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The effects of the surface structure factors (grain orientation,
grain boundary) during the wiistite reduction process were
investigated. A relatively dense and homogeneous polycrystalline
wiistite was used in this work. The surface grains orientations were
measured by the electron backscatter diffraction pattern (EBSP)
technique. The surface morphology was examined before and after the
reaction by the scanning electron microscope (SEM) to clarify and
confirm the formed structures. This study handled the following parts:
1- The correlation between the grain orientations and the wiistite
surface rearrangement before the iron formation was studied. The
wiistite surface grains, which have different orientations, get different
shapes of surface rearrangement. During the surface rearrangement
the non-singular plane had a relatively rough surface or contained
many kinks and steps. Through the oxygen removal reaction, these
surfaces were effectively eliminated and the stable singular plane
[(111), (100) or (110)] was finally survived. That means the surface
rearrangement shape could be reflected the atomic structure of the
established singular plane. Thus, the different rearrangement shapes
depended on the origin atomic structures for the different surface
grains orientations.

2- The effect of the grain orientations on the iron nuclei formation was
investigated. The formed iron nuclei numbers were different for the
various surface grains orientations. The orientations with their
characterized atomic structures have strong effect on the iron
nucleation process. The number of macroscopically observable
nucleation was found to increase with increasing of step density until
at particular value, after that it started to decrease with further increase
of step density. At the case that the step density is extremely high, the
iron nucleation may not take place in the earlier stage due to the
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effective transfer of Fe** by bulk diffusion. The observed nucleation
behavior on wiistite reduction was well explained based on the BCF
model of crystal growth.

3- The effect of the grain orientations on the iron nuclei growth was
investigated. The grain orientation has a strong effect during the iron
nuclei growth. The nucleation density in the different surface grains
orientations controlled the nuclei growth rate. The nuclei size
increased gradually with the nucleation density then its growth rate
decreases with increasing the nuclei size to the extent whereas the
supplying rate of the Fe?* jons decreased due to the overlapping of the
surrounded areas.

4- The effect of grain boundary on the wiistite surface rearrangement
and the iron phase formation was studied. Before the iron formation,
the wiistite surface rearrangement took place that preferred to be away
from the grain boundary. In reverse to that, the iron nuclei formation
and its growth were highly concentrated around the grain boundary.
The balance between the Fe' ions production rate on the wiistite
surface and its diffusion rate into the bulk either through bulk or
surface and grain boundary diffusion was found to be the critical
factor. This balance had different trends at beside the grain boundary
than in the interior surface of the grain. The grain boundary effect has
no relation to the grains orientations either during the surface
rearrangement or with the iron nuclei formation, although the
nucleation rate itself was strongly depended on the grain orientation.
5- Reduction of nearly saturated (high Fe/O ratio) wiistite was studied
under the surface structure effect. The effect of grain orientation and
grain boundary during the reduction of this low vacancy wiistite had
nearly similar results to the above mentioned for the high vacancy
samples. Relatively the reduction rate of these low vacancy wistite
was very slow. That is due to the Fe** jons surface concentration and
its weak ability to migrate on the wiistite based on vacancy diffusion.
The competition of the bulk diffusion with the surface and grain
boundary diffusion that controlling the migration of the produced Fe**
ions was the main effective factor during the reduction of this low
vacancy wiistite.
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T AZ A NOBITRIS O LR IX T OREEEICHEINLD, BEIRBES
ERRNZD, TRETITE A EFERIN TR -7, ABFFE T, HEEs, &
\ZEFEGR T AY A N OBFERERLO TSR O AR 2 % ETH#ELE (EBSP)
(2 X TEHIT B HIEICOWTIISE LT, $£7-, REiEE0HES LY HEI KR T
A9, R L W IRBICEBEN W27 A2 A4 FNE R VERI B Hik % B
BT, bk FE-SEM ZHAWTHLMI LIZETRIRIZBIT AT A Z A MRIE
DOFREOELIZEA L, UV AZ A MREEEDETCICRITT RS eI iHE 3
BITEE ZORBRIZDWTRRIZH DO TH D, BRUILIETHER SN TN D,

FEIFRTHY, INETOTRE A MEIORINMIBETAHE, KFFROER
FEOBRUNZOWTIBRRTUNVA,

FE_ETIIARETHOZIERER (B EBSP) BLUOYRZ A MAEHIRGER
BEHELZH ST LRI OV TR,

BZETIIV ARSI A FOBTTRIGOEI T > TE L DX OB A8+ 5 T
EBRAZITV, BUELIE CE & ISR EHROHABHRE L OEHRBICBOTHL
T T N ERRE RIS OV T~ 7z,

HINE X Fe KA THD T AF A FOBETIZEWT, BT DL
BIC T RZ A FREBEOBHERNPE LD Z L2 RWE LEERIZ WL TR,
EBSP D@85 5, A U5 FERE IV OSSR ALRE L, 82 TH5(100)
BXOQ1) @roBREsn Vs Z EXHALNI L, ZOFEETIRE - RLF—
ER/NZT D L) ICREOFERIETTHZ L E2RL TV D,

BHETIIT RAZ A OB S BEEO AR EEEIR X OF U RIE T FESERL (L
DREL M L 72ROV Tl A~ e, SREA R IETTRIORERRT AL K E KFF
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L. UAZA ME4DHE T b R E 2EE CERERRAT A Z L 2L L, L
T, SRARICRIETRESRIS L DE T BCF £FNALAT v TEEXZEETH
LK EEANEHBATE A Z L AR LT,

EARETILBETOETICE ) SEOREBIE L . TNODREELEBETRT 518
BRIV TR AT RIZHOW TR, SEORABEN K &\ O EERRL T E
BOREEEL KXW AL L, 7. EIERRE THT-LRBEOREEDR
HILAD., EAMICIDETERIIVIICRAE L8 ORE TEITT 22 WL
ZL7,

BLETIIY A A FOBTRSIIRITTHERRIR OB DV TR LITRERIC
DT, ORBTTIZE D SRR E O FHERU ISR DBEN - 35T CERE IR
bhAI . QMIC, BEOAERITESBRIRICIN T2 BT CHEEICRLL 2L, O
NSOBEBITESERIOFIC L O TR TORBREIUIBWTRLND Z &, R EEHT-
WCRWE L, T D DFENIY X7 A MBI ARE R OFSERLAYEER & AFEIR
DR E IYEROEE DZEIZER T 5 Z L LM LT,

BNETIIYRZA FOBTRGICKIET T AL A FOREELOEEIT OV TR
LT RERIC OV TRz, Fefwiistite NN HW R EFFOV A Z A FOIETT
WBWTIE, BIROETHE LB RAZ R RWWE L, F-, Sigrioxd
AFESRIIT AL DBBIITEERIC X > TEL L7222 & | SRR ORI N D
&, BREDEEERERALMILI

BAE CIIATEORIEZ T o7,
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