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THERMALLY STABLE DAMOND BONDED 
MATERALS AND COMPACTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional of U.S. appli 
cation Ser. No. 12/970,721, filed on Dec. 16, 2010, now U.S. 
Pat. No. 8,616,307, issued Dec. 31, 2013 entitled “THER 
MALLY STABLE DIAMOND BONDED MATERIALS 
AND COMPACTS, which claims priority to U.S. Provi 
sional Application No. 61/287,164 filed Dec. 16, 2009, 
entitled “THERMALLY STABLE DIAMOND BONDED 
MATERIALS AND COMPACTS, both of which are herein 
incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention generally relates to diamond bonded 
materials and constructions, more specifically, diamond 
bonded materials and constructions comprising a silicon con 
taining region and compacts/constructions formed therefrom 
that are engineered to provide desired properties of improved 
thermal stability and fracture toughness when compared to 
conventional polycrystalline diamond materials. 
0004 2. Background of the Invention 
0005 Polycrystalline diamond (PCD) materials and PCD 
elements formed therefrom are well known in the art. Con 
ventional PCD is formed by combining a volume of diamond 
powder and Subjecting the same extremely high pressure 
high temperature (HPHT) process conditions in the presence 
of a suitable catalyst material, wherein the catalyst material 
promotes desired intercrystalline diamond-to-diamond bond 
ing between the diamond grains, thereby forming a sintered 
PCD structure. The resulting PCD structure produces 
enhanced properties of wear resistance and hardness, making 
PCD materials extremely useful in aggressive wear and cut 
ting applications where high levels of wear resistance and 
hardness are desired. 
0006 Catalyst materials that are typically used for form 
ing conventional PCD include metals from Group VIII of the 
CAS version of the Periodic table taken from the CRC Hand 
book of Chemistry and Physics, with cobalt (Co) being the 
most common. Conventional PCD may comprise from 85 to 
95% by Volume diamond and a remaining amount of catalyst 
material. The sintered PCD has a material microstructure 
comprising a matrix phase of intercrystalline bonded dia 
mond with a plurality of interstitial regions dispersed within 
the matrix. The catalyst material is present in the microstruc 
ture of the PCD material within interstitial regions. 
0007. A problem known to exist with such conventional 
PCD materials is thermal degradation due to differential ther 
mal expansion characteristics between the interstitial catalyst 
material and the intercrystalline bonded diamond. Such dif 
ferential thermal expansion is known to occur attemperatures 
of about 400° C., causing ruptures to occur in the diamond 
to-diamond bonding, and resulting in the formation of cracks 
and chips in the PCD structure. 
0008 Another problem known to exist with conventional 
PCD materials is also related to the presence of the catalyst 
material in the interstitial regions and the adherence of the 
catalyst to the diamond crystals to cause another form of 
thermal degradation. Specifically, the catalyst material is 
known to cause an undesired catalyzed phase transformation 
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in diamond (converting it to carbon monoxide, carbon diox 
ide, or graphite) with increasing temperature, thereby limit 
ing practical use of the PCD material to about 750° C. 
0009 Attempts at addressing such unwanted forms of 
thermal degradation in PCD are known in the art. Generally, 
these attempts have involved the formation of a PCD body 
having an improved degree of thermal stability when com 
pared to the conventional PCD material discussed above. One 
known technique of producing a thermally stable PCD body 
involves at least a two-stage process of first forming a con 
ventional sintered PCD body, by combining diamond grains 
and a cobalt catalyst material and Subjecting the same to 
HPHT, and then removing the catalyst material therefrom. 
0010. This method, which is fairly time consuming, pro 
duces a resulting PCD body that is substantially free of the 
Solvent catalyst material, and is therefore promoted as pro 
viding a PCD body having improved thermal stability. How 
ever, the resulting thermally stable PCD body, or thermally 
stable polycrystalline diamond (TSP) typically does not 
include a metallic substrate attached thereto by catalyst infil 
tration from such metallic substrate due to the catalyst 
removal process. Such TSP body also has a coefficient of 
thermal expansion that is sufficiently different from that of 
conventional metallic substrate materials (such as WC Co 
and the like) that are typically infiltrated or otherwise attached 
to the PCD body to provide a PCD compact that adapts the 
PCD body for use in many desirable applications. This dif 
ference in thermal expansion between the thermally stable 
PCD body and the metallic substrate, and the poor wetability 
of the thermally stable PCD body diamond surface makes it 
very difficult to bond the thermally stable PCD body to con 
ventionally used metallic Substrates, thereby requiring that 
the PCD body itself be attached or mounted directly to a 
device for use. 
0011. However, since such conventional thermally stable 
PCD body is devoid of a metallic substrate, it cannot (e.g., 
when configured for use as a drill bit cutter) be attached to a 
drill bit by conventional brazing process. The use of such TSP 
body in this particular application necessitates that the PCD 
body itself be mounted to the drill bit by mechanical or 
interference fit during manufacturing of the drill bit, which is 
labor intensive, time consuming, and which does not provide 
a most secure method of attachment. 
0012. Additionally, because such conventional thermally 
stable PCD body no longer includes the catalyst material, it is 
known to be relatively brittle and have poor impact strength 
and toughness, thereby limiting its use to less extreme or 
severe applications and making Such TSP bodies generally 
unsuited for use in aggressive applications such as Subterra 
nean drilling and the like. 
0013. It is, therefore, desired that a diamond bonded con 
struction be developed that has improved properties of ther 
mal stability when compared to conventional PCD materials. 
It is also desired that a diamond compact be developed that 
includes a thermally stable diamond material bonded to a 
suitable metallic substrate to facilitate attachment of the com 
pact to an application device by conventional method such as 
welding or brazing and the like. It is further desired that such 
thermally stable diamond material and compact formed 
therefrom have improved properties of hardness/toughness 
without sacrificing desired properties of impact strength and 
fracture toughness when compared to the conventional TSP 
material described above. It is further desired that such a 
product may be manufactured at reasonable cost without 
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requiring excessive manufacturing times and without the use 
of exotic materials or techniques. 

SUMMARY OF THE INVENTION 

0014. Thermally stable diamond bonded constructions as 
disclosed herein comprise a diamond bonded body that 
includes a thermally stable region. The thermally stable 
region has a material microstructure comprising a plurality of 
diamond grains that are bonded together by a reaction product 
of the diamond grains with a reactant. In a preferred embodi 
ment, the reactant is silicon. The material microstructure 
further comprises a ceramic compound formed by reacting a 
getter material with a gaseous element generated during for 
mation of the diamond bonded body at HPHT conditions. 
0015. In an example embodiment, the getter material is 
selected from the group consisting of Nb, Zr, Ti, Mo and 
mixtures thereof, and the ceramic compound is selected from 
the group consisting of oxides, nitrides, and hydrides of Such 
getter material. In the range of from about 0.1 to 10 percent by 
weight of the getter material may be used to form the diamond 
bonded body, and the diamond bonded body may comprise in 
the range of from about 0.1 to 15 percent by weight of the 
ceramic compound. 
0016. In an example embodiment, the thermally stable 
diamond bonded construction comprises a polycrystalline 
diamond region positioned adjacent the thermally stable 
region and that includes intercrystalline bonded diamond 
grains and a metal Solvent catalyst disposed within interstitial 
regions. The polycrystalline diamond region may or may not 
include the reaction product present in the thermally stable 
region, and the thermally stable diamond region is Substan 
tially free of the metal catalyst material selected used to form 
the polycrystalline diamond region. In Such embodiment it is 
desired that the reactant used to form the thermally stable 
region be selected from the group of materials capable of 
reacting with the diamond at a temperature below the melting 
temperature of the metal solvent catalyst to facilitate forma 
tion of the diamond bonded body during a single HPHT cycle 
operated at different temperatures. 
0017. The thermally stable diamond bonded construction 
may include a metallic Substrate attached to the diamond 
bonded body to facilitate its use as a wear and/or cutting 
element, e.g., on a bit used to drill earthen formations. Such 
thermally stable diamond bonded constructions have com 
bined improved properties of thermal stability, hardness/ 
toughness without sacrificing desired properties of impact 
strength and fracture resistance when compared to conven 
tional PCD materials. Such thermally stable diamond bonded 
constructions enable HPHT formation in a manner that mini 
mizes and/or eliminates unwanted sintering defects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. These and other features and advantages of the 
present invention will be appreciated as the same becomes 
better understood by reference to the following detailed 
description when considered in connection with the accom 
panying drawings wherein: 
0019 FIG. 1 is schematic view taken from a thermally 
stable region of a diamond bonded material; 
0020 FIG. 2 is a perspective view of an example embodi 
ment thermally stable diamond bonded compact comprising a 
diamond bonded body and a metallic substrate bonded 
thereto; 
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0021 FIG. 3 is a cross-sectional schematic view of an 
example thermally stable diamond bonded compact of FIG. 
2: 
0022 FIG. 4 is a cross-sectional schematic view of an 
example thermally stable diamond bonded compact having a 
nonplanar diamond region interface; 
0023 FIG. 5 is a cross-sectional schematic view of an 
example thermally stable diamond bonded compact having a 
discrete thermally stable region; 
0024 FIG. 6 is a cross-sectional schematic view of 
another example embodiment thermally stable diamond 
bonded compact; 
0025 FIG. 7 is a cross-sectional schematic view of an 
example embodiment thermally stable diamond bonded 
body; 
0026 FIG. 8 is a cross-sectional schematic view of an 
example embodiment thermally stable diamond bonded com 
pact comprising the diamond bonded body of FIG. 7: 
0027 FIG. 9 is a perspective side view of an insert, for use 
in a roller cone orahammer drill bit, comprising the thermally 
stable diamond bonded compact; 
0028 FIG. 10 is a perspective side view of a roller cone 
drill bit comprising a number of the inserts of FIG. 9; 
0029 FIG. 11 is a perspective side view of a percussion or 
hammer bit comprising a number of inserts of FIG.9; 
0030 FIG. 12 is a schematic perspective side view of a 
diamond shear cutter comprising the thermally stable dia 
mond bonded compacts; and 
0031 FIG. 13 is a perspective side view of a drag bit 
comprising a number of the shear cutters of FIG. 12. 

DETAILED DESCRIPTION 

0032. Thermally stable diamond bonded materials and 
compacts disclosed herein are specifically engineered having 
a diamond bonded body formed using a getter material to 
control the unwanted presence of gaseous contaminates 
formed during the HPHT sintering process. Such diamond 
bonded materials further comprise a thermally stable dia 
mond bonded region, thereby providing improved thermal 
stability when compared to conventional PCD materials. As 
used herein, the term PCD is used to refer to polycrystalline 
diamond that has been formed, at HPHT conditions, through 
the use of a catalyst material, e.g., a metal Solvent catalyst, 
such as those metals included in Group VIII of the CAS 
version of the Periodic table taken from the CRC Handbook 
of Chemistry and Physics the Periodic table. The thermally 
stable diamond bonded region in diamond bonded bodies 
disclosed herein, although containing a population of bonded 
together diamond crystals, is not referred to as being PCD 
because is does not include a metal solvent catalyst. Further, 
such thermally stable diamond bonded region is not referred 
to as being TSP because it is not formed by the removal of a 
catalyst material from sintered PCD. 
0033. Thermally stable diamond bonded constructions 
may comprise a diamond bonded body that is formed entirely 
of the thermally stable diamond bonded region. In another 
embodiment, the thermally stable diamond bonded construc 
tion may include both the thermally stable diamond bonded 
region and a region comprising conventional PCD, i.e., inter 
crystalline bonded diamond formed using a catalyst material. 
Thermally stable diamond bodies as disclosed herein provide 
properties of hardness/toughness and impact strength that are 
superior to conventional TSP materials that have been ren 
dered thermally stable by having substantially all of the cata 
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lyst material removed therefrom. Further, the presence of a 
PCD region in the diamond bonded body also facilitates 
attachment of the thermally stable diamond bonded body to a 
desired metallic substrate to formathermally stable diamond 
bonded compact that may be attached to cutting or wear 
devices, e.g., drill bits when the diamond bonded compact is 
configured as a cutting element, by conventional means Such 
as by brazing and the like. 
0034. In an example embodiment, a feature of such ther 
mally stable diamond bonded materials and compacts is that 
they may be formed during a single HPHT process, which 
process is controlled to produce a desired thermally stable 
diamond bonded material in one region of the body, while 
also providing PCD in another region to provide a permanent 
attachment between the diamond bonded body and a desired 
metallic Substrate. Example embodiments comprising a dia 
mond bonded body comprising exclusively the thermally 
stable diamond bonded region may also be formed during a 
single HPHT process. 
0035 FIG. 1 illustrates a region of a sintered thermally 
stable diamond bonded material 10 as disclosed herein hav 
ing a material microstructure comprising the following mate 
rial phases. A first material phase 12 comprises intercrystal 
line bonded diamond that is formed by the bonding together 
of adjacent diamond grains at HPHT. A second material phase 
14 is disposed interstitially between the bonded together dia 
mond grains or crystals and comprises a reaction product of a 
preselected material with the diamond that functions to bond 
the diamond grains together. Accordingly, the material micro 
structure of this region comprises a distribution of both inter 
crystalline bonded diamond, and diamond grains that are 
bonded together by reaction with the preselected bonding 
agent. 
0036 Additionally, because the sintered diamond body is 
formed using a getter material to control the unwanted pres 
ence of gaseous contaminates during HPHT process, inert 
ceramic compounds are formed by reaction of the getter 
material with the gaseous contaminates and are present 
within the microstructure illustrated in FIG. 1, specifically in 
the second material phase 14. 
0037 Diamond grains useful for forming thermally stable 
diamond bonded materials as disclosed herein include Syn 
thetic diamond powders having an average diameter grain 
size in the range of from submicrometer in size to 100 
micrometers, and more preferably in the range of from about 
5 to 80 micrometers. The diamond powder may contain grains 
having a mono or multi-modal size distribution. In an 
example embodiment, the diamond powder has an average 
particle grain sized of approximately 20 micrometers. In the 
event that diamond powders are used having differently sized 
grains, the diamond grains are mixed together by conven 
tional process, such as by ball or attrittor milling for as much 
time as necessary to ensure good uniform distribution. 
0038. The diamond grain powder is preferably cleaned, to 
enhance the sinterability of the powder by treatment at high 
temperature, in a vacuum or reducing atmosphere. The dia 
mond powder mixture is loaded into a desired container for 
placement within a suitable HPHT consolidation and sinter 
ing device. In an example embodiment where the diamond 
bonded body is to be attached to a metallic substrate, a suit 
able metallic Substrate material (in powder, green-state, or 
already-sintered form) is disposed within the consolidation 
and sintering device adjacent the diamond powder mixture. 
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0039. It is desired that the volume content of diamond be 
relatively high, and in a preferred embodiment be greater than 
about 90 percent by volume. The high volume content of 
diamond operates to provide desired elevated properties of 
abrasion resistance Suitable for certain end-use applications. 
Additionally, the high Volume content of diamond operates to 
control the amount of the second phase material present in the 
thermally stable region after sintering as described in greater 
detail below. 

0040. The diamond volume may be provided in the form 
of a powder, or may be provided in the form of a highly-dense 
diamond perform, Such as diamond tape or the like where the 
diamond is provided having the desired diamond Volume 
content and is combined with a suitable binder. If such green 
state diamond perform is used, it is desired that the assembly 
be subjected to a temperature sufficient to remove the binder 
prior to HPHT processing. 
0041. In an example embodiment, the diamond powder is 
combined with a getter material that is capable of acting in 
situ during the HPHT process to convert any gaseous con 
taminates, such as oxygen or the like that are formed during 
the HPHT process, to inert compounds such as ceramic com 
pounds of the like. Oxygen contamination originating from 
absorbed material on particular Surfaces is associated with 
many sintering problems, including cracking, during the 
HPHT manufacturing process of making polycrystalline dia 
mond. Accordingly, it is desired that the diamond Volume 
include a minimum amount of Suitable getter material to 
neutralize the presence of such unwanted gaseous contami 
nates as much as possible. 
0042. Desired getter materials useful in this regard include 
those that are capable of reacting with oxygen to convert the 
same to an inert ceramic compound. Example getter materials 
include Nb, Zr, Ti, Mo and combinations thereof. The amount 
of the getter material that is combined with the diamond 
Volume will vary depending on the particular volume fraction 
of diamond that is used and/or the particular HPHT condi 
tions. In an example embodiment, it is desired that in the 
range of from about 0.1 to 10 percent by weight, preferably in 
the range of from about 0.2 to 5 percent by weight, and more 
preferably in the range of from about 0.5 to 3 percent by 
weight of the getter materials be used. Using more than about 
10 percent by weight of the getter material is more than what 
is needed to provide a desired degree of control over the 
amount of gaseous contaminates generated or present in the 
diamond Volume. Using less than about 0.1 percent by weight 
of the getter material is less then what is needed to provide a 
desired degree of control over the amount of gaseous con 
taminates generated or present in the diamond Volume during 
the sintering process. 
0043. The getter material is dispersed throughout the dia 
mond volume that is used to form the diamond bonded body 
to control the formation of gaseous contaminates throughout 
the diamond bonded body. In an example embodiment, the 
getter material operates to convert Such gaseous contaminates 
into inert ceramic compounds such as oxides, nitrides, and 
hydrides of Nb, Zr, Ti, Mo. 
0044. In an example embodiment, the diamond bonded 
body comprises in the range of from about 0.1 to 15 percent 
by weight of the ceramic compound, preferably in the range 
of from about 0.2 to 7.5 percent by weight of the ceramic 
compound, and more preferable in the range of from about 0.5 
to 4.5 percent by weight of the ceramic compound. 
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0045. In a preferred embodiment, the metallic substrate is 
provided in a preformed State and includes a metal Solvent 
catalyst that is capable of infiltrating into the adjacent dia 
mond powder mixture during processing. Suitable metal Sol 
vent catalyst materials present in the metallic Substrate 
include those metals selected from Group VIII elements of 
the CAS version of the Periodic table taken from the CRC 
Handbook of Chemistry and Physics of the Periodic table. A 
particularly preferred metal solvent catalyst is cobalt (Co). 
Alternatively, the metallic substrate may be provided in pow 
der or in otherwise agreen-state form and combined with the 
diamond volume for HPHT processing. 
0046. The materials used as the metallic substrate may be 
selected from the group of materials conventionally used as 
metallic substrate materials for forming conventional PCD 
compacts such as metallic materials, ceramic materials, cer 
mets, and combinations thereof. In a preferred embodiment, 
the metallic Substrate material comprises cemented tungsten 
carbide (WC Co). 
0047 While the presence of a metallic substrate during the 
HPHT process has been disclosed above in an example 
embodiment, it is to be understood that thermally stable dia 
mond bonded bodies as described herein may be formed 
independently without the use of a metallic substrate. In such 
instances, the diamond bonded body resulting from the 
HPHT process may be subsequently attached to a metallic 
substrate if so desired by conventional process, e.g., by HPHT 
process, welding, brazing process or the like. 
0048. In an example embodiment, it is desired that a pre 
determined region of the diamond bonded body formed dur 
ing the consolidation and sintering process become thermally 
stable. It may also be further desired that a predetermined 
region of the diamond body formed during the same process 
form a desired attachment with a metallic substrate. In an 
example embodiment, the predetermined region to become 
thermally stable is one that will form the wear or cutting 
surface of the final product. 
0049. In an example embodiment, where the resulting dia 
mond bonded body comprises both a thermally stable region 
and a conventional PCD region, a suitable first or initial stage 
infiltrant is disposed adjacent a Surface portion of the prede 
termined region of the diamond powder to become thermally 
stable. The first infiltrant may be selected from those materi 
als having a melting temperature that is below the melting 
temperature of the metal solvent catalyst in the metallic sub 
strate, that are capable of infiltrating the diamond Volume 
upon melting during processing, and that are capable of bond 
ing together the diamond grains. In an example embodiment, 
the first infiltrant actually participates in the bonding process, 
forming a reaction product with the diamond that operates to 
bond the diamond grains together. 
0050. In a preferred embodiment, the first infiltrant is a 
silicon material that may be provided in a form suitable for 
placement and use within the consolidation and sintering 
device. In an example embodiment, the silicon material may 
be provided in the form of a silicon metal foil, or powder, or 
in the form of a compacted green powder, or in the form of a 
disk. The first infiltrant is positioned within the device adja 
cent the surface of the predetermined region of the diamond 
powder to become thermally stable. In an example embodi 
ment, the first infiltrant is positioned adjacent the diamond 
powder during assembly of the container prior to its place 
ment into the HPHT consolidation and sintering device. 
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0051 Although the getter material has been described 
above as being mixed together with the diamond powder, or 
otherwise provided in the diamond powder volume before 
being subjected to the HPHT process, it is to be understood 
that the getter material may also or alternatively be introduced 
into the diamond powder Volume during an infiltration step of 
the HPHT process, e.g., along with the first infiltrant material. 
0.052 The device is then activated to subject the container 
to a desired HPHT condition to effect consolidation and sin 
tering. In an example embodiment, the device is controlled so 
that the container is subjected to a HPHT process where the 
applied pressure and temperature is first held at a Suitable 
intermediate level for a period of time sufficient to melt the 
first infiltrant, e.g., the silicon material, and allow the first 
infiltrant to infiltrate into the diamond powder mixture and 
react with and bond together the diamond grains. In Such 
example embodiment, the intermediate level may be at a 
pressure of approximately 5,500 MPa, and at a temperature of 
from about 1,150° C. to 1,300° C. It is to be understood that 
the particular intermediate pressure and temperatures pre 
sented above are based on using a silicon metal first infiltrant 
and a specific type and Volume of diamond powder. Accord 
ingly, pressures and/or temperatures other than those noted 
above may be useful for other types of infiltrants and/or other 
types and Volumes of diamond powder. 
0053. The use oftemperatures below this range may not be 
well suited for the intermediate level, when silicon metal is 
chosen as the first infiltrant, because at lower temperatures the 
silicon metal may not melt, and thus not infiltrate into the 
diamond mixture as desired. Using a temperature above this 
range may not be desired for the intermediate level because, 
although the first infiltrant will melt and infiltrate into the 
diamond powder mixture, in this example embodiment Such 
higher temperature may also cause a second stage infiltrant, 
i.e., the metal solvent catalyst in the metallic Substrate (e.g., 
cobalt), to melt and infiltrate the diamond grains at the same 
time. 

0054) Infiltration of the metal solvent catalyst prior to or at 
the same time as infiltration of the first infiltrant, e.g., silicon 
metal, is not desired because it may initiate unwanted con 
ventional diamond sintering throughout the diamond body. 
Such conventional diamond sintering operates to inhibit infil 
tration into the diamond mixture by the first stage infiltrant, 
thereby preventing reaction of the first infiltrant with the 
diamond grains and precluding formation of the desired ther 
mally stable diamond region. 
0055. During this intermediate stage of processing, the 

first infiltrant melts and infiltrates into the adjacent surface of 
the diamond mixture. In the case where the first infiltrant is a 
silicon metal, it then reacts with the diamond grains to form 
silicon carbide (SiC) between the diamond particles in the 
adjacent region of the compact. In such example embodi 
ment, where silicon is provided as the selected first infiltrant, 
it is desired that the intermediate level of processing be held 
for a period of time of from 1 to 20 minutes. This time period 
must be sufficient to melt all of the silicon, allow the melted 
silicon to infiltrate the diamond powder, and allow the infil 
trated silicon to react with the diamond to form the desired 
SiC, thereby bonding the diamond particles together. It is 
desired that substantially all of the silicon infiltrant be 
reacted, as silicon metal is known to be brittle and any 
residual unreacted silicon metal in the diamond may have a 
deleterious effect on the final properties of the resulting ther 
mally stable diamond bonded compact. 
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0056 While particular intermediate level pressures, tem 
peratures and times have been provided, it is to be understood 
that one or more of these process variables may change 
depending on Such factors as the type and amount of infiltrant 
and/or diamond powder that is selected. A feature of this 
example embodiment, is that the temperature for the interme 
diate level be below the melting temperature of the second 
stage infiltrant, i.e., the metal solvent catalyst in the metallic 
substrate, to permit the first stage infiltrant to infiltrate and 
react with the diamond powder prior to melting and infiltra 
tion of the metal solvent catalyst. 
0057. In an example embodiment, where the thermally 
stable diamond bonded body and compact being formed is 
provided in the form of a diamond cutter or cutting element, 
the first infiltrant is positioned within the HPHT device adja 
cent what will be a working or cutting Surface of the diamond 
bonded body, and the silicon infiltrates the diamond body a 
desired depth from the working Surface, thereby providing a 
desired thermally stable diamond bonded region extending 
the desired depth from the working Surface. In Such example 
embodiment, the silicon may infiltrate the diamond powder a 
depth from the working surface of from about 1 to 1,500 
micrometers, and preferably at least 10 micrometers. In an 
example embodiment, the silicon may infiltrate the diamond 
powder a depth from the working surface of from about 500 to 
1,000 micrometers. 
0058. In an example embodiment, it may be desired to 
form a nonplanar interface of between the different regions 
within the diamond bonded body. For example, it may be 
desired that the interface between the thermally stable region 
and the adjacent PCD region be nonplanar for the purpose of 
resisting any potential cracking or delamination along a 
single plane between these regions, thus providing a more 
robust interface between the two. Such nonplanar interface 
may be produced during HPHT sintering by using a first 
infiltrant source, e.g., in the form of a foil or disc, configured 
having a nonuniform thickness. In one example, the first 
infiltrant source may be provided in the form of a disc that is 
thicker along an outer region than an inner region (shown in 
FIG. 4). During first stage HPHT processing, the thicker 
portion of the first infiltrant source promotes a deeper infil 
tration of the infiltrant into the diamond body than the thinner 
portion, thereby forming a first region of thermally stable 
diamond that extends into the diamond body in a nonplanar 
fashion. 

0059. In an example embodiment, it may be desired to 
promote the formation of a deeper thermally stable region 
within the diamond body along a region of the diamond body 
that corresponds to a working Surface, and a shallower ther 
mally stable region corresponding to a region of the diamond 
body removed from the working surface. This feature of 
adjusting the depth and placement location of the thermally 
stable region within the diamond body enables one to engi 
neer the diamond body in a manner best suited to meet the 
needs of a particular end-use application. 
0060 Additionally, it may be desired that the thermally 
stable diamond region only exist in one discrete region of the 
diamond body and not extend along the entire Surface of the 
diamond body. For example, compacts comprising Such dia 
mond body may be used in certain end-use applications were 
there only exists a certain region of the compact exposed to 
wear, e.g., along an outer edge of the contact. In Such embodi 
ment, it may be desired to engineer the compact so that the 
thermally stable region is formed only along this outer edge 
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region (shown in FIG. 5). The thermally stable region may be 
formed in Such discrete locations by use of an appropriately 
configured first infiltrant source. In one example embodi 
ment, the first infiltrant source may be provided in the form of 
a foil or a disc that only partially covers a desired area of the 
diamond Volume, i.e., wherein the desired area corresponds 
to the location of the desired thermally stable region. In such 
embodiment, the PCD region of the diamond body may 
extend to a surface of the diamond bonded body or wherever 
in the body the thermally stable region has not been formed. 
0061. A feature of such example embodiment thermally 
stable diamond bonded materials and compacts is that the 
thermally stable region of the diamond body both comprises 
the getter material and is formed in a single process step 
without the presence or assistance of a conventional metal 
Solvent catalyst, Such as cobalt, and without the need for 
Subsequent processing to remove the metal solvent catalyst. 
Rather, the thermally stable region is formed by the infiltra 
tion and reaction of a first stage infiltrant, such as silicon, into 
the diamond powder during HPHT processing to produce a 
bonded reaction product between the diamond grains. 
0062. After the desired time has passed during the inter 
mediate level of the HPHT process, the consolidation and 
sintering process is continued by increasing the temperature 
to a range of from about 1,350° C. to 1,500° C. The pressure 
for this secondary processing step is preferably maintained at 
the same level as noted above for the intermediate level. At 
this temperature, the second stage infiltrant in the form of the 
metal solvent catalyst component in the metallic substrate 
melts and infiltrates into an adjacent region of the diamond 
powder mixture, thereby sintering the adjacent diamond 
grains in this region by conventional method to form conven 
tional PCD in this region, and forming a desired attachment or 
bond between the PCD region of the diamond bonded body 
and the metallic substrate. 
0063. While the second stage infiltrant in this example 
embodiment has been described as being provided from a 
metallic Substrate positioned adjacent the diamond powder 
Volume, it is to be understood that the second stage infiltrant 
for such example embodiment may alternatively be provided 
in powderform mixed together with a portion of the diamond 
volume. For example, the diamond volume used to form the 
thermally stable diamond bonded body according to this 
example embodiment may comprise a first diamond Volume 
layer positioned to receive the first stage infiltrant (and that 
does not include the second stage infiltrant) and a second 
diamond Volume layer (that does include the second stage 
infiltrant). 
0064. While a particular temperature range for this sec 
ondary phase HPHT processing has been provided, it is to be 
understood that Such secondary processing temperature may 
and will vary depending on Such factors as the type and/or 
amount of metal solvent catalyst used in the metallic Sub 
strate, as well as the type and/or amount of diamond powder 
used to form the diamond bonded body. 
0065. In the example embodiment discussed above, where 
the diamond bonded compact is configured for use as a cutter, 
the region of the compact body that is secondarily infiltrated 
with the metal solvent catalyst component from the metallic 
Substrate is positioned adjacent a Surface of the diamond 
mixture opposite from the working Surface, and it is desired 
that the metal solvent catalyst infiltration depth be sufficient 
to provide a secure bonded attachment between the metallic 
substrate and diamond bonded body. 
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0066. During this secondary or final phase of the HPHT 
processing, the metal solvent catalyst, e.g., cobalt, infiltrates 
between the diamond grains in the region of the diamond 
powder adjacent the metallic substrate to provide highly 
localized catalysis for the rapid creation of strong bonds 
between the diamond grains or crystals, i.e., producing inter 
crystalline bonded diamond or conventional PCD. As these 
bonds are formed, the cobalt moves into and remains dis 
posed within interstitial regions between the intercrystalline 
bonded diamond. 
0067. While there may be some possibility that, during 

this secondary phase of processing, the metal Solvent catalyst 
from the metallic substrate may infiltrate into the diamond 
powder to a point where it passes into the thermally stable 
region of the diamond bonded body, there is no indication that 
reactions between the metal solvent catalyst and any unre 
acted infiltrant, e.g., silicon, or reactions between the metal 
Solvent catalyst and the infiltrant reaction product, e.g., sili 
con carbide, takes place or if it does has had any deleterious 
effect on the final properties of the diamond bonded body. 
0068. As noted above, when the first stage infiltrant 
selected for forming the thermal stable diamond region is 
silicon, the infiltrated silicone forms a reaction phase with the 
diamond grains, crystals or particles in the diamond bonded 
phase according to the reaction: 

0069. This reaction between silicon and carbon present in 
the diamond grains, crystals or particles is desired as the 
reaction product; namely, silicon carbide is a ceramic mate 
rial that has a coefficient of thermal expansion that is similar 
to diamond. At the interface within the diamond bonded body 
between the thermally stable diamond bonded region and the 
PCD region, where both cobalt and silicon carbide may be 
present, reactions such as the following may take place: 
Co+2SiC—CoSi-2C. This, however, is not a concern and 
may be advantageous as CoSi is also known to beathermally 
stable compound. 
0070 Additionally, if the Co and SiC do not end up react 
ing together at the boundary or interface between the two 
regions, the presence of the silicon carbide adjacent the PCD 
region operates to minimize or dilute the otherwise large 
difference in the coefficient of thermal expansion that would 
otherwise exist between the intercrystalline diamond and the 
cobalt phases in PCD region. Thus, the formation of silicon 
carbide within the silicon-infiltrated region of the diamond 
bonded body operates to minimize the development of ther 
mal stress in that region and at the boundary between the Si 
and Co infiltrated regions, thereby improving the overall ther 
mal stability of the entire diamond bonded body. 
0071. As noted above, the first stage infiltrant operates to 
provide a thermally stable diamond bonded region through 
the formation of a reaction product that actually forms a bond 
with diamond crystals. While a certain amount of diamond 
to-diamond bonding may also occur within this thermally 
stable diamond region without the benefit of the second stage 
solvent-catalyst infiltrant, it is theorized that such direct dia 
mond-to-diamond bonding represents a minority of the dia 
mond bonding that occurs in this region. In an example 
embodiment, where the first stage infiltrant being used is 
silicon, it is believed that a majority of the diamond within 
this region is bonded together via the reaction product. In a 
preferred embodiment, greater than about 75 percent, and 
more preferably 85 percent or more, of the diamond bonding 
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occurring in the thermally stable region is provided by reac 
tion of the diamond grains or particles with the first stage 
infiltrant. In diamond-silicon carbide there is still diamond 
diamond bonding. However such bonds are formed simply by 
physical compression during the sintering operation. The sili 
con carbide occupies the interstitial regions and effectively 
forms a contiguous material holding the entire diamond struc 
ture together. 
(0072. While ideally, it is desired that all of the diamond 
bonding in the thermally stable region be provided by reac 
tion with the first stage infiltrant, any amount of diamond-to 
diamond bonding occurring in the thermally stable region 
occurs without the presence or use of a metal solvent catalyst, 
thus the resulting diamond bonded region is one having an 
enhanced degree of thermal stability when compared to con 
ventional PCD. 

0073. It is to be understood that the amount of the first 
stage infiltrant used during processing may and will vary 
depending on Such factors as the size of the diamond grains 
that are used, the Volume of diamond grains and region/ 
volume of desired thermal stability, the amount and/or type of 
the first stage infiltrant material itself, in addition to the par 
ticular application for the resulting diamond bonded com 
pact. Additionally, the amount of the first stage infiltrant used 
must be precisely determined for the purpose of infiltrating 
and reacting with a desired Volume of the diamond powder to 
provide a desired thermally stable diamond region, e.g., a 
desired thermally stable diamond depth. 
0074 For example, using an excessive amount of the first 
stage infiltrant, e.g., silicon, to react with the diamond powder 
during intermediate stage processing may result in excess 
infiltrant being present during secondary or final processing 
when the second stage metal solvent catalyst infiltrant e.g., 
cobalt, in the metallic substrates melts, infiltrates, and facili 
tates conventional diamond sintering adjacent the metallic 
Substrate. Excess first stage infiltrant present during this sec 
ondary phase of processing may remain unreacted as a brittle 
silicon phase or may react with the metal solvent catalyst 
material to form cobalt disilicide (CoSi) at the boundary 
between the two regions. Further, SiC formed as the reaction 
product is known to be brittle, so it is desired that the amount 
of the SiC present in the thermally stable region of the dia 
mond body also be controlled. 
0075. In addition to silicon, the thermally stable region of 
example embodiment diamond bonded materials and com 
pacts disclosed herein may beformed from other types of first 
stage materials. Such materials must be capable of melting or 
of reacting with diamond in the Solid state during processing 
of the diamond bonded materials at a temperature that is 
below the melting temperature of any metal solvent catalyst 
component that may be present in the diamond Volume or 
otherwise present as a constituent of a metallic Substrate 
present during HPHT processing of the diamond bonded 
body. Additionally, such first stage material must, upon react 
ing with the diamond, form a compound having a coefficient 
of thermal expansion that is relatively closer to that of dia 
mond than that of the metal solvent catalyst. It is also desired 
that the compound formed by reaction with diamond be 
capable of bonding with the diamond and must possess sig 
nificantly high-strength characteristics. 
0076. In an example embodiment, the source of silicon 
that is used for initial infiltration is provided in the form of a 
silicon metal disk. As noted above, the amount of silicon that 
is used may influence the depth of infiltration as well as the 
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resulting types of silicon compounds that may beformed. It is 
desired that the amount of the SiC that is formed also be 
controlled for the purpose of regulating the brittleness of the 
diamond region comprising the same. In an example embodi 
ment, the desired amount of the SiC material formed in the 
diamond body is less than about 20 percent by volume, pref 
erably in the range of from about 2 to 15 percent by volume, 
and more preferably in the range of from about 5 to 10 percent 
by volume. 
0077. Another embodiment thermally stable diamond 
bonded compact as disclosed herein may be formed by mix 
ing diamond powder together with a preselected material 
capable of participating in Solid state reactions with the dia 
mond powder. Thus, unlike the example embodiment 
described above, the preselected materials useful for forming 
the thermally stable region in this second embodiment is 
provided in situ with the diamond powder and is not posi 
tioned adjacent a Surface of the diamond powder as an initial 
infiltrant. 

0078. Like the earlier example embodiment, it is desired 
that the diamond volume used to form this other example 
embodiment be greater than about 90 percent. Further, it is 
desired that the diamond volume include the getter material as 
described earlier to control and or eliminate the unwanted 
presence of gaseous contaminates produced in the sintered 
product. 
0079 Suitable preselected materials useful for forming 
such other example embodiment thermally stable diamond 
bonded compacts include those compounds or materials 
capable of forming a bond with the diamond grains, have a 
coefficient of thermal expansion that is relatively closer to 
that of the diamond grains than that of a conventional metal 
Solvent catalyst, that is capable of reacting with the diamond 
at a temperature that is below that of the melting temperature 
of any metal solvent catalyst contained in the diamond Vol 
ume or in a metallic Substrate, and that is capable of forming 
an attachment with an adjacent diamond region, e.g., com 
prising PCD, in the diamond body. 
0080 Example preselected materials useful for forming 

this other example embodiment include ceramic materials 
Such as TiC, Al2O, SiNa and the like. These ceramic mate 
rials are known to bond with the diamond grains to form a 
diamond-ceramic microstructure. In an example embodi 
ment, the Volume percent of diamond grains in this mixture is 
greater than about 90 percent by volume. A feature of this 
other example embodiment is that it may form both a ther 
mally stable diamond region and a conventional PCD region 
in the diamond body during a single HPHT process. 
0081. Since the preselected material used to bond the dia 
mond grains together in this other example embodiment is 
mixed together with the diamond grains, the Solid state reac 
tion of these materials during HPHT processing operates to 
form thermally stable diamond within the entire region of the 
diamond body that was formally occupied by the diamond 
mixture. In other words, conventional PCD is not formed 
within this region. 
0082 If desired, the mixture of diamond grains and mate 

rial used to form the reaction product bonding the diamond 
grains together may be configured, e.g., during powder 
assembly or the like, to provide a desired nonplanar interface 
(as described above) with the adjacent diamond volume that 
will form PCD. Additionally, the mixture may be oriented 
within the assembly to promote the formation of the ther 
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mally stable region along a discrete region of the diamond 
body as described above, e.g., a region corresponding to the 
diamond body wear Surface. 
0083. To accommodate attachment of a desired metallic 
substrate to the thermally stable region of the diamond body, 
this other example embodiment may further include use of a 
green-state diamond grain material disposed adjacent the dia 
mond grain mixture. The green-state diamond grain material 
may or may not include a metal solvent catalyst. Additionally 
the green-state diamond grain material may be provided in the 
form of a single layer of material or in the form of multiple 
layers of materials. Each layer may include the same or dif 
ferent diamond grain size, diamond Volume, and may or may 
not include the use of a solvent catalyst. In an example 
embodiment, the green-state diamond grain material may be 
provided in the form of one or more layers of conventional 
diamond tape. 
I0084 Thus, such other example embodiment of the ther 
mally stable diamond construction described herein are 
formed by mixing together diamond grains, as described 
above, with the getter material and the desired preselected 
material for reacting with the diamond grains as noted above. 
The mixture may be cleaned in the manner noted above and 
loaded into a desired container for placement within the 
HPHT device. The green-state diamond grain-containing 
material is positioned adjacent the mixture. In an example 
embodiment where the diamond bonded body is to be 
attached to a metallic Substrate, a metallic Substrate material 
as noted above is positioned adjacent the green-state diamond 
grain-containing material. 
I0085. The container is placed in the HPHT device and the 
device is activated to affect consolidation and sintering. Like 
the process described above of forming the initially disclosed 
example embodiment, the device is controlled so that the 
container and its contents is subjected to a HPHT condition 
wherein the pressure and/or temperature is first held at a 
suitable intermediate level for a period of time sufficient to 
cause the desired solid state reaction to occur within the 
mixture of diamond grains and the preselected material. Sub 
sequently, the HPHT condition is changed to a different pres 
sure and/or temperature. At this subsequent HPHT condition, 
any solvent catalyst in the green-state diamond grain material 
melts and facilitates diamond-diamond bonding to form con 
ventional PCD within this region. Also, the two adjacent 
diamond regions will become attached to one another, and the 
solvent catalyst in the metallic substrate will melt and infil 
trate the adjacent green-state material to form a desired 
attachment or bond between the PCD region of the diamond 
body and the metallic substrate. 
I0086. In this other example embodiment, the intermediate 
HPHT process conditions are such that will cause the dia 
mond grains and preselected material mixture to undergo 
solid state reactions to form a thermally stable diamond 
ceramic phase. The specific pressure and temperature for this 
intermediate HPHT condition may and will vary depending 
on the particular nature of the preselected material that is used 
to react with the diamond grains. Again, the temperature at 
this intermediate HPHT condition is below the melting point 
of any solvent catalyst present in the adjacent green-state 
diamond material, and/or present in any metallic Substrate, to 
ensure formation of the thermally stable diamond region prior 
to the melting and infiltration of the solvent catalyst. 
I0087. In an example embodiment where the preselected 
material is Al-O, and the diamond powder used is the same 
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as that described above for the initial example embodiment, 
the intermediate HPHT process may be conducted at a pres 
sure of approximately 5,500 MPa, and at a temperature of 
from 1,250° C. to 1,300° C. The intermediate level of HPHT 
processing may be held for a period of time of from about 10 
to 60 minutes to facilitate plastic deformation and filling of 
the voids between the diamond grains by the ceramic powder 
and initiation of solid state reactions of the ceramic with the 
diamond particles. Again, it is to be understood that the inter 
mediate HPHT conditions provided above are based on using 
Al-O as the preselected material and a specific size and 
Volume of diamond powder. Accordingly, pressure and/or 
temperatures other than those noted above may be useful for 
other types of preselected materials and/or other types and/or 
Volumes of diamond powder. 
I0088. Once the intermediate level HPHT processing has 
been completed, the HPHT process is changed to facilitate 
further consolidation and sintering by increasing the tempera 
ture to a point where any solvent catalyst present in the 
green-state material region, and/or the solvent catalyst in any 
metallic substrate, melts. When the solvent catalyst is cobalt, 
the temperature is increased to about 1,350° C. to 1,500° C. 
The pressure at this subsequent HPHT process condition is 
maintained at the same level as noted above for the interme 
diate HPHT process condition. 
0089. As noted above, at this temperature all or a portion 
of the green-state diamond material becomes PCD. In the 
event that the green-state diamond material itself includes a 
Solvent catalyst, then the entire region occupied by the green 
state diamond becomes PCD. If the green-state diamond 
material does not include a solvent catalyst, then at least the 
portion of the region occupied by the green-state diamond 
adjacent any metallic substrate that is present becomes PCD 
by virtue of solvent catalyst infiltration from the metallic 
Substrate. In either case, at this temperature, solvent catalyst 
from the metallic substrate infiltrates the adjacent portion of 
the green-state material and the metallic Substrate becomes 
attached or bonded thereto. 

0090. In this embodiment where a ceramic material is used 
as a second phase binder material between the diamond 
grains forming the thermally stable material, a further HPHT 
process step at higher temperatures and/or pressures than the 
previous stages may be desirable to encourage the formation 
of good sintering of the ceramic phase and reaction with the 
diamond. In the example embodiment where the preselected 
material is Al-O, the final HPHT process may be conducted 
at a pressure of approximately 5,500 MPa and at a tempera 
ture of 1,500° C. to 1,700° C. 
0091. A feature ofthermally stable diamond bonded mate 

rial prepared according to this other example embodiment is 
that, like the earlier described example embodiment is that the 
use of getter material operates to control the presence of 
unwanted gaseous contaminates in the diamond bonded body. 
Additionally, in an example embodiment, it may be formed 
during a single HPHT process, i.e., unlike conventional ther 
mally stable diamond that requires the multi-step process of 
forming conventional PCD, and then removing the solvent 
catalyst therefrom. Additionally, like the initially disclosed 
example embodiment, this other example embodiment com 
prises a high diamond content thermally stable diamond 
bonded material generally comprising a thermally stable dia 
mond bonded region, a conventional PCD region, and a 
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metallic substrate attached thereto to facilitate attachment of 
the diamond body to a desired device by conventional means 
Such as brazing at the like. 
0092 FIG. 2 illustrates an example embodiment thermally 
stable diamond bonded compact 18 comprising a diamond 
bonded body 20 formed using the getter material and having 
the thermally stable diamond region 21 extending along a top 
surface of the compact, a conventional PCD region 22 joined 
thereto, and a metallic substrate 23 attached to the PCD 
region, wherein the PCD region 22 is interposed between the 
metallic Substrate and the thermally stable diamond region. 
While the diamond bonded compact 18 is illustrated as hav 
ing a certain configuration, it is to be understood that diamond 
bonded compacts as disclosed herein may be configured hav 
ing a variety of different shapes and sizes and placement 
location of the different diamond regions depending on the 
particular wear and/or cutting end-use application. 
0093 FIG. 3 illustrates a cross-sectional side view of an 
example embodiment thermally stable diamond bonded com 
pact 24 comprising a diamond bonded body 26 that is 
attached to a metallic substrate 28. The diamond bonded body 
26 comprises a thermally stable region 29, extending a depth 
from a surface 30 of the diamond bonded body, and that is 
formed according to the example embodiments described 
above. For example, in one example embodiment the ther 
mally stable region is provided by infiltrating a suitable first 
stage infiltrant material therein to bond the diamond grains 
together by reacting with the infiltrant. In another example 
embodiment, the thermally stable region is provided by mix 
ing a preselected material with the diamond powder to affect 
Solid state reaction with the diamond grains. 
0094. In the example embodiments, the thermally stable 
region 29 has a material microstructure comprising primarily 
(or a majority of) diamond crystals bonded together by the 
reaction product of the initial infiltrant or preselected mate 
rial, and to a lesser extent (or a minority of) diamond-dia 
mond bonded crystals, as best illustrated in FIG.1. The dia 
mond-to-diamond contact regions in this material are formed 
purely by physical contact, no diamond regrowth occurs as in 
cobalt-bonded PCD. As noted above, this region 29 has an 
improved degree of thermal stability when compared to con 
ventional PCD, due both to the absence of any conventional 
metal Solvent catalyst (i.e., it is substantially free of any metal 
Solvent catalyst) and to the presence of the reaction product 
between the diamond and the preselected material, as this 
reaction product has a coefficient of thermal expansion that 
more closely matches diamond as contrasted to a solvent 
catalyst, e.g., cobalt. 
(0095 Referring still to FIG. 3, the diamond bonded body 
26 includes a conventional PCD region 31 that extends a 
depth from the thermally stable region 29 through the body 26 
to an interface 32 between the diamond bonded body and the 
metallic substrate 28. In the initial example embodiment, this 
conventional PCD region 31 is formed by infiltration of the 
Solvent catalyst into a portion of the diamond grain powder 
that is adjacent the metallic substrate. In the other example 
embodiment, this conventional PCD region 31 is formed 
within the green-state diamond grain material either by the 
presence of solvent catalyst therein or by infiltration of the 
solvent catalyst from the metallic substrate. 
0096. The thermally stable diamond bonded compact 24 
illustrated in FIG. 3 may be formed according to either 
example embodiment disclosed herein. In one example 
embodiment, where the PCD region 31 is formed by solvent 
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metal infiltration into the diamond grain powder from the 
metallic Substrate, this region will include an increasing 
amount of metal solvent catalyst moving from the thermally 
stable region 29 to the metallic substrate 28. As noted above, 
Such metal solvent catalyst infiltration operates to ensure a 
desired attachment between the diamond body and the metal 
lic Substrate, thereby ensuring use and attachment of the 
resulting diamond bonded compact to a desired application 
device by conventional means like brazing. 
0097. In a another example embodiment, where the PCD 
region 31 is formed by sintering of the green-state diamond 
grain material, the amount of solvent catalyst material may 
also increase moving towards the metallic Substrate due to 
solvent catalyst infiltration into the adjacent portion of the 
green-state diamond grain material during second phase 
HPHT processing. 
0098. In the embodiment illustrated in FIG. 3, the inter 
face 34 between the thermally stable diamond region 29 and 
the PCD region 31 of the diamond body is planar. FIG. 4 
illustrates an example embodiment thermally stable diamond 
bonded compact that is similar to that illustrated in FIG. 3 in 
all respect except for the fact that the interface 42 between the 
thermally stable diamond region 29 and the PCD region 31 of 
the diamond body is nonplanar. It is to be understood that this 
is only one example configuration of the nonplanar interface 
within the diamond body, and the particular nonplanar con 
figuration of the interface may and will vary within the dia 
mond body as desired to meet the particular end-use applica 
tion, and that such variations are intended to be within the 
scope as disclosed herein. It is further understood that a 
nonplanar interface may additionally exist between the 
metallic substrate and the diamond bonded body. 
0099 FIG. 5 illustrates an embodiment of the thermally 
stable diamond bonded compact 50 that is somewhat similar 
to that illustrated in FIG. 3 except for the fact that the ther 
mally stable region 29 does not extend uniformly within the 
body 26 and along the entire surface 30 of the body 26. In this 
particular embodiment, the thermally stable region 29 is con 
figured to extend only along a particular Surfaceportion of the 
body, e.g., an annular region of the body extending along an 
outer edge 52 forming a working Surface of the compact. In 
this embodiment, the PCD region 31 extends along a surface 
54 of the body so that both the thermally stable and PCD 
regions of the compact extend along the body Surface 30. In 
this particular example, the PCD region extends along the 
surface of the body within the annular thermally stable 
region. 
0100. It is to be understood that this is just one example 
configuration of the discrete thermally stable region within 
the diamond body, and the particular configuration of the 
discrete thermally stable region may and will vary within the 
diamond body as desired to meet the particular end-use appli 
cation, and that such variations are intended to be within the 
Scope as disclosed herein. 
0101 FIG. 6 illustrates a thermally stable diamond 
bonded compact 60 prepared according to the other example 
embodiment as described above, wherein instead of being 
formed from a single layer of green-state diamond grain 
material it is prepared using more than one layer, in this case 
two layers 31. During the second stage HPHT processing, the 
two or more green-state diamond grain material layers are 
bonded together, e.g., by solvent metal infiltration, adjacent 
diamond-to-diamond bonding, and the like. If desired, the 
diamond density, and/or diamond grain size, and/or use of 
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Solvent catalyst in the two green-state layers used to form this 
embodiment may vary depending on the particular desired 
performance characteristics. 
0102 Metallic substrates useful for forming thermally 
stable diamond bonded materials and compacts disclosed 
herein may be selected from the same general types of mate 
rials conventionally used to form metallic substrates for con 
ventional PCD materials, including carbides, nitrides, carbo 
nitrides, cermet materials, and mixtures thereof. A desired 
feature when forming a diamond bonded body having both a 
thermally stable region and conventional PCD region during 
a single HPHT process is that the metallic substrate includes 
a metal solvent catalyst that melts at a temperature above the 
melting or reaction temperature of the matrix material mixed 
with the diamond powder used to form the thermally stable 
layer. The purpose of the metal solvent catalyst in the metallic 
Substrate is to melt and infiltrate into the adjacent diamond 
grain region of the diamond body to both facilitate conven 
tional diamond-to-diamond intercrystalline bonding forming 
PCD, and to form a secure attachment between the diamond 
bonded body and the metallic substrate. In an example 
embodiment, the metallic substrate may be formed from 
cemented tungsten carbide (WC Co). 
0103) While the example embodiments disclosed above 
have featured diamond bonded bodies having both a ther 
mally stable region and a PCD region, example embodiments 
may also include diamond bonded bodies that are entirely 
thermally stable, i.e., that are formed without having a PCD 
region. In such example embodiment, the diamond bonded 
body is formed in the manner described above using a desired 
diamond powder Volume or green-state diamond form or the 
like, and combining a desired getter material thereto. The 
diamond powder or green-state diamond form may be com 
bined with the same materials disclosed above in the earlier 
examples for forming the thermally stable region during a 
HPHT process at the same processing conditions. In this 
example embodiment, a solvent metal catalyst is not present 
in any region of the diamond Volume or as a metallic Substrate 
so that the resulting sintered diamond body is exclusively 
thermally stable. 
0104 FIG. 7 illustrates such an example embodiment, 
comprising a diamond bonded body 130 formed from ther 
mally stable diamond 132. The thermally stable diamond 132 
has the same material microstructure as the thermally stable 
diamond regions of the earlier disclosed example embodi 
ments. FIG. 8 illustrates a thermally stable diamond bonded 
compact 134 comprising the diamond bonded body 136 (of 
FIG. 7) attached to a desired metallic substrate 138. The 
diamond boned body 136 may be attached to the metallic 
substrate during a subsequent HPHT process or by other 
conventional technique, Such as by welding, brazing, or the 
like. A feature of such compact construction is that is does not 
include conventional PCD. 
0105. The above-described thermally stable diamond 
bonded materials and compacts formed therefrom will be 
better understood with reference to the following example: 

Example 

Thermally Stable Diamond Bonded Compact 
0106 Synthetic diamond powders having an average grain 
size of approximately 20 micrometers were mixed together 
with an Nb getter material for a period of approximately 1 
hour by ball milling. The mixture contained approximately 98 
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percent by weight diamond, and 2 percent by weight getter 
material. The resulting mixture was cleaned by heating to a 
temperature in excess of 850° C. under vacuum. The mixture 
was loaded into a refractory metal container with a first stage 
infiltrant in the form of a silicon metal disk adjacent to a 
predetermined working or cutting Surface of the resulting 
diamond bonded body. A WC Co metallic substrate was 
positioned adjacent an opposite Surface of the resulting dia 
mond bonded body. The container was surrounded by pressed 
salt (NaCl) and this arrangement was placed within a graphite 
heating element. This graphiteheating element containing the 
pressed salt and the diamond powder and metallic Substrate 
encapsulated in the refractory container was then loaded in a 
vessel made of a HPHT self-sealing powdered ceramic mate 
rial formed by cold pressing into a Suitable shape. 
0107 The self-sealing powdered ceramic vessel was 
placed in a hydraulic press having one or more rams that press 
anvils into a central cavity. The press was operated to impose 
an intermediate stage processing pressure and temperature 
condition of approximately 5,500 MPa and ramping to a 
sintering temperature of 1260-1460° C. on the vessel in 
period of approximately 2-3 minutes. During this intermedi 
ate stage HPHT processing, the silicon from the silicon metal 
disk melted and infiltrated into an adjacent region of the 
blended diamond powder mixture, and formed SiC by reac 
tion with the diamond in the blended mixture, thereby bond 
ing the diamond grains together. 
0108. The press was subsequently operated at constant 
pressure to impose an increased final temperature of approxi 
mately 1260-1460° C. on the vessel for a period of approxi 
mately 3-6 minutes. During this final stage HPHT processing, 
cobalt from the WC Co metallic substrate infiltrated into an 
adjacent region of the blended diamond mixture, and inter 
crystalline bonding between the diamond crystals, and 
between the diamond crystals and SiC along the interface 
between the regions took place, thereby forming conventional 
PCD. 

0109 The vessel was opened and the resulting thermally 
stable diamond bonded compact was removed. Subsequent 
examination of the compact revealed that the bonded dia 
mond body included a thermally stable upper layer/region of 
approximately 500 micrometers thick and that was character 
ized by diamond bonded by SiC. The SiC content was 
approximately 10 percent by volume in the thermally stable 
upper layer. This thermally stable region was well bonded to 
a PCD lower layer/region of approximately 1,000 microme 
ters thick that consisted of sintered PCD containing residual 
Co solvent catalyst. The bonded diamond body included from 
about 0.1 to 15 percent by weight niobium oxide, and did not 
appear to have any noticeable signs of unwanted cracking or 
other sintering defects. 
0110. A feature ofthermally stable diamond bonded mate 

rials and compacts as disclosed herein is that they are Sub 
stantially free of sintering defects caused by the unwanted 
presence of gaseous contaminates formed during sintering, 
which unwanted gaseous contaminates are controlled and 
converted to inert ceramic compounds by the use of the getter 
material. Further, in example embodiments such thermally 
stable diamond bonded materials are made during a single 
HPHT process using staged processing techniques. Com 
pacts as disclosed herein comprise a diamond body formed 
exclusively of a thermally stable region or having both a 
thermally stable region and a conventional PCD region, 
wherein both regions may be formed and adhered to a metal 
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lic substrate during such single HPHT process, thereby reduc 
ing manufacturing time and expense. 
0111. Thermally stable diamond bonded materials and 
compacts as disclosed herein are specifically engineered hav 
ing a high diamond Volume content and a controlled reaction 
product content to provide combined properties of high abra 
sion resistance and low brittleness. Further, thermally stable 
diamond bonded materials and compacts are formed using 
getter materials to minimize and/or eliminate the unwanted 
presence of gaseous contaminates in the diamond body, and 
thereby prevent cracking and other unwanted events from 
occurring within the diamond body during sintering. Ther 
mally stable diamond bonded materials and compacts may be 
configured to have a nonplanar interface between the ther 
mally stable and PCD regions within the body, and/or the 
thermally stable region may be configured to occupy a dis 
crete region of the body than may not extendentirely along a 
surface of the body. 
0112 Further, thermally stable diamond bonded materials 
and compacts as disclosed herein are specifically engineered 
to facilitate use with a metallic substrate, thereby enabling 
Such compacts to be attached by conventional methods such 
as brazing or welding to variety of different cutting and wear 
devices to greatly expand the types of potential end-use appli 
cations for Such compacts. 
0113. Thermally stable diamond bonded materials and 
compacts as disclosed herein may be used in a number of 
different applications, such as tools for mining, cutting, 
machining and construction applications, where the com 
bined properties of thermal stability, wear and abrasion resis 
tance are highly desired. Such thermally stable diamond 
bonded materials and compacts are particularly well Suited 
for forming working, wear and/or cutting components in 
machine tools and drill and mining bits such as roller cone 
rock bits, percussion orhammer bits, diamondbits, and shear 
CutterS. 

0114 FIG. 9 illustrates an embodiment of a thermally 
stable diamond bonded compact as disclosed herein provided 
in the form of an insert 70 used in a wear or cutting application 
in a roller cone drill bit or percussion or hammer drill bit. For 
example, Such inserts may beformed from blanks comprising 
a metallic substrate portion 72 formed from one or more of the 
metallic Substrate materials disclosed above, and a diamond 
bonded body 74 having a working surface 76 formed from the 
thermally stable region of the diamond bonded body. The 
blanks are pressed or machined to the desired shape of a roller 
cone rock bit insert. 
0115 FIG. 10 illustrates a rotary or roller cone drill bit in 
the form of a rock bit 80 comprising a number of the wear or 
cutting inserts 40 disclosed above and illustrated in FIG. 9. 
The rock bit 80 comprises a body 82 having three legs 84, and 
a roller cutter cone 86 mounted on a lower end of each leg. 
The inserts 40 may be fabricated according to the method 
described above. The inserts 40 are provided in the surfaces of 
each cutter cone 86 for bearing on a rock formation being 
drilled. 

0116 FIG. 11 illustrates the inserts described above as 
used with a percussion or hammer bit 90. The hammer bit 
comprises a hollow steel body 92 having a threaded pin 94 on 
an end of the body for assembling the bit onto a drill string 
(not shown) for drilling oil wells and the like. A plurality of 
the inserts 40 are provided in the surface of a head 96 of the 
body 52 for bearing on the subterranean formation being 
drilled. 
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0117 FIG. 12 illustrates a thermally stable diamond 
bonded compact as embodied in the form of a shear cutter 100 
used, for example, with a drag bit for drilling Subterranean 
formations. The shear cutter comprises a diamond bonded 
body 102 that is sintered or otherwise attached to a cutter 
metallic substrate 104. The diamond bonded body includes a 
working or cutting surface 106 that is formed from the ther 
mally stable region of the diamond bonded body. 
0118 FIG. 13 illustrates a drag bit 120 comprising a plu 

rality of the shear cutters 100 described above and illustrated 
in FIG. 12. The shear cutters are each attached to blades 70 
that extend from a head 124 of the drag bit for cutting against 
the subterranean formation being drilled. 
0119. Other modifications and variations of diamond 
bonded bodies comprising athermally-stable region and ther 
mally stable diamond bonded compacts formed therefrom 
will be apparent to those skilled in the art. It is, therefore, to be 
understood that within the scope of the appended claims, that 
Such materials, compacts and constructions as disclosed 
herein may be practiced otherwise than as specifically 
described. 
What is claimed: 
1. A method for forming a thermally stable diamond 

bonded construction comprising Subjecting a volume of dia 
mond grains to a high pressure-high temperature condition in 
the presence of a getter material and a reactant to form a 
sintered diamond bonded body having a thermally stable 
region, wherein the getter material reacts with gaseous ele 
ments formed during the high pressure-high temperature con 
dition to form a ceramic compound disposed within the dia 
mond bonded body, and wherein the reactant reacts with the 
diamond grains and forms bonds therebetween to form the 
thermally stable region. 

2. The method as recited in claim 1 wherein the getter 
material comprises in the range of from about 0.1 to 10 
percent by weight of the total weight of the materials used to 
form the diamond bonded body. 

3. The method as recited in claim 1 wherein the ceramic 
compound comprises in the range of from about 0.1 to 15 
percent by weight of the total weight of the diamond bonded 
body. 

4. The method as recited in claim 1 wherein, during the step 
of subjecting, a portion of the diamond Volume is subjected to 
the high pressure-high temperature condition in the presence 
of a metal Solvent catalyst and does not include the reactant to 
form a polycrystalline diamond region that is adjacent the 
thermally stable region. 

5. The method as recited in claim 4 wherein, during the step 
of subjecting, the high pressure-high temperature condition is 
operated at a first temperature to form the thermally stable 
region, and then at a second temperature to form the poly 
crystalline diamond region, wherein the first temperature is 
less than the second temperature. 

6. The method as recited in claim 4 wherein the thermally 
stable region is substantially free of the metal solvent catalyst. 

7. The method as recited in claim 1 wherein the getter 
material is selected from the group of materials consisting of 
Nb, Zr, Ti, Mo, and combinations thereof. 

8. The method as recited in claim 1 wherein, during the step 
of subjecting, the diamond bonded body is formed adjacent a 
metallic Substrate and is attached thereto during the high 
pressure-high temperature condition. 
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9. The method as recited in claim 1 wherein during the step 
of Subjecting, the reactant is silicon that reacts with the dia 
mond grains to form SiC that bonds the diamond grains 
together, wherein the volume content of SiC is less than about 
20 percent. 

10. A method for forming a thermally stable diamond 
constructions comprising: 

combining a Volume of diamond grains together with sili 
con and a getter material to form a mixture; 

Subjecting the mixture to a high pressure-high temperature 
condition to form a diamond bonded body comprising a 
thermally stable region and a polycrystalline diamond 
region adjacent the thermally stable region, wherein the 
thermally stable region comprises diamond grains 
bonded together by a reaction product of the diamond 
grain and the silicon, wherein the polycrystalline dia 
mond region comprises intercrystalline bonded together 
diamond grains and a metal catalyst disposed within 
interstitial regions, and wherein the diamond bonded 
body comprises a ceramic compound formed from the 
getter material. 

11. The method as recited in claim 10 wherein, during the 
step of subjecting, the diamond bonded body is formed in the 
presence of the metal catalyst. 

12. The method as recited in claim 10 wherein, during the 
step of subjection, the mixture is disposed adjacent a metallic 
Substrate and is bonded thereto during the high-pressure-high 
temperature condition. 

13. The method as recited in claim 10 wherein the getter 
material is selected is selected from the group of materials 
consisting of Nb, Zr, Ti, Mo, and combinations thereof. 

14. The method as recited in claim 13 wherein the ceramic 
compound is selected from the group consisting of oxides, 
nitrides and hydrides of the getter material. 

15. The method as recited in claim 10 wherein the poly 
crystalline diamond region comprises the reaction product. 

16. The method as recited in claim 10 wherein, during the 
step of subjecting, the mixture is Subjected to a first tempera 
ture that is at or above the temperature of silicon, and then is 
Subjected to a higher second temperature that is at or above 
the temperature of the metal catalyst. 

20. A method for forming a cutting element comprising a 
thermally stable diamond bonded construction comprising: 

combining diamond grains with silicon and a getter mate 
rial to form an assembly; and 

Subjecting the assembly to high pressure-high temperature 
condition to form a sintered diamond bonded body com 
prising a thermally stable region and a polycrystalline 
diamond region adjacent the thermally stable region, the 
assembly being positioned adjacent a metallic Substrate, 
the thermally stable region being formed at a first tem 
perature condition by reaction of the silicon with dia 
mond grains to bond the diamond grains together, the 
polycrystalline diamond region being formed at a sec 
ond temperature condition in the presence of a catalyst 
metal, wherein the second temperature condition is 
greater than the first temperature condition, the diamond 
bonded body comprising a ceramic compound formed 
by reaction of the getter material, and wherein the dia 
mond bonded body is joined together with the substrate 
during the high pressure-high temperature condition. 
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