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Table 1 Chemical composition of the master alloy (/%)

C Cr Ni Fe Nb Mo W N O S

0.12 20.8 68.0 45 1.6 1.5 3.4 0.0070 0.0008 0.0005
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Table 2 Interaction coefficients el of nitrogen with other

elements at 1600 C in the nickel-based melt

Element C Cr Nb Ti Fe Y Mo

e{# 0.09 -0.10 -0.072 -0.21 -0.021 -0.023 -0.043
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Table 3 Calculations on the influence of pressure and temperature

on the solubility [N] of nitrogen (ng/g)

Pressure/Pa 1450 C 1500 C 1550 'C 1600 C
0.05 5 5 4 3
0.1 8 7 6 5
0.5 17 15 12 11
1.0 24 21 17 15

5.0 55 46 39 34
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Fig.1  Effects of pressure (a) and temperature (b) on the

solubility of nitrogen in melt
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Fig.2 Variation of nitrogen content in melt during refining
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R4 BCrRESERREANNEFLBEHETHEER
Table 4 Experimental conditions and calculation results of the
nitrogen-removal dynamic analysis for the high Cr
content nickel-based melt

0 om@ V@)

SO

K . S o Ve(t)— 1/¢(0)
0 11860 1383.4 - -
30 11644 13582  13998.8 497.2
60 11536  1345.6  28259.7 1259.1
1873 120 11428 1333.0  57053.5 2330.5
180 11212  1307.8  87229.0 3163.8
240 11104  1295.2  117436.5 4830.5
0 10510 12259 - -
30 10294 12007  15834.6 276.0
60 10186  1188.1  32005.1 654.8
1823 120 10078 1175.6  64696.1 1488.1
180 9862 11504  99169.7 2321.4
240 9754  1137.8  133690.3 3154.8
0 10910 12726 - -
30 10694  1247.4 152424 218.9
60 10586 1234.8  30795.7 4735
1773 120 10478 12222 622263 1098.5
180 10262 1197.0  95304.2 1848.5
240 10154 1184.4  128423.8 2348.5

Note: T-melting temperature, /~-melting time, m(f)-molten mass at

time 7, V(¢)-volume of molten liquid at time #
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Fig.3 Relationship between 1/c(f)—1/c¢(0) and [S/V(1)] ¢t

R0 2RI ARG, XL T BUR 7 45 G A
W i = 2 P VA B S L A = 2 P A R - Bu R )
BRIV ER, dEim RN RN .

AW FE B8 BN 0 2 43 M R Dy S B AR e A —
IS AR T BT 13 10 0 R T 2R L &,
ATHED 50 55 500 kg 1Ry Cr 81355 S MR 75 19711
PSR, W5 5 B . tHE SR R in G e NE,
GaMA R 10 pg/g /KPP 75 IS ARG 1, 500 kg
PR T I N R 20 42 50 kg 1 2.5 A% o RS i B T e
AT A 2% e o M s NI TR), R 1500 CFEA 1600
“C ] Ag BT A I (198D 1A% RA b

AHIFFE NN 2 A1 T 53 B T s A R s il JE R
F JTRE BB AR TR e M AR, R IRS R L8 ST 5
B AR FE ( E IR R, S m S R AR A S =
B MR deAh, AT B TS T T
B EOT R S B AR, 78 RN &
THVTH AR, HLE T s 00 5 2 A 1) N I ) A BB R L7
ISR 10 pg/g LR K. IR T 2BR32 5t

x5 1MAREEBERES Cr RESERAMENEITEE
Table S Calculations on the time consumptions of the nitrogen-
removal processes in the high Cr content nickel-based

alloy under two different melting capacities

Time/min
N/pgg' Temp?éamre 500 kg 50 ke

crucible inside crucible inside
diameter 40 cm diameter 20 cm

1500 353 141

10~50 1550 279 112

1600 164 66

1500 294 118

10~30 1550 232 93

1600 136 55

Note: vacuum pressure is 0.1 Pa, and there is no slag on the

surface of alloy liquid

A rINRLES b I VRIS DN A R AU
(ELDA e 2= R AR CRURT T P B8 S8 R
WA AR R AL, REFRILE PRI, T2
T S NP ET I IE A2 B . 28 EPriR, X Cr
BILE G, AIRIE 10 ng/g LR AR S B, AU
HIR s RS Rl B CAMIGT 1550 °CH , HURFR R
JEAEHIAE 0.1 Pa LLTR o [RIIN, 8 ORAIEAS L P AN 25
PRI k208 5 ZRORG MR IS T1) , 30 R 32 T S A e
AR G SRR T

3 & it

1) A AEm Cr FESG ST AAR B, 1450
“C/5.0 Pa 41t R ATIA 55 pg/g. WA E A5 6 7 5365 1)
TH i R S R W BRI, 7 1600 °C/0.05 Pa 451 F A
WIRIE N 3 png/g.

2) BAER Cr BIEE & I Vs i )% 12 252 31
R A, W R g, R R
HIAET 0.1 Pa HISAT NAECPATH il 54 nIK T 10
ng/g. MR B A RGN A G &M EZE T B

3) i Cr Lo U R & 80 41 2% R
A, 2 asA R L2 N ], 1600, 1550 AT 1500
C 2R W %0 205 0k 0.0397. 0.0233 AT 0.0184
ms™, FEIEMIELAE Ex A 211.4 kI'mol ™.

4) X T Cr A 4, ARIE 10 pg/g LU 1)
IR &, 2R FH A v (RS MR B2 (IR T 1550 °C)
A SCBARI B S ) (AT 0.1 Pa)e [R5 Cr 8¢
A BB A U N B A FE IR, 8 O UE RS M il 5 B
REMIHTHE T,k 40 00 ZORS MR IR], 34 W R O
JERPRL, AR SV A .
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Thermodynamic and Kinetic Study on the Nitrogen-Removing Process of High Cr
Content Nickel Based Alloy

Wang Min, Zhang Long, Yang Yaqian, Gao Ming, Ding Leilei, Ma Yingche, Liu Kui
(CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Nitrogen is one of the undesirable impurity elements of superalloys and it can induce the precipitation of nitrides and the
formation of microporosity to worsen the mechanical properties of material. With the increase of high demands in superalloy component
quality, nowadays the nitrogen content in superalloy has been recommended to be no higher than 10 pg/g. Chromium is an important
beneficial alloying element widely employed in superalloys (with an addition up to 20 wt%) for it can enhance the anti-corrosion
performance of alloys at elevated temperature. However, chromium has a high affinity to nitrogen so that it could be very hard to achieve a
low nitrogen content in high-Cr alloys. Therefore, it is necessary to study the features of the nitrogen-removing process of high-Cr alloys.
In this work, the nitrogen-removing process during the vacuum induction melting of a high-Cr nickel based alloy was investigated by
thermodynamic calculation and kinetic experiments. Results show that high-Cr nickel based alloy has a high thermodynamic equilibrium
solubility of nitrogen, and it is mainly dominated by the vacuum pressure. In order to achieve the goal of [N]<X10 pg-g”, the melting
vacuum pressure should be no higher than 0.1 Pa. To study the kinetic characteristics of nitrogen-removing process, the melted metal was
held at 1500, 1550 and 1600 °C, and sampled at 0, 30, 60, 120, 180 and 240 min at 0.1 Pa after the complete melting of alloy. Results
indicate that nitrogen content dramatically decreases at the beginning of melt holding, but in the medium and later stage it takes a much
longer period of time to get close to the equilibrium solubility of nitrogen. Kinetic data analysis shows that the nitrogen-removing process
of high-Cr nickel-based alloy can be classified as the second-order reaction, which reflects that the process is controlled by the chemical
reaction on melt surface. The apparent rate constants of nitrogen-removing process at 1500, 1550 and 1600 °C are calculated to be 0.0184,
0.0233 and 0.0397 ms™, respectively, and the average apparent activation energy is determined to be 211.4 kJ-mol™.
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