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New Process of using recrystalllzatlon heat treatnas

phase control to

develop ultra-fine grain Inconel 718 superalloy
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Abstract

formation is quite essential. In this process,
specimens were first solution treated at high
temperature to ensure thorough dissolution of the
precipitatedd phase. Cold forming was followed to
enhance the Nb oversaturated matrix with high
strain energy. Via the consequent recrystallization
process, a fine, uniformly dispersédprecipitate
from the Nb oversaturated matrix was formed
promptly, by which the rapid grain growth of the
recrystallized grains that usually occurs at high
temperature was prohibited. Consequently, a
microstructure consisting of fine recrystallized
grains with grains of dm was obtained, superior to
the finest grains of 5.6n.

Keywords: superalloy,d phase, recrystallization,
cold forming, ultra-fine grains
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Thermomechanical process is commonly usedﬁ ¥ o RLE e B bﬂj% s &, E[/_kaﬁrrﬁ:j

for manufacturing of the fine grain structure of
Inconel 718, but it is energy consumptive and hard
for precise control. In this study, cold forming
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an alternative method for achieving an ultra-fine (i * &3 Fi Y VENE & ARG - )

grain structure, wherein proper control ®fphase
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Table 1 The composition of superalloy 718 (wt%)

Iltem C Ni Cr P S
Min 50.00( 17.00

Max. | 0.08| 55.00| 21.00( 0.015| 0.015
Value | 0.05| 52.29| 18.34| 0.006| 0.001
Iltem Al Mo Ti B Nb
Min 0.20| 2.80 | 0.65 4.75
Max. | 0.80| 3.30 | 1.15 | 0.006| 5.50
Value | 0.54| 3.12 | 0.97 | 0.004| 5.15
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Fig.1 Micrographs at various solution annealing
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Fig.2 Effect of strain on the shrinkage dimensibn a
9500C x 15min heat treated



FHI PP IRE s A A 7 Pl
a. & ff —910C x5hr Eﬁ ¥ —66% s A
—>950°CE3ji”f | E#
b. iﬁ—»ﬁﬁ"/ﬁ%{EHQSODCEﬁiff» & FFF[
c. = # —1030C x1hrf! in [+ —>66%HH
—>950°CE3ji”f & E#
d. 3 #1 —1060C x1hr[i! iﬁ
—>950°CEﬁ}"”¢f? | FF,!
Ellq«gﬂlg 6fi' ') ]EIFJ_“ET{[ s R R AT
H'.ffn‘l_J/ﬂ UG =T S Q%ﬁéa[ﬂf bA2910C
X ShHj ¥ 8] » ﬁﬁﬁ*ﬁwiﬁﬁ%ﬁﬁ
LI AEEE U T i B S {‘dﬁf#[;ﬁ‘
EE”*’@%b“tiﬁ%ﬂ?ﬂwm%S
AE ERURPE (S5 Ha. » I SSIEAEE f)
FiHdc %pggigd b ’Fdﬂlﬁﬁ‘x_ = e
Frrf = AN o T [p[ WEVERR AR >
ifl 7| Delta-process 4%~ F[J:r i S AFT A & T’T
el BhE S RGOSRV O A = (RS A
(AU Y05 » 2 [OfE1 1N
S T BLE AT IR PUSAEIR | AL o SR B
1030C #11060C [V [~ F v 57 - ﬂf@[’ﬂ”i%
R UL OB 0 - Y N

= —66% A

—_

S BV ERA F{ (I A i mi'ﬂixmﬁrll &

s 1F F{[f‘d‘J%EGfmJS?FE' LRSI A
‘ﬁ: ‘[Sj;;i}:'é s ﬁ 1_— ,.l\E[ IJEI 191

e i

= =

3.4 B @IfLE S BRI B LR

mE'FE#w Llaiing -7

P 55 PR P (5 42988 i ) 2 F
1030C F11060C 5!V e A 5 7 [l [ B i E!
P>~ 3T 950CE 5 F [Rf gl it i » B ke
BRI n\E‘ﬁ#u} it VP A 7
T HESRER AT B Ff#l;{n‘f‘ﬁﬁtﬁl\[;[-,é’q‘v TR E 50%
A F g sum Y A Nl F{[ % 66%
I @31?;@;103()@ ﬂllOGO’C fifil} F“Eu_i B
*ﬁ#lﬁ;'/ TR ek B AT A %E'ﬂ,;} ) P

i [R5 6. & I 41 » 52 1030C A1
1060C [l [~ MLl V@4 A AR o R
PrenpoatEth e 5L - iRl No g Bt gy
AT+ i @ S B6OG] | il R
FIU RO B RMTE BSOS+ 3
FURF 158 fpbE 975 5 o B B Z o
FIfY o

Fig.3 (a) Raw materiab Aging: 910C x 5hr
— Compress: 66% 950C x 15min.

Fig.4 (a) Raw materiab Compress: 66%
— 950C x 15min.

Fig.4 (b) Enlargement of4-{g)



Fig.5 (a) Raw materiab Solution: 103@ x 1hr  Fig.5 (b) Enlargement of Fig.5 (a)
— Compress: 66% 950C x 15min.

3

Fig.6 (a) Raw materiab Solution: 106 x 1hr  Fig.6 (b) Enlargement of Fig.6 (a)
— Compress: 66% 950C x 15min.
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Fig.8 Solution:106@ — Compress: 66%
— 950C x 15min

Fig.10 Solution:106@ — Compress: 66%
— 950C x 15min— 980C x 30min

ROl N B ER A =2 A Flf*ﬂp;;:“ﬁgﬁl, b=y
960C I”'jr“;\éjzlj‘ﬂflﬁvk{kﬁu y T ""Flfj%gf'—k['“ EI S5
%’¢¥%J#ﬁ:ﬂwwm%¢@o

o ES
1400

T 1400
Initial Tensile
1099MPa

W

1200 - ERELL

1000 - - 1000

=00 |

so0 |

Force, kgf

400 -

200 |

Strain Rate: 0.1s* h‘
° T T T - T o
o 1 z 2 4 o

Stroke .mm

Fig.12 650C tensile strength of fine grain structure

was increased about 77MPa (N/fym
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Fig.9 Solution:1066> Compress: 66%
—950C x 15min— 960C x 30min

Fig.11 Solution:1G66> Compress: 66%
— 950C x 15min— 1000C x 30min
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Fig.13 (a) Grain structure of multi-compress
process at center Iocatlon

Fig.14 (a) Grain structure of multi-compress
process at surfce Iocation
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Fig.15 Single compress 950C recrystallization
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