I*I Innovation, Sciences et Innovation, Science and CA 2920119 C 2018/03/06

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 920 1 1 9
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2013/09/30 (51) CLInt./Int.Cl. £E27B 70/46 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/04/02 B24D 3/10(2000.01), £2758 10/573(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2018/03/06 BIRD. JAY S. US:
(85) Entree phase nationale/National Entry: 2016/02/01 CHEN, SHILIN, US
(86) N° demande PCT/PCT Application No.: US 2013/062564 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2015/047376 HALLIBURTON ENERGY SERVICES, INC., US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : ELEMENT DE DIAMANT POLYCRISTALLIN A BLOCAGE MECANIQUE ET DISPOSITIF INDUSTRIEL
(54) Title: MECHANICALLY LOCKING POLYCRYSTALLINE DIAMOND ELEMENT AND INDUSTRIAL DEVICE

30

(57) Abréegée/Abstract:

The present disclosure relates to an industrial device including a PCD element located in a recess of the industrial device. The PCD
element and recess may contain an aligned mechanical lock. The device may also include a brazing material located along at least
a portion of an interface between the PCD element and the recess. In a more specific embodiment, the industrial device may be an
earth-boring drill bit, such as a fixed cutter drill bit, and the PCD element may be PCD cutter. In specific embodiments, the
mechanical lock may include at least one ridge located at an end of the PCD element and in an end wall of the recess, at least one
ridge located along a side of the PCD element and in a side wall of the recess, or at least an upper wall of the recess.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



WO 2015/047376 A1 |[HI 1! 0RO OO0 0 AR AL R

CA 02920119 2016-02-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau —’ . o
?:_f/)) (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2015 /0 47 376 Al
2 April 2015 (02.04.2015) WIPO I PCT
(51) International Patent Classification: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
E21B 10/46 (2006.01) B24D 3/10 (2006.01) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
E21B 10/573 (2006.01) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
, . SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(21) International Application Number: TN. TR, TT. TZ. UA, UG, US. UZ VC, VN. ZA. ZM.
PCT/US2013/062564 W
(44) Infermational Xiling Date:3 0 her 2013 (30.09 2013 (84) Designated States (unless otherwise indicated, for every
September (30.09. ) kind of regional protection available). ARIPO (BW, GH,
(25) Filing Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 8Z, TZ,
o . UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(26) Publication Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant: HALLIBURTON ENERGY SERVICES, tE, ES, L IR, GB, GR, 4R, HU, T8, 1S, 11, LI, LU, LV,
INC. [US/US]; 10200 Bellaire Boulevard, Houston, Texas ik, MK, M1, NL, NO, FL, T, RO, K5, S5, 51, S5, B,
77072 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).
(72) Imventors: BIRD, Jay S.; 9 Cape Chestnut Drive, The . |
Woodlands, Texas 77381 (US). CHEN, Shilin; 147 Ca- Declarations under Rule 4.17:
petown, Montgomery, Texas 77356 (US). — as to the identity of the inventor (Rule 4.17(i))
(74) Agent: LECOINTE, Michelle M.; Baker Botts L.L.P., 98 —  as fo applicant’s entitlement to apply for and be granted a
San Jacinto Blvd., Suite 1500, Austin, Texas 78701 (US). patent (Rule 4.17(ii))
(81) Designated States (unless otherwise indicated, for every of inventorship (Rule 4.17(iv))

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,

Published:

with international search report (Art. 21(3))

(34) Title: MECHANICALLY LOCKING POLYCRYSTALLINE DIAMOND ELEMENT AND INDUSTRIAL DEVICE

10

™

20
h 70 —
50 |
e 80
60a 40

FIG. 1

(57) Abstract: The present disclosure
relates to an industrial device including a
PCD element located in a recess of the n-
dustrial device. The PCD element and re-
cess may contain an aligned mechanical
lock. The device may also include a brazing
material located along at least a portion of
an interface between the PCD element and
the recess. In a more specific embodiment,
the mdustrial device may be an earth-bor-
ing drill bit, such as a fixed cutter drill bit,
and the PCD element may be PCD cutter.
In specific embodiments, the mechanical
lock may include at least one ridge located
at an end of the PCD element and in an end
wall of the recess, at least one ridge located
along a side of the PCD element and in a
side wall of the recess, or at least an upper
wall of the recess.
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MECHANICALLY LOCKING POLYCRYSTALLINE DIAMOND ELEMENT
AND INDUSTRIAL DEVICE

TECHNICAL FIELD

The current disclosure relates to polycrystalline diamond (PCD) elements and
industrial devices, such as earth-boring drill bits having a mechanical lock at an

interface where a braze joint 18 also formed.

BACKGROUND

Components of various industrial devices are often subjected to extreme
conditions, such as high-temperatures and high-impact contact with hard and/or
abrasive surfaces. For example, extreme temperatures and pressures are commonly
encountered during earth drilling for o1l extraction or mining purposes. Diamond,
with 1ts unsurpassed mechanical properties, can be the most effective material when
properly used 1n a cutting clement or abrasion-resistant contact element for use in
carth drilling. Diamond is exceptionally hard, conducts heat away from the point of
contact with the abrasive surface, and may provide other benefits in such conditions.

Diamond 1n a polycrystalline form has added toughness as compared to single-
crystal diamond due to the random distribution of the diamond crystals, which avoids
the particular planes of cleavage found in single-crystal diamond. Therefore,
polycrystalline diamond (PCD) 1s frequently the preferred form of diamond in many
drilling applications. A drill bit cutting clement that utilizes PCD 1s commonly
referred to as a polycrystalline diamond cutter (PDC). Accordingly, a drill bit
incorporating PCD cutting elements may be referred to as a PDC biat.

PCD clements can be manufactured 1in a press by subjecting small grains of
diamond and other starting materials to ultrahigh pressure and temperature conditions.
One PCD manufacturing process involves forming polycrystalline diamond directly
onto a substrate, such as a tungsten carbide substrate. The process involves placing a
substrate, along with loose diamond grains mixed with a catalyst binder, into a
container of a press, and subjecting the contents of the press to a high-temperature,
high-prcssurc  (HTHP) press cycle. The high tecmpcerature and pressurc causc the

small diamond grains to form into an intcgral PCD mtimatcly bondcd to thc substratc.



Once formed, the PCD element can then be attached to a drill bit via the substrate.
Due to difference in materials properties such as wettability, a substrate is typically easier to
bond to another surface than diamond is when using certain methods. For example, a PCD
clement can be attached at its substrate to the drill bit via soldering or brazing, whereas PCD
without a substrate could not be easily bonded to a drill bit with sufficient strength to
withstand the conditions of drilling. Soldering and brazing may be pertormed at rclatively
low temperatures at which thc PCD portion of the element remains stable, so that the PCD
portion is not adversely affected by the process of joining to the bit.

SUMMARY

In accordance with a general aspect there is provided an earth-boring drill bit

comprising: a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring
drill bit, thc PCD cutter and recess comprising an aligned mechanical lock, the mechanical
lock comprising a series of ridges located at an end of the PCD cutter and in an end wall of
the recess; and a brazing material located along at least a portion of an interface between the
PCD cutter and the recess, wherein the mechanical lock maintains a uniform clearance
between the PCD cutter and the recess along at lcast the portion of the interface between the
PCD cutter and the recess where the brazing material ts located.

In accordance with another aspect there is provided an earth-boring drill bit
comprising: a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring
drill bit, the PCD cutter and recess comprising an aligned mechanical lock, the mechanical
lock comprising a series of ridges located along a side of the PCD cutter and in a side wall of
the recess; and a brazing material located along at least a portion of an interface between the
PCD cutter and the recess, wherein the mechanical lock maintains a uniform clearance
between the PCD cutter and the recess along at least the portion of the interface between the
PCD cutter and the recess where the brazing material 1s located.

In accordance with a further aspect there is provided an earth-boring drill bit
comprising: a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring
drill bit, the PCD cutter and recess comprising an aligned mechanical lock, the mechanical
lock comprising at least an upper wall of the recess; and a brazing material located along at

least a portion of an interface between the PCD cutter and the recess.
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present embodiments and advantages thereof
may be acquired by referring to the following description taken in conjunction with the
accompanying drawings, which show particular embodiments of the current disclosure, in
which like numbers refer to similar components, and 1n which:

FIGURE 1 is a side view of a PCD element and industrial device with a mechanical
lock:

FIGURE 2 is a side view of another PCD element and industrial device with a

mechanical lock;

FIGURE 3A is a side view of a third PCD clement and industrial device with a

mechanical lock;

FIGURE 3B is an end view of the mechanical lock of the PCD element of FIGURE
3A;
FIGURE 4A is a side view of a fourth PCD element and industrial device with a

mechanical lock:

FIGURE 4B is an end view of the mechanical lock of the PCD element of FIGURE
4A;

FIGURE 35 is an end view of the mechanical lock of a fifth PCD element;

FIGURE 6 is an end view of a sixth PCD element and industrial device with a
mechanical lock:

FIGURE 7 is an end view of an industrial device with a mechanical lock without a
PCD element; and

FIGURE 8 is a side view of fixed cutter drill bit containing a PCD cutter.

CA 2920119 2017-06-05
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DETAILED DESCRIPTION

The current disclosure relates to a PCD element having a mechanical lock as
well as an industrial device having a mechanical lock located mm a recess. The
mcchanical lock of thc PCD clement may intcrface with the mcchanical lock of the
recess such that when the PCD element 18 located 1n the industrial device, the
mechanical lock engages, limiting movement of the PCD element within or out of the
recess.

The current disclosure further relates to an industrial device containing a PCD
element m which such a mechanical lock of the PCD element and recess in the
industrial device are aligned. The industrial device and methods described herein
may additionally facilitate locating the PCD element 1s correctly i a recess i the
device, establishing the correct gap between itself and the walls of the recess,
correctly aligning the element within the mdustrial device, or providing more surface
arca between the PCD element and the recess for adherence by the brazing material.

The mechanical lock may be designed to maintain a uniform clearance
between the PCD ¢lement and the recess along at least a portion of the interface
between the PCD element and the recess. It may be designed such that forces
generated during usc of the devicee arc transferred to a larger interface arca, helping to
prevent movement of the PCD element 1n the recess or to retain the PCD element 1n
the recess. The mechanical lock may also be designed to exert an additional force on
the PCD element during use of the mdustrial device to help prevent movement of the
PCD element 1n the recess or to retain the PCD element in the recess.

The industrial device may further contain a brazing material located along at
least a portion of the interface between the PCD element and the recess. In some
embodiments, a brazing material may be located along substantially all of the
interface. In other embodiments, brazing material may be located primarily at the
mechanical lock. In still other embodiments, 1t may be located primarily along a
portion of the interface between the PCD c¢lement and the recess that 1s not the
mechanical lock.

The brazmmg material may be provided in any form, but i particular
embodiments it may be in the form of a thin foil or a wire. It may be designed such

that the foil has a uniform thickness between the substrate and the recess along at least
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a portion of the interface 1s formed during brazing process. This uniform thickness of
the fo1l may facilitate formation of a uniform clearance between the PCD element and
the recess. It may be designed such that contact arca between the substrate and the
rccess along at Icast a portion of the intcrface 1s incrcascd so that the strength of the
braze joint 18 increased. The brazing material may be composed of any materials able
to form a braze jomt between the PCD element and the pocket. In particular
embodiments 1t may include manganese (Mn), aluminum (Al), phosphorus (P), silicon
(S1), or zinc (Zn) alloyed with nickel (N1), copper (Cu) or silver (Ag).

The PCD element may be located in the recess such that substantially only a
substrate portion of the PCD element hes along the mterface, with substantially none
of the PCD located along the interface. Such an arrangement may protect the PCD
from materials and temperatures used in the brazing process. Such an arrangement
may also make the maximum arca of PCD available for cutting. In some
embodiments, substantially all of the substrate may be located within the recess to
provide maximum mechanical stability or attachment of the PCD clement to the
industrial device.

The PCD clement may be brazed into an industrial device by placing the PCD
clement and a brazing matcrial into thce rccess, such that thc mcchanical lock 1s
aligned, then heating the brazing material to a temperature sutficient for a braze joint
to form between the PCD element and the recess along at least a portion of the
interface. Typically the brazing material may be heated to at least 1its melting point.
The brazing material may be placed in the recess prior to placement of the PCD
clement. Additionally, because the brazing material may be displaced from its
original position during the brazing process, for example by melting or movement of
the PCD element, 1t need not cover the entire arca to be brazed prior to the brazing
process.

The PCD clement may also be removed from the recess by re-heating the
brazing material, typically to at lecast 1ts melting point, then physical dislocating the
PCD clement. A new PCD ¢lement may then be inserted into the recess and attached
via a braze joint.

Alternatively, in some embodiments where the mechanical lock 1s symmetrical

around an axis of rotation, the PCD e¢lement may be rotated m the recess by heating
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the brazing material to a temperature sufficient to allow movement of the PCD
clement. This ability to rotate a PCD clement while still maintaining a mechanical
lock may increase overall industrial device or PCD element life by allowing worn
arcas of thc PCD clcment to moved and rcplaced with Icss worn arcas without
switching to an entirely new PCD element.

One embodiment of the PCD element and industrial device with a mechanical
lock 1s shown i FIGURE 1. PCD element 10, containing substrate 20 and PCD 30
are located 1n recess 40 of industrial device 50. Mechanical lock 60a 1s formed along
interface 70 and include aligned features of PCD element 10 and industrial device 50.
Brazing material 80, m the embodiment shown, 1s located along substantially all of
interface 70, although in other embodiments 1t may be located along portions of
interface 70 as described above. Mechanical lock 60a helps prevent motion of PCD
clement 10 1n the directions indicated by the arrow.

Mechanical lock 60a includes at least one or a series of ridges located along
the side of PCD e¢lement 10 and 1n a side wall of recess 40. These ridges may have a
triangular cross-section as shown, or they may have other configurations, such as a
rectangular or ellipsoid cross-section. Mechanical lock 60b may also combine
diffcrent cross scetion shapcs.

In a specific embodiment, similar to that shown in FIGURE 1, mechanical
lock 60 may contain two ridges, one located along the side of PCD element 10, and
the other 1n a side wall of recess 40. The ridges may be configured to form a threaded
mechanism, such as a screw. Such an embodiment may provide additional
mechanical strength to interface 70.

In the embodiment shown in FIGURE 2, mechanical lock 60b 1s located 1n the
end of PCD e¢lement 10 and in an end wall of recess 40. Mechanical lock 60b helps
prevent motion of the PCD e¢lement 10 1in the directions indicated by the arrow.
Mechanical lock 60b includes upper wall 100 of recess 40. Although mechanical lock
60b 1s shown with a substantially angled cross-section, other configurations, such as a
rectangular or ellipsoid cross-section may also be suitable. Mechanical lock 60b may
also combine different cross-section shapes.

As shown 1n FIGURE 3A, mechanical lock 60c may include at least one or a

series of concentric ridges located at the end of PCD ¢lement 10 and 1n an end wall of
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recess 40. Mechanical lock 60c¢ helps prevent motion of the PCD ¢lement 10 1n the
directions indicated by the arrow. The ridges of mechanical lock 60¢ are shown with
a substantially rectangular cross-section, but they may have other configurations, such
as an angular or cllipsoid cross-scction. Mcchanical lock 60¢ may also combinc

different cross-section shapes. FIGURE 3B shows an end view of mechanical lock

60c.
FIGURE 4A and FIGURE 4B show side and end views of mechanical lock
60d, which 1s a variation of the lock shown in FIGURE 3.

FIGURE 5 shows an end view of mechanical lock 60e, which contains at least
one or a series of parallel ndges located at the end of PCD element 10 and i an end
wall of recess 40. Mechanical lock 60c¢ helps prevent rotation of the PCD element
within recess 40. Accordingly, mechanical lock 60¢ may not be compatible with
some embodiments 1n which PCD e¢lement 40 1s rotated within industrial device 50.
However, mechanical lock 60c¢ still allows a 180 degree rotation of the PCD clement.
Although the ridges of mechanical lock 60¢ are shown with a substantially rectangular
cross-section, they may have other configurations, such as an angular or ellipsoid
cross-section. Additionally, although the ridges of mechanical lock 60¢ are shown
with substantially uniform width, in som¢ cmbodiments, the width may vary.

In an alternative embodiment, ridges located at the end of PCD element 10
may be neither parallel nor concentric, but may instead have another regular or
irregular pattern.

As shown 1n FIGURE 6, PCD clement 10 may be located such that 1t rises
above an exterior surface 200 of industrial device 50. In other embodiments, PCD
clement 10 may be entirely covered by recess 40 of industrial device 50. In either
embodiment, a portion of the industrial device may further serve to mechanically lock
PCD e¢lement 10 into industrial device 50.

PCD clement 10 may, m some embodiments, be rotated within recess 40
around axis 210 by heating brazing material 80 to a sufficient temperature to allow
such rotation. Some embodiments, such as those employing a screw, may be less
compatible with rotation. Rotatable embodiments and the conditions under which
rotation 18 possible will be apparent to one skilled m the art with the benefit of the

disclosure contained herein.
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FIGURE 7 illustrates an exterior surface 200 of an industrial device 50
including a mechanical lock 60¢ without a PCD ¢lement 10.

In some embodiments, the industrial device may be an earth-boring drill bat,
such as a fixcd cutter drill bit. FIGURE § 1llustratcs a fixced cutter drill bit 300
containing a PCD cutter 10 1mn a recess 40. Fixed cutter drill bit 300 may include bit
body 310 with a plurality of blades 320 extending therefrom. Bit body 310 may be
formed from steel, a matrix material, or other suitable bit body material. Bit body 310
maybe formed to have desired wear and erosion properties. PCD elements may be
mounted on the bit using methods of this disclosure or using other methods as
elements other than cutters to provide such properties.

Blades 320 may include cutters 330, including at least one PCD cutter 10 with
mechanical lock 60. In a specific embodiment, a set of cutter 330 at corresponding
locations on blades 320 may cach be a PCD cutter 10 with mechanical lock 60. In
another embodiment, all gage cutters may be a PCD cutter 10 with mechanical lock
60. In another embodiment, all non-gage cutters may be a PCD cutter 10 with
mechanical lock 60. In still another embodiment, all cutters 330 may be a PCD cutter
10 with mechanical lock 60.

For thc cmbodiment shown in FIGURE 8, fixcd cutter drill bit 300 may have
five (5) blades 320. For some applications the number of blades disposed on a fixed
cutter drill bit incorporating teachings of the present disclosure may vary between
four (4) and eight (8) blades or more. Respective junk slots 340 may be formed
between adjacent blades 320. The number, size and configurations of blades 320 and
junk slots 340 may be selected to optimize flow of drilling fluid, formation cutting
and downhole debris from the bottom of a wellbore to an associated well surface.

Drilling action associated with drll bit 300 may occur as bit body 310 1s
rotated relative to the bottom (not expressly shown) of a wellbore 1 response to
rotation of an associated drill string (not expressly shown). At least some cutters 330
disposed on associated blades 330 may contact adjacent portions of a downhole
formation (not expressly shown) drilling. These cutters 330 may be oriented such that
the PCD contacts the formation. The inside diameter of an associated wellbore may be
generally defined by a combined outside diameter or gage diameter determined at

Ieast 1in part by respective gage portions 350 of blades 330.
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Bit body 310 may be formed from various steel alloys or other materials
having desired strength, toughness and machinability.
Although only exemplary embodiments of the invention are specifically

described above, 1t will be appreciated that modifications and variations of thesc

5 examples are possible without departing from the spirit and intended scope of the

invention. For mstance, the proper placement and orientation of PCD elements on

other industrial devices may be determined by reference to the drill bit example.



CLAIMS:

. An earth-boring drill bit comprising:

a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring drill bit,
the PCD cutter and recess comprising an aligned mechanical lock, the mechanical lock
comprising a series of ridges located at an end of the PCD cutter and in an end wall of the
recess; and

a brazing material located along at least a portion of an interface between the PCD
cutter and the recess,

wherein the mechanical lock maintains a uniform clearance between the PCD cutter
and the recess along at least the portion of the interface between the PCD cutter and the

recess where the brazing material is located.

2. The bit of claim 1, wherein the ridges comprise parallel ridges.
3. The bit of claim 1, wherein the ridges comprise concentric rings.
4, The bit of claim 1, wherein the brazing material is located along substantially all of

the interface.

5. The bit of claim 1, wherein the brazing material is located along substantially all of

the mechanical lock.

6. The bit of claim 1, wherein the brazing material comprises mangancsc (Mn),
aluminum (Al), phosphorus (P), silicon (Si), or zinc (Zn) alloyed with nickel (N1), copper
(Cu) or silver (Ag).

7. The bit of claim 1, wherein the earth-boring drill bit comprises a fixed cutter drill bit.

8. An earth-boring drill bit comprising:

a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring drill bit,
the PCD cutter and recess comprising an aligned mechanical lock, thc mcchanical lock
comprising a scrics of ridges located along a side of the PCD cutter and in a side wall of the

recess; and

CA 2920119 2017-06-05
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a brazing material located along at lcast a portion of an interface between the PCD

cutter and the recess,

wherein the mechanical lock maintains a uniform clearance between the PCD cutter
and the recess along at least the portion of the interface between the PCD cutter and the

recess where the brazing material 1s located.

9. The bit of claim 8, wherein the brazing material is located along substantially all of

the interface.

10. The bit of claim 8, wherein the brazing material i1s located along substantially all of

the mechanical lock.

[1. The bit of claim 8, wherein the brazing material comprises manganese (Mn).
aluminum (Al), phosphorus (P), silicon (Si1), or zinc (Zn) alloyed with nickel (N1), copper
(Cu) or silver (Ag).

12.  The bit of claim 8, wherein the earth-boring drill bit comprises a fixed cutter drill bit.

13. An earth-boring drill bit comprising:

a polycrystalline diamond (PCD) cutter located in a recess of an earth-boring drill bit.
the PCD cutter and recess comprising an aligned mechanical lock, the mechanical lock
comprising at least an upper wall of the recess; and

a brazing matcrial located along at least a portion of an interface between the PCD

cutter and the recess.

14.  The bit of claim 13, wherein the brazing material is located along substantially all of

the intcertace.

15. The bit of claim 13, wherein the brazing malterial is located along substantially all of

the mechanical lock.

16. The bit of claim 13, wherein the mechanical lock maintain a uniform clearance

between the PCD cutter and the recess along at least a portion of the interface between the

PCD cutter and the recess

10

CA 2920119 2017-06-05



11

17. The bit of claim 13, whercin the brazing material comprises manganese (Mn).
aluminum (Al), phosphorus (P), silicon (Si), or zinc (Zn) alloyed with nickel (NI), copper
(Cu) or silver (Ag).

18.  The bit of claim 13, wherein the earth-boring drill bit comprises a fixcd cutter drill bit.

11
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