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Abstract Inconel 690 alloy is widely used in steam generator heat transfer tubes in nuclear power plants. It usually u-
ses the vacuum induction furnace smelting consumable electrode ,smelting cost is high. In this study, the thermodynamic a-
nalysis and reduction process of Inconel 690 alloy melt were discussed,and it was considered that the consumable electrode
meeting the standard requirements could be produced by the arc furnace + argon oxygen refining furnace smelting process.
The practice shows that the process is feasible, the chemical composition of the consumable electrode meets the require-
ments, and the gas content is low. For the production of the product opened up a low cost, high efficiency smelting process.
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Table 1 Nominal chemical composition of Inconel 690 alloy/ %
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C Si Mn P S Ni Cr Fe
0.015 ~ 28.0~ 8.0~
0.025 <0.50 =<0.50 <0.015 <0.005 =58.0 3.0 11.0

<0.014 <0.50 =<0.50
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fRgE,T 1 kg B TMEHLSTE A 1. 889 kg AL O,
IIMABIE K 90% CaO SEIHE., A1 kg 48
BEHATRE, MEAA 2.1 kg G REARIER &R
4. WWIEBBRHRERE (KA BEER LK
METEMERER) HEFTENEE, FFREAK
INE (FBRRPIEMAKE) .

HBF Ik IR EAL B E A BRERFERRMKE,
HNATHITARE, RIELNHES R, R
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2.1 HIPIEH

BIPHEEREARSHNRE2 fim. FELRE
Sy RECRLEER AL SR R S A

HP R A IR 150 <200 kg, #A 60 ~ 80 kg,
fInA 50 ~60 kg Al,O, ¥3,%E Ca0O-Al,0, —JTi#,

BORER L PR IR s P B S B, BEAR
8 300 kg, By BR454K(C =7.59% ,Cr =66.0% ,P =0.
020% )1 500 kg, 18F#&%4% (C =0.06% ,Cr =61.30% ,
P =0.018% )500 kg, £ /B4 (Cr =97.10% )1 000 kg,
B4R (Ni =99.97% )5 000 kg, &8s (P =0.007% ) 4li%k
300 kg MMAA & RET, PR MA BB S, B9
BHRRERME R, B L EMA MBS g Faigk
(EHERTRER 150 kg WEHEBTIIA) o B1HE, Skl ok
AIBER S BN 0.006% o

P : R4S HIE 180 A, GFR% 20 min, A HP
WACEHEEL , R FIA THERHRE, RIEFRBE. B
20 min IMASERLS kg, HITHRIR . EHAMIE, HHIK
PRIRE =1 530 CHY, BUREMT L4 o

RBESTER, MAREHITRTRE, HEH
4yE RRARHIRE 116 A, RSB, I ok
BB . MASBRHTRBORIR,S min J5THESH
$ 2 min, USSR, PR KIS, SRER (R R/ N
116 A FHREZE 1 580 C 4R, HIP HAESI0E
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Table 2 Main technical parameters of arc furnace
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Table 3 Chemical composition of steel tapping from arc

furnace/ %

C Si Mn P S Ni Cr Fe
1.44 0.05 0.08 0.008 0.005 59.0 27.5 8.0~9.5

RHWIEERRA 97.3% , B RHIIEERRA 96.4% .
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BERBRP A REBEA LR, FERERSH
N 4 Fim, AIAREAP KBS RIMAKE £ 8
TH0L, B3t BRI Bn SRk S BE JRE .
BB

BIBPRMA A K 260 kg, HEINIF MK SEA
JEIE (1 490 °C) BRAE, HEHRT R A IR B A
53,

JRBRH : R A/ N E SRR SRR E L, HAE
EkESBMXRINES Fir, BERRHRSER
WIS AR E L

SEERABRET (8] SO min, fRIE T HSBR, IEKIR
X 1700 C, ISR 0.01% , iskHILHFESR
K220 '’ 55 156 m’,

SRR RGEHFE R AR, FMA 175 ke SR5EHE
TR, R R T IA 368 kg AJK, BRERTHAM
ARSI K R T A 108 ke,

RE (R 6.0 m’/min) HiPk 6 min JFEUR S K
SHERE, AMTEER0] =0.003 2% , AR REF .
RFEL R AR, TR E &b, BERAES
PiRE 2 min J5ERE 3T, LA R E R, TR
1540 C, YU 4N, BENTIA 1 ke/t BEESHITHA
k=0
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Table 4 Main technical parameters of argon oxygen refi-
ning furnace

I H £ BIE
S NHRERN 8
s sl 10
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TAEES1/MPa 1.4
SHR%

Sk O EH/MPa 0.6~1.2
THEWRE/(m® » min~") 6.5~10

x5 SSESKRALSHEBRXR
Table 5 Oxygen argon gas flow ratio is related to carbon
content

AEHMESRBH/ (1 - min™!) WREBERME/ %
6/3 144 ASP{HE)
6/6 0.40
3/6 0.05

2.5/1.5 <0.05




£ 22 - PR

F40 %

2.3 {RpsE
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Fig.2 Casting and ejection photos of electrode rods
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Table 6 Chemical compostion of alloy sampling from electrode/ %

C Si Mn P S Ni Ctr Fe Co

Al T 0 Zn Sn As Sb Pb Bi

0.021 ~0.022 0.22 0.23 0.006 0.0007 59.5 29.2 10.0 0.01 0.12 0.27 0.0035 0.001 0.0043 0.0021 0.002 0.0005 0.0025
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BT 0.000 3% , BLEAR P R IEHEUR R i,

3 &

(1) 3% F EAF + AOD T.%Z; B4R 4= 7™ Inconel 690
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(2) B EAAENER M EHE, RERIT,
HRNREE&E0.0032% , HEBBBHE E5EN
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