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Effects of Pre-hipping and Other Extrusion Conditions
in Gatorizing Process

Shizuo NAKAZAWA, Isao TOMIZUKA, Yutaka Korzuwmi,

Hiroshi HARADA and Michkio YAMAZAKI

Synopsis:

Effects of some processing factors in Gatorizing process were investigated for a high-W and high-Ta
Ni-base superalloy. Optimum extrusion temperature to obtain extrudents suitable for superplastic forging
laid near but below 1200°C, although superplastic deformation was materialized in a temperature range of
1100 through 1200°C. Hipping preceding extrusion caused lower superplasticity and narrower
temperature range in which superplastically forgiable extrudents were available, while it improved
ultimate tensile strength at 760°C and elongation at rupture thereby. Decrease in extrusion ratio caused
decrease in pressure required for extrusion, but it casued decrease in superplasticity as well as deteriration

of tensile strength at 760°C.
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Table 1. Gas contents in the master ingot, powder
and hipped material (ppm).

Master ingot Powder Hipped material
N 9 6 —_
O 8 97 ’ 49
Ar — — . 1>

Table 2. Size distribution of powder(Tyler mesh).

Mesh +60 80 4100 +150 4200 +250 4325 Total
wt% 0 415 9.27 25.58 47.05 58.11 78.06 100.0
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Fig. 1. Casing for powder extrusion.
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Fig.2. Required pressure for extrusion.
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a : Longitudinal crosssection. Direction of extrusion horizontal
Arrow : Hardly-crushed previous particles

b : Transverse crosssection

Photo. 1. Metallurgical structures of a specimen

extruded at 1100°C from a hipped material.

Photo.3. Cracks in the skin part of the specimen
extruded at 1250°C. At a ratio of 9.3 from hipped
material, logitudinal crosssection, direction of extru-
sion horizontal.
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b : From powder

a : From hipped material

Photo.2. Microstructure seen in specimens extruded
at 1200°C, at a ratio of 9.3 from hipped material,
longitudinal crosssection, direction of extrusion
horizontal.
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Fig. 3. Average grain sizes of the extruded
specimens as determined from SEM pictures.
Specimens kept at 1050°C for 1.5h before
observation.
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Superplastic deformation at 1050°C

05 Fig. 4.An example of observed stress-
c elongation curve (ordinary line) toge-
B . X - ther with its corrected version (dotted
Y 1 2 3 4 5 6 7 8 9 line). See text for the denotions A,
Elongation (X100%) B and C.
] 1000 |- a ~
« » // \\
______ ¢ N
& N
3 before deformation g \\ \\‘
[21 to be after deformation S o0t OH\ \\ |
= \
% i H 3]
as is after deformation o O HIP+Extrusion (R=5)
a: assumed diameter o A HIP+Extrusion (R=9.3)
b  on-going diameter w A No—H|P+Extru\sion (R\=9.3)
Fig. 5. Schematic crosssections of a deforming ‘\A \
specimen. For details see text. o . . L TNA-.
1100 1150 1200 1250
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Maximum flow stress (kgf/mm?)
o

AHIP+Extrusion (R=9;3") \
/2N
A No-HIP+Extrusion ,(R=9'%)

7 4
L
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1100 1150 1200 1250
Extrusion temperature (°C)

Testing temperature: 1050°C Deformation rate: 1.05X10-3/s

Fig. 6. Maximum flow stresses observed during

superplastic testing.
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Fig. 7. Observed elongations on the superplas-

Extrusion temperature (°C)

tic testing. For testing conditions, see Fig. 6.

1000

Elongation (%)
[44]
o
o

Fig. 8. “Conservatively”-estimated elongations
as determined from corrected

T 2 1 4 T

O HIP+Extrusion (R=5)
A HIP+Extrusion (R=9.3)
A No-HiP+Extrusion (R=9.3)

- . i ‘
1100 1150 1200 1250

Extrusion temperature (°C)

stress—strain

curves. See text for its derivation.
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DHHWARERLICA Fig. 4 TV 2EBK) oo»r
FHCDZ ERREARLH, co&ix Fig. 8 0k 5T
Hote. TORMLBRESBE HIP % H 9.3 ¢ 1200°C
CTHUH LS &% 8 &3 HuE, 2R 1100-1200°C
OFHREOCHE TI1x, HIP Mipke i3 500% &
HEZSh, BREMLHEL-FH2 HIP H2ELHEL
Bl b k&L IB X5 THot.

DX S IsBE TR EE Y Fig. 3 OV RKE
LHETHZ LI, ROX S HFTRRB A LNXT
&5%. :

1) TOREOBEREUINTELEM LB L-DD
REMERER, IN 100 25X &GS, Zhit o o
A&0 1 o B2EEto BER &L HEL 8o
HIP # CHI%E LR T, 1250°C & 1300°C R
THok) RETHLHL TS, BEMSRELRWC

I : Example of large but nonuniform elongation
Specimen : Extruded at 1100°C at a rate of
5.0 from hippent

I : Example of large and uniform elongation
Specimen : Extruded at 1200°C at a ratio of
9.3 from powder

II : Example of medium elongation
Specimen : Extruded at 1200°C at a ratio of
9.3 from hippent

IV : Original test-piece

Photo. 4. Testpeieces after superplastic
testing. (Scale: 1 div.=1mm).
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Fig.9. Tensile strengths and elongations at
760°C.
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