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Abstract .

talline diamond (PCD) materials play an important role in the field of superhard cutting tools. Based on the Derwent innova-

Because of the excellent mechanical, optical, electrical, thermal, acoustic and biological properties, polycrys-

tion index database, the general development situation, regional distribution, comprehensive strength of patentees, research
hotspot and core patent of PCD superhard cutting tools worldwide were analyzed by using ITGlnsight, a literature analysis
tool. The research hotspots of PCD superhard cutting tools were emphatically analyzed, including descriptors distribution
descriptors evolution and patentees cluster based on descriptors. Finally, according to the patents which were protected in
multiple regions or involved in litigations, the core patents were filtered and analyzed. The results show that the technologies
related to PCD superhard cutting tools have been mature. Although China has received the most patent applications, foreign

enterprises, such as US SMITH, US BAKER HUGHES, US SYNTHETIC and Luxembourg ELEMENT SIX, are still as the

leading enterprises worldwide. And, the concerned technologies of these giants are quite different.
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Note: Since there is a time lag of 18 months between patent application and publication, the data from 2017 to 2019 are just for reference.
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The number of patent applications worldwide in the field of PCD superhard cutting tools annually (Unit: Pieces)
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Fig. 3  Variation tendency of annual patent acceptances in the field of PCD superhard cutting tools for the representing countries

or areas worldwide (Unit; Pieces)
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Table 1 Major patentees in the field of PCD superhard cutting tools worldwide

Patentee Country Total applications Years involved Applications in the last Y accounted for the

(X) three years(Y) percentage of X/ %
SMITH USA 334 1985~2019 19 5.7
BAKER HUGHES USA 282 1986~2019 24 8.5
SYNTHETIC USA 246 1994 ~2019 20 8.1
ELEMENT SIX Luxembourg 196 1998 ~2019 19 9.7
HALLIBURTON UAE 85 1991~2019 31 36.5
DIAMOND INNOVATIONS USA 84 1998 ~2019 21 25.0
UNIV SOUTHWEST PETROLEUM China 79 2007 ~2019 26 32.9
CNPC China 75 2004 ~2018 18 24.0
SUMITOMO Japan 74 1981~2019 7 9.5
VAREL USA 74 2001~2016 0 0.0
HALL D R (HALL-Individual ) USA 58 1998 ~2014 0 0.0
ZHENGZHOU DIAMOND PRECISION China 57 2008 ~2014 0 0.0
SINOPEC China 51 2007 ~2018 17 33.3
GENERAL ELECTRIC USA 41 1977~2007 0 0.0
KENNAMETAL USA 44 1992~2019 2 4.5
SCHLUMBERGER France 43 1992~2019 4 9.3
UNIV CHINA PETROLEUM China 39 2006~2019 10 25.6
HENAN SF DIAMOND China 32 2010~2019 13 40.6
SICHUAN CHUANSHI DIAMOND China 30 2006~2019 7 23.3
SHEENWORLD SHENZHEN ENTERPRISES China 30 2006~2015 0 0.0
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Fig. 6  Descriptors evolution diagram for the field of PCD superhard cutting tools in recent 10 years
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Table 2 Several core patents in the field of PCD superhard cutting tools

Title Patentee Patent No. Date of application Validity
p fi i 1 1li
rocess for preparing a polycrystatine GENERAL ELECTRIC US4167399A 1978-4-10 Invalid
diamond body
Tool insert ELEMENT SIX ZA200406387A 2004-8-12 Invalid
Polycrystalline diamond body GENERAL ELECTRIC US4124401A 1977-10-21 Invalid
Pol line di d el ing el
olycrystalline diamond elements, cutting elements, BAKER HUGHES USREO47605E 2014-5-7 Valid
and related methods
Cutting tool insert and drill bit so equipped BAKER HUGHES US12792987 2010-6-3 Valid
ill bit includi 1 li
Rotary drill bit including polycrystalline SYNTHETIC UST866418B2  2008-10-3 Valid
diamond cutting elements
PDC sensing element fabrication process and tool BAKER HUGHES US9695683B2 2014-4-14 Unconfirmed
Syntheti ial for PDC i
ynihetic material for T cutter testing or VAREL EP2512739A4  2010-12-13  Partial patent invalid
for testing other superhard materials
Improvements to or relative, with a super+hard .
. CAMCO DE69514721T2 1995-6-15 Invalid
material dressed, elements
Rolling cone bit with enhancements in cutter element
placement and materials to optimize borehole SMITH US5833020A 1996-6-21 Invalid after authorization

corner cutting duty
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Title Patentee Patent No. Date of application Validity
Polycrystalline diamond composite molded body element,
a tool incorporating the same, and a method of ELEMENT SIX JP2012506493A 2009-10-21 Invalid
manufacturing the same
Cutting structures for steel bodied rotary drill bits REED TOOL US4919220A 1988-1-25 Invalid after authorization
Polycrystalline diamond abrasive elements BAKER HUGHES US8469121B2 2011-8-24 Valid
Cutting elements, methods for manufacturing such
cutting elements, and tools incorporating such SMITH US10480252B2 2018-11-5 Valid
cutting elements
A cutting insert KENNAMETAL EP1984135B2 2007-2-1 Valid
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BT {RAUHY PCD MR TR AR KB TR R — A
PIRLHIER LR, A5 US6585064B2 I US6601662B2,
55 3 I RIF A A, I R BT R IS AR s |, #
i JE X [E WEATHERFORD 2 I IS B AR5 A F,
SAFP K BN Y 7 it A 355 B 0K v 0 AR 2 W Y ¢ Frac-
Guard series composite bridge plugs” F1 “ FracGuard series
composite frac plugs”, L& BJ £ i R 55 2 & B9 “ Python
composite bridge plug” , DA 23 K B0 & R B AE R
PCD R T H AU A0 A1
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Table 3 The patent litigations in the field of PCD superhard cutting tools

Request and

Title Patent No. Date of application Patentee Prosecutor Defendant .
closing date
DIAMOND
Polycrystalline diamond partially REEDHYC- REEDHYC- 2008-8-15~
US6585064B2 2002-11-4 INNOVATIONS
depleted of catalyzing material ALOG, UK ALOG, UK USA ’ 2010-8-13
Pnl}l,:rysmli‘lfne dlimo'nd cun'eiis o REEDHYC REEDHYC DIAMOND 2008-8-15
working surfaces having varied wear - - -8-15~
US6601662B2 2001-9-6 INNOVATIONS
resistance while maintaining ALOG, UK ALOG, UK USA ’ 2010-8-13
impact strength )
D”“'“h"l]eut_"d appa”t“f V‘“t: Usso45s08 190p-5 1o MALLIBU-  HALLIBU-  WEATHERFORD, USA; 2007-12-21~
flof-metallic components an RTON, UAE RTON, UAE  BJ SERVICES, UK 2010-12-21

methods of drilling thereof
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