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Abstract: Based on the investigation of the current development trends of deep-sea mining technologies, and in
combination with the analysis of domestic and international literature and patent hotspots, three key technological fields
of deep-sea mining were identified ; collection, lifting, and surface support. Based on the systematic sorting of the core
technologies in different fields, a review on the domestic and international research progress is presented in 10 core
technologies, including ore crushing, ore collection, mining vehicle traveling, long-distance vertical pipeline
transportation, anti-clogging and emergency escape for lifting pipelines, pump-free mineral transportation, underwater
acoustic communication, mineral processing, launch and recovery, as well as heave compensation. A multi-dimensional
quantitative assessment was conducted on China’ s advantages and disadvantages compared to the international level in
the overall field of deep-sea mining and the three key technological fields of collection, lifting, and surface support.
Comprehensive analysis indicates that at the current stage, the main shortcomings of China’s deep-sea mining
technologies include the low efficiency of core equipment, insufficient long-term reliability, inadequate understanding of
deep-sea environmental disturbance mechanisms, and the lack of integrated coordinated operation in at-sea tests. The
global challenges of deep-sea mining technology are mainly manifested in dynamic coordinated control under multi-field
coupling, flow assurance and equipment reliability in long-distance vertical transportation, and environmental constraints
and plume control. In the future, it is advisable for China to focus on breaking through core technologies, strengthening

environmental impact assessment and monitoring, and conducting integrated system at-sea tests, so as to move toward the
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more systematical, smarter and eco-friendly technology, laying a foundation for China’s future participation in deep-sea

resource exploitation.

Key words: deep-sea mining; mining technology; ore collection; ore lifting; surface support; patent analysis; literature

analysis; literature review
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Fig.1 Overall trend of publications and patents on deep-sea

mining from 2000 to 2025
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Fig.2  Number of global publications and patents on

deep-sea mining over past 25 years and past 5 years
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technological fields in deep-sea mining
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Fig.4 Publication trends in three key technological fields

Bl 5 i A R AR e S0 & R E Ko A (Hop
B2 118 SN AE Scopus 85 IR T 80 IR HY 18
SC M E LR A M E R R 10 1% ) BdE 0%
BT EZEAAER G, FRED . HES A,
WKELED A RETIR IS SCIAT 871 7, itk 33.6%,
LRI 734 14 51 53.2% , 24 B4 T E b, R
PR T T SR K AR RO LA K BIF & 9 g, R, 3R [
1 (B & A1 LG AR X AT B, & R 5T S AT AT B8 T 25 1)
FEAMUER SR 5L RE R FE TR, HAE
SEM 190 SO il & R T A R S R T
HARZAIR O H ARG S, H AR LRI A6 R 3



4 ¥R

T o 46 %

IR igiee s R AESIRE SN A VR B R S
Fre s,

(a) (b) ’
77,
8.9% 5.1%

(¢) (d) 60
50 49
&
~ 40
E 3
ES 20
Z 20 15 15
%E,' # 10
6,
14.6%

0
WA 6 FAC hilE
FER

(a) F ARG (b) AR L FIHCE;
() TR 3CEE; (d) ML ML
5 HARENHIEX EFERSHE

Fig.5 Proportions and numbers of publications and patents

on ore collection by countries
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on ore lifting by countries
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Fig.7 Proportions and numbers of publications and patents

on surface support by countries
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Fig.8 Operation process of pipe-lifting of mining system
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Fig.14  Overall evaluation and comparison of deep-sea mining technologies
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