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ABSTRACT

In rencent years, some mechanically alloyed (MA), oxide
dispersion strengthened (ODS) ferritc alloy have exhibited dramatically
improved high temperature creep properties at high temperatures. This
temperature is significantly higher than the traditionally accepted
operating range of ferritic alloys. Therefore, there appears to be
considerable potential for developing ferritic and possibly other alloys
with significantly improved high temperature properties for a number of
different applications.

In the investigation, a Fel3CrWTiY alloy was prepared using
powder metallurgy method. The effects of the oxide temperature and
oxide time on the content and state of oxide atoms were researched. The
possible forms of oxide atoms to exist in the alloy were analysed. The
distribution of O and other elements was analysed using SEM, optical
microscopy and EDS. The alloy powders were extrusioned under the
different extrusion ratio of 3:1, 6:1 and 9:1. The microstructures of the
material were observed by optical microscopy and SEM. The granule
interfaces, grain boundarys and voids in the as-processed alloy were
observed by TEM. The recrystallization behaviour in the process of
extrusion was discussed via the TEM observation of newly-birth
trifurcate grain boundary and the metallurgical structure. The
consolidated alloy bulks were heat treated. They experienced vacuum
annealing for 2 hours under the annealing temperature from 700—
1250°C respectively, then cooled in air. The change of microhardness
under these different temperatures was researched. The change of the
metallurgical microstures and the phases were researched by the analysis
of XRD and optical microscopy. It is believed that under the annealing
temperature of 700—1100°C, like the ODS alloy ,the alloy showed an
ability to resist recrystalization.But when annealed under a temperature
higher than 1100°C, the alloy would come across a exceptional
hardeness effect. The effect intensified as annealing temperature rised. A
ferrite to austenite phase transformation was found when the annealing
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temperature arrived 1250°C. It is discussed that a kind of precipitate
phase which has a high Cr content is the cause of the hardening effect. It
also has a connection with the phase transformation at 1250°C. The
major conclusions are listed as follows:

(1)When the powder was oxided at 500°C,the oxigen content and
oxidition time is showed a linear relationship.The shape of oxide is
evidently influenced by the oxidization time. When the powder is
oxidized longer than 8 hours, the oxygen in the alloy will exist in the
form of Fe,O; scale coating the surface of the particle. Increasing the
oxidation temperature and shortening the oxidization time could inhibit
the formation of Fe,Oj; scale. Oxidization could lead to the segregation of
the Ti and Y atom in the alloy matrix for these two kinds of atoms was
apt to diffuse towards direction of oxygen where tiny oxide and
compound ion formed. .

(2)When the oxidized powder were extrusioned at the extrusion ratio
of 3:1, the neighboring particles could get full contact through plastic
deformation and the particle interface could be observed distinctly. It is
observed that O, Ti and Y atoms segregated on the particle interface. The
extrusion ratio has an important influence on the process of consolidation.
When it reached 6:1 or higher, the particle interface would vanish. At the
location of original particle interface, voids distributed like a chain could
be observed. Most of their size are around 0.5pum. There appeared
obvious recrystallizaion behaviour during the extrusion process

(3)When annealed below 1100°C, the alloy could resist the
recrystallizaion as well as hold a steady mechanical property and
microstructure. When the annealing temperature exceeded 1100°C, the
microhardness of alloy enhanced dramatically; and when the annealing
temperature reached 1250°C, a a—y transformation happened. The
transformation is presented in the microstructure as equalization of the

fibrous metallurgical structure.

Key words Fe-based superalloy, internal oxidation, hot extrusion,

ODS, recrystallization, phase transformation
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Fig.2-2 Surface morphology of as-atomized powder
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Fig2-3 a device using sealed quartz glass
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Fig2-4 Flow chart of preparation of metallographic

specimen
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K 3-1 0 JsUit RAE 500°C R RIS hZe. TR, &N, a6
PR AR A TR R 22V E R R . B R P A A B 0.3wt% /e
A, it 6 NIFLL L

1.0

0.8 1

0.6

0.4

Oxygen content(at%)

0.2 1

0.0 +——

oxide time(h)

B 3-1K3 AR 500°CF, AL A 5 & B G R
Fig.3-1 Effect of oxidation time on oxygen
content of the powder heated at 500°C.

B 3-2 S XSRS HEAT B AR 0 A e A R Y AL IR E 2 /NI BLR I
W R B A AR = AR A, I TR 2 4 /NN, TR IS/ )
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a-Fe a-Fe

a-Fe

Intansity(Courts)

2.Theta(®

B 3-2 500°C K, KA XRD A3 HT CRALIS (] :a—1 /M,
b—2 /N, c—4 /NEF, d—8 /NI, 3—16 /NI
Fig.3-2 X-ray diffraction patterns for the powder oxided at 500°C
(oxide time: a-1h, b-2h, c-4h, d-8h, e-16h)

K 3.3 A 4 /NE, BARRBURLI M . i B R DOS R 21 5L e
RLI I S DL T Rl 1 1) DX SR BN ORI il IXJE T Fey O3 I i 4
=

B 3-3 500°CAUAL 4 /N Ry A IR W T T3
Fig3-3 cross-section patterns of the powder oxidized under
500°C for 4 hours.
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K 3-4 BEAE 500°C R 4L 8 /NI Bk A SR TH P« LU AEAL 4 /NS Y
50 W AREAL IR FEFATE K B 5, Bk a AL BT B B AL 2 IR B 3 5 1
.,

. B668 18w BEE6 T

& 3-4 500°C4AL 8 /NI b A KT TE 30
Fig3-4 cross-section patterns of the powder
oxidized under 500°C for 8 hours.
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SALIR Ta) ) DA R A R 1 2 RS AN TRl Rl 0.5h,  WFSEAN (R
ST, IR R PTR,

R 2-1 A HE G BRI R,
Tab.2-1 Effect of oxidation temperature on the oxygen content.
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JER AR R R B R A . AT UG 1, B AR ROk S5 i, e
A B EALE .

25 ki) Sofa8 "1 BB+ 13 A7 BES Y |

& 3-5 K KW e 3

Fig3-5 cross-section patterns of the powder
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Fig4-1 stereoscan photogragh of as-extrusioned alloy in transverse direction(of a
6:1 and b 3:1 extrusion ratio ratio)
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B 4-2 &5t eAHH (301 HF D
Fig.4-2 Metallurgic structure of as-extrusioned alloy in transverse
direction(of 3:1 extrusion ratio)
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Fig.4-3 Metallurgic structure of as-extrusioned alloy in transverse direction
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Z5kU - X19.888

B 4-4 HrisLt 9: 1 Prigduiisarim F i FLER
Fig.4-4 Void on the cross section of the bulk extrusioned at the extrusion ratio 9:1.
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B 4-5 JHiZ 8 el s 20 i vr 22 FLBZH i) FLER A7)
Fig.4-5 An arrow consists of many voids observed by TEM

38



TR RS A 1 S FE Fe S R RIS AT WS

(2) g

X T ODS &4 AEEIFLER, Hedrich!®'5 Chen!® 2 \GA K, EA1KUE T
AR B FES (MA BB B Ar <. 1 Bennett®Y25 )0 S A1k B 4
A PR R B o A R T B (R 7K 257

AT A 30 )5 e He R b (0 FLBR LA S 3 1 “ s pl ke 45 Z BT s
bb3: 1 FrA3 R BoR S 5 6: 1 B LA bieA b 55 J5U0RE S AR X . (1) FLBR
BT IO RE RS AT B EZ 2 T 2L Tis Y S E . dt— P IR £ 2 i
JEOR ORI BB R AR o IXFEREARTIT R I FLBR— K/ NEE R 0.5 1 m, JE
PRM ECIRFE BRI B A ki AL B 25 A . IX 5 he45 15 211
LA o FEkeghid B, SLBRREI ARk, HH LB P 2% 28T T BB 9 (1) P
fL, FLBRERAE A, DB ST FLBR AN W 2k 55 25 A1 L R Ae 4 2
DR A R FE R VAR A A o W 2 EAE AR ORI E R Bh, R
FZER BRI 2 EF s LA RS, R HOR B2 SE T e 45 390,
P L e 45 S0 AR, IR 2 10T 11 25 A7 [ JORE PN 3508 iy A 9 s A & 4 B4k,
LB & IR/ o XFER B ALBR NS IRAIY S, EHES T LA S
118 B S R o T 30 I P s TR R FLBE, 52 BB AR G R fE T,
WOk e RAEAR TG, BURLZ [N Fe 4y Befil, TR — 2 R N AT At H 2 . 8
g 0 T R VR ORI YOO, AR RSN ER
— BEERP R o A 380 AT R R R

XA BB Sk B AR RALER. SR — AR E B iR, i
TR TN IR AR ORI — 3 = AR LB 28 R b K S 5 4 e
REeb =R 1), R 20501k AR UK A ) FL B

4.3.3 FFIELERRALEBRLE S

(1) SeEGgsf
B 4-7 h—ANEMN =5, E IR B & T 455 I bR &

39



TR RS A 1 S R Fe SRR AS AT BT

B 4-7 EHF RGNS R 1) & S PR I =X
IR 9: D,
Fig.4-7 The trifurcate grain in the alloy bulk
observed by TEM(extrusion ratio 9:1).
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Fig.4-8Grains produced by recrystallization in the
as-extrusioned alloy(extrusion ratio 9:1)
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Fig.4-8 metallurgic microstructure of alloy(a: at cental, b:at margin)
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Fig.5-1 effect of the annealing temperature on microhardness
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Fig.5-2 X-ray diffraction patterns for the alloys anneal under different temperature
for 2 hours( annealing temperature: a-1100°C, b-1200°C, ¢-12507C)
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Fig5-3 Microstructure of the as-extrusion sample
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Fig.5-4 X-ray diffraction patterns for three samples(a Microstructure of the sample
annealed at 1100; b Microstructure of the sample annealed at 1150°C; ¢
Microstructure of the sample annealed at 1200°C; d Microstructure of the sample
annealed at 1250°C)
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