Vol.43 No.07
Jul. 2022

HEREAR
FOUNDRY TECHNOLOGY

+559.

e TZH AR Technology ®

DOI:10.16410/j.issn1000-8365.2022.07.014

C-HRA-3 REMHE S E T RN IZERIR R
R 1= R

=R, HMBE,R R, AEN,BFRER,BK IR
(BR%R B 50 B TR A P 8], A6 3 100081)

B E IR E A RN C-HRA-3 85 AL B G 45 00 420 I it 2 i 4R 3 J 2 A 2R VIM-50 Y L %5 %O
PO R e S0 A JEURE A 4 TR MR AR R DR IO B AR A A B B 2 R X S g A5 SR AT A . SRR R R
FETH T, C-HRA-3 A 4 W 1) S A sk 8RR AT 260 %)~ 8 07 £k AR AR, B0 23 48 v [l I AU 4000 100 1 A7 0 f 3 o 52
IR R A (1582 °C, 2.7 Pa) |, A [O AN & Ht 43 518 3.73x107%F1 23.66x10%% , Bl 45 4 #5148 K | [O][N]# fit iF #i
WA, R 5 5 0 52 MO R 7 i i i [O] 2 & IR FH . C-HRA-3 4 4 125 e B 42 52 1oy I 260 B 1) B ol 1k B4 43
591 SRy [OFE WU AH 33 5 22 v (4 47 ORI [N i 76 ST AL 1) £ 27 2 I7 | 268 1 S (O] 78 WRAH 320 5 2% vp 1) 5P 4% J0 3R B koo 2.68%
107 em/s , JBt LN Ry — 90 U, B2 vy 38 W 3 5 4R 0.733 em/s,

KA : C-HRA-3 T B 5 4 5 LA ; IR ; 8l g 2 5 B2 s I e

RESES: TG132.3+3 X HkFRIRAD A X EHS :1000-8365(2022)07-0559-08

Thermodynamics and Kinetics of Deoxidation and Denitrification in Vacuum
Induction Melting of C-HRA-3 Nickel-based Heat Resisting Alloy

LI Longfei, LIN Tengchang, LIANG Qiang, HE Xikou, CHEN Zhengzong, CHEN Kun
(Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: In order to explore the thermodynamic law of the deoxidation and denitrification of C-HRA-3 nickel-base
heat-resistant alloy by vacuum induction melting, high purity alloy raw materials were melted by VIM-50 vacuum induction
furnace. The smelting conditions were strictly controlled. Samples were taken for monitoring and analysis. The results show
that with the increase of refining temperature, the equilibrium carbon and oxygen product in C-HRA-3 alloy solution
increases, while the nitrogen equilibrium solubility decreases. The vacuum degree is increased while the equilibrium
solubility of oxygen and nitrogen is reduced. Under the experimental smelting condition (1 582 ‘C, 2.7 Pa), the equilibrium
[O] and [N] contents are 3.73x10%% and 23.66x10“%, respectively. With the prolongation of refining period, [O] and [N]
contents gradually decreased, and the content of [O] increased twice due to the influence of MgO crucible decomposition in
later refining period. The limiting links of vacuum carbon deoxidation and denitrification of C-HRA-3 alloy are the
diffusion of [O] in the liquid boundary layer and the chemical reaction of [N] atoms at the interface, respectively. The
calculated average mass transfer coefficient %o in the liquid boundary layer is 2.68x10* cm/s. The denitrification reaction is
a second-order reaction with an apparent rate constant of 0.733 cm/s.

Key words: C-HRA-3 heat resistant alloy; deoxidation; denitrification; thermodynamics and kinetics; vacuum induction
melting
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Tab.1 Chemical composition of C-HRA-3 heat resistant alloy

C Si Mn P S Cr Co Mo Fe
0.050~0.100 <0.050 <0.100 <0.012 <0.008 21.000~23.000  11.000~13.000 8.500~9.000 <0.100

Al Ti Cu B Nb w Zr N Ni
0.800~1.300 0.300~0.500 <0.010 0.003~0.005 <0.080 <1.000 <0.100 <0.010 Bal.
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Tab. 2 Interaction coefficients e': and 'y: of alloy
elements at 1 600 °C"¥

JCH i JLH | e y,
(6] w -0.004
Mo -0.024
Cr -0.231 0.009
Al -1.060 0.270
Co -0.004
C -21.600 111.800
C W -0.006
Mo -0.004
Cr -0.024
Al -0.043
Co 0.008
(6] -0.340

P 1 2.7 Pa J& 717 6 MR 103 6Tt — 4801 A 3 38 ALY 2 )
Fig.1 Effect of smelting temperature on carbon oxygen
equilibrium solubility product under 2.7 Pa

2 1582 °C T FL.45 e 3%k e — 48UV 4 195 3 AR A 52 i)
Fig.2 Effect of vacuum pressure on carbon oxygen equilibrium
solubility product at 1 582 C
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Tab.3 Equilibrium [O] content corresponding to different [C] content at 1 582 °C and 2.7 Pa
[C1& & /% 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
T [O] 7 £ (x10%) 3.73 1.87 1.24 0.93 0.75 0.62 0.53 0.47 0.41 0.37
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Tab.4 Activity interaction coefficient of element j to N in
liquid nickel at 1 600 °C"”

]

T j ex T j ex T j ex
C 0.090 w -0.023 Cr -0.10
Al 0 Mo -0.043 v -0.13
Ni 0 Mn -0.051 Ti -0.21
Co -0.005 Ta -0.067 Zr -0.23
Fe -0.021 Nb -0.072 Ce -0.55

P 3 AN [) 028 HE TR T M 0 ik B R A2 AL
Fig.3 Changes of nitrogen equilibrium solubility with
temperature under different vacuum degrees
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Tab.5 Parameters changes of liquid C-HRA-3 alloy in
different sampling stages

W B U E R m)g GEWERM)/e &R ERV)em?

1# (0 min) 193.0 19 863.3 2683.2
2#(30 min) 59.0 19 804.3 2676.3
3#(60 min) 85.8 19 718.5 2 664.7
4#(90 min) 137.4 19 581.1 2 646.1
5#(120 min) 78.6 19 502.5 2635.5

4 C-HRA-3 & & FL25 OV IR R R 0 A -4 & i A2 fb
Fig.4 Changes of nitrogen and oxygen content during vacuum
induction melting refining of C-HRA-3 alloy
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5 B WA R Mt S N i AR R T I
Fig.5 Schematic diagram of carbon deoxidation reaction process
in vacuum induction melting
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Tab. 6 Kinetic calculation results of denitrification reaction
of C-HRA-3 alloy in each stage
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Fig.6 Kinetic data linear fitting of vacuum denitrification reaction
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