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Effects of electric field treatment on microstructure and
deformation behavior of GH4199 superalloy
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Abstract: The effects of electric field treatment on the microstructure and deformation behavior of GH4199 super-
alloy were studied. The results show that the electric field treatment increases the ductility of GH4199 alloy but no
evident influence on the strength. The fracture elongation of GH4199 alloy reaches a peak value after electric field
treatment at 820 C for 5 h with a electric field intensity of 2 kV/e¢m. The annealing twins occur in GH4199 alloy
with electric field treatment and the number of twins increases with the increasing holding time. It is found that the
direction of microcrack propagation can be changed by the presence of the annealing twins during the tensile deform-
ation, and it causes the increasing plastic deformation work and delays the fracture, these are considered as the rea-
son of the increasing ductility of GH4199 alloy. On the other hand, since the plastic deformation uniformity can be
improved by the electric field treatment, it also increases the fracture elongation of GH4199 alloy.

Key words: GH4199 superalloy; nickelbase superalloy; electric field treatment; annealing twin; deformation

behavior

GH4199 &t MEARENmEmERMEE I WEez —, ZEHTHIE ARSI 7785 = 5
R APTRALtERER— € R R E R B Ml 5 BF DR O R A5 SR AR OQER A, BT IR S A9
e, H AT A IR R A R e i AR Y LIRS R TR, % e A K I 2K

@ WisHHR: 2005 11-29; &iTHHE: 20060817
BIMEE: £ &, #PZ; dih: 024 - 83687725; fEH: 024 ~23906316; F-mail: wanglei@ mail. neu. edu. cn



* 1750 -

SREER SRR i 4

2006 4F 10 H

AR BT TCP ARRIHBL, WY BFER, TR
IR SRSk B EL AR 25 s /T I A
PRI S 4R BT T VAR IR e 1% A 0, ol R
RGeS % R 2R EE N FIEES . Bkt
BN — BB X% e m AR B AL BTV, % 3
Sz ORE, HE, I E AT ST R A
T AT T T R <5 e ] o R
Wiy, A7 5% FL L8 e il B e I 2o R A B P B A T
BEWHFUSRT Y F—JiiH, 2R G
MR BT RN, BE9TR M, g AR B A
Il e R A R P4 ah AL A ZA A5 R DL R
BB RE S mEEA AR REE R
Mt B R 37 R A el A < A AL BT T PR
WA HLARIE, A SCYE K L3z A PR 595 I B 2
A, DA R N B 2K N U
ol vt A < SR OB S

1 SEI§

S GHA199 £ R I UUEL 22 S . J7 18 H
d 250 mm HFEEE, LB IE R 70 mm % 180 mm IR
JEELHAS 1 mm JEARAS . 321 A TSRS L
IR
R1 GH4199 &tk
Table 1 Chemical composition of GH4199 alloy

Element Mass fraction/ % Mole fraction/ %
C 0.038 0.195
Mn 0.02 0.0219
Si 0.08 0.174
S 0.0012 0.002 28
p 0. 004 0.0079
W 9.99 3.301
Mo 5.12 3.24
Al 2.18 4.91
Ti 1.29 1. 635
Cr 19.97 23.35
Ni Bal. Bal.
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Fig. 1 Schematic illustration of tensile testing
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treatment(b) for GH4199 alloy

T2 GH4199 &) Hab B
Table 2 Heat-treatment process
parameters of GH4199 alloy

Setullipn Aging Electric field treatment
treatment treatment
820 C, 0h, WQ
1150 C, 800 C, 820 C, 2h, WQ
20 min, 200 h, .
WO AC 820 C, 5h, WQ

820 C, 10h, WQ
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Table 3 Tensile properties (at 800 C) of
GH4199 alloy with electric field treated
at 820 C for different holding time

Holding time/ h 6,/ MPa ®.2/ M Pa %
10(no

electric field) 678.4 498.5 25.2

2 670.6 487.2 26.5

5 673.1 488.3 31.9

10 673. 8 490.3 30.3
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Fig. 2 Variation of tensile properties of

GH4199 alloy with different holding time of
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Fig. 3 Microstructures of GH4199 alloy after electric field treated at 820 C
for Oh (aand b), 5h (¢ and d) and 10 h (e and f)
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Fig.4 TEM morphologies, selected area electronic diffraction pattern(a, c)
and analysis(b, d) of annealing twin for GH4199 alloy
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Table 4 Grain size variation near fracture ( . . , . 1
surface of tested specimens with different 0 5 10 15 20 25 30 35
holding time of electric field treatment Sl
Holding S Lengtlr 5 HUIAAEE GH4199 44 800 C
time/ h grain/ Bm sarafini g width ratio PSR N g — R AR i 2
0 25.6 39.5 1. 543 Fig. 5 Stress —strain curves of tensile
2 25.0 40. 8 1632 test at 800 C for GH4199 alloy after
5 23.9 42.1 1.762 electric field treatment
10 23.2 43.7 1. 881
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Fig. 6 M acroscopic view of GH4199 alloy

near tensile fracture surface after electric

field treated for 2 h and 5 h, respectively
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Fig. 7 Micro-cracks near fracture
surface of GH4199 alloy after tensile
test with electric field treated for 5h
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Fig. 8 Facture morphologies of GH4199 alloy after tensile test with
electric field treated for O h (a), 2h (b) and 5h (¢)
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Fig. 9 Dislocation structures near tensile fracture surface of GH4199 alloy

after electric field treated for Oh (a), 2h (b), 5h (¢) and 10h (d)
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