THS. LirLEL okt (Cu, Mn), S
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g > TE D, CusS ONFHREEVEHf-< & — v %
Tt FORTER a 2 5.39~5.52A ol oL
L, Mn zxf+2% Cu o kKA FHL B BAE L 2T
Cu,sS © 5.575A wsE3< 2 &k, (Cu, Mn), 48
OFTHRTH L EHE IS, MnS ORTERIT a=
5.224 A 510, Cuy S izMn R AT A & 1T LT,
BTEE a0 7% 5.575 A 25 5.39~5.52A 1o/ vx ¢
B EMRT D L IFZYTHS. (Cu, Mn), 58S o
FEFIIEATS Mn oBICHMALTHhELkD, a
7% 5.839~5.52 A i HEBEAM LI b D LTINS,

4-1-2 BRALB oo & BIESRER OBk

Cu 0.17% @wmi7: 3% HEFRMBEHRT, (Cu,
Mn), s S ¥R L ToHRFULH OV HS L, Photo. 1
R X S BRD — 34 b EETR, ko SR
PRl Lt hs s %, Cu 34— 255
1 VERTETHY, r-a BRI LY 7 KAIUET S
BHXTORMCBHBTIHEIPBEIhS. 20"
DEREAERN &, BIED FHERRE T 1150°C LI FOlRE
IR DTLBE, 7-a BESETL v RANHETS
1o T, CulBEDFE o v R ERLSR oo B
HHR 2R L TP b LfEESRS.

8% HEFRMoOBGER AT, WERY —31 + 8,
WEHRD — 4 PRI TN ESH7 = 51+ HEHER,
BROMA” = 54 + HIBCHEIh, EH7 51 L
Bac e 5 (110) [001] Afrkro> [0011 Fraid ELE
T X <ot b DA, R L RSO AT
ROBHITHRIL, 7-a BREELET L IR ECH
HL T2 EEz bh, MBREE S AR
% AIN LR, [001] HALoERE O @B
Goss F{i7 kT s %0 B oo ke RESh
0% FEL TS EHEIRBED, ftoT, (Cu,
Mn), s S OFMIFT RN, BIESMEE L oo
2B, BESi7e Goss F{L RS BN R X
B HRAFHEEY LTW5 LR Ih 5.

42 Cu OESHEBICRIZIIEE

FIrMEEFEMIC Cu 0.17% %¥m+ % &, Fig. 4
T e, BYERESEB ST, XKEE O
{110} BFELHWAIRLD, FOBBIFAHTH 2.
L L, R OB B\ CEEE o {110}
A HENERs 2 213, TOBROEI - BisRESHA
fT {110} <001y FArpilr# Ed, kAL
K, B0 Goss HEEBEYEDL LE2 bh,
Cu iz X 2Rtk R Es R o—o0BE R CH 5.

P D BIRINL 7 KBS BT, ) 0.5~0.6%
» Cu & # 0.05~0.06% o C fife+ o {111}

A10y A AEEREAGEABRYRET S EHEILTY
. ZOBE, BRIMBORC «-Cu 2HTHL, B
BEFIC R 3 2 b FE oM@ T {111} 0D Ar s dh
WOBEITRER LI EL bR TWA. — ) Nb ik
IMERFZIR ORI I\ T, AR & &g 1% Nb g
X, AGEANEL A BEBIIT ik {554} (225) Fo
BEGEAEBRYVBEZECRET S LHELTWS.

FrERRK OHA1X, Fig. 5 wrT L5k, Cu
I 5 & {554} <(225) ¥ k¥ {110} <001y J5frfE
HRESEE, B LTw5. HREEREK T -
Cu 1@ 3 h¥, (Cu, Mn), s S OB HKIA S
BEINTWHILE, BEMBTHDLZEEERTS
&, (Cu, Mn), S %' Nb %o Nb(C, N) &k
IefEREE L, {554} <(225) JfrTERSGEAHME &
e LRI S, {110} (001) HADK oI DL
Tk, Cu e X v BJERERERBO {110} BEE &
St ot RS, BiREEMZ OB AE SR EEL
FiELic: Zx bhs. {110} 001y Ffikre {554}
(225) Fifirki i3 TDJ110) d% [l & LT 30 g
o FAEFR By, {110} 001> A RERE MBI
{554} (225) HEORABAELTHELDT V. ROTH
B Cu #%HMmT 5% 2 ko, {110}{001y FHfr—k
BRI HEINL, »ORELOT VRGNS L bR
HEMEIRS.

IR EIER: o 5 R EE RS B\ T, IR BERE ©
HREMEGHEBY, Fig. 6 WRTITESZRETERN
T ERT, ZRETERY 50~55% 7 b 65% ~
B % o iz X b {100} 001575 (7 R FE L L B A L 0 4
mu, Goss FRLkEREEEORERY Hinxes.
o THE Cu I CRETERYR 65% 352
Zrh, —BE Goss L KBGO ER XM
X, PORELRTVWEENFEINRSZ LT b.
4.3 R Cu FNCKE3WEMEBBOER

Z RIS O JF R EER ML, Fig. 7 ki X 51
RSN & R E TR B . — B ZRE
TEREBEDS L, 0% T BHREMBOEAEBC
BT Goss FoMENEL kD, ToMEL LT
WHERGRLO [001] FROERENEE D, BEEEN
wmlih, EEIAETA. LL, ZRETERXIFEZ
B ERI ) ZRBEROTLERCR Y, MIoREY
BEWEEED SN ETE. ZKRETENEL LS
L, —REFHEROEENREORENIAZE LD T,
EERRELZ I 5 i, BArHESSHEc X 54
vevrx —EAY X b BT5 BERDD L ELDR
5. HraERMRc#E Co Hind % &, MnS Bl
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BRI, BEERC W2ttt B ins
% k4kic, 300~500 A o i e BRALHHT HE A BB
. 50T, BALSITHO BT X 5 — R kLKL
BEIHIIIIEL <ML ts. Lo, Photo. 3 &R
T X5, SRERGBBRESEL LS.

Fie, (Cu, Mn),sS offEHHs 7-a BREEL OB
HRWT, BICIR DS 7e Goss FLRAEET LT
7 =54 VRORDCECY, “IREBERZEERB
BT, Zofgin Gos Hx o FicREIh
HOuPIET A EEE R LT\,

Fokl, 42 TRV X S5HE Cu i X b, B
RSB DR AR I\ T, {554 (225)3s X Ut {110}
<001y Hfrkizi@mIes.

P20, FHAMERMRCRT o8& Cu Biint, B
ety B X 5 ER BB RIS 2@ L, BR
Bestiteo> {110} <001>%s Xo® {554} (225) (¥4 Hgn
X, SRETERY 65% @D T RERMGYRE
¥, ERREEMBERER T, it Goss Fir
FoE BRI R IR 1 DD, TOMBELELTR
BRGOBMREESAWEL, skEAELLA LT8R
NELIhL EFEREINRS.

5. %

ek, HEMERERRC ST, SRS
ZEETRELT, HEDEEHLIN TGRSO,
ABROKF, ME Cu 2HINT 5 &, BHloBRILENT
HEAHR N, ThiEHCERTI LR LD, B
SENAELLALIRLGRNE S EAHB L.

FHE MO E Cu 2 RinT 5 &, wbiti
S, EREAEAEGR IV KREE R TLD
BewhTs o LR SR,

(1) BULSHAOBMHILEEX MnS LKL, #ME
Cu Z¥HMMLTHEAELRE X MoS BEOBE L0 &
b,

(2) BgAoRH » — X124 1000°C ¢, MnS o
1100°C [T # 100°C K.

(3) BYEM CTHARO RFDRMMTR Y r Bigg S,
ST HE LB L, FTHSBEC X% EHRRE
MEAIrFEL ks h5.

(4) Zhbo BFUREMATHRO v 1 X1k 300~
500A ¢, BTHEET <% — Vo @EHcLy, (Cu,
Mn),sS 238\ & LR I i,

(5) ZhbopFiRirten, AR -1 b &
FAEHHL TS ENEL, r-a BRI XY 1 KL
PIET ARz ¢ R (Cu, Mn), s S oFFHRL

il

BERLICLDEEEINS.

(6) ToiHHAmL, BEi7e Goss A % ZE IR
RIEHHEMEMEERY LT 5.

(7)) #E Cu Hinz, BERoOXHE 1/5 Fo
{110} BFEELX®mTHHMRVD 5.

(8) #E Cupmiicky, BREMBOEEMES
MR B\ T, {554} (225) ¥ X OF {110} <0OLyJiRrk:
DAL, {100} (001> FArHrasmar3 2 ZRAGEED b
. BREEMS O BEAEMIL, RBEETE
CEEIRTED, FETFERN 60~70% kT, KM
j@ 1/5 BEo {110} <001} FfrosiEnrik bk 7t 5 M
MRS,

(9) #E Cuwminc X b, EFREEOMHIILE
Lk 3h, ZkBELEBRE &L 5.

D EoBEEoMEHEEL LT, HrdERMcHE
Cu ZHEMLT, ZKRGEETRY 66% CmRET
LI lwkn, BLVEBSEEOREHGEIMEONDLZ
LR
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