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Effect of components on the mechanical properties of Fe-based

diamond bits
LIU Ji

(Hunan Geology Exploration Institute of China Chemical Geology and Mine Bureau, Changsha Hunan 410100, China)
Abstract: To improve the drilling efficiency of diamond bits in reinforced concrete and strong abrasive rock, a
pre-alloyed Fe powder with high wear resistance and cold pressing molding ability was selected for the matrix. The
formulas of Fe matrix were designed to research the effect of Fe-based pre-alloy powder, Cu, Ni and Co on the matrix
and drilling properties of the diamond drill bits. Analysis was conducted of the tensile strength, three-point bending
strength and hardness of the sintered samples of different formula, and the ruptures of the sintered samples were
investigated with SEM. The drilling efficiency and life of the drill bits was field tested. The effects of heat insulation
time on the mechanical properties of Fe-based matrix were also analyzed. The results showed that Cu, Ni and Co had a
great influence on the bending strength and hardness of the Fe-based matrix, and the mechanical properties of the
Fe-based matrix can be improved when the insulation time was 5Smin.

Key words: diamond bits; Fe-based matrix formula; heat insulation time; mechanical properties; fracture appearance;

drilling property
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Table 1 Fe-based matrix formula %
B J5 BRAEFG & 4 ,
Cu Ni Co
A F, F, F, F,
1 30 15 30 20 5 0 0
2 40 15 30 10 5 0 0
3 20 15 30 30 5 0 0
4 25 30 30 10 5 0 0
5 25 30 30 10 0 5 0
6 25 30 30 10 0 0 5
7 25 30 30 5 0 10 O
8 25 30 30 5 0 5 5
9 25 30 25 5 0 10 5

Horp AL G2 1 W C 56 4 WA 46 3 i R 2 FH I Dy
£ R &5 10 A B 7 . WC45% . Mn5% . Col0% .
Nil0% . CuSn,,30% , 4 Wl A & B & it h 20%
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Fig.1 Size of the samples for tension test
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Table 2 Mean values of tensile strength test MPa
H AEEROEAEE w209 SRR
% =2min =5min =8min % (=2min =5min =8 min
Al 273 232 185 Bl 130 94 70
A2 139 201 118 B2 87 177 113

A3 185 178 156 B3 70 113 139

Ad 139 142 178 B4 46 64 59
A5 220 156 176 B5 86 70 84
A6 148 152 130 B6 56 55 46

A7 478 511 486 B7 264 264 258
A8 516 499 521 B8 235 211 248
A9 510 555 522 B9 259 275 246
A10 755 735 792 B10 364 360 388

M 2% 2 FfE 2.3 7 , B J7 1~6 BP0 S s B A
P EBAR B 7 7~9 TP AR A R . ME AR
G353 BT, 1 6 A BE 5 A T I sl A &S I N A Co, 1
e J7 7T~9 %N T 3d H 19 NiFl Co, NiFl Co o & #2585
T BB SR A X 5 2 o R AR A e —
o NiAlCo#h HAEE R ER R, 5 Fe il i 5
B °] LAAS BIAR 41 10 25 45 Pk R L A0 /N i A8 T8 1 RS T
AT S o MR A TS i & WA R RE L A 4 R
Jei, M AR RE Y BT PSR B R R T 50% 224, HLAE N
G WA RE vh TSy 4~6 B P L am BE AR TS O 1~
3, 3K 2 T 4 NI A A 4 BE 7 B Fe 2 o0 14 3 KT B
%o Hrp R 9 Wb hir s B AR TAE ey WC KLl
HBC 7 10, o hr o B AH 22 A8 Ko 76 AR L (] /=5
min B}, Bt 5 9 BYPTHLGE B K.
2.2 PRI

AN TR T 7 1 Z8 R 8 45 R 1 B 2 o R A% R A
R 3P o AL~AL0 43 XN 1~10 5 Bl 5 A & 42
MIf 25 AR FE , B1~B10 43 51 X% B 1~10 5 Bt J5 &
20% & WA RE . RN EC O A 4L RE SRS 2 14, 4
S s A 2 e A, OR8] O M

i 2 3K 4.5 7, BL 7 1~10 By 4T 2 5 i It
AR AR Ak e B2 B R R G D 5~9 I BT i
JEAH AR K EER = TR 1~4. MBLJ7 B 43 K
B, XS T EC O 5~9 a7 I & A N Co, 1fif
i 5 1~4 H R AN H Cu il &8 B ik . Co UL
ORI AR R IR R P R NIt B
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Fig.2 Tensile strength changes of different formulas

(blank samples)
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Fig.3 Tensile strength changes of different formulas (sam-

ples with diamonds)
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Table3 Mean value of bending strength test results MPa

% ATeRnz=ALEE & F 2000 BRI

5 t=2min /=5min /=8min 5 ¢=2min =5min /=8 min

Al 323 340 531 Bl 226 245 258
A2 378 405 423 B2 238 / 233
A3 390 488 495 B3 238 210 248
A4 655 588 675 B4 330 348 298
A5 755 735 708  BS 390 400 395
A6 625 790 655 B6 373 353 348
A7 755 800 798  B7 475 450 405
A8 790 783 823 BS 450 413 423
A9 718 785 713 B9 443 453 453
AT0 948 940 965 B10 433 528 500
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Fig.4 Bending strength changes of different formulas

(blank samples)
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Fig.5 Bending strength changes of different formulas

(samples with diamonds)
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Table4 Mean value of hardness test results (blank samples)

HRC
- 19 DG A 0 X 4 {8
=2 min =5 min /=8 min

Al 44.2 45.1 39.5
A2 47.2 45.8 48.5
A3 40.8 42.5 43.5
Ad 40.8 42.0 43.9
A5 31.0 30.0 30.1
A6 53.1 50.2 51.7
A7 22.0 23.6 23.2
A8 35.0 36.8 35.3
A9 26.6 26.1 26.1
A10 42.0 41.6 43.2
55

—e— T=900°C =2min
50 \ —&— T7=900C r=5min
| —®— T7=900C r=8min

45 &
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30

25

20 1 1 1 1 1 1 1 1 ]
Al A2 A3 A4 A5 A6 AT A8 A9 AlIO

W 5

Eoe FAEBEHFMBEETNL(=EIRE)
Fig.6 Hardness changes of different formulas

(blank samples)
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Fig.7 SEM images of the rupture section
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Table 5 Field test results

o BhSk R/ BIERY/ WL/ EFEA/
s L
mm m m m
1 9 ?»101/83 36.7 6.3 36.25
5 9 ?»101/83 48.2 7.5 43.80
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Fig.8 Field test diamond bit
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