wo 20107141575 A4 I 0T O 0O OO

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

Co o
1 rld Intellectual Property Organization 2 ey
(19) World Intellcctual Property Organization i 1IN NP A0 AL A0 OO0
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
9 December 2010 (09.12.2010) PCT WO 2010/141575 A4
(51) International Patent Classification: (74) Agents: WELBORN, Brian, S. et al.; Intellectual Prop-
B22D 19/06 (2006.01) E21B 10/42 (2006.01) erty Counsel, Baker Hughes Incorporated, P.O. Box 4740,
C22C 29/06 (2006.01) E21B 10/54 (2006.01) Houston, TX 77210-4740 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2010/037056 kind of national protection available). AE, AG, AL, AM,
) I ional Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: - 2010 (02.06.2010 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
une 2010 (02.06.2010) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
12/479,534 5 June 2009 (05.06.2009) US SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): BAKER . .
HUGHES INCORPORATED [US/US], P.O. Box 4740, (84) D.e51gnated. States (unle.‘ss othemzse zndlcated, fO}" every
Houston, TX 77210 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Imventors/Applicants (for US ornly): STEVENS, John, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

H. [US/US]; 9110 Grogans Mill Rd., The Woodlands, TX
77380 (US). EASON, Jimmy, W. [US/US]; 9110 Gro-
gans Mill Rd., The Woodlands, TX 77380 (US).

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

[Continued on next page]

(54) Title: METHODS SYSTEMS AND COMPOSITIONS FOR MANUFACTURING DOWNHOLE TOOLS AND DOWN-

HOLE TOOL PARTS

FIG. 1

(57) Abstract: Methods, systems and compositions for
manutacturing downhole tools and downhole tool parts for
drilling subterranean material are disclosed. A model hav-
ing an external peripheral shape of a downhole tool or tool
part is fabricated. Mold material is applied to the external
periphery of the model. The mold material is permitted to
harden to form a mold about the model. The model is elim-
inated and a composite matrix material is cast within the
mold to form a finished downhole tool or tool part.
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AMENDED CLAIMS
received by the International Bureau on 09 March 2011 (09.03.2011)

What is claimed is:

1. A method of manufacturing a downhole tool part for drilling subterranean material
comprising:
fabricating 2 model having an external peripheral shape of a downhole tool part;
applying a mold material to at least a portion of the external periphery of the model;
permitting the mold material to harden to form a mold about the model;
eliminating the model from within the mold; and

casting a composite matrix material within the mold.

2. The method as recited in claim 1, wherein the composite matrix material is cast within the

mold containing a selectively dispersed particulate material.

3. The method as recited in claim 2, wherein the particulate material comprises at least one
constituent selected from the group comprising: monotungsten carbide (WC), ditungsten
carbide (W,C), macro-crystalline tungsten carbide, cobalt, titanium carbide, tantalum carbide,
metal borides, metal oxides, metal nitrides, polycrystalline diamond compact (PDC),
thermally stable polycrystalline diamond (TSP), cubic boron nitride (CBN), polycrystalline

cubic boron nitride (PCBN), tungsten, iron, nickel, titanium and boron carbide.

4. The method as recited in claim 2, wherein the particulate material increases at least one of
wear resistance, strength and toughness of a selective surface of the downhole tool part

formed from casting the composite matrix material within the mold.

5. The method as recited in claim 1, wherein eliminating the model from within the mold

includes at least one of burning, melting, vaporizing and dissolving the model.

6. The method as recited in claim 1, wherein the composite matrix material comprises at
least two constituents selected from the group comprising: monotungsten carbide (WC),

ditungsten carbide (W>C), cobalt, tungsten, iron, nickel, titanjum and boron carbide.

7. The method as recited in claim 1, wherein casting occurs at or above the eutectic

temperature of the composite matrix material.
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8. The method as recited in claim 1, wherein the composite matrix material is a eutectic

composition of at least two constituents.

9. The method as recited in claim 1, wherein the composite matrix material comprises

tungsten carbide and cobalt.

10. The method as recited in claim 9, wherein the tungsten carbide content is about 25

atomic percent and the cobalt content is about 75 atomic percent.

11. The method as recited in claim 9, wherein the cobalt content is equal to or greater than

about 70 atomic percent.
12. The method as recited in claim 1, wherein the downhole tool part is a drill bit body.

13. The method as recited in claim 12, further comprising positioning a bit body element at
the external periphery of the model and then applying the mold material to at least a portion

of the external periphery of the model and at least a portion of the bit body element.

14. The method as recited in claim 13, wherein the bit body element is at least one of a

cutting element, a bearing structure, a gage trimmer, a nozzle and a cutting control structure.

15. The method as recited in claim 14, wherein the bit body element is fabricated from

tungsten carbide and cobalt.

16. The method as recited in claim 15, wherein the cobalt content is less than 20 weight

percent.
17. The method as recited in claim 1, wherein the downhole tool part is a roller cone.

18. The method as recited in claim 17, further comprising positioning at least one of a
cutting insert and a bearing element within the model and then applying the mold material to
at least a portion of the model, and at least a portion of one of the cutting insert and the

bearing element.
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19. The method as recited in claim 18, wherein the cutting insert is fabricated from tungsten

carbide and cobalt.

20. The method as recited in claim 19, wherein the cobalt content is less than 20 weight

percent.

21. The method as recited in claim 1, wherein the casting of the composite matrix material

occurs under vacuumn conditions.

22. The method as recited in claim 1, wherein the casting of the composite matrix material

occurs in a protective atmosphere.

23, The method as recited in claim 22, wherein the protective atmosphere is one of an inert

atmosphere and a reducing atmosphere.

24. The method as recited in claim 1, wherein the casting of the composite matrix material

occurs in air.

25. A downhole tool part for drilling subterranean material, wherein the downhole tool part
is manufactured by casting a composite matrix material within a mold containing a

selectively dispersed particulate material.

26. The downhole tool part as recited in claim 25, wherein the particulate material comprises
at least one constituent selected from the group comprising: monotungsten carbide (WC),
ditungsten carbide (W,C), macro-crystalline tungsten carbide, cobalt, titanium carbide,
tantalum carbide, metal borides, metal oxides, metal nitrides, polycrystalline diamond
compact (PDC), thermally stable polycrystalline diamond (TSP), cubic boron nitride (CBN),
polyerystalline cubic boron nitride (PCBN), tungsten, iron, nickel, titanium and boron

carbide.

27. The downhole tool part as recited in claim 25, wherein the particulate material increases
at least one of wear resistance, strength and toughness of a selective surface of the downhole

tool part formed from casting the composite matrix material within the mold.
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28. The downhole tool part as recited in claim 25, wherein the composite matrix material
comprises at least two constituents selected from the group comprising: monotungsten
carbide (WC), ditungsten carbide (W,C), cobalt, tungsten, iron, nickel, titanium and boron

carbide.

29. The downhole tool part as recited in claim 25, wherein the casting occurs at or above the

eutectic temperature of the composite matrix material.

30. The downhole tool part as recited in claim 25, wherein the composite matrix material is a

eutectic composition of at least two constituents.

31. The downhole too! part as recited in claim 25, wherein the composite matrix material

comprises tungsten carbide and cobalt.

32. The downhole tool part as recited in claim 31, wherein the tungsten carbide content is

about 25 atomic percent and the cobalt content is about 75 atomic percent.

33. The downhole tool part as recited in claim 31, wherein the cobalt content is equal to or

greater than about 70 atomic percent.

34, The downhole tool part as recited in claim 25, wherein the downhole tool part is a bit

body.

35. The downhole tool part as recited in claim 25, wherein the downhole tool part is a roller

cone.

36. A composition for manufacturing a downhole tool part for drilling subterranean material

comprising: a continuous phase and a selectively dispersed particulate phase.

37. The composition as recited in claim 36, wherein the continuous phase comprises at least
one constituent selected from the group comprising: monotungsten carbide (WC), ditungsten

carbide (W,C), cobalt, tungsten, iron, nickel, titanium and boron carbide,
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38. The composition as recited in claim 36, wherein the selectively dispersed particulate
phase comprises at least one constituent selected from the group comprising: monotungsten
carbide (WC), ditungsten carbide (W-C), macro-crystalline tungsten carbide, cobalt, titanium
carbide, tantalum carbide, metal borides, metal oxides, metal nitrides, polycrystalline
diamond compact (PDC), thermally stable polycrystalline diamond (TSP), cubic boron nitride
(CBN), polycrystalline cubic boron nitride (PCBN), tungsten, iron, nickel, titanium and boron

carbide.

39. The composition as recited in claim 36, wherein the continuous phase is cobalt and the

selectively dispersed particulate phase is monotungsten carbide (WC).

40. The composition as recited in claim 39, wherein the cobalt content is equal to or greater

than about 70 atomic percent.
41. The composition as recited in claim 36, further comprising a eutectic particulate phase.

42. The composition as recited in claim 41, wherein the eutectic particulate phase comprises
a eutectic composition of at least two constituents selected from the group comprising:
monotungsten carbide (WC), ditungsten carbide (WC), cobalt, tungsten, iron, nickel,

titanium and boron carbide.

43. The composition as recited in claim 36, further comprising a sub-stoiciometric phase
having the formula M,C, where M is cobalt or tungsten, C is carbide and x is a number

between 1 and 6.
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Statement under Article 19(1)

' Pursuant to Article 19(1), Applicant offers the following remarks with regard to the
submitted amendments to the claims. The claim amendments do not go beyond the disclosure

as filed and do not require changes to the specification or the drawings.
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