[==] St=2A471Z2e3X], M 173 M 45,2008

Transactions of Materials Processing, Vol 17, No.4, 2008

:.O

c:lI

Fe-Ni-Co ZH} 3

g=d _Jt(Mn Mo,

N2HEHZTof| o|X<=
B) &#7}9 %Q

oj7|eF. Bolix'. vy’ HIH’ - dEH°

Effect of Alloying Elements(Mn, Mo, B) on the
High Temperature Deformation Behavior of
Low Thermal Expansion Fe-Ni-Co Alloy

Kee-Ahn Lee, Ae-Cheon Yun, Jung-Chul Park, Jung Namkung, Mun-Chul Kim
(Received January 17, 2008)

Abstract
The effect of alloying elements(Mn, S, Mo, B) on the high temperature deformation behavior of Fe-29%Ni-17%Co
(Kovar) alloy were investigated. And the effect of high temperature oxidation on the hot ductility was also studied. The

hot ductility of Kovar alloy was drastically increased with the addition of Mn and lowering of S content. It has been found

that the brittle intergranular fracture at high temperature cracking is closely associated with the FeS sulfide along the grain

boundary. When Mn was added, the type of sulfide was changed to MnS from FeS and ductile intergranular fracture and

transgranular fracture were promoted. The formation of oxide layer was found to have minimized the hot ductility of the

Kovar alloy significantly. Grain boundary micro-cracks in the internal oxide region were noted following deformation due

to high temperature, one of which acting as a notch that caused the poor hot workability of the oxidized specimen. The

addition of Mo to the Kovar alloy could also retard the decrease in the hot ductility of the oxidized specimen through the

prevention of notching due to internal oxidation. Hot ductility was remarkably improved by the addition of Boron. The

improvement of hot ductility results from the grain boundary migration mainly due to the dynamic recrystallization at

lower temperature range (900 ~ 1000°C).
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Table 1 Chemical composition of Fe-29%Ni-17%Co
alloys used in this study

Fe Ni Co Si Mn S Mo B

A | Bal | 288 [ 172 | - - 00190 | -
B | Bal | 28.7 | 173 | - - 100012 | -
C | Bal. | 294 | 17.3 | 0.10 | 0.27 | 0.0180 -
D | Bal. | 29.1 | 169 | 0.11 | 0.30 | 0.0012 -
E | Bal | 29.1 | 17.1 | 0.20 | 0.29 | 0.0013 | 0.49
F | Bal. | 291 | 169 | 0.12 | 030 | 0.0012 | - | 0.003
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Fig. 1 Optical micrographs of Fe-29%Ni-17%Co
alloys after hot rolling
(a) alloy A, (b) alloy B, (c) alloy C, (d) alloy D,
(e) alloy E, and (f) alloy ¥
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Fig. 2 Effect of Mn & S addition on the hot temperature
reduction of area of Fe-29%Ni-17%Co alloys
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Fig. 3 SEM micrographs showing the fracture surface
after hot tensile deformation of alloy, (a) alloy
A, (b) alloy B, (¢) alloy C, and (d) alloy D
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Fig. 4 (a) SEM micrograph of grain boundary

particles of alloy A , (b) the result of area
analysis by EPMA for sulfur, (c) composition
peak of particle “A” of (b)
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Fig. 5 FE-SEM fractography showing (a) the tensile
fracture surface and sulfide particle of alloy C
at 1000°C, (b) composition spectrum of the
particles on the fracture surface (MnS), and
(c) that of alloy D at 1000TC
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Fig. 6 The effect of oxidation & Mo addition on the

hot ductility of Fe-29%Ni-17%Co alloys
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Table 2 Average thickness of oxide layers of Alloy D
& alloy E with experimental conditions for
oxidation test

External oxidation Internal oxidation
length (mm) length {mm}

atmosphere
1% 4% 1% 4%
Temperature

1190°%C = 0.16 022 0.20 0.24

Alloy D 1220°C 0.18 0.28 023 0.26

1250° 0.24 0.34 0.28 0.30

5 7
Alloy E 1190° C 0.12 0.18 015 0.17

" 1220°C 016 024 018 020
o added) 1250° 0.2 0.30 0.20 025

Alloy D Alloy E
Fig. 7 The examples of optical micrographs showing
the scale morphology of Fe-Ni-Co alloy
oxidation at 1220C

B FEIAT a A Aste AT &
= D= @)l wjste] oz Atk Ao
FEY gttty AxHog A3 A|@uks v wd
ol TS AR Adele WdE 23
&= E 7F 35 D o ul3ke] 900T o4 10% o]

, 1050°C |4 35% o] 43 1L AXHS Y
2ail=g

FZup fFE 9 3L2(1190°C, 1220°C, 12507C) 2+3}

A9 23 Mo & HHF] Wb £E 9 29
719k FREA 37t AAFE AL L 5 9

o Ed 27t A4 wk w2A Yy g
ol F7st 9 NHRE ofF 2FA
Ashro] Fbete Abeh AT S Vel 45
4% F A8 2AY wng wAd A3 A2
3o =7} 37k

AU TH(Fig. 7). "}@r 274
dol £3Ho de YN AEFH AE i
AR W g el fid, )
| LR - = q_)\] :L-’;:(metal)ﬁr *}i—g(omde) o]
EgFe) g 39 o EYEL BEHUA
39 2ol ARUeA A dael Bow
HEE S22 ot dues £l
Z7hael whebn 9% sivre) £7 27

< THFAd(porous) i“jﬂ

= Seda(in, Mo, B) #7718 %

Osidation

Fig. 8 The effect of internal oxidation on the crack
initiation of high temperature (1000 C) tensile
deformation, (a) alloy D and (b) Mo added
alloy E
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Fig. 9 Improvement of hot temperature reduction of
area of Fe-29%Ni-17%Co alloy by adding
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Fig.10 SEM micrographs showing the fracture
surface after hot tensile deformation at 900 C,
(a) alloy D, and (b) boron added alloy F
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Fig.11 Microstructures of tensile fractured samples
(a) alloy D and (b) boron added alloy F
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