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Fig. 1 Framework for patent analysis of rare earth element applications in the aviation industry
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Fig.2 Changes in patent applications for rare earth elements in the aviation industry over time
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Fig.3 Top 10 countries and regions in terms of patent

applications for rare earth elements in the aviation industry
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Table 1

Top 10 IPC subcategories with a large number of rare earth element application patents in the aviation industry

IPC subcategory Technical content

Number of patent families Proportion/ %

B64C Aircraft/helicopter 91 47.2
B64D Equipment used to cooperate with or install on an aircraft 50 25.9
B64G Space navigation and the aircraft or equipment used 50 25.9
Cc22C Alloy 40 20.7
B32B Layered products 31 16.1
C22F Change the physical structure of non-ferrous metals or alloys 20 10. 4
C04B Lime/magnesium oxide/slag/ cement/its composition 17 8.8
C23C Metal material coating 15 7.8
B64F Ground facilities or aircraft carrier deck facilities 14 7.3
FO1D Non-variable capacity machines or engines 13 6.7
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Table 2 Top 20 IPC classification numbers with a large number of rare earth element application patents in the aviation industry

IPC classification

Number of

Proportion in the

Technical field Technical content Year span
Number patent families past three years/%
B64C-001/00 Fuselage 32 1985—2018 9
Structure or accessories of the fuselage
B64C-001/12 8 2002—2017 12
fre kin plat
Layered products rame sk prate
Thin metal layers and layered products
composed of metals B32B-015/04 13 2001—2016 /
composed of a specific substance
Layered products with thin layers of
B32B-015/08 7 1996—2017 14
metal and synthetic resin
Layered products
B32B-018/00 Layered products composed of ceramics 7 2003—2016 /
composed of ceramics
Layered products
composed of special B32B-009/00  Layered products composed of special substances 9 2000—2016 /
substances
B64G-001/58 Thermal Protection Devices for Spacecraft 11 1986—2016 /
Spacecraft
B64G-001/22 Components of spacecraft 9 1994—2016
Aluminum based alloys with magnesium copper
C22C-021/16 10 2000—2018 10
as the secondary main component
Aluminum based alloys with copper as the
C22C-021/12 9 1994—2016 /
secondary main component
C22C-021/00 Aluminum based alloy 8 1994—2018 12
Aluminum based alloy Aluminum based alloys with magnesium as
C€22C-021/06 8 1994—2018 12
the secondary main component
Aluminum based alloys with silicon copper
C22C-021/14 8 2002—2018 12
as the secondary main component
Aluminum based alloys with zinc and copper
C22C-021/18 8 2000—2018 12
as secondary components
C22F-001/04 Aluminum or aluminum based alloys 9 2000—2016 /
. Aluminum or aluminum based alloys with copper
Change the physical  22F-001/057 9 2002—2018 11
i i as the secondary main component
structure of non-ferrous . .
Changing the physical structure of non-ferrous
metals or alloys .
C22F-001/00 metals or alloys using heat treatment or hot or 7 2000—2018 14
cold working methods
Non variable capacity Selection of Special Materials for Aircraft Blades/
FO1D-005/28 9 1979—2015 /
machines or engines Measures to Prevent Erosion or Corrosion
Ceramic shaped products C04B-035/622 Formation process of ceramic shaped products 8 2003—2018 38
Obtaining at least two overlapping layers of
Metal material coating (€23C-028/00 8 2000—2014 /
plating by special methods
Aircraft characterized by
the type or location of B64D-027/24 Aircraft powered by steam and electricity 7 2012—2017 29

power plant
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Table 3 Application of rare earth elements in patents of the top 5 countries
Rare-earth China America Germany France EPO
elements Number Proportion/% Number Proportion/% Number Proportion/% Number Proportion/% Number —Proportion/%
Lanthanum 24 39.3 11 18.6 2 9.5 0 0 0 0
Cerium 20 32.8 19 32.2 5 23.8 7 41.2 2 12.5
Praseodymium 1 1.6 3 5.1 1 4.8 0 0 0 0
Neodymium 28 45.9 16 27.1 4 19.0 0 0 4 25.0
Promethium 0 0 2 3.4 0 0 0 0 0 0
Samarium 1 1.6 8 13.6 0 0 0 0 0 0
Europium 1 1.6 7 11.9 3 14.3 0 0 1 6.3
Gadolinium 2 3.3 2 3.4 1 4.8 5 29.4 0 0
Terbium 2 3.3 16 27.1 16 76.2 4 23.5 0 0
Dysprosium 6 9.8 6 10.2 2 9.5 0 0 1 6.3
Hholmium 0 0 0 0 0 0 0 0 0 0
Erbium 3 4.9 22 37.3 18 85.7 6 35.3 0 0
Thulium 1 1.6 4 6.8 2 9.5 0 0 0 0
Yiterbium 1 1.6 10 16.9 15 71.4 4 23.5 0 0
Lutetium 2 3.3 5 8.5 0 0 4 23.5 0 0
Yttrium 11 18.0 24 40.7 8 38.1 1 5.9 2 12.5
Scandium 8 13.1 35 59.3 29 138.0 12 70.6 12 75.0
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Fig. 4 Topl0 institutions in the aviation industry

with patent applications for rare earth elements
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Table 4 Key directions of patent technology for major patent holders

IPC classification

Number of

Proportion in

Patentee Technology content
number patent families domestic patents/%
B32B-007/12 Layered products using adhesive between thin layers 2 20.0
B32B-015/08 Layered products with thin layers of metal and synthetic resin 2 20.0
Airbus
B32B-015/20 Layered products composed of copper or aluminum 2 20.0
B64C-001/00 fuselage 2 20.0
B64C-001/12 Structure or accessories of the fuselage frame skin plate 3 33.3
Liyang S&T
B64D-029/00 Power unit nacelle, rectification device or fairing 3 33.3
Development
Ceramic molded products based on zirconia or hafnium
Center C04B-035/48 3 33.3
oxide or zirconiate or hafnate salts
B64C-001/00 fuselage 5 71.4
C22F-001/04 Aluminum or aluminum based alloys 4 57.1
Aleris Aluminum
B64C-003/00 wing 3 42.9
C22C-021/06  Aluminum based alloys with magnesium as the secondary main component 3 42.9
B64C-001/00 fuselage 7 100. 0
Aluminum based alloys with magnesium copper as the secondary
C22C-021/16 5 71.4
main component
Aluminum or aluminum based alloys with copper as the secondary
C22F-001/057 5 71.4
Constellium main component
C22C-021/12 Aluminum based alloys with copper as the secondary main component 4 57.1
Aluminum based alloys with silicon copper as the secondary
C22C-021/14 4 57.1
main component
C22C-021/18 Aluminum based alloys with zinc and copper as secondary components 4 57.1
(€22C-001/02 Manufacturing Nonferrous Metal Alloys by Melting Method 3 60.0
Qingdao Aifeike (€22C-030700 Alloys with a content of less than 50% for each component 2 40.0
Aviation C22C-033/08 Manufacturing of cast iron alloys 2 40.0
(€22C-037/08 Cast iron alloy containing nickel 2 40.0
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Abstract; The application of rare earth elements in aerospace field is an important field at home and abroad. In view of
the application of rare earth elements in aerospace field, the paper mainly uses scientometrics, mathematical statistics, and
other methods to analyze the application technology innovation patents of rare earth elements from the perspective of application
countries and main patentees. It is found that the global rare earth element technology patents in aerospace have shown an
overall growth trend since the application, especially after 2000 the patent application was very active and the number was rela-
tively large. The global mail technologies are distributed in alloy and non-metallic products and application technologies , espe-
cially in ceramic coating and aircraft power technology from 2017 to 2019, which are the hot areas in three years. The patents
from the United States and China are more than those of other countries, and the main patents in China focus on neodymium,
lanthanum, cerium, yttrium, scandium, and the United States focus on scandium, ytirium, erbium, cerium, terbium, etc.
The world’ s main patentees in this field are European and American companies. It is suggested that China should strengthen
the systematic research layout of rare earth in the field of aerospace and enhance the technology research and development
through international and domestic cooperation.
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