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Construction / Rock Cutting / Drilling & Mining  ------- $1.6 Billion 
($1.0B) ($0.5B) ($0.1B) ($1.6B) 

Applications 
(Market) 



($1.00B) ($0.05B) ($0.20B) 
Machinery Tooling / Wire Drawing / Grinding /

& Automobile Industrials -------- $1.40 Billion


($0.15B) ($1.40B)


Superhard Tools Are Widely Used in Modern Industries 
!! Hardness, Toughness, Strength, & Thermal Stability !! 



Industrial Needs (Pain):Industrial Needs (Pain):
Blunting and shattering of the cutting edges and drilling bits 

greatly slow down the machining and penetrating processes.


— waste time & energy ' 
Conventional diamond compactsConventional diamond compacts Nanostructured diamond compositesNanostructured diamond composites
y Metal bonding (Cobalt, Nickel, …) y Ceramic bonding (SiC, TiC, …)

y Low thermal stability (TG< 900ºC) y High thermal stability (TG>1200ºC)

y Low fracture toughness (< 8 MPa·m1/2) y High fracture toughness (>12 MPa·m1/2)


Technological Solution (Pill):Technological Solution (Pill):
Harder, tougher, last “forever” superhard & superabrasive

materials to speed up the machining and drilling processes.


— increase efficiency & 



Objective: 
Harder and Tougher (simultaneously) Materials for Industrial 
Applications such as drilling, cutting, grinding, and machining, etc. 

Approach: 
High Energy Ball Milling Preparation 

for Amorphous/Nanostructures


High-Pressure and High-Temperature 

Synthesis (Reactive Sintering)


Nanotube Reinforcement of Composites


Mechanical (Industrial) Characterization


Field (drilling) and Machinery (cutting) 

Tests with Industrial Partner. 

Commercialization: 
Multi-Billion dollar markets in making of drill bits, machinery tools;

Great potentials in savings of money, time, energy, & environments. 
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(Ball milling!) 

The SiC bonding matrix has much higher thermal stability range 

than the metal bonding, such as Co, Fe, & Ni, etc.






NanoSynthesis: 
Amorphous precursors, massive and homogenous distribution of nuclei;

Interplay and tuning between pressure, temperature, and sintering time.




NNaannoo--SSyynntthheessiis s ----------







First experiment 
to demonstrate 

effect of 
nanomatrix for 

composite 
materials 

NanoSynthesis 
to 

NanoMechanics 



This result contradicts the commonly 

held belief of the inverse correlation


The fracture toughness of the 
diamond-SiC nanocomposites 
can be considerably enhanced 
without compromising hardness. 
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NanoNano--MechanicsMechanics ----------
nanostructured materials with high surface-to-volume 
ratio show drastically increase of yield strength and 
fracture toughness as deformation mechanism changing 
from continuum (micro-scale) to discrete (nano-scale) 

Bulk modulus ofBulk modulus of nanonano--particlesparticles 
increases greatly ( > 40% )increases greatly ( > 40% )

PaloszPalosz et al.et al. (2002)(2002)

TensionTensionCompressionCompression Deformation and fracture of materials occur by 
multiplication/propagation of 

dislocations/vacancies/micro-cracks 

Nanostructure eliminate those “bad agents” 



Non-Disclosure Agreement Non-Disclosure Agreement 
with Ringwood Superabrasive with U. S. Synthetics Corp. 

From scientific research to technological development 

We are working hard to push the Research & Development results into the industrial 
applications. We are arranging the test production of the nanostructured diamond 
composites with our starting materials using industrial setups, and also are going to 
conduct mechanical tests with industrial standards. 



Non-Disclosure Agreement with Smith MegaDiamonds 

LANL-Smith Materials Transferring Agreement and Mechanical Test Agreement are also prepared / signed 

From laboratory experiment to industrial manufacture 



PCD Enhanced Insert Impact on WC-Co Anvils The carbide was observed to 
Dan Belnap, Ph.D. transition from localized plastic 

R&D Manager, Smith Megadiamond deformation at lower impact 

Diamond and Related Materials, (unpublished) loads to severe cracking and 
deformation at high impact loads. 

LANL and Smith MegaDiamond and U.S. 
Synthetic have signed agreements to transfer 
starting materials for industrial synthesis and 
to further conduct mechanical test using 
industrial standards. 

Impacting, Drilling, Cutting Tests on Granites & Limestone


In contrast to the 
WC-Co anvils, 
the enhanced 
polycrystalline 
diamond insert 

damage was 
relatively minor, 
observed during 
impact testing. 
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Static Loading: 1/2 Inch EI on 614 WC-Co 



LANL-TCU-ISM-RBI 
Joint Efforts 

The mounting of WC-
Diamond inserts onto 
the tri-conical drill bit 
of RBI 

Study kinetics of reaction between diamond 
composite core and titanium and determine 
optimal brazing temperature. 

Study possibilities of brazing WC inserts 
with diamond composites cores in different 
inert atmospheres. 

Design several types of the WC–diamond 
composite inserts for application in cone 
bits: Conical-type and Chisel-type. 

Real case: Oil field drilling! 



Case StudyCase Study –– Oil Drilling
Oil Drilling
to drill a 7000 feet depth well in East Texas (average well 5500 feet )

y Conventional bit y Novel nano-composites diamond bit 

Soft rock formation: 
PCD bit, 100 ft/h 

Hard rock formation: 

Soft & hard rock formation 
One bit, 150 & 100 ft/h 
Less bit changing 

WC bit, 20 ft/h 
Down-time to change bit 

24 ~ 48 hour 

¾ 7 bits reduced to 4 bits 
¾ 6 trips reduced to 3 trips 
¾ time/energy/money saving 

Danger of abandon the well 2 ~ 4 times


¾ Total well drilling in U.S. is 150~180 million feet per year

¾ It costs $40~50 Billion annually for average $300 per feet

¾ Total cost for petroleum industry is about $10 Billion/year


Cost saving (annual) with adopting novel nano-composite bits can be as 

much as $300 ~ $500 million per year (U.S. drilling industry alone!)




Canadian Drill Site
Canadian Drill Site
Oil Well DrillingOil Well Drilling

RockBitRockBit InternationalInternational

Improvements are 
desperately needed! 



Nanostructured Diamond-SiC 
Composite Materialss 
with Superhardness & 


Ultratoughness


are highly appraised in many 

industrial applications


Especially for the 

off-shore drilling!


— U. S. Patents (one allowed) —


— R&D 100 Award (2004 entry) —




Endorsement letters for LANL entry of R&D 100R&D 100 Award 
“Superhard & Ultratough NanoComposites” 

from diamonds and drill-bit industrial manufactures 
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Many publications plus two patent applications (one allowed!)




Future R&D DirectionsFuture R&D Directions
• Improve matrix electric conductivity 

(metal-ceramics bonding for EDM’able products ) 

•	 Reduction of P-T synthesis conditions 
(systematics of catalysts / solvents / additives) 

• Nanotube reinforcement to enhance toughness

(phys./chem. anchoring & “hairy” tube application) 

Potential Machinery ApplicationsPotential Machinery Applications
Novel BNovel B66OO--TiBTiB22 Nanocomposites
Nanocomposites

Much higher thermal stabilityMuch higher thermal stability TTcc=1600K
=1600K
Compared with diamond (900K) andCompared with diamond (900K) and cBNcBN (1100K)
(1100K)

It is the hardest materials at T>700K
It is the hardest materials at T>700K



NanoNano--SynthesisSynthesis



The key to the successes of the nanotube
reinforcement is to enhance its “wet-ability” 
and “solubility” so that nanotubes can be 
incorporated with the matrix of composites 

Synthesis ofSynthesis of 
“hairy”“hairy” nanotubesnanotubes

Our Unique Approaches 
Homogeneous dispersion of 

the nanotubes in ceramic/alloy 
amorphous matrix 

Physical anchoring and/or 
chemical anchoring onto 

functionalized “hairy” nanotube 

Amorphous matrix has intrinsically low contact-angle, readily to wet.


Amorphous matrix can greatly improves mechanical performance of nanostructured bulks


(1) to relax mismatches from adjacent unit cells corresponding to different phases; 
(2) to absorb vacancies, dislocations, and impurities at the grain boundaries; 
(3) to diminish surface energy and reduce residual stresses in nanocrystalline grains. 



16B + B2O3 → 3B6O 
5.5 GPa, 2200 K, 240 min 

Icosahedra, multi-twinned 

Published on APL 
Highlighted by Nature 

Super hardness, low density, high thermal stabilityhigh thermal stability, 
excellent chemical inertness & wear resistance 

5.5 GPa, 1900°C, 240 min 
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cubic boron nitride 

cBN crystal: HV = 48 GPa 
B6O crystal: HV = 45 GPa 
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The structure of B6O is built of eight icosahedra 
at the apexes of the rhombohedral unit cell. Each 
icosahedra is composed of twelve boron atoms. 
Oxygen atom are three-coordinated to boron atoms 
in separate icosahedra in the (001) plane. 
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High P-T Reactive Sintering of 
Nanostructured B6O Bulks 

Loading force, (gram) 
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Hardness measurement 
Run # 3863 average 

Not well sintered ?! 

May need metal additives ?! 

B6O polycrystalline bulks 
versus 

large single crystals ?! 



Collaboration: CIW & LANL




Moissanite (6H-SiC) 
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