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(57) Abstract: A cemented carbide comprising a plurality of tungsten carbide particles and a binder phase, the cemented
carbide comprising a total of at least 80 volume% of the tungsten carbide particles and the binder phase; the cemented
carbide comprises 0.1 to 20 volume% of the binder phase; the cemented carbide comprises at least one first element
selected from the group consisting of titanium, tantalum, niobium, zirconium, cerium, yttrium, and boron; the cemented
carbide comprises a total of 0.01 to 20 atom% of the first element(s); the binder phase comprises at least 50 mass% of
cobalt; and in a first graph in which the results obtained by performing line analysis using an energy dispersive X-ray
spectroscopic device, which is an accessory of a transmission electron microscope, along a first direction from mutually
adjacent aforementioned binder phases toward the tungsten carbide particles are shown in a coordinate system in which
the X-axis is the distance from the position at which cobalt exhibits maximum intensity and the Y-axis is the normalized
intensity, the maximum peak M of each of the first elements is present between a peak W1 of the tungsten closest to the
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origin and another peak W2 of the tungsten closest to the peak W1, for each of the first elements, the ratio IB/IA of the
intensity IB to the maximum peak intensity IA of the maximum peak M is greater than 0.5, and the intensity IB is the
intensity of the first element at a distance P2, which is a distance of 0.2 nm from the distance P1 of the maximum peak
intensity 1A to the side opposite to the origin.
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[%1]
Table 1

[FHIR
We Co | TiCN | TaC | NbC | ZrC | CeC, | Y0, | B
BEY | HEY | EEY| EB% | BBy ES% =EY HE% | =5EY
92.100 | 3.200 | 4.700 | - - - _ _ i}
84.800 | 13.100 | 2.100 | - - _ _ _ i}
90.194 | 9.800 | 0.006 | - - _ _ _ B
90.000 | 5.100 | 4.900 | - - _ _ _ B
99.930 | 0.040 | 0.030 | - - - _ _ B
86.700 | 5.200 |8.100 | - - - _ _ i}
84.100 | 6.100 | - | 9.800 | - - _ _ -
76.600 | 10.300 | - [13.100| - - _ - -
89.085[10.900| - | 0.015 | - - _ _ _
96.500 | 2.400 | - | 1.100 | - - _ - -
99.860 | 0.040 | - | 0.100 | - - _ _ -
72.900 | 5.400 | - |21.700| - - _ _ -
96.100 [ 3.000 | - - |o.900| - _ _ B
86.500 [ 11.800 | - - | 1700 | - - _ -
98.893 [ 1.100 | - - 0007 | - - _ _
85.800 | 6.300 | - - | 7.90]| - - _ _
88.140 [ 0.060 | - - |11.800| - - _ -
86.000 [ 10.700 | - - 13300 - - _ _
87.900 | 4.300 | - - - |7.800] - _ B,
83.900 [ 8.900 | - - - 72000 - _ B}
92.893 | 7.100 | - - - lo.007| - _ _
87.100 [ 8.100 | - - - |4800] - _ B,
99.940 [ 0.040 | - - - Jo.020] - _ B,
87.400 [ 2.900 | - - - J9.700] - _ B,
83.300 | 4.800 | - - - - |11.900| - _
75.800 | 9.900 | - - - - |14.300] - _
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[5R2]
Table 2

EEEE7ES

WG Co TiCN | TaC | NbC | ZrGC | CeCy | Y03 | B4
HEY | BEh | BHEY HEY HEW HEY HEYW HEY | HEY
27 190.580 | 9.400 - - - - 0.020 - -
28 |82.000| 7.900 - - - - |10.100 | - -
29 199.930| 0.040 - - - - 0.030 - -
30 [85.400| 9.200 - - - - 5. 400 - -
31 186.700| 5.100 - - - - - 8.200 -
32 |81.700 10. 400 - - - - - 71.900| -
33 190.790| 9.200 - - - - - 0.010 -
34 |86.100| 5.600 - - - - - 8.300| -
35 199.930| 0.040 - - - - - 0.030 -
36 |88.720| 10.800 - - - - - 0.480 | -
37 194.500| 0.700 - - - - - - 14.800
38 [91.700| 5.100 - - - - - - 13.200
39 |88.850| 11.100 - - - - - - 10.050
40 |85.000| 10. 100 - - - - - - 14.900
41 199.360 | 0.040 - - - - - - 10.600
42 | 85.600| 11.900 - - - - - - 12.500
43 194.600 | 2.200 | 1.500 - 1700 - - - -
44 183.900| 8.100 | 5.900 | 2.100| - - - - -
45 191.990 | 8.000 | 0.007 - - 10.003 - - -
46 | 86.800 | 10.000| 1.100 - - - - - 12.100
47 |87.400|12.100 | 0.290 - - - 0.210 - -
48 190.200 | 6.000 | 1.700 - - - - 2.100| -
49 |60.800 | 37.700| 1.500 - - - - - -
50 [87.599|12.400 | 0.001 - - - - - -
51 193.000| 6.100 | 0.900 - - - - - -
52 153.900|11.400 | 34.700 | - - - - - -

Bt
No.

Ol — | O] | —
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[3%3]
Table 3

EREEVES

WG Co TiCN | TaC NbC ZrGC CeC, Y203 B.C
BHE)Y | H8% HEh BHEh | HEY | HEY | HEEhW | BEEY =%
53 |60.700|37.500 - 1. 800 - - - - -
54 187.599|12.400| - 0. 001 - - - - -
55 192.300| 6.100 - 1. 600 - - - - -
56 |62.100| 8.100 - 129.800 - - - - -
57 [63.700|34.700 | - - 1. 600 - - - -
58 |87.599|12.400| - - 0. 001 - - - -
59 192.600| 6.300 - - 1. 100 - - - -
60 [53.900|11.400| - - 34.700 - - - -
61 |63.700|34.900 | - - - 1. 400 - - -
62 |87.599|12.400| - - - 0. 001 - - -
63 |92.800| 6.100 - - - 1.100 - - -
64 |57.800|12.200 | - - - 30. 000 - - -
65 [63.500|35.100| - - - - 1. 400 - -
66 |87.599|12.400| - - - - 0. 001 - -
67 |92.800| 6.100 - - - - 1.100 - -
68 |61.800| 8.200 - - - - 30. 000 - -
69 |63.600|35.000 - - - - - 1.400 -
70 187.599|12.400, - - - - - 0. 001 -
71 192.800| 6.100 - - - - - 1.100 -
712 1 61.900 | 8.100 - - - - - 30. 000 -
713 |64.520|35.000 | - - - - - - 0. 480
74 187.599|12.400 | - - - - - - 0. 001
75 193.010| 6.200 - - - - - - 0.790
76 167.900|12.100 | - - - - - - 20. 000

Et
No.

[0082] REMAREZE-XINLTREL TREMKRERSK, BEaRt (X714 T7#&
. EEH. RIEX KE) . UTORY THD, [FEXR] S E—
FEXEEZIRT %,

KB 1 ~FHR4 8
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R,
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R,
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ER LT, RIS, BRIBHERRE L. BESETEEEBL, SENOREE
HiE. LLFOBEY TH B,

KFEE1~5HB48>

E1EETR: Ar AP TEAEMPa, JBE1450CT4 0051
o

BE2HBETRR : Ar SRAHTEANEMPa, JBE1350CT300H1%
o

KEB49~HBT76>

B1EETRR: Ar SRBFTEAHO. TMPa, BE1450CT60%H
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BT 2L,

[0084]  THE1BEIR] &k RERBERICITONZREIRTHZ, [HE2
BHETRZ] &k, B1ERBIRRICTON 2 _BEEOREIRTH D, F
2B IRD L] SORHKF., F2RBELEEZTOAN LI EERT
o RIC, BEEEFEAEEA r HZFRATEN200MP aGOEREGETTED
L7z, SHBROBEESEPEMICH LT, BEAFAEME (HI P) £&T
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DBEY TH 5,
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[0085]  [HIHITED/ER]
BONCEESEZMIL., IERMAYHIERE BR: TV RIL) %
R L 7,
[0086]  [¥BFEG S DFF]
<BEAEORILYVITRATVHFOEER (KE%) SLUHEEEOS
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1 #1100 ERKRBOBESRIE. B1nRE2ECILEMONTEYCE
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BICTT,
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BRERT~RID BESE] O TRRE—IM] #ICTYT., [Hl &
 BAE—IOMBREETEZEERL. TH] &lF. RRE—IJMAEFEEL
BWZE%ETRY, RARE—IMPIEREFET 2B, 2ETOERAE—ID
W1 EW2EDEICERET 18 Bl &ETT,

[0090] [HRAE—IM] BEETIH/ICEVT, BAE—IMORAEL—ViE
EIAICHTS, BEIBDOEISIB/IAZRMELL, TITHEI B
. RAE—VRBEOMEP 106, F1 75 T70FERERTRAANDEFENO
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Table 4
HESS®
st No, | WO HLT | #6870 | WC KT HEAT | BARTO

SHE | BAE|  AHE | OARE

Figh | KB 1&15% HEY
1 81.6 13.6 95.2 50.0
2 14.3 20.0 94.3 99.9
3 83.8 16. 1 99.9 99.9
4 18.0 18.0 96.0 59.3
5 99.8 0.1 99.9 94.2
6 11.6 8.4 80.0 90.8
7 80.7 15.1 95.8 50.0
8 12.1 20.0 92.1 13.9
9 81.9 18.0 99.9 99.9
10 94.8 5.0 99.8 75.3
11 99.8 0.1 99.9 79.3
12 12.8 1.2 80.0 96. 1
13 80.1 11.0 91.1 50.0
14 18.6 20.0 98.6 95.8
15 98.2 1.8 99.9 99.7
16 65.2 14.9 80.1 67.3
17 79.9 0.1 80.0 87.8
18 17.1 18.0 95. 1 96. 7
19 11.0 15.0 92.0 50.0
20 nA 20.0 91.1 13.2
21 87.7 12.2 99.9 99.8
22 76.8 18.0 94.8 75.1
23 99.8 0.1 99.9 89.9
24 14.5 5.5 80.0 87.1
25 69.1 16.0 85.1 50.0
26 60.0 20.0 80.0 74.9
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Table 5
HESS
st3 No. | WCHLT | BATE | WCHTFHESH | AT

SHE | SEE| ARE | CoBAE

Figh | K58 1&15% BE%
27 84.2 156.7 99.9 99.8
28 68.8 12.0 80.8 56. 1
29 99.2 0.1 99.3 90.1
30 13.7 18.0 91.7 83.1
31 12.8 20.0 92.8 50.0
32 65.0 15.0 80.0 99.2
33 85. 1 14.8 99.9 99.9
34 70.9 10.0 80.9 87.4
35 9.9 0.1 10.0 92.5
36 80.6 18.0 98.6 98.8
37 82.3 3.0 85.3 50.0
38 70.0 10.0 80.0 90.8
39 80.2 18.0 98. 2 99.6
40 67.1 15.0 82.1 97.0
41 95.3 0.1 95.4 98.2
42 12.5 20.0 92.5 97.1
43 87.1 9.0 96. 1 50.0
44 68.0 12.0 80.0 97.2
45 86.6 13.0 99.6 99.9
46 15.4 18.0 93.4 90.6
47 19.4 20.0 99.4 97.7
48 18.2 13.0 91.2 82.3
49 46.2 50.0 96. 2 99.9
50 11.8 20.0 97.8 99.9
51 86.5 12.0 98.5 91.4
52 21.2 156.0 42.2 81.5
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Table 6
HESS
st No, | WO HLT | #6870 | WC KT HEAT | BARTOD

SHE | BAE| AHE | OARE

A3 | HR3E% x3&% BHEY%
53 45 .4 50.0 95.4 98.2
54 76. 6 20.0 96. 6 99.9
55 88. 1 10.0 98.1 98.0
56 59.6 16.0 14.6 82.5
57 49.3 50.0 99.3 95.3
58 19.7 20.0 99.7 99.9
59 88. 1 10.0 98.1 97.9
60 39.3 15.0 54.3 97.3
61 49. 4 50.0 99.4 96.8
62 79.9 20.0 99.9 99.9
63 87.3 10.0 97.3 99.8
64 39.1 15.0 54.1 96. 1
65 49.3 50.0 99.3 96. 5
66 18.3 20.0 98.3 99.5
67 87.0 10.0 97.0 98.9
68 42.7 10.0 52.7 97.5
69 49.1 50.0 99.1 97.1
10 19.3 20.0 99.3 99.7
" 86.2 10.0 96. 2 99.6
12 36.6 10.0 46. 6 89.6
13 49.8 50.0 99.8 98.8
14 79.9 20.0 99.9 99.7
15 85.2 10.0 95.2 99.4
16 30.8 10.0 40.8 98.7
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Table 7
BEa® IR
S8 No. @ﬁ%é§§%$ BXE—7 N o | HIEER
BEF% H/% m
1 Ti 12. 000 =) 0.80 3.70
2 Ti 3. 300 =} 0. 61 1.60
3 Ti 0.010 =) 0. 51 2.50
4 Ti 10. 000 =} 0.74 3.20
5 Ti 0.080 =} 0.59 1.90
6 Ti 17. 200 =) 0. 87 2.30
7 Ta 8. 300 =) 0.72 4.30
8 Ta 10. 500 =) 0.77 1.40
9 Ta 0.010 ¥ =) 0. 51 1.90
10 Ta 1. 000 =) 0. 61 2.30
11 Ta 0.080 =) 0.54 2.10
12 Ta 20. 000 =) 0.91 3. 40
13 Nb 1.120 =) 0. 61 2.00
14 Nb 1.780 =) 0.65 1.60
15 Nb 0.010 =) 0.51 1.80
16 Nb 10. 100 =) 0.80 4.70
17 Nb 20. 000 =) 0.92 2.10
18 Nb 4.300 =) 0.72 2.90
19 r 9.800 =) 0.78 2.50
20 Ir 9. 400 =) 0.75 1.20
21 r 0.010 =) 0.51 2.70
22 Ir 7.200 =) 0.74 3.20
23 r 0.030 =) 0.52 1.90
24 r 14. 200 =) 0. 82 1.80
25 Ce 7.100 =) 0. 66 3.00
26 Ce 7.500 =) 0. 68 1.60
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[%8]
Table 8
wEe s e
St No. Eﬁ%;giﬁﬁ BRC—o M| o | R
&+ H/E m
27 Ce 0.010 =) 0.51 2.30
28 Ce 9. 800 =] 0.71 3.40
29 Ce 0.020 =) 0. 51 2.00
30 Ce 2.900 =) 0.58 2.20
31 Y 9. 900 =) 0.78 1.20
32 Y 8. 900 =) 0.75 3.00
33 Y 0.010 =) 0.51 2.70
34 Y 10. 000 =) 0. 81 1.90
35 Y 0.040 =) 0.53 1.60
36 Y 0.490 =) 0.59 2.10
37 B 8. 400 =) 0.78 2.50
38 B 4,500 =) 0.65 3.70
39 B 0.010 =) 0. 51 1.90
40 B 9. 800 =) 0. 81 3.20
41 B 0.700 =) 0.57 1.50
42 B 2.000 =) 0.62 1.40
43 Ti,Nb 5.100 =) 0.71 2.10
44 Ti, Ta 14.900 =] 0.79 1.90
45 Ti,Zr 0.010 =) 0.51 2.70
46 Ti,B 6. 300 =) 0.72 3.20
47 Ti, Ce 0.390 =) 0.56 1.30
48 Ti,Y 10. 000 =) 0.74 3.40
49 Ti 1. 400 i3 - 0.04
50 Ti 0. 001 i3 - 0.90
51 Ti 1.700 i3 - 0.80
52 Ti 47. 900 i3 - 0.10
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[%9]
Table 9
amas DHIEHE
U Mo @ﬁ%é§§E$ BAC—oN| |
EF% /8 m
53 Ta 1.100 = - 0.10
54 Ta 0. 0008 # - 0.80
b5 Ta 0.870 i3 - 0.70
56 Ta 25. 300 i3 - 0.03
57 Nb 1. 400 i3 - 0.04
58 Nb 0. 001 i3 - 0.60
59 Nb 1. 600 i3 - 0.50
60 Nb 36. 500 i3 - 0.01
61 Ir 1. 300 i3 - 0.07
62 Lr 0. 001 i3 - 0.90
63 Lr 1. 600 i3 - 0.50
64 Lr 32. 300 i3 - 0.05
65 Ce 0.920 i3 - 0.06
66 Ce 0. 0008 i3 - 0.70
67 Ce 0.800 i3 - 0.70
68 Ce 24. 400 i3 - 0.05
69 Y 1. 000 Fic3 - 0.10
10 Y 0. 001 i3 - 0.70
" Y 1. 500 i3 - 0.60
12 Y 35. 600 i3 - 0.01
13 B 0.420 i3 - 0.02
14 B 0.008 i3 - 0.90
75 B 1. 200 i3 - 0.50
16 B 28. 400 i3 - 0.01

[0097] <<tDHIFEER>
BFASOYBIEZAVWTUTORAETI Y FIMIZ4TV, HIHIEREE
0. O1mEIC, BTHOEREZAE L/, EFEHNO. 1TmmilEEL
R OB E TREMET S, BRERT~KID IIHIFEER] #IC
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Y, UIEIEEEARWEE, TESFHIRVWIEETRT,
[0098] <EIHIZHED
WA : SKD 11
T : EMT
YIEIEE : 60m,/ min
1 HEEYDEYEF2z: 0, Tmm t
AROYAHRIap : 0, 2mm
EREEOYAHRESae : 0. 1mm
YIER - KB ML H
EERDURIZHIE. SEEMOUEIMIICREY %,
[0099] <ZEE>
AR ~EHH4 8DBEAES LUIHITRIR. EEFICELT S, AR
4 9~HB7 6 DEEESES SVUIHITEIR, EBRPICEET S5, &1 ~
HEA4 8 (Effl) OUIHITEIR., Hi4 9~HK7 6 (LL&fl) OUEHIT
BILHERT, SEEMOUEINIICEWVWT, RWIEHFEGERT I & AR
Ihi, Thid, ER1~EHB4 8 (Ekfl) oBEaeid. E—IMEE
L. 2, BI& 1B/ AIE 0. blBTH2, MERES,ELELEL
HEWEIND,

[0100] MEDLDICARATOEROIES L CEBBICDOWTEHRBZITR LD
. PROBREOHES L UCERBAIOEREEEEAEDELY., BLICE
T2 EHEHMBALTFELTWDS,

[0101] SERRINAEEEOHES LVCEREFAIZTRTORTHRTH>T. i
[RHNAEDTIEBRWEEZONZRETHD, AFEBAOEHHIELE L-ETE
DOFRES L TEBAITIERLLFBROFHEICL > TRI N, BROFMEEEF
DEK, BLUVHMENTOIRTOEENZEND I ENEKIND,
RS DERBA
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[55KIA1]

[553K1R2]

&a R D&

BEORESY VTRATURTFE, BEHE. ZRADBEEETDH
2T,

BB S &I, RIRSKEY VIR T UVRTFHE L VRIGEHEEHEEZS
EF T8 OFREWPLULEEH.

BB A EIE. RIESEAEE20. 1 FEERUL2 OFBERUTE
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HIECEBREE®RIE. FHV. V¥ =ZF4 T, Y=V AL, )
Th, AV RN)DLBLUEREIN LD ELYBEND DAL EE T
DDHE 1 TREZH

AIECEBES S, AIEEHE 1 TtHEL2G51TO0. O1[FRF%ULE20[R
F %L Z A,

AIECREEAEIE. O/ M E B OEERU EEH,

BB RIS EN SRIRKRIEY Y TR T VRTICED D
F1AAISH> T, BRUEFHEMERICHBO T RILF—08E XHR
PHREBEEZRVWTSA U EIT>TRELONLERE. XM/
NARABEZRTAENS DR, MO, YEHINRERILINABE
THHIDEZERIRLULESE1 7S 7IC8WT,

BERICRHEAEVWY VT ZATFVYOE—IWT &, RIEEE—IW1 I
REREVWIVITRTVOMOE—IW2 EOEIC, FIEEE 1 THRDT
NETNORAE—IVMMBEEL.
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