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AW 2R I S50 v O Ak S 56 5 1T IR0 5 PDC 14 1 fe FE & BBC )y, 78 i L 1= R 645 (8.5 GPa.
1750 °C) Z&AF T, il 5 BA7 16 B2 45 F4 (458 24 PDC B4Rk, I XA REREA T R AL S PP Al o i aed K B
JE S5 R AE T AR 2 rh Ay S B L0 < M £ KA 20 A, R G T o6 38 45 M A i TR 3R 358 X PDC 14 (9 fRUL
S50 1R BRI RE BRI, UM S B PDC A 285 VERE A 2 3 4R ), T R0l T T IR 2 /8 TR = 4
IR ZI IR T — OB AE A2 5 bR AL A S R B2k

1 £ I

1.1 PDC Bu%I%&

PDC il £ i J5URNE FH D, (4~6 pm) . D,(8~12 pm) Fl D,(15~22 um) 3 Tl A [G) R0 42 1 45 WA 330K
4l FE X5 T 99%, FH T R IC ARG AR AR A BR 2N R AL B (Co) WA R be sl B, 26152 & T 99.9%, 11
FI ST 4 B R i A BR A W) 5 BEAACR TS 9 T 122 3 B0 13% 19 WC-Co B 5T 463, R BRI B B o 5 4
AR TR 58, FIH CBEXT 4 WA 0k FaG By 247 8 7 AL 3 30 ming 2R )5 T 70 °C 148 12 h, 7E3K
FEHLATLL 400 r/min (YR ERES S ho RS A E FHA R, SENE ETHE ZE 200 °C £ 3 h, H7+
2 450 C #E47T H, AR BE 2 he RS, BHE G B R 2EA & JBARIE 500 & 4 Je R 4l %, & TS 1 T
PLAE B (GY650) FP#EAT 5 e bl THR Al 100 MPa/s, 1 R 15 (6 3R 4 4 25 °C/s, J4-i 5 min,
i R IR o 2 MRS PR R 2 mine 3 R TR AL EE, 27 S LA 100 MPa/s B B % 2 5.5 GPa, {4
JE 60 s; S8 5 LA 50 MPa/s Iy 5 [0 1 280 e oS00 i 4 4 B2 5 A R 45 4 43 S n ] 1(a) FRIEL 1(b) TR o
A 5E B A AN (] 4 WA O Bl o o i 4 BOTE = iR . R R R 45 (8.5 GPa, 1750 °C) 45 F XF
PDC HEREMYFZM . >R A L9(3%) 1E AR B0 i1, A& WA MO kL% (D, D, 1 Dy) Fl Co A R 28, Hi i
MBS 3 KT, R AR SRy Dy 4 WA RO ) T A 4 B ow, BHORLAR SR D, R Dy 14 4 WA TR
Wp, « wp, FE[RIBEAE, I 2 wp, +wp, + wp, =100%, BRI Z A0 1 FrzR . LA PDC 1€ 57 4 IR (vertical

(a) Diamond

%
L e
Ethyl
alcoho
Wash Ball milling Dry
\@(‘ 9 Oy A
« a :\’;’ « \’ Vacuum treatment
PDC HPHT Assembly
® =Pyrophylic (@ Ve
=== Steel heater lead Transition layer
e=mTi sheet
== Dolomite
== Cemented carbide Substrate Substrate
i PDC sample
z=mNaCl
ez Graphite

1 (a) PDC W IHI &R, (b) i RAIZEZ5HR B, (c) PDC 15 I Z5H R 2 &
Fig. 1 (a)Pocess of preparing PDC cutters; (b) schematic diagram of high-pressure assembly;
(c) schematic diagrams of the PDC cutters
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turning lathe, VTL ) 5 56 H JE5 45 2 24 ) 1) 42 P O K0 N pass) VE R IE M 46 b, BAAIRIR 25 R ik 2 F13k 3 Jir
i~ Ho, R AN K (=1, 2, 3) A 22 03 Bk A% O Ge it i, RARERILE, K, AR i KPR SAL

x1 EXRBEREAER
Table 1 Factors of orthogonal test

Level Wi, /% W, /% wp, % Weo/ %o
1 75 20 5 5
2 70 15 15 3
3 65 10 25 0

#2 EXHBER
Table 2 Results of orthogonal test

Test No. Level of w, Level of wp, Level of wp, Level of wp, N/passes
1 1 1 1 1 55
2 1 2 2 2 80
3 1 3 3 3 96
4 2 1 2 3 230
5 2 2 3 1 40
6 2 3 1 2 60
7 3 1 3 2 20
8 3 2 1 3 18
9 3 3 2 1 30

®3 WMESTE

Table 3 Results of the variance analysis

Factor K, K, K, R Optimal scheme
Weo 77 110 22.667 87.333 3%
Wp, 101.667 46 62 55.667 75%
Wp, 44.333 113.330 52 69 15%

WKAE LR IE 2RI T A AR BT, 48 T 2 FPE5 #4917 PDC Yokt ff: — R34 51R 474 PDC %5 (H-PDC),
SWIAE T, KRR D, D, il Dy (14 WA OB 9 5T 12 5355053 590 R 10%. 15% i 75%, Co 1Y 51 1 A 4 W1
ROk BT Y 3% 5 — Tl o AT B B 45 4 i PDC %5 (G-PDC), HiZe 1 T4E )2 diokiie hy D, (5 43 %1
h 80% ) F1 D, (Jiz 5t 43BN 20% ) 1Y 4 WA 3wobs 44 8, 4o 98 2 2H ) 0 5 H-PDC 1Y 2R & 4 Wil 41 )2 (PCD
layer) PRFF—Z (WL 1(c)), BB EESS B2 BRSCHR (2], A R a2 2001 B ANl Y Ak 3, e 28 1) ) R
@16 mmx13 mm(1613 &) () PDC 15 M4k, HARSE R 4 Pros . SCom 22 B 3R W1, & R &5 3
ULt R BN IMK RN weos wo, « wo, » $ B 22 Ji D8 B 5 o0+ 4l 03 5 3t o 4 NI B0k B 0 4 19 3%, KiE
10 Dy, D, Tl Dy 194 WA 0k 1) 52 12 73 2053 0 R 75% . 15% F110%.

#*4 PDCEMIRTEH
Table 4 Size of PDC cutter samples

No. Diameter/mm Height/mm Thickness of PCD/mm Chamfer of PCD
H-PDC 15.88 13.20 2.90 0.45 mm, 45°
G-PDC 15.88 13.21 2.92 0.43 mm, 44°
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1.2 #RERAE

K #1524 Bruker D8 Advance 1) X 5126 fi7 511X (X-ray diffractometer, XRD) X J5UEL & PDC ¥ E4T
ViAo, FFIEE AN 30°~100°, I ZEISS Gemini 300 % 5 4 f F i 73 5% (scanning electron
microscope, SEM) WA BB 51, IT 454 RE1%51Y (energy dispersive spectrometer, EDS ) FAE JG & 4343 K
i, A PE G (Horiba LabRAM HR Evolution) £ 1 000~ 1 600 ecm™" & Fil P4 X PDC i A9 #§ ifi

BT, DAOIPAS AR A o SR FH IR ik A
(PCY-G, HMIE W) 78 23 R T MU RE & 8 31
Fa M, I3k BE Y LA 30~ 1 000 °C, i %
A 10 °C/min.

1.3 VTL &

F MR AE R (VTL, SVTI125, 5% 5 o fa i
# )%t PDC % # i 1 it 5 Pk BB 47 1F Al . PDC JJ
BN AE 5 2 T AR 2 AR AT A ) R, B
WEHIATRE (1 pass) K B2k 283 m. 38 1 o %
Pt X I T RR(S) L RKBE (@) Bevms BE (i) Xof s 4t
FEH#AT B RAE, ARSI MK 5406 T2 S5
WE 2 fk S Fis .

a Cop -
( ) I"%O[/IUg

e

Bl 2 (a) EEEERHTSEL (b) PDC th A AL B 7m I,
(c) PDC JEH (L B 1 2 T AL RAE
Fig. 2 (a) Parameters for grinding granite; (b) schematic
diagram of the PDC cutter grinding the granite; (c) quantitative
characterization of PDC cutter wear morphology

x5 HHESHMVILZRSH
Table S Granite parameters and VTL experimental parameters
Parameters of granite VTL test
Compression Rotational Feed rate/
Hardness P Relief angle/(°) . o Depth/mm Condition
strength/MPa speed/(r'min ") (mm-rad™)
110 HSD 182 20 100 1.0 1 Wet
1.4 REHESE

K 7 9% e v o 038 AL (LCS 150, F M 22
ZEHUA) XF PDC th A i i A7 op o B0 pE 000 5K, 141 3
RS R A R R RS E TR I A
o, 564 M i EE G [ A 2 HRC61~HRC63)
515 M. WA vhil BRI E Ry 30 T, A RE S AT
SR RZ 10 Wb oA & 2B AR sk, W) e B LA
10 J NB6 BB 38, - E L LR, H 2R
K ARk 0 Sk T EORE A B 2 Y b R
AFRE 1) e R B

2 FHRE5TR

21 tHARKS

Bl 4 250 T )50k B2 PDC 14 B il 19 XRD i,
<5 WA BRlOR 15 ks 35 D v AR, 55 B 1fE PDF R A

Controller

Repeat
up-down

Weight stack

B
‘

Impact block
B3 iR e s IR

Fig.3 Schematic diagram of the drop hammer impact test

Wi o IR A B R A XRD i rT U G WA b A R A8 (WC) BT 5 i, Hor WC R IR T BRI
Aok R RO < R B A5 0 T G 0 T AR T WC g e A, SRR 0 2 BB AT S D . 42
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oy ik 55 TR BE 4 19 PDC A4 i, PCD J22 BT S 08 Hh BB 8 A0 8, IR A IR T e WA 2 5 08 o 4 i
TR Z R P ik R B 25 22 5 78 PDC @ A A2 v, AR p e i 2 BE R T WA )2, il 2 344 5
F% T 20 17728, S 50 WA o AT ) B 080/, e A PCD J= AP SR BRBR AR TR R T

(@) (b)
M—'M“‘ CO . oy -CO
Y v WC
Z‘ l D3 A Z‘
5 | D, 5
A= A=
il D,
| PDF#05-0727 | |
] . . . . »
| PDF#06-0675 | | PDF#Sl-(I)?39 . | |
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
26/(°) 20/(°)
(©) m Co ¥ WC (d) m Co vWC
e Diamond : e Diamond
v
Substrat
= : v ubs 'a'e i, "
o l PCD layer H-PDC o s
Z |v Y v o > g . H-PDC
4 A A L ad vjv v ° v 2 =
q::) ) q:é vy J .:,_ PCD layer ,R' o épDC
5 e 1 r‘ l Substrate =
ayer . .
. 4 . G-PDC —
vy v v viv v o . PCD layer
A A e
L | , |, PDF#SI;0939, . ,_| PDF#06;0675 , | | N
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100

260/(°) 260/(°)

4 JFREK PDC Hi#Y XRD 1 (a) kL, (b) WC JE1A, (o) RH, (d) SRIa E LA
Fig. 4 XRD patterns of the raw materials and PDC cutter: (a) raw materials; (b) WC matrix;
(c) mixed powders; (d) PCD layer and the matrix of PDC

E— %5 PDC AN [R5 Ak i 5 A 1 1 A7 h &, 3% R 0 ) (o) 3R
oy = 1000(y, —7)/2.88 (1)
Ky, BN TCN S A2 A (1332 em™); y HlEHZ 0 F, em™ . 2 (1) W, 0,<0 FoR R
N JT, o >0 RPN 7. [l 5 FIER 6 Mg 45 SR W, PDC #IH A7 B W HL 2015 s i R M4, i —
AR & NI 2 AR AE SR A RN ) o (EASE B A, G-PDC TAEJZ B R 3 58K, i 3 )2 0 R )
/NF H-PDC [ [R]— 7 B o X FPER AN IR B2 T NG | AL LR (WC-Co) 5 he 45 Bl 2 (7]

(a) (b) (O] 1332.77
— A4 //’*Jf -
—cC /v// 1:333.33
2 - D /"~ = f
g 2 1:332.86
E N | 2 :
I Cce 1332.44
1000 1100 1200 1300 1400 1500 1600 1300 1320 1340 1360 1380
Raman shift/cm™ Raman shift/cm™

K5 (a) PDC P 7 S AL 8, (b) AN R B REOEHE, (o) $ 2 RRIEIEAY i 0l 2 i 2k
Fig. 5 (a) Raman test positions of PDC cutters section; (b) Raman spectra at different positions;
(c) Gaussian fitting curves of the Raman characteristic peak positions
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MR BC; Y5040 A0 BRI Co &t i — D158 T G-PDC TAEJZ MY RN 1o e Ah, Bags it 72 b 40 i
L5 L e AL <5 M7 AL =2 ) ) (A R A 20 22 5t o B A% I R A 7 AR R R, L e oL =2 8] ) AH EL 24 SR RE
B85, A1 S 22 1 s ) AT LA S & SR T 0 A% B R R R R A3 I, DRI o 3 R A AR A TR R ) EE T
VEJZ BIBRAR TN J1 /1N, PCD JZ B 2 R4 10 1, A FI T2 % PDC ByHT shai #ERE!

F6 MARNSMBMERNN

Table 6 Raman shift and residual stress for the test points

Test point Raman shift/cm™ Aylem™ Residual stress/MPa
A 1332.44 —-0.44 -152.8
B 1332.86 -0.86 —298.6
C 1333.33 -1.33 —461.8
D 1332.77 -0.77 —267.4

22 MR

Kl 6 JE78 T PDC 1A B PCD JZ J5URHAG SO S0 . R E 3045 BT B AL mT L, 4 WA 83 A 36 T 7
e iB e R B AR T, S BREE B, TR R ST oA A, P BPREAR 5 R RV B — B ok R
5o ARG ORSF 297 580 nm) P 3 11 AU HLEAT RETE, 52 B IAT SRt , DT SRAAR B9 ROSF 240 4 i,
s BR B b P 2 TR k3 AR IR A W R T A 2 BOIRZS o BDS A (1] 6(f)) R, IR By AR AL E 2 19

\ Mai}f—’ljfg}:ﬁﬂ}n(ﬁ.‘)%)
2 fMean: 5.8 im >

N
= =
S 8]
= =
3 2

3 s
= =
= =

6. &Y

g k 8 9 |
Particle size/puny

§ Parti’cl? Size/pm,

Magn: 03?1&'}7‘{),![131 ( ZQY:L) 5
an: 058 pum 1
¢

Eraction/%

N .S 40 2% 58 09500 0.6 /080400 12
Particle size/um .- » " Paitielesize/ym

" J A
& 2N
WBsision 1 %
v 4

Position 2

Element 1 (at.%) -] 2 (at.%)

‘ —:-,/ Lo 7 i : ]
6 PCD JZJ5UEHY SEM % KORAR4345: (a) D,, (b) D,, () D, (d) Co, (e) JEH} (f) 1R B0k A 47

Fig. 6 SEM images and particle size distribution of the raw PCD layer material: (a) D,; (b) D,; (c) D;;
(d) Co; (e) mixed materials; (f) element content of the particles in the mixed material
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W IL R & R, 5 2.1 755 XRD A WC Py A 25 SR B ENIE, SIESE T 5T <0 B R DB 45 A
WC AL, 73 B 3 T < M1 2T

Xt H-PDC F1 G-PDC i v B 1 SOWIE L . LA I3 A5 ST ER o0 A BE AT RAL, 4R AN 7 o . 2
PDC K4z Wi £1 FORLE e 45 B0, AR WSS W] 2 1) 40l FLBE . H-PDC 5 G-PDC 7 2H 2145 K4 Fl ok X
PO A TT A AR W] 2 5, G-PDC A TARJZ 5 i ¥ )2 22 [a] 52 B HL 3 M 04 51, 15 400 3R A R SE T B 5
AU —B o TRbess T AT 1 B WA SoREAY S 1 AT, o TR AR P 90 20 IR i A e, ik
— AT KL D IR TSR L A R A R il R R PR R X LB A AT D YR, X A AN [ DX R TR
oM e S B BEAT R o PR DR B WA, S RG5O B Co A WC, Al 52 45 Bl 77 75 5 it
e IR Bl R K AR AL AT RS, D0 S 4R T A A DI, 5 4 W 0K ) B9 FLBE, #2771 PCD J2 9 2082,
AL NI 5 GG Z S AR D-D 6o (EARE R AR, 2 @ AR I B & g, 5 98 iR il et i, 7l
BT R B, AR PDC Bl 5 iy o 0/ 09 4 WA BOREAETE B8 5 i3 i TS, RS BB ULTE D-D
BES A BRI G-PDC TAEJZAEA BB o I BoA BN IS IR, (02w i ey Hebe &5, & v T
A EJZ, R 2 T H-PDC H X i XIS il 3% o XU T G-PDC A A 2 58 3 440 ) <6 M
KL, A7 B TR bR A EOR B, v LU RS A R AR, BRI 0, B S R R 3 2, I AR 2k
78 BB A 0 3E s[RI, w5 LG SR T AR B0 A A 5 R R R G A 2 ) S A RE D, A R DT R AR T A AL IX
SR A 3, DT A 2 WO 8 B DAy B A 5 A e s R BRIOUL RUBE b, B A L T 4 A e R A R A

et Y] ‘Element at% wi%| . Element at% wt%] ement at.% wt.%)

(a) (b (0) (d)
7 PCD 2ty SEM %, JCH 434 K % fit: (a) H-PDC 11 PCD )22, (b) G-PDC 1 TAE)Z,
(¢) G-PDC WY LA Z 5id P2 RY AT AL, (d) G-PDC HHYE =
Fig. 7 SEM images, element distribution and elemental composition of the PCD layer: (a) PCD layer in H-PDC; (b) working layer of

G-PDC; (c) interface between the working layer and the transition layer in G-PDC; (d) transition layer in G-PDC
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2.3 BREhAe i
A PDC BB 52 Br B A S 00 T B9 IR ABEAT Sy, 76 1k BB U AT, 75 200 B A 28 1T 150l Ak
HRCEH PDC (AR VR BE KT 1 mm. PDC B4 5 09 # T TE S an 141 8 Fai o

1.42 mn;

lement -at.% . wt.% .

8 X SHERKHNEY (a) H-PDC. (b) G-PDC BIMEHTRIE, (c) H-PDC #if Bidh i) & RILA )2
UK (d) G-PDC #RIHI B4 19 T/ JZ 1 SEM {5 K o3k & ik
Fig. 8 X-ray characterization of Co-depleted depth in (a) H-PDC and (b) G-PDC; SEM images and

element composition of (c) the Co-depleted diamond layer in the cross-section of H-PDC,
and (d) Co-depleted working layer in the cross-section of G-PDC

A B2 6 45 AT T bR 3 A X 3R 6020 S PCD gl 2, BB (0 X R B S 4 SRR, A TR
F 2 18] B X3 R R 4 1) PCD J2 o i — 25 % I A X B A7 (O 445 44 24, G-PDC i &6 )2 b i 4 & 1
AT v, R4 SR 5 2.2 1 RFEATIE Co BN B —E (& 7) 5 B AE T FLAL 2 20 73 A5, BAAS 4 WA s S
Rl 0 4 & F 38 H-PDC B4 S /0, N TARJZ 2053 38 J2 P30 SE 1A, A6 R T 4t e B8 B 3
2.4 MR

Ry PEAL B A R e TR B R R AR, X4 S A0 PDC UEAT T A AR B e S, ARSI
TR R Hb 2 rp 0 B I BRI B R (S. a. h) FAFF B fE . PDC AL N B B S 50
Bifi 4 P R RSO iy e L, an i o AE 10 s

9 PDC i) VTL ifit P RERIN: (2) H-PDC, (b) G-PDC
Fig. 9 VTL wear resistance tests of PDC: (a) H-PDC; (b) G-PDC
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(b) !
15+ ! Failure
—=— H-PDC Rapid H
12l —e— G-PDC apid wear
o 1 1
»
A Initial wear
6F i
i
N \.
Stable wear
0 1 1 1 1
200 400 600 800 1 000
Passes
gl @
—=— H-PDC
—=— G-PDC
7 L
= g
E G
<= 3
5 L
4 L
0.5 1 1 1 1 1 1 1 1
0 200 400 600 800 1 000 0 200 400 600 800 1 000
Passes Passes

€110 (a) PDC I57E 800 passes HYEEEBLLL S BB ST (b) S, (¢) A, (d) a BEA ML 1L
Fig. 10 (a) Wear condition of PDC cutter after 800 passes, and the wear parameters
(b) S, (c) A, (d) a change with the number of passes

H-PDC [ & 75 1 A7 800 passes, 2 3 O F 1F 22 i 56 i HoAth e 77 #F s G-PDC #6238 i ad #2 v ok
BB I R BG4, AR IR BB S B ¥ 51354, 54 =358 920 passes. UL H-PDC i, HLE& bt ad
FEV] 43 4 A~ B 00 4R BE 381 I BE (VNT 320 passes ), PRI 422 fh v ARUAT BIR , 8 998 S5 42 0 5 e o B8 4 o B
(400~480 passes): BEI S 534 5) LT, 5 104 R Je 1% PRS0 BS 451 B Bt (480~ 780 passes) , BE 164 5 & 1
o R A TR B, SO b R T P W ARG, W) H-PDC A 5 SR S B A R T B BT s A B (R T
ST 800 passes ) , Al & A X 3t 30 KWORL 4 WA T 7% 0, S BUR TR, S8 h 208 I (EARTE R
J&, 7E 800 passes A}, G-PDC [ EEH#I Z4L S| h Fl a 437138 H-PDC F#1IK 23.81%. 28.39% F1 1.50%. G-PDC
4D P 0 3 R A T 48T X RIS s B 48 Xk T, B T /N B R S 0 T K A TR B 4y . G-PDC i %
PERE Y & 25 5 A5 25 T HOBUZ B BE 25 M it TR J2 48 ok 09 4 W 5 A ey L 3R AR, 76 v T e TR 58
g o AR v 42 i URE S I 20 5 HE, TR R EUR R R A A, B R 0 3 1 T8 R 1 5 B 5 (R B
LG HE TR A3 A SIS, AR ARG S B TR 8, SR TR TR AR B 5 R, DA R R i B
2.5 o aE AN

K 795l vh 7 3B TE A PDC 16 A9 b B0, AR 8040 448 2k 5 v 20 3 b )22 5 72wl el T YR o
S| 1 IR B R BE A 1, T R A TR Rt A SR AR ) . S5 R WR, G-PDC ¥ i g
F(E) N 740.0 J, 5 H-PDC 2 F+25 107%; Hobili i AR ME 22 (o)l 82.05 1, 3 H-PDC [#1K 2 46.87%
(£ 7). VL EEAERY], G-PDC AMYE AL 5 0 vh o 0k, (W) B 2 012 i o A2 Pk, SE38L T PDC 1Y
e P s 1 [ 2B 4R T

IR AFRGE PDC 1 o PR BB 119 22 S LI, X6 oo S 56 J5 A0 RF 5 7 24 T R AT T SO0 45 40 A, &5
wiE 11 fior . H-PDC 5 G-PDC 7EBr20E 50 LRI KX 5. H-PDC /9 SEM KL 7R, H K1 AN HL
W), AEAE PR 4 WA A0 38075 T8 B8RS T DX, 4 R4 mT U BH I 19 D-D i B2 52 11 8 Co-W 48164, IF1F
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Table 7 Impact test data of PDC cutters

Sample Impact energy/J E/N o]
H-PDC 300, 210, 420, 500 357.5 154.48
G-PDC 700, 750, 850, 660 740.0 82.05
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Fig. 11 SEM spectrum of the impact fracture location of PDC cutters: (a)—(b) H-PDC; (¢)—(d) G-PDC
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Fig. 12 Temperature dependence of (a) thermal expansion and (b) coefficient of thermal expansion for the PDC cutter without
codepletion; (c) thermal expansion and (d) coefficient of thermal expansion for the cobalt-depleted PDC cutter
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Role of Gradient Structure in the Integrated Performance of PDC Cutters

GAO Jun, ZHANG Zhicai, HOU Zhiqiang, WANG Chao, LI Hao, YANG Yikan,
YANG Jiao, FANG Rui, TANG Yao, WANG Haikuo

(College of Energy Engineering, Zhejiang University, Hangzhou 310027, Zhejiang, China)

Abstract: Addressing the urgent demand for high-performance polycrystalline diamond compact (PDC)
cutters in deep/ultra-deep oil and gas exploration, this work optimized the PDC synthesis formulation through
orthogonal experimental design. Under high pressure conditions (8.5 GPa and 1 750 °C), we successfully
fabricated both conventional homogeneous mixed PDC cutter (H-PDC) and gradient-structured PDC cutter
(G-PDC) featuring a “fine-grained work layer/coarse-grained transition layer” structure. Microstructural
characterization reveals that the gradient structure facilitates uniform distribution of cobalt binder, suppresses
cobalt aggregation, enhances interlayer interfacial bonding, and generates higher residual compressive stress.
The cobalt mass fraction in the G-PDC work layer is 9.16%. After acid leaching for cobalt removal, the
cobalt mass fraction decreased to 2.49%. Performance evaluations demonstrate that G-PDC achieves a wear
resistance lifespan of 920 passes, superior to H-PDC (800 passes). The average impact toughness of G-PDC
reaches 740.0 J, representing approximately 107% improvement over H-PDC. Furthermore, the gradient
structure alleviates thermal expansion mismatch, increasing the thermal stability temperature by about 30 “C.
This research confirms that combining high pressure synthesis technology with gradient structural design can
synergistically enhance the wear resistance, impact toughness, and thermal stability of PDC cutters,
providing a viable pathway for developing next-generation superhard composites for extreme conditions.
Keywords: polycrystalline diamond compact (PDC); gradient structure; impact performance; wear
resistance; thermal stability; high pressure sintering
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