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Steels with Angang Steel on the Course Teaching of Fundamentals of

Materials Science in USTB

A5 |1 -F / YANG Ping

BARAAR A A BN T L) KT, AR S HF B R LG # LML T REAS Fo
AR, MBET ERTR, BRNEFSETREZAETHRTE,

BAEBARF T WA, AFA LT A

BEXRF (HAFTREILFR) A S A BRBEIRET, AFAL T HAFERNGHTESD,
ARARFn IR A AR LA ARG AR AR S B WRRASE AR T X B IR @ 4R oy 5] i
ISP AR A EFA LT RARARAKF T, KRIONERBIFE AL, T T EXEARTA
AR AL BMAMTT L — LB, LRl i AT HRERRER . FRRZGEL

£ B B

LI G T AL

F, URIZRHAR; AR THEARMERENEN R BRI BN T L FENGERHM. TR

J

AN A 3 A A B Tl A R v R A B
TV AR IR BIPRS , IX SRR WA 3 b [ T ARk
TV & Ji R AR B B R AR T B R BTk
AR, T3 B O B I s ST A R 22 R Y
WA R L TR AL AR SRR, #%
BB AR 2 (0 4 [ 57 SIEE, AT s 4 A
oA ] RO RE o AW o T B T A i Ty R R

fEE AL LB R R RERE, dbat 100083

FUE IR T2 T 2B /NS R . &
B RO B e H e bR H R L
FUNBRAEBE R Rl A G Jm 2 B (CBRAE AR A
Pl BLni, AR ) URAR S AV BRI S I 1)
858 NEOES YN D) IR 2 LT e X (RN IR S
1S ARRALE, 7EEH FTHRIOTTE A R 204 40 A
R THN CRER) BT, d TG IR A A%

fppu

ol


https://doi.org/10.3969/j.issn.1000-6826.2024.09.1902
https://doi.org/10.3969/j.issn.1000-6826.2024.09.1902
https://doi.org/10.3969/j.issn.1000-6826.2024.09.1902

METAL WORLD

B o0

Afpar

HE SR

(g — =, Ao A0 5 O B R A 1 R T A A
Lo FENRRHIN, Her SRR E, ARBOER
UFRE PR T A AR OC R . SEETESC (1] iR
@t BUR R (BEAR A RF IR B T 20 ) 19—
AT ENE 5 A HOR, B2 T E PRt

S R R PRSI BRI Ak o LR AR AR
S0 1 LM 5 S B R A B A e g s
EHRHCH e BRI BT RS O T O,
P14 AR SO 23 A 10 8 5 R A e ) (2 A
HRRRA,

GE/\ ) Turnbull 7% F-4%5 S S0 56

SEREAER T R T I v 0T N 25 T
ST (R | el ol ot R K R 2
ORI TR | Wil | e | PRRLIER || b e R
TEANRITAAE 5 (EBAIKE . DunnPiRHLES)
TR \ / b
TSI BY B— TR R

FRZm (154, 40401584 )

MRBETE . JHFSHTE L FARREAN S U BT ST 5

BES4JR AL 32

1 HRRZEMIRREMRE, RERN. BRYFSENELERHXER

5 &R e B R AR RH R & 1EXT MR S B A
IREHFRREIER

IREERAE "R EEN A BERERSME
Hp AN 88 37 R BR [m) RE S FF &2 13t A2

AL} 2 B R v A 283 0 B e YR
F A 2 LS G 2 1958 4F D. Turnbull 245276 56 [ 1 1
B3 (GE) A A58 AR e, BARAE F2it
R T EIACHUR) REAT 0 BRIE K A 4 il 7K
-, AELN 1980 413k 21 25 ML ST 96 K540 4 A\ 200 15 5130
FEMY 2024 47, B REAR & AR I B AR LAEHOb h T
RARIL . Hobh e ) S 30 K000 SR 2ok B B R A —
FRZ PR EL Il 25 138 B R EAY (CGO M), 1%
il £ 7 ik 1934 4R e SE [ & B, DL MnS 1B by 41 il
F, K Armeo k. 7E 20 H22 60 4EAYK H AH H
BRANER S RIIT 2 T SR FH e MR A — Uk L w25 1
f B ) fE AN (HIBAW ), % &5 J7 2 F 2 U
AIN 6], MnS . 21 2 3R EE LS
BN T B AR Wk R Lk . nT U AR
HAR GRS CGO MM L RN, AR i I AR R
T2, [T LIS 2 B LG &1 T 1 — Ik rE4s
Rk L B, T DL BARAR, it T AR
CGO M, (BT EiEin#Any HiB 4K Rl 8 H 2k 3
T T 2ARIR I FAH] £ 1975 R AU R RSN, AR
PR EE DA 1380 °C [ % 1150 °C, B MEARAEFEFIM

2024 £ 56 A

PIPPIFE, BEVERS LT R A HiB X, il £ wE R
KTFHT 3 B AL

SERR b, URERES A BUR ¢ AN 2 A 7
MR A RIB T2, BT R4S A, )
WA IAEL . L. — RS IR K A
21, AR B . Jb B R AR R 2
REBO i Z 0B A R | R R 5 P45 i e [R]
tso WICHR . AR R G TEALAR S P A4 . 4y
TS RAL . SR A TR, S SV DL K
MnS FLFET LT Stk R SF 52 00 ) 51 R AN > A, #R
K AXFREN AT . RE A (GE) AL Pl
J& LR A E] L B ENER A W SRR TIT R T X Fe-
3%Si Wl aE PSR SE o ln, ARAH A ARl
2% Cohon Z 2 13C 7B P 2 2] (1) Cohen HZ Y —
M E R AR EAENREASA MY C G
Dunn —E M\ Fr il FERAF Y, R SAHFUE IR
— AL FAEF AR AE WG AR VY R AR AR . AR
S 32 BN R A O i R X A2 P45 b 2R
RO 2T, Liicke #2344 19 CSL 27°<110> /5 i
FE ARt SR X ) AR AS:
=l 5E A A2 AP EX o) RE SR AN IR i £ 5 ER W BR (a1
WA & LRSS

T RSN 2 AR TR O, I AR
TR T A28 SOk HE, 287 N E 2K Talk K



R 5 R

Highlights Forus <4 <

2t ARl R B Y 3 A% T Liicke HUZHE T 1L
] RE S IR S0, 48 35 PR A H ) 9 2 4 A F 41
FPERI A AR KHE . 25 —7IR 02 A. Bottcher
1990 4F 58 i 1 41830, FEFE[E Thyssen 23 A
CGO WA=, 5 A2 L. Seidel 1990 4F5¢ LAY 1
i o R A= R G T R K e N O
Dirmann 1983 4F- 52 il A9 %) CGO #1 HiB 4, 455l =&
X REN R R LRI R i e sCl, O 20 AEFEE
4Nt D. Raabe (% )¢ S. Zifferer 48 T —
ZR 3%} B 1] 9 B A 5% #4002 LA Thyssen 28 5] A 7= R B
] A7 i R

TE SIS EI T, B8 Rt FiR 48
4 FPEL REAN AOAFSY . BLAE B, Hob L A@iE
& 1980 4F H MM I i . —1X CGO WY IR 145
m N, A SE R R 2 50 4R4R, i
EﬁT EEHESRET IR Lm0 CBTERIE

WHER ) okt T H BT AR IR A 8 T BTG
m@ﬁﬂﬁﬁ%%ﬁm LU KAWTHFAAFAES, 4 A
B RER TR . TESEARR, FeilE
—WELEEMRELEMES, R IREE RS
¥y SERRRLRGE L RS TR . R
TR K HBVERAF AR 22 7, WEPERE A AAANIA] . — IR AL
PG PR L A 0 3 ) 25 S R AR P IRELIE I — IR

A EXERFIERES
4 Bt 70/N0.51931002)
R Wil #8) f

TGS An U TP A S SR, T — R ELTE I — IR
g AL AU AR B 1% M mdi fiokn, H ARG
SR TSR . B B 2 SR O IR R
[ 55—4% CGO MR R F-45 Sk BE 24 925 °C,
=il HiB 89292k 975 °C, &4 CGO #Zyh 1010 °C,
MR AL 1050 °C. X Fh2E 558 il K F4s i
Je ) SRL RS L AR B L ST LS A A
HEBFEAEZE S
BY [ 5 M R H 22 B AL SR X — R IR AR R R A
SERFE KBRS

BT 28 & K ET ] AR B AN A5, 76 H 4R
RHBE 2 B A B K — TR TR 1Y 45 min B2 U8 SR
W, EF BN A AR G R, o Sk
BB HRERRK, REASANAATRA L
Turnbull % 1) 26 M R 45 S 80 (DLl 2(a))

AR T FANE AL et B A U 4K 0.18 mm”
(ULE 2(b) ) , SIHMUAER T L FR#59 0.20 mm
RS S B A A]  — OCH4G Al N Y ZH 2 2R R
MR R (WL 2(c) ), e TR ESS h Ee
AR TR A BRHRE A EAT (WL 2(d)) o A,
IR R EEE R = AR (RRLIE R K R Z B
SANHE) B, RIS R ESOy g
VI, BT AR Y B S N A AR

%

i L
., RETME BRI RR

B2 BREMHRZFEMERE -RIREMENE AN ZABERATERERHN TN S EE: (2) Turnbull FIRMZH—RE
LRBEE; () TME L 7 ERFEHEEEN 0.18 mm”; () 1K 0.20 mm FHMIES AW EIN _RBLE RS 1) BMFEBHE

MR EREE

fppu

1 B



IR
B foat 5

METAL WORLD

HE SR

FEA RS . BRI, 5 R IR AR S 3 TR
(0 AL W K R il A 0 B AR T3 R
FMRR R HEAE

& 3(a) It/ A 2008 AF- 84K H AR 5136 45 28 1)
— A P RE ™ SRR 0 /28 8 . 2008 AEAD R
FEANE A A A A E B O B st Y
JE, BEANA AR CGO PR FLIL A E B A 4K, i
FA = IREA CGO M, A — R ELIE SRR m)
B, B T AN ZER M E RS L2ES, HH
U EAE R B SR A, X — R AN
M — AR, BEJS LR, IR B AU R W e &
R BT RSN, B 3(b) A 2022 4F AR
FHRRBA 08 AR AE ol S 4 K1) 1 BB ) e 9 A
WSSl EONTEY A8 Sy N T N TS RE S =N 3 = I (S5
MWLt A EH . K 3(c) Wi KB B 7 E
TN 3 S A oY A 8 S A O EA Y
ReERZy 1 mm, JHBEJERE KK &SR, B 3@~
3(b) P IEIX LY Sk s AR AR A R i T i 4R T o B
A B W TG B A Al R R R L —, X
EERESAFHL, BN . P ES R AR A
BRI AR, LA Sl & R A — R BN
. BHEBRE, HREIERNERRRS 24,
T2 A SR T AR B Tl =, DB IR ik B
45 PSS PR

E 3 (a) E$W 2008 &£ 4 =K CGO B[ N; (b,e) ENIE T &
2022 EAEFE R KX EEENE LB ISR AR SHIE F K KR
AR MEEE FHEREBAER

EH LG BT T HE AR A RS S
AR 2= R R pR R 2= Bl L g 4 T A b g
PE TR M T 4R S5, R A 44
SO A RO WA, HEBERAISL, LI
FE SRR I CEAL) ), TR 2 A 2
FE SR B ) i, PRI —3E M T T K I S

B 2 20245%6H1H

5, (HE2EREY RS, EEHEBEENBOFAR it
XA TR, BEE T HEHATSS (EBSD) HRE)
e K, B B TR A I, I 25 S R ] A
% CULIE 4(a)) , [RIEFHA R T AR O 45 & o
£ (18l 4(b)) , EBSD AR AT H S5 KRRy
AR 2 75 2 v ST B ) Ry . i EBSD Hpa) s A5 A5
20 J] LA /I AR e, A PR 7R 45 R L]
YIS 45 R AR Bl (9 7 i o SEBR A P2 R
SETETHE M AR R A T B KBS A, SR Bl
I EE Dk yipit oy SR LI NV S TR 2!
1B S 2 B — RS [R) RS o IRE R,
B 1 J-M-A J7 B2 A R A8 20 n FIEREE BMH -
EBSD # R 5RMETEIA T, fENRRNE, 5%
B TR R b 5 I [ s SR FH S SO 5 SE e S
B, REPRPEEE TS, ILE 4(c).

BN RI & R 2 X BUM R IR B FHY
{RiFEIER

H A B RR O SE AN E B Tl AT, AR R
T, R ANHARZZE R S M, 2
SR A B AL AT T IERARI NS L W S
X LR AR SR AL AN R TR N A A R AR b 8%
SR T — XA R E R, @z, T4
& BRI SCAEAT o 2B 1 AN SR AT AN AT 5T e 1k 4
WF5E B 2 BT K B 0T S i, DLIRD 5.
W fb A0 S B B R IR B — B B, 0 RAZFIR
ROz, FenleRrarsh . & WmxR. ED
P TR RS2 A, WLIA] S(a). #HN 2 B
TR IR B A T, R R R TR
ZHET, eGP B, Al e R —
A THAE, HEAI R AL G T d . 7
Wiw), EEE 3 BN SCHE A R, S IRBEPE b
5, 18 RBPP LI T, WL 5(b). EHW/NiiZ
WHRSARTFEER/DAA . B, ZWPRE); A
AN B Je A R B A= 8 R )R A 7R B T A e
W — [ S A el e, A .
PR A EBRIRZZET, “F—17%—1T, Z—1THh
—ATHR R — ERE I E B . ER RS 2K
ARG, RS REEN, DUk
AT AP S A AR A, BR TIELE 4 K



Hiohlichts Forus <€ €

500 pm
An abnormally grown grain with Goss orientation (red color) \ N €
Fig.4 Orientation map of abnormally grown Goss grain in Fe—3%Si Fe.3 Macros tructure showing secaniary re crysta llizati on process

Observation of abnormally grown grains and determination of their

(©

orientations

I. The purposes of experiment
1.0bservation of abnormally grown grains duing secondary recrystallization of gmin-oriented silicor
steals;

2. Obtaining grain orientations by etch-pit shapes and electron back scatter diffraction technique;

Fig.1 Rolling geometry of grain-oriented silicon steel sheet 1L Experimental Materiaks

(ND: normal direction; RD: rolling direction; TD: transversal direction) L Grain-oriented slicon steel Fe-3Si:
2. Optical microscope; Scanning electran microscope equipped withEBSD system.

1. Experimental proced ures
BCC metals show their characteristic etch-pit shapes in HF solution as 1. Geta set of semples extracted at different ¢s during secondary secrystzllization and obsere
: : the macrostructires by bare eves, analyzing the macrostrnre feanres
shown in F1g.2. 2. Shearing a small porion cof each mmple maintaining the samgle along the rolling direction of shests
then etching the samples in HF for some mes until etchits ocour Observe the etch-pits o different
Zrains under cptical microscope and compare them with standard maps so as to determine their

<00 1 > orientah ons.

3. Teacher shows an EBSD results to present ariertation maps and compare them with etch-pits. Discuss
<1 12> fhe two methods for orientation determination
RD V. The Questions
1. The reason of form ation of etchpit when eroding the samples?

{1 10}<001> {100}<00]> {1 1 ]}<1 12> ? Ex:i}n:ssm;::ememz;n;i;mbyobaemngetdyp;[dmpes?“‘km;splmmxnus?

88 8 VL The principle of experiment
8 Fe3%Si grain oriented silicen sted is produced by making use of secondary recrystallization where
Goss otiented grains can grow sbnomally due to Zener pinnirg. Finally very sharp Goss texture {110}
<001is developed Because <001> crystallogmphic drection is the casest magetzation direction, the
=] =] ‘grein-ori ented sificon steel dem onstrates perfect magnetic properties.

a8 In a pure metal or wiform solid sohmon reflection of etched sface is fraquently used

‘ =] Getermine srain orientation, Dut the etchpit shapes can also reflect the orientation of grains, The effect

o etchant at some point (the presence of a large mmber of dislocafions) is parficularly significant

since etching effect is defect sensitive. the erosion rate in dislocation-containing sites is mich faster

ol than otfer planes, then pits can form at {11} plane. And by referring the shape of etchpits ori entation

[, can be detamined
In this experimentsl, we cbserve the etchpits at rolls igure 1) to determine the
Fig.2 Morphologies of etch-pits for orientation determination in silicon steel sheet aieniztion m«gim_ 3 ine pane (Fiexe D
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