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ABSTRACT In this paper, surface relief effects associated with grain boundary allotriomorph
(GBA) in an Fe—0.37C (mass fraction,%) steel were investigated by scanning tunneling mi-
croscopy (STM) for the first time. It was discovered that GBA does produce surface reliefs.
The surface reliefs originate only from the GBA, not from both the GBA and its slip accom-
modation which took place in the matrix. The GBA which exhibits the surface relief is only
developed into one austenite grain, and the GBA in adjacent austenite does not produce surface
relief effects. This means that the GBA /austenite interface is coherent or partially coherent, but
the interface between the GBA and the adjacent austenite may be incoherent. The height of
surface reliefs is 157—352 nm, and the maximum shape deformation is 0.37. On the broad face
of the GBA exist super ledges, whose height is 300 nm. The configuration of edge—to— edge
sympathetic nucleation is commonly observed in GBAs. All the experimental results indicate
that GBA is formed by a sympathetic nucleation—ledgewise growth mechanism.
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Dube H#48 - 5eHT H 8k RARBE A4 a2 -3 B RO5 BRI (GBA) . MICHAN
Ao BWRISRE. BRBKRALSH &, BAMNRK SRR AU RECRER. REKAHSH
ANERRE RS B, RS AR RARTAEBSZERNESRLE XFERRE
% GBA U BB LAY, Christian B {0 M0 5 4 897 LR B o 57 10 A0 79 2 e (R4 3E
E LR, THEE N O, —suy SRR T, SREX X AR AR, E¥ GBA
HHRALSEEK (WF) HA2E, Hik GBA 5HREERNMFERESM GBA ¥l WF 5
WRAKRAL I RARR B B K-S %8 1O Bum ko, 5 R4/ wTel 5840 B R 1y
Foag WL R, fEBE GBA MR, AR ROR AR

B FERHRE BHE (STM) BT A THEBMENS AT, BHS¥EY 0.1 nm, H
[E143$% % 0.01 nm 141 HK STM A FRE BN WELG BEMR & 1621, Fer2iR [
STM MEM T GBA YRR, HEFH—5 R,

1 £ B F B

TRHAGEN Fe—037TCIREDTE, %), HFEES 1200 CYHURA 48 b 7, IR 10
mmx10 mmx4 mm FJH#F. PUBRIME/E RSB AR ZE R 107 Pa (I AEHHEF, 1200
C BB 20 min, RIEFEAZEKF, FTREFHE (RPEGRTAZEL), BER GBA #1
WF R HREFD, TRABREFETAEOGE, BOBEAR=ERE RN,

STM WREEZ fi, SCHE¥ BHBEWE GBA fl WF fIREIF . HEMERTTT B 00K
trid, ETREXREFEOERMER —RFHEMASR. STM £AKHE TERUNE, XA
ERRAR, BEERN 1.5 nA, REN 30 mV. $HRRBLAE 5 mol/L # NaOH KEB+L
FELAK. 27 FBE AR T A

2 HRHihe

2.1 GBA F®HEFN

211 AFBHEET GBA @A @FY K la BRI EFEBHET GBA f1 WF 3%
EF.  GBA MEMMHEL A Brig, WF #3MNmgk B frfs, WF EHT-GBA, X5
Aaronson & AWML RAA 3. @UE R —Mm GBA BRAFMA 1b. GBA &AL
¥, mMPREKESRARERK; TIXTRAE la hredtREmENE GBA R —REAER L
K, mA—HPREENEKSN GBA FR=ERTMFEN. ERERMPONESREGRITIEH
SHEMRERFIE S B Fil, EREEENM GBA 5RKKRK R EILHRE
L), M5 EMEH GBA 55— RIKKKH A MATTRERIFILHEAY.  Watson fl McDougall
A GBA HREAMRE RIS, HNMEIHEYY BRERNES GBA EEETEMN 1.
B 1b ik friEag GBA 7EM 1a R ARMER T3 RMEWE RN E. BR GBA SEHHE
F—EMimER P, HEREAFE T NEMHARARMR. SEFHX TR ERN, &
HAEREHY, HEITEMPONTAE, YIRFOST N HEREFE, FHERIR#,
M 2T R .



8 W MPES: 050 EOK (e RS aT B RN B R e 809

B 1a 1 GBA FIEMFRE MR E Y 2.0-2.5 pm, S8 1b R S 69 2 SUE HERLT.
XIRH GBA RREFC AR GBA BS3IBM, TRE GBA MEEERTHAEEREN
FIFIEH, X5 Chritian i BAFRRE M.

B 1 FeO03TCURMAN. %) &% GBA WXMEH

Fig.1 Optical micrograph of GBA relief in Fe—0.37C (mass fraction,%)
(a) surface relief due to GBA formation
(b) microstructure of GBA at the same area as Fig.1a after etching
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Fig.2 STM image of surface relief associated with GBA
WF — widmanstatten ferrite, GBA — grain boundary allotriomorph
(a) STM image (b) height profile along the line GG’ in Fig.2a

2.1.2 STM T GBA ¢ A &% &  STM F GBA ft WF g ¥m R NmE 2 R, B
WF &0 GBA j#sfa] R, GBA #) 0.8 um, WF %% 0.2-1.0 um. B 2b Kt 2a ¥
LMREECEMR IS, T WF H GBA M EEMERTEER. BTE GBAs ZETFE
HAE, MWLHR, ENAKERAY 032, SLIRTsHEHE (1/3) i P

i 3 J& GBA B9 B — STM @, GBA MFH A, B, C f1 D PR, RHEYN 200 nm,
ENNEELFE% 033 EFe) GBA EETRN, HARF AN —NKREKKEKX, 7S
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—MmEKKSE AL GBA MRMFMN, 5% B M WRGRMEF. M b 53T Hi A
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B 3 GBA REFOSH STM ER
Fig.3 STM image of surface relief due to GBA formation, GB — grain boundary
{a) STM image (b) height profile along the line HH'

2.2 EAERE

e B e Al-4.5Cu (I, %) & &/ GBA BF5P, EBSER “hkER"
FEFN P M Ti-Cr 44+ GBA SHEMNA ARSI EREMAGHAIHM EERT
R BRT “oFN” RERN . EH 1, M 2a, A 3a ERIELHF GBA LB A REF
o

GBA A Kzl h AR KE SER ALY H T E (AG,) MRERN /ML Aaron-
son f§ih B, % AG, ¥R}, REERNMESEERER, LR GBA MH—HERK. SH S
i (Dislocation facets) ff] GBA 5B dn) H oo R IR, T T 6T IE 8 R ey,
B R R o] fE R A SR N . L/S, Hall A P9 75 fec/bec RE5|IARBFEEHEG
Br, @3t M 8% TH] 25%; i Russell 25 A 27 Br—- MRS & BT 2 M0 RFE M, T8
TR OB A TTA Wk dei%. Frkl, Aaronson i MBS E MV EEHNBLENEG
Bringfacir . Wi, GBA/ MECHR MR LI, Yo b T o 80k H 54 69 SUREX YA
RFU BV, NTIER GBA Py #38,

2.3 MEXE - SrERENLY

ERENERGRNALES T RAGNES, FAREEETFET =My .
B - @M% (FTF) . i — @¥E (ETF) flih - ) (ETE) #%. B STM W% GBA &M
MRS ES, ETE MEEE4E GBA P EEFLE.

Bl 24 WF F&M GBA MREm LM A+, B ETE FAMAE#E. B3 GBAs
ZEW RN L, fIILTT, R ETE MAEHOSE. 5 GBA & ETE MAEEBEME
ZmE 4 iR, GBA EEF=1TRAREARZRANLML, AL RFELEF@E.

B STM £ GBA REWFNERE EFERAGN, MA 5a FHLFR. SMAEEY
300 nm, HEFEGH, 5 Bradley FAMGRMEFT ¥ A, GRS Y, HSGH
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e, K ERREATEN. EHESE
t, AEHAGNETR GBA RW vtk
BrRMEE LS, WAER LS PRERE B
& XEMIRA T GBA RUGHERNM
okt eI E BE—4 R GBA 5%
P mE It M, iR RmENEMUG
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&Pk, GBA RUMEEHE - GIrE
KVLMERM.
24 RERONHERNE

B 2, 3, 5 &% GBA [y s 5 5 157,
191, 352 om, TOE A 2b MEMET@M, WF
BIEME 4 146 am, BETFENEEMNE

8' .
-
£00 nm

GBA A O# A 157 nm. B 4 - AMREAN GBA REFG
M5d, HTFEMETEHFAENSY, it  Figd GBA surface relief nucleated edge—to
HR 55 R R AR «Fil” (9% —edge sympathetically
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B 5 GBAREEMEX&EHN
Fig:5 Superledge on a broad face of GBA
(a) STM image (b) profile along the line S5' in (Fig.5a)

&, EMAMAERYNE GBA FAMERTER. M2 3 P GBA BONKTEREE RS H A
0.37, 0.14, MAFRERRE N 0.37, 5 WF Sy{f#E 7.

3 &  ®

(1) 7 Fe—0.37C #'H, {#H GBA BB~ T XEFN. X XY GBA SHHEENR
[iip =3 i Ak i ol

(2) GBA R SRME X MHAR MM, B GBA #NLHERHEASSE
9, AR GBA MIELEZE D BETEILESIEN.
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(3) GBA R F M FUE M T & F — MK BRI ARSER, 75 M ShH M LIRS N RS

WERSHLMMEA GBA RHFMN. XA, GBA 5&HF MR KARREEEER
AR, W57 — NIRRT RE R 3EAE.

(4) GBA R & E N 157 — 352 nm, RALARZEF & 0.37, 5 WF B R RAHIE.
(5) GBA Rl EAFEFERGH, GB&EL0 300 nm. GHAFF7ERLEA GBA SHHRA

RIS R, GBA BRI GEHLRIE RS, & - AMEEEE GBA HEE TN
FEEFE. GBA HERNFEREER - GHEKR.
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