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Fig. | Schematic diagram of electron beam drip melting process
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Tab. 1 Chemical compositions of the DZ125 revert wy /%
JE JFURHIE TR C Cr Co W Mo Ta Al Ti Hf B Ni
vk 0.105 8.77 9.89 6.84 1.99 4.09 5.19 1.16 1.54 0.015 fxir
k2 0.113 8.86 9.88 6.94 2.00 3.85 5.20 0.92 1.43 0.015 At

DZ12554: 45 0.07~0.12 8.50~9.30 9.50~10.50 6.60~7.40 1.60~2.40 3.50~4.10 4.80~5.40 0.70~1.20 1.20~1.80 0.010~0.020 4x%:
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Fig. 2 The condensed attachments on the furnace wall and waste rod surface and the analysis of their microstructures
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Tab. 2 EDS analysis results of condensed attachments on
the furnace wall of batch 1 raw materials melted at
a power of 40 kW wy /%

(A S Al Cr Co Ni 0

1 2.38 34.63 9.73 43.99 9.27
2 2.38 33.37 9.70 44.48 10.07
3 2.49 32.71 10.56 49.28 4.96
4 2.78 33.28 10.36 48.66 4.92

R3 HIREMBEDIADLZEILSITER
Tab. 3 EDS analysis results of the attachments on the

crucible wall and the slags in the furnace wy/%
et o Al Cr Co Ni
HibmeEgE 2kt - 0.86 69.76 8.70  20.68
HHmBEEE 2R - 254 4385 10.56 43.05
P - 2 573 395 4397 932  37.03
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Fig. 3 The attachment on the crucible wall and the slags in the furnace and their BSE images
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Tab. 4 EDS analysis results of the condensed attachments under different EB drip melting processes wg/%

JsURH HEIRAW  BEEEE/ (mm - min) PRI C Al Cr Co Ni 0

36 6.5 1 860 2.06 39.63 10.05 44.41 3.85
Eiin/e! 40 6.5 1950 262 3819 1012 444 4.67

46 6.5 2075 5.38 34.37 10.01 43.74 6.5

30 5.0 1810 2.78 32.22 11.06 52.02 1.92
k2 40 5.0 2 140 231 2836 1133 5339 4.6l

48 5.0 2290 3.60 25.00 11.13 55.14 5.13
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Tab. 5 Chemical compositions of EB drip melted ingots under different vacuum in the furnace wg/%

P EL Y/ (mm-min) - 1Y _ '

) - Cr Co w Mo Ta Al Ti Hf B Ni
2B/ Pa MEHROIEAW-IERHILR R/ C
3.0x10" 6.5-32-2 1890 0.135 859 985 740 211 3.69 544 1.02 144 0015 &
1.0x107? 6.7-32-2 1810 0.123 849 9.67 687 211 403 535 097 152 0015 HKiE
5.1x10° 6.5-36-1 1 860 0.124 8.64 1028 746 215 403 534 128 147 0015 £HKH
9.7x10° 6.5-40-1 1950 0.104 848 1031 7.67 208 403 525 119 136 0014 A
6.3x10° 6.5-39-1 1930 0.113 842 993 727 211 378 522 1.09 122 0013 #&KE
4.8x10° 6.5-39-2 1985 0.133 883 10.10 740 204 3.68 524 091 130 0012 R
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Tab. 6 Chemical compositions of EB drip melted ingots at different melting speeds wg/%
KM/ (mm - min™) C Cr Co W Mo Ta Al Ti Hf B Ni
e ER 0.105 877 989 684 199 409 519 116 154 0015 Axft
9.0 0.109 88 996 703 204 424 514 122 149 0014 At
6.5n 0.115 864 993 714 207 407 516 124 150 00l6 At
6.0n 0.119 85I 981 7.1 203 38 525 111 146 0015  Axht
5.0 0.104 7.98 984 7.7 210 378 528 112 145 0015 At
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Fig. 4 The variations of Cr contents in EB drip melted ingots with the

melting rates
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Tab. 7 Chemical compositions of EB drip melted ingots at different melting powers wg/%
J R JEORHL - ity ' .
Cr Co w Mo Ta Al Ti Hf B Ni
K/ kW B/ (mm-min™) TR/ C

22 k1 1400 0.112  8.76 9.99 7.22 2.00 4.12 5.23 1.15 152 0012 &
26 9.0 1545 0.112 869 10.17 731 215 412 525 135 150 0016 &
36 1 860 0.124  8.64 10.28 7.46 2.15 4.03 5.34 1.28 147 0015 &K=
40 #K1 1950 0.104 848 1031 7.67 2.08 4.03 5.25 1.19 136 0.014 i
46 65 2075 0.111 845 1021 7.69 2.13 3.96 5.24 1.24 130 0.015 4y
30 1900 0.114 8.12 9.97 7.34 2.11 3.85 5.32 1.11 138 0013 &E
40 HEvk2 2140 0118 791 972 737 214 350 537 101 128 0015 A&
48 5.0 2290 0.112 785 987 741 214 402 554 102 146 0016 A
55 2410 0.123  5.28 9.62 8.57 2.50 4.51 5.90 1.17 1.67  0.017 4
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Fig. 5 The variations of Cr contents and burn loss rates in the EB drip melted ingots with different melting powers
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Tab. 8 Chemical compositions of EB drip melted ingots at different average temperatures of melt pool wy /%
JUBHE TR ST <G C Cr Co W Mo Ta Al Ti Hf B Ni
1 400 0.112 876 999 722 200 412 523 1.15 152 0012 A&
1470 0.109 883 996  7.03 204 424 514 122 149 0014 A&
1545 0.112 869 1017 731 215 412 525 1.35 150 0016 A
K 1 860 0.124 864 1028 746 215 403 534 128 147 0015 A
1930 0.113 842 993 727 211 378 523 1.09 122 0013 A
1950 0.104 848 1031  7.67 208 403 525 119 136 0014 A
2075 0.111 845 1021 7.69 213 396 524 124 130 0015 #Axft
1890 0.135 859 985 740 211  3.69 544  1.02 144 0015 Ak
1900 0.114 812 997 734 211 3.85 5.32 111 138 0013 4&h
1985 0.133 883 10.1 7.4 204 368 524 091 13 0012 Akt
Hevi2 2 140 0.118 791 972 737 214 350 537 1.0l 128 0015 A&
2290 0.112 785 987 741 214 402 554 1.02 146 0016 Axft
2410 0.123 528 962 857 250 451 590 117 167 0017 Ak




Vol.75 No.1 2026

FOUNDRY ﬁ @,‘S%

(a) CreRERISMAMETREEUXR

(b) CrEEBEEIEREETHRR

Eo BFREEERPCrESMERREEEDFIRENTL

Fig. 6 The variations of Cr contents and burn loss rates in EB drip melted ingots with the melt pool average temperatures
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Fig. 7 The variations of Hf and Ta contents in EB drip melted ingots with the melt pool average temperatures
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Fig. 8 The variations of W, Mo and Al contents in EB drip melted ingots with the melt pool average temperatures
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Effect of Electron Beam Drip Melting Process on the Volatilization of
Main Elements in DZ125 Revert

XUE Jia-ning, AN Ning, LI Chong-yang, YANG Fan, XU Ming-zhou, ZHANG Xin-ping
(Beijing Beiye Functional Materials Co., Ltd., Beijing 100192, China)

Abstract:

Electron beam (EB) melting has the characteristics of high temperature, extreme overheating, and high
vacuum, which have unique advantages in removing refractory inclusions in the revert of hafnium containing
superalloys. But during purification, it also brings about the problems of key active element burnings. In
this project, the electron beam melting process experiments had been carried out by using of a 300 kW EB
drip melting equipment, and the influences of different electron beam process parameters such as melting
power, melting rate, and vacuum degree on the volatilization of active elements in the revert alloy were
investigated. It was observed through the experiments that the condensation phenomena of evaporated main
elements existed during the melting processes, and besides the matrix element Ni, Cr was the main burned
element during the EB drip melting processes. Through quantitatively characterizings of the actual ingot
compositions before and after the EB drip melting, the affecting laws of the process parameters on the burning
loss conditions of main elements were established. The results show that the process parameters of having the
greatest impact on the burning loss of main elements are melting power and melting rate. As the melting rate
is decreased to 5.0 mm/min and the melting power is increased to 55 kW, the burning loss rate of Cr element
is significantly increased from 0.91% to 40.41%, and at this time, the temperature of the molten pool is
reached to 2410 °C .
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