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Fig. 1 Shaft fracture and corrosion of submersible pump
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Fig. 2 Structure diagram of submersible pump for in-situ leaching of uranium
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Fig. 3 Schematic diagram of end face for cylindrical

and hexagonal prism pump shaft
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Table 1 Comparison of characteristics between cylindrical and hexagonal prism pump shaft
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Fig. 4 Structure diagram of circular shaft(a) and hexagonal shaft(b)
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Fig. 5 Total deformation of circular shaft(a) and hexagonal shaft(b)
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Fig. 6 Equivalent stress of circular shaft(a) and hexagonal shaft(b)
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Table 2 Composition of leaching solution mg/L
RNl Li Be Na Mg Al K Ca Se Th Dy Ho Er
o= 5.1 0.5 1702 2 098 3 644 1797 359 0.7 1.3 8.0 1.5 3.7
Rl BE| Ti A% Cr Mn Fe Co Cu Zn Tm Yb Lu Th
Bl 1.9 19. 8 2.3 46. 8 5 239 1.8 0.1 24.0 0.5 3.0 0.4 2.3
ey 51 H Ga Se Rb Sr Y Mo Cd Cs U Cl- SOi~  NOj
& 0.7 0.7 4.0 41 18.5 10. 2 0.2 0.4 17. 2 437 39 800 237
0 55 H Ba La Ce Pr Nd Sm Eu Gd SiO;, Zr TOC pH
R 0.4 35.9 89.6 9.1 34.5 6.8 1.4 8.2 199 — 4.4 1.22

i pH LRHN.
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Table 3 Chemical components of stainless steel samples before and after the submerge test %
B 904 NEN 304 NEEN 316 L A5
R RIH] s BT BifE BT RiE
C 0.015 0.019 0.031 0.041 0.011 0.014
Si 0.216 0. 285 0. 444 0. 499 0. 404 0. 454
Mn 1.575 1.573 1. 091 1.097 1. 434 1.549
P 0.026 0.027 0.041 0. 04 0.037 0.042
S <20.000 5 <20.000 5 0.005 2 0.007 5 0.002 3 0.011
Cr 19.92 19. 88 18.16 18.3 16.77 16.79
Mo 4.403 4.339 0.152 0.159 2.071 2.004
Ni 25. 46 25.05 8.005 8.098 10. 02 10. 05
Cu 1. 416 1. 631 0. 386 0.395 0.167 0.333
Al 0.018 0.023 <0. 001 <0. 001 0.001 7 0.013
As 0.001 7 0.003 2 0.028 0.029 0.021 0.019
B 0.001 7 0.001 7 0.002 1 0.002 0 0.002 6 0.002 2
Co 0.298 0.298 0.219 0.216 0.419 ~0.720
N 0.042 0.043 <0. 010 <0.010 <0. 010 <0. 043
Nb 0.011 0.006 3 0. 006 6 0.002 <20.001 0.092
Sn 0.002 9 0.004 6 0.034 0. 039 0.020 0. 044
Ti 0.108 0.121 0.071 0.068 <C0. 001 0.005 2
\% 0.053 0. 055 0. 065 0. 064 0.111 0.127
<0. 020 <20. 020 <20. 020 <20. 020 0.125 0.235
Fe 46. 41 46. 62 71.23 70.91 68. 37 64.79
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Optimization of Shaft Structure and Materials for Submersible Pump of

In-situ Leaching of Uranium
ZHANG Chong'?, JIA Hao'?*, WANG Ya’an"?, Du Zhiming'?, XU Ying'?,
LI Xuezhong®, YU Zhuohua®
(1. Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China;
2. China Nuclear Mining Science and Technology Corporation, CNNC. Beijing 101149, China;
3. Nanfang Pump Industry Co. , Ltd. , Hangzhou 311100, China)

Abstract: The high rates of submersible pump damage due to pump shaft fracture and pump body cor-
rosion have been studied. By conducting theoretical calculations and ANSYS numerical simulations,
the mechanical properties such as strength and stiffness of hexagonal and cylindrical shaft structures
were compared. Field comparison tests on the corrosion resistance of 304, 3161, and 904 stainless
steel materials were also carried out. The results indicate that under the same load and equivalent di-
ameter conditions, the shear stress on the cross-section of the cylindrical axis is 64. 95% of the hexa-
gonal axis, and the torsion angle is only 56. 25% of the hexagonal axis torsion angle; the simulation
results show that the maximum circumferential deformation of the cylindrical shaft coupling is 68. 4 %
of the maximum circumferential deformation of the hexagonal prism shaft, the cylindrical shaft struc-
ture exhibits better torsional performance. While 904 stainless steel has the best corrosion resistance,
both 304 and 316L stainless steels demonstrate similar corrosion resistance to acidic media. Consider-
ing corrosion resistance margins and manufacturing costs, it is recommended to use a cylindrical pump
shaft structure and continue using 3161 stainless steel as the main material in the development of sub-
mersible pumps for uranium mining.

Key words: in-situ leaching of uranium; submersible pump; shaft structure; stainless steel; corrosion

resistant



