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Research and Analysis on the Phenomenon of Boron Increase in the
Melting Process of Casting Superalloy

LU Hongguo'%, MA Zhonggang?®, LI Huakun?, XU Lin>, WANG Guanghua?, LI Daogian®, YIN Fengshi'

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China; 2. Shandong Ruitai New
Material Technology Co., Ltd., Zibo 256100, China)

Abstract: A 500 kg vacuum induction melting furnace and spectrometer were used to study boron addition in casting
superalloy smelting process, and the causes of boron addition in casting superalloy were analyzed. The results show that C,
Al and Ti will react with B,O; during the crucible melting of cast superalloy made of rammed magnesium oxide containing
boric acid, resulting in the increase of boron element in the alloy. However, with the increase of crucible usage, the
reaction of carbon, aluminum and titanium with B,O; weakens, and the boron element in the alloy tends to be stable.

Key words: vacuum melting; increase boron; casting high temperature alloy

N s 0.001% <B<0.010%,
1
Y o b
Y Y Y Y ’ (e}
N o 9 b
[2]
b o Y
8]
o
(5]
bl o 9 o
b b N
67
’ o b o
HB7763-2020¢ 1
500 kg
:2022-01-26
(2021JMRH0204 ) ; “ ’ Lo
(201988090001 ) ; , 10 o
(202101005 ) o ,
(1988—), : : : 2, Labspark 750A
:17560312304
]
Email : luhongguo12345@163.com
(1967—), . . : 2
.13605331243 , Email : fsyin@sdut.edu.cn 3

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 $04/2022 , «283-
1 wl%
Tab.1 Chemical composition of the ingots
/ C Cr Mo 4 Nb Al Ti Co Fe B Ni
K4169 0.070 19.0 3.2 - 5.0 0.7 1.1 - 17.0 0.003
K424 0.200 10.5 3.0 1.8 1.0 5.5 4.6 13.0 0.013
K4648 0.075 35.0 34 5.4 1.2 1.2 1.2 - 0.005
K536 0.090 22.5 9.5 1.0 -- - 2.4 20.0 0.005
2 wi% o CAl Ti B0
Tab.2 The chemical composition of magnesia , ro.41,
MgO  ALO, CaO  SiO, Fe0O;  TiO,  Other 2C  +0,,=2C0,AGq/(J-mol™)
534 343 1.1 78 0.5 12 1.7 —28800-171.54 T (1)
° 3 ) 2B +1.50,,=B,0;),AG/(J - mol™)
, =-1228 800 +210.04 T 2)
o 1 3 B,053=B,03, ,AG3/(J-mol™)
, K4169 . K4648 K424 K536 ) =24 060-33.26 T 3)
o ,K4169 3 2B +1.50,=B,0s() ,AG u/(J - mol™)
0.003 1% .,0.002 2%  0.001 5% ,K424 3 =-1252860+243.3 T 4)
0.006 3% ,0.004 5%  0.002 7% ,K4648 (1)(4)
3 0.0051%.0.0038% 0.0031%, 3C +B,0;=3CO+2By,),AGs/(J-mol™)
) =909 660 -500.61 T (5)
, o K536 , AG =0, T=1817K (1544 C), ,
, 0.000 8%, 1544 C ,C B0,
9 ° °
3 , Al Ti B0, ,
3 ,K4169 K4648 K424 K536 2A1411.50,=AL05,) ,AG/(J - mol™)
) =-1682900+323.24 T (6)
o ) Aly=Aly),AGy/(J-mol™)
° ) =10 795+11.55T (7
) ) 2Al1+1.50,,,=Al05),AG g/(J - mol™)
° ) =-1661310+346.34 T ®)
. o 4) (8)
, 2AlytB,05=ALO;s 2B ), AG /(T - mol™)
(H;BO;) 0 =-408 450+103.04 T )
L @ AG =0, T=3964K (3690 °C), ,
300 C B.0;, Ca0 MgO .SiO; 3690 C ,Al B0,
, ;@ .
, , 16 , Tigi+02,=TiOxs), AG 1o/(J - mol™)
) , ° =-941 000+177.576 T (10)
) 4) (10)
3 wl%
Tab.3 Test results of boron content
/ 1 2 3 4 5 6 7 8 9 10
K4169 0.006 1 0.005 2 0.004 5 0.004 2 0.003 9 0.003 9 0.003 4 0.003 4 0.003 5 0.003 4
K424 0.0193 0.0175 0.0157 0.014 6 0.0137 0.014 1 0.013 4 0.013 8 0.013 6 0.013 4
K4648 0.010 1 0.008 8 0.008 1 0.007 8 0.007 1 0.006 9 0.006 4 0.005 5 0.005 5 0.005 7
K536 0.005 8 0.0052 0.004 9 0.004 8 0.004 8 0.004 7 0.004 8 0.004 7 0.004 8 0.004 7
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