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Abstract This study investigates the thermal shock property of a polycrystalline diamond compact (PDC) produced
by a high-pressure, high-temperature (HPHT) sintering process. Three kinds of PDCs are manufactured by the HPHT
sintering process using different particle sizes of the initial diamond powders: 8-16 um (D50 =4.3 um), 10-20 um
(D50=6.92 um), and 12-22 pm (D50 =8.94 um). The microstructure observation results for the manufactured PDCs
reveal that elemental Co and W are present along the interface of the diamond particles. The fractions of Co and WC
in the PDC increase as the initial particle size decreases. The manufactured PDCs are subjected to thermal shock tests
at two temperatures of 780°C and 830°C. The results reveal that the PDC with a smaller particle size of diamond easily
produces microscale thermal cracks. This is mainly because of the abundant presence of Co and WC phases along the
diamond interface and the easy formation of Co-based (CoO, Co0;0,) and W-based (WO,) oxides in the PDC using
smaller diamond particles. The microstructural factors for controlling the thermal shock property of PDC material are
also discussed.

Keywords: Polycrystalline diamond compact, High pressure high temperature sintering, Thermal shock property, Dia-
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1. Introduction HZ US 7 2204 AAEE ARk AIF A &
7ol wet Wuted, WEAA, WEd 59 540l ‘3?

a7 tholoE= I E (polycrystalline diamond compact, P PDCAANZE 87531 JTHR9). o]l & AA=ES
PDC) A= 27 38 Z(WC-Co) g9l tHaA tho|ol= rks S46 miXe 7] A% o 2 &% EPOME#
E(PDC) Fo] HAUE olF LaAolH, thololz=r} ¢F PAF B8] Jgkol thste] B gk uh JrH10,11]. PDC &
A3t = 1400°C ©)%, 5 GPa o] & 312 - 319 (high AE &83 PDC =8 BIE B35 19731 General Electric
pressure high temperature, HPHT) 2> (sintering) 53¢l <] APE A2 AAIste] AREEAL QITH12]. =2 HIE F

&) AZHTH1,2]. ©]21§ PDCAAE m$- =& 7éE, =o F AXE $I8te] PDC &A9] B o] (brazing) HE &

4, B d AT 123 9549 vk E4S A go] AeH1 glon, 34 Fo| PDC 419 e EX
QAI[3], A - 7k A F[4-6] B A2} T *L%MW U 7lde] ARGt o]9} o] Hylo]d FAA EL £
PR, EEE AA 7] AREAL Sith (600~850°C)2] Lol AAIZF 7}l A7) WEo] 3 34
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2. Experimental
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Fig. 1. Manufactured polycrystalline diamond compacts (PDCs)
and XRD analysis results; having different diamond particle
sizes of (a) 8~16 um(D50=4.3 um), (b) 10~20 um (D50=
6.92 um), and (c) 12~22 pm(D50 = 8.94 Lm).

3. Results and Discussion

Al 7HA 92 =719 F2(A 43um, B 6.92um, C
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Fig. 2. SEM microstructures of HPHT sintered polycrystalline diamond compacts with different diamond particle sizes of (a)
8~16 pm(DS0 = 4.3 pm), (b) 10~20 pm(DS0 = 6.92 pm), and (c¢) 12~22 pm(D50 = 8.94 um).
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A FAHANX ArH R d FAl o3 B AW (crack)
& AFE A ot old] FUtE 4 2 3 PDC FHS
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Table 1. EDS analysis results of PDC with different diamond
particle sizes of PDC A (4.3 um), PDC B (6.92 um) and PDC C
(8.94 pm).

Unit: at. %
Element C Co W Total
A 95.76 322 1.02 100
B 96.47 2.76 0.77 100
C 97.15 2.32 0.53 100

Fig. 3. Surface observation results of 780°C thermally shocked
polycrystalline diamond compacts with different diamond
particle sizes of (a) 8~16 um(D50 = 4.3 um), (b) 10~20 pm(D50
=6.92 um), and (c) 12~22 pm(DS0 = 8.94 pm).
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Fig. 4. Surface observation results of 830°C thermally shocked polycrystalline diamond compacts with different diamond particle
sizes of (a) 8~16 um(D50 = 4.3 pm), (b) 10~20 pm(DS0 = 6.92 pm), and (¢) 12~22 ptm(DS0 = 8.94 um).
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Fig. 5. Surface observation results of upper diamond regions of PDCs with different diamond particle sizes and thermal shock
temperatures; 4.3 um and 780°C, (b) 6.92 um and 780°C, (c) 8.94 ium and 780°C, (d) 4.3 um and 830°C, (e) 6.92 um and 830°C,
and (f) 8.94 um and 830°C.
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Fig. 6. X-ray analysis results of thermally shocked (780°C)
polycrystalline diamond compacts having different diamond
particle sizes of (a) 8~16 um(D50 = 4.3 um), (b) 10~2 um(D50
=6.92 um), and (c) 12~22 pm(D50 = 8.94 um).
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Fig. 7. X-ray analysis results of thermally shocked (830°C)
polycrystalline diamond compacts having different diamond
particle sizes of (a) 8~16 um(D50=4.3 um), (b) 10~20 pm
(D50 = 6.92 pum), and (c) 12~22 pm(D50 = 8.94 pum).
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Fig. 8. Microstructures of cross-sectional PDC samples after thermal shock tests at 780°C; having different diamond particle
sizes of (a) 8~16 um(D50 = 4.3 um), (b) 10~20 pum(D50 = 6.92 pm), and (c) 12~22 um(D50 = 8.94 pm).
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Fig. 9. Microstructures of cross-sectional PDC samples after thermal shock tests at 830°C; having different diamond particle
sizes of (a) 8~16 um(D50 = 4.3 pm), (b) 10~20 um(D50 = 6.92 pm), and (c) 12~22 pum(D50 = 8.94 pm).
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