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Study on Welding Process and Microstructure and Properties of Vacuum Electron
Beam Welding of Hafnium
Yang Canxiang, Zhang Chao, Zhou Mengbing, Wang Jun, Li Bo, Bai Liwen, Chen Gaozhan, Wei Lianfeng
(Fourth Institute of Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: The microstructure and mechanical properties of hafnium plate welded by vacuum electron beam welding
were studied. The results indicate that stable welding of metal hafnium and welding joints without any internal defects
can be achieved under the process conditions of welding voltage of 60 kV, welding beam current of 36 mA/40 mA,
and welding speed of 1000 mm/min. The microstructure of hafnium is equiaxed grain structure with uniform grain size
and clear grain boundaries. And the grain size reaches 10 grades. After vacuum electron beam welding, the grain size
of the weld zone has grown obviously, showing uneven distribution and coarse dendrite structure, and there is a small
amount of annealing twin structure. Due to the formation of dendrite and grain coarsening in the weld zone, the tensile
properties of vacuum electron beam welding joint of hafnium are significantly lower than that of the base metal. The
elongation after fracture is only about 50% of the base metal. At the same time, the tensile fracture morphology of the
weld shows obviously cleavage fracture characteristics such as smooth cleavage steps, tear marks, cracks and river-like
pattern, which are brittle fractures.
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Table 1 Chemical composition of hafnium rod
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Fig.1 Macro-morphology of vacuum electron beam

welding of hafnium
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Fig.2 Cross-sectional morphology of vacuum electron

beam welding of hatnium
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Fig.3 Microstructures of vacuum electron beam welding of

hafnium: (a) base metal; (b) welding nugget zone
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Fig.4 Tensile properties of hafnium base metal and its
vacuum electron beam welding joint: (a) room

temperature; (b) 350 °C
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Fig.5 Tensile fracture morphologies of hafnium base metal and its vacuum electron beam welding joint: (a) base metal at room

temperature; (b) base metal at 350 °C; (c) welding joint at room temperature; (d) welding joint at 350 °C

HT T < R B HL T AR S X TR RO K I BOIR
FF HLAE 4 i A R BER A 58 R R R A
i, SRR P ARIERE AR, B R
DM R A AR, O B SR B AL AR T 1 B A
SR G DA A B D T A B TR AR . AL, &
Ja 4 T RO Sk I S R S 2 BRI

3 4 B

() EEHBAEZEEN 60 KV, EEER N
36 mA/40 mA. FEEEEE N 1000 mm/min X 5%
TEZMT, FCASCILRE e AR 8, SRAR 0 N Bk 11
MREeH sk, HARSERIMMG. PR, Juid.

(2) LB BEM AR RN — B, ST I 1 2%
B, SR AR 10 4t S E A BT REEE,
JREEIX B A0 A S IR AL GURAE R AR B

Bk, I HAFTE D B IE KR A
(3) HI T4 )@ 4 1 AR ARE 4% X AR i oK R K 1 AR
g, FEE R R Sk TE IR R T b
ML BE 2 PR, ARG KT, IREEI T K
REAR R L) 50%.

(4) 4@ B BE A 2 U8 4 o T 2 X0 o A 3 UG
2L, TMAE 350 °C N R 2 O FEN R . &8
B A BT AR AR IR AT 350 C T fA L iy 2L
KYPAMEERIZE, WO T ORI MARE Y, 17
AR S E LSS N W g TR S SRTIF TN
TEFE .

S #Ek References
[1] Z=dpZE, xlga. o E AT E AR BUIR A & R &R
A & B AR, 2004, 23(5): 10-14.


https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKgchrJ08w1e7eeyE9jLkqq9J0cOMmw0jaO8HFGyBaO5cxfm0jKKq7ybrFrkwG7tO9qRJVIcx2f8y&uniplatform=NZKPT

ROk B R

34 Titanium Industry Progress 40 3
[2] FKEAGE. BK. 8  5 K HAL A W TE 6 S 0 ORI LA [T]. W48, 2013, 37(2): 312-319.
ER LR, 1996(2): 29-32. (9 EVHE. < 46 (10 2 BE 0T L AL 1 J% g 2 Pk 1A 82 v
[3] Béchade J L, Parmentier P. Fabrication and metallurgical FL[D]. MAIRIEE: WGRIEE TRE K2, 2019.
properties of hafnium alloys for control rods [ C]//Conference [10] % td, WeishE, R, &, L itk s S5kt
of Control Assembly Materials for Water Reactors: FIsZma (). Bk Tkt g, 2020, 37(3): 29-32.
Experience, Performance and Perspectives. Vienna: IAEA, [11] g5t )T, Shieme, 5. 18 KU B X 40 W 3 K it )5
1998: 152-165. MitERE W [J]. B & B MBS TR, 2021, 50(4):
(4] %ochy, T, Bhiehh, &5 BAGRBEX #HEA 5 TERE R 1455-1461.
SMAT]. Bk Tk ik, 2020, 37(5): 31-35. [12] Vaifgse, PR, EHE, S5 &8 8 7 A0 8 L skiE
[5] iEmeAL, MU, hep &)@ VEATE S5 57 LEL)]. #oRBE FEH L 2], REECR, 2018, 47(4): 150-153.
AR, 1996, 10(6): 569-579. [13] E&E, kg, Z=5 2 Tie0 4k&4/GH3128 EiEA4H
[6] M. THANTT RPN RTE]. WA eE S T, T ORAR R Sk S R 4 AT (D] KRR, 2017, 38(12):
1995, 24(6): 21-28. 19-22.
[7] Shikov A K, Bocharov O V, Arzhakova V M, et al. Use of [14] W, PMVRIE, TRETGR, 5. A8J0 20 & I TH 2k 508 3R
hafnium in control elements of nuclear reactors and power BT ML [T]. BNERAT T 224, 2009, 21(2): 39-43.
units[J]. Metal Science and Heat Treatment, 2003, 45(7/8): [15] AN, 4 M, FULE, %5 BB KREXN AN TES
300-303. Pl Z3F0 Jp e s [J]. 2K Tolk gk g, 2016, 33(2):
(8] ME, E%, Bria, 5. &JBrH &7 & sk R (1] 42-44.

2022 FHAZ XK MIMHEES T
el H 1/t H 5 i H 5 H R/
JEHR 837 JRE 34 Bk 541
AR 517 T4 % 2 2R 0
R ELR 3985 At 885 FHoAt 16
ekl 6902 %1t 484 it 14203

2022 FHAMKMIMEZSNSIBRAES 1T

S FE 4335 F &/t 87 FH 453k F&/1t S FE 4335 F 2/t
an 62 R 378 AV B 577
iy 42 it N a3 27 T 156
HLfi 1437 REVE 0 B 1148

R e B 610 . AR 22 Hoft 206
i 438 1 E H 195 it 5298

IEgEMA (F5 )


https://xueshu.baidu.com/usercenter/paper/show?paperid=941bbe83e88d53293fa3d5c989253626&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=941bbe83e88d53293fa3d5c989253626&site=xueshu_se&hitarticle=1
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i8oRR1PAr7RxjuAJk4dHXoh9puEwb1_WyR7PsRPUQ3fs2Xay-SKwNVSndBFFMol_Y&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i8oRR1PAr7RxjuAJk4dHXoh9puEwb1_WyR7PsRPUQ3fs2Xay-SKwNVSndBFFMol_Y&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKjkpgKvIT9NkZNmQNo4kSVp7kEcbdKsF01QlsbxDal928VNdWXpPKH6-KP4ZmFV3gB1dTVz2y7Qu&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKjkpgKvIT9NkGsvn6cq9Bo3xVc3eFO6ULGIBYNaE0ItjNqFCnmwjTle_h3JGxpkWvyCOYqNRew5V&uniplatform=NZKPT
https://www.researchgate.net/publication/293535030_Using_of_Hf_in_control_elements_of_the_nuclear_reactors_and_power_units
https://www.researchgate.net/publication/293535030_Using_of_Hf_in_control_elements_of_the_nuclear_reactors_and_power_units
https://www.researchgate.net/publication/293535030_Using_of_Hf_in_control_elements_of_the_nuclear_reactors_and_power_units
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKgchrJ08w1e7xAZywCwkEELBU4mJ8oS9aW12UoEf_he-2U5AQVWiEryE_vMZ2tzJa7y1q9jfHPsb&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7iy_Rpms2pqwbFRRUtoUImHcTuZZtmwuOME3VQsNnLBJB8EMzA3yF5laiBrpqcpGVS&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7iy_Rpms2pqwbFRRUtoUImHcTuZZtmwuOME3VQsNnLBJB8EMzA3yF5laiBrpqcpGVS&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i0-kJR0HYBJ80QN9L51zrP5RL2Vv9UUEF3IGv2-vIhCW_tp3QElWQIGBcrwHsnyeE&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i0-kJR0HYBJ80QN9L51zrP5RL2Vv9UUEF3IGv2-vIhCW_tp3QElWQIGBcrwHsnyeE&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i0-kJR0HYBJ80QN9L51zrP7QbnyOnDrMQCzY8oeE1P8qMlHGh8C1Rp2GsWGTH2O4d&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i0-kJR0HYBJ80QN9L51zrP7QbnyOnDrMQCzY8oeE1P8qMlHGh8C1Rp2GsWGTH2O4d&uniplatform=NZKPT
https://wenku.baidu.com/view/f11f5d3ea26925c52cc5bfe1?fr=xueshu_top
https://wenku.baidu.com/view/f11f5d3ea26925c52cc5bfe1?fr=xueshu_top
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7ijP0rjQD-AVm8oHBO0FTadk2orDHqkUkd8Fm8xaf038wn1yfbWFksCYaH_MUW4004&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7ijP0rjQD-AVm8oHBO0FTadk2orDHqkUkd8Fm8xaf038wn1yfbWFksCYaH_MUW4004&uniplatform=NZKPT

	2022年日本各类钛加工材出货量统计
	2022年日本钛加工材在各个领域用量统计

