Buwinyck 20. [IOPOJJOPA3PYIIAIOUJUY U METAJIOOBPABATHIBAIOLJUY HHCTPYMEHT — TEXHHKA
U TEXHOJIOT'MA ET'O U3I'OTOBJIEHHUA U TIPUMEHEHUA

MIPOXO/IKE U MEXaHUYECKOH CKOPOCTH C IIAPOIICYHBIMH JJOJIOTaMH MPH OypeHUU CKBAaXHH (B TOM
qlclie THUAPOTeoJIOTHYecKrx) Ha HeOousbie Tiayounsl (1o 200-300 M) B MSTKMX U CpeaHei
TBEPAOCTU TOpOAax, Iae Oosiee JOpOorve IMIapolICUHbIe 0JI0Ta HE OOECIEeYMBAIOT BBICOKHX
MEXaHUYECKHUX CKOPOCTEH BCIIECTBUE HEBO3ZMOXKHOCTH CO3JaHHsI HEOOXOAUMBIX OCEBBIX HAarpy30K.

Y cmammi nasedeno onuc xoncmpykmuenux ocobausocmeti 00Nim pixcyu020 Muny KOHCMPYKYil
CKb HBO «l'eomexuuxa», IHM i AT «Tyavcoxe HIITl», a maxodc onucaui pesyivbmamu npo8eoeHux
B8UNpPoOYBAHb BKA3AHO20 THCINPYMEHTNY.

Knrouosi cnosa: oonomo, 6ypinms, nopoou, meepoocniasHa Niadcmuta, c6epoio8ud.

SHAFT CUTTERS FOR GEOLOGICAL EXPLORATION
The article describes the design features of the drill bits cutting type designs SKB NPO «Geotechnicay,
ISM, u AO «TulNIGP», and also placed the results of testing the drill.
Key words: chisel, drilling, rocks, carbide insert, borehole.
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IMPROVING HEAT RESISTANCE OF POLYCRYSTALLINE DIAMOND COMPACT
CUTTERS WITH Co-Si-B BINDER FOR ROCK DRILLING

Polycrystalline diamond compact (PDC) cutters are widely utilized in oil and gas exploitation and
geological drilling works, as their excellent comprehensive properties. The cobalt as binders exists in PDC is
also the catalyst for diamond transforming into graphite under the high temperature, which will decrease the
thermal stability of PDC seriously. So it is necessary to improving the heat resistance of PDC for drilling
works. In this paper, PDC sintered with 10Co—3Si—1B binders had been prepared to decrease the content of
cobalt in PDC and improve the heat resistance by forming SiC and B4C. The thermo-gravimetric analysis (TG-
DSC) results indicated that the beginning of oxidizing temperature of well-sintered PDC with 10Co-3Si-1B
is up to 840 °C, which improve the heat resistance significantly.
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Introduction

As superhard compositematerial,polycrystalline diamond compact(PDC),which is usually
composed of polycrystalline diamond and WC-Co substrate,and synthesized under the conditions of
high pressure and high temperature (HPHT), are widely utilized as the tooth of drilling bits [1].
Compared with other wearresistant cutters, PDC cutters has better impact toughness and heat
conductivity because WC—Co material is used as a substrate [2]. Now PDC has been widely used in
processing cutting tools, mine, oil and gas drilling works, geological prospecting, deep drilling and
so on [3].

Although it has excellent properties of high toughness,high hardness and wearresistance, which
make it very suitable for drilling soft to medium hard formation with relatively low abrasiveness. But it
is not fit for hard and compact rock formation with high abrasiveness [4]. The main reason is that during
the drilling works, PDC cutters has a strong friction with the formation, which can produce lots of heat.
Under the condition of high temperature environment, the cobalt in the polycrystalline diamond, which
as a binder in synthesis process, becomes the catalyst for diamond transforming into graphite [5]. That
will reduce the performance of PDC cutters. So it is very necessary to improve the heat resistance of PDC
to maintain its performance stability at high temperature [6].

Many research works had been done to improve the properties of PDC. H. P. Bovenkerk and
his team utilized the aqua regia to remove the portion of cobalt from PDC to keep its heat resistance,
which had a good result in improving its thermal stability but has negative effects on wear-resistance
and rupture strength [7]. Uedaa et al. tried to utilized MgCO3 as a new binder to replace cobalt to
synthesize PDC with belt-type press [8]. The synthesis condition was 7,7 GPa, 2300 °C and 30 min.
Although the new style PDC had excellent thermal stability, which still had 60 GPa Vickers hardness
after 1200 °C high temperature treatment without air, the toughness and hardness dropped out. Piotr
Klimczyk et al used TiB2 to replace partial cobalt to improve its thermal stability, the results showed

that the materials maintain the high hardness value up to 800 °C, but the hardness had a decline [9].

Despite the considerable studies on this type of materials, the high performance PDC for drilling
industry with high heat resistance is still not prepared. In this work, high heat resistant PDC with Co—
Si—B, which had a low cost and lower sintering conditions, had been successful prepared.

Experiments

The raw materials using in experiment were 30/40 um size of diamond powder with purity of
99,9%, 5 um silicon powder with purity of 99,99% purity, 1 um cobalt with 99,9% purity, 1 um boron
powder with 99,9% purity and 0,2 mm Ni—Mn—Co alloy plate. The substrate material was WC—
16%Co. The high pressure and high temperature experiment were performed in a 6x1200MN cubic
press. As shown in Fig. 1, the alloy plate was put on the top, which would provide driving force
during the infiltration process to make the diamond powder and substrate combine to polycrystalline
diamond compact.
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Fig. 1. The PDC sintered method
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The Co-Si—B addition in diamond powders would also be binders to help the sintering
process, which will improve the heat resistance of PDC byforming heat resistant compounds in
polycrystalline diamond layer as well as decreased

: 5> 2 the content of cobalt. The sintered condition were
. —+>3 lower by way of alloy plate infiltrating. The cell
LS 4 assembly used in high pressure and high temperature
N & experiments is shown in Fig. 2.
8¢— —> 6 During the sintering experiments, the
pressures in the cell ranged from 5,0 to 6,5GPa and
Bt the temperature varied from 1350 to 1650°C with
theduration time about 5 to 7 min. Co-Si-B binders

Fig. 2. The cell assembly used in HPHT: 1 for improving the heat resistance of PDC had been

— Steel cap; 2 — Dolomite tube; 3 — utilized in experiments. Scanning electron micro-
Pyrophyllite block; 4 — Copper sheep; 5~ scope (SEM) and energy disperse spectroscopy
Graphite disc; 6 — Graphithe tube; 7 —  (EDS) were used to analyze the microstructure and
MgO-ZrO: disc; 8 — Insulating tube elements of sintered PDC. The X-ray diffraction

(XRD )analyzer was applied to analyze the phase
composition in polycrystalline diamond layers. The thermo-gravimetric analyzer (TG-DSC) was used
to measure the thermal stability.

Results and discussion

SEM and EDS analysis

The results of SEM and EDS of sintered PDC samples with Co-Si-B binders were shown in
Fig. 3.
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Fig. 3. The SEM of PDC with Co-Si-B (a) and the EDS of PDC with Co-Si—B(b)

It was shown that the diamond powder had recombined to form the large-grained
polycrystalline diamond and there are some compounds formed in the diamond layer, which means
that the alloy plate had infiltrated into the diamond powders. The content of the existent elements in
diamond layer were shown in Tab. 1, the results showed that the diamond content account for 85%
and the binders content were about 14%, in which the content of cobalt was about 6%. The higher
content of diamond ensured the hardness and wear resistance of the PDC cutter, while the lower
content of cobalt in the binder will be beneficial to the improvement of heat resistance of the cutter.
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Table 1.The contents of elements in PDC with Co-Si-B

Elements CKa CoKa

SiKa BKa NiKao MnKao

Wt.% 85.11 6.32

2.84 5.63 0.05 0.04

The results of SEM and EDS of sintered PDC samples with Co—Si—B binders were shown in
Fig. 3. It was shown that the diamond powder had recombined to form the large-grained
polycrystalline diamond and there are some compounds formed in the diamond layer, which means
that the alloy plate had infiltrated into the diamond powders. The content of the existent elements in
diamond layer were shown in Tab.1, the results showed that the diamond content account for 85%
and the binders content were about 14%, in which the content of cobalt was about 6%. The higher
content of diamond ensured the hardness and wear resistance of the PDC cutter, while the lower
content of cobalt in the binder will be beneficial to the improvement of heat resistance of the cutter.

XRD analysis
The phase compositionsof polycrystalline

diamond layer were further analyzed by X-Ray

diffraction method, the results were shown in Fig. 4.
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Fig. 4. The XRD of PDC with Co-Si-B
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Fig. 5. The TG-DSC results of PDC with
Co-Si—B binder

As shown in Fig. 4, SiC and B4C were
formed in thediamond layer of PDC.These heat
resistant compound will significantly improvethe
thermal stability of PDC.

Heat resistance analysis

The heat resistance of wellsintered PDC
samples were measured in the air by utilizing
the thermo-gravimetric analysis (TG-DSC)
method. This is an oxidation resistance tests, in
which the beginning of oxidation temperature
of PDC in the air was utilized as the oxidation
resistance  property evaluation criterion.
Heating temperatures were increased from
room temperature at the heating rate of
20 °C/min.

TG results of PDC with Co-Si-B

binders were shown in Fig.5. As shown in Fig. 5,
the beginning of oxidizing temperature of the
PDC with Co-Si-B binder is up to 840°C.
Compared with the conventional PDC(~760°C),
the heat resistance has been improved.

Conclusions

The polycrystalline diamond compact
(PDC) with improved heat resistance were
fabricated by a new method, which was combined
with the infiltration and powder mixing
approaches, at the condition of P = 5,0~6,5 GPa,
T =1350~1650 °C,t =5~ 7 min.

Co-Si—B binders system for improving heat resistance of PDC was identified, in which heat-
resistant compound B4C and SiC were formed in thediamond layers. the heat resistant PDC samples

can maintain hardness value up to 840 °C.
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Pisyi 3 anmasnux nonikpucmaniunux komnosumnux mamepianie (AIIKM) wupoko ukopucmogyiomucs 6
HapmMo2az068u000y6HUX T 2e0N02iUHUX OYPOBUX pobOmax, uepes ix iOMIHHI KOMNIEeKCHI enacmueocmi. Kobaiesm 6
saxocmi 36 ’a3xu 8 AIIKM € kamanizamopom 015t nepemeopeHHs, aamasy 8 2pagim npu 6UCOKI memMnepamypi, wo
cepiiosno nociputye mepmocmabinonicmo AIIKM. Y yiti pobomi ATIKM, cnikacmocs i3 36 sa3xoio 10C0-3Si—1B,
wob smenwumu emvicm xobaromy ¢ AIIKM i noainwumu mepmocmitikicmo winsxom ymeopenns SiC i BaC.
Pezynomamu mepmocpagimempuunozco ananizy (TG-DSC) nokazanu, wo novamox memnepamypu oKucieHHs
cneuernozo ATITKM 3 10C0-3Si—1B cmanosumo 6usvro 840 °C, wo 3nauno nidsuwye mepmocmabinbHicme.

Knrwouoei cnosa: nonikpucmaniunuti anmas, pisyi, mepmocmaoitbHicms

Pesyvt  u3  ammasneix  noaukpucmaniuveckux Komnosummuvlx mamepuanos (AIIKM) wupoxo
UCNOTL3YIOMCSL 8 Heme2a30000bI8a0WUX U 2e0102UYecKUX 0Oyposvlx pabomax, u3-3a UxX OMAUUHBIX
Komnaekchulx ceoticms. Kobanem 6 rauecmee ceszyioweco 6 AIIKM sensemcs kamanuzamopom 0is
npegpawjenuss aimaza @ 2pagum npu  6bICOKOU  memnepamype, UMO ~ CePbe3HO  yxyouiaem
mepmocmaburvnocmo AIIKM. B smou pabome AIIKM, cnexamu co ceszyrouwum 10C0-3Si-1B, umo6wr
yMenbums cooepicanue kobanoma 8 AIIKM u ynywuwumes mepmocmadbunonocms nymem oopazosanus SiC u
B4C. Pesynvmamul mepmocpasumempuueckozo ananuza (1G-DSC) noxazanu, umo navano memnepamypwvi
oxucnenus xopouio cnevennoeo AIIKM ¢ 10C0-3Si-1B cocmasnsem okxono 840 °C umo 3nauumenvho
nosvluaem mepmocmaduirbeoCmy.

Knrwuesvle cnosa: nonukpucmaniuyeckuii aimas, pesybl, TPMOCTAOUILHOCTD

References:

1. The current state of PDC bit technology / Federico B., Alfazazi D., William K. et al. // World
oil. —2010. — 9. — P. 41-46.

2. The current state of PDC bit technology / Federic O. B., Alfazazi D., William K. et al. // World
oil. —2010. — 10. — P. 53-58.

3. The current state of PDC bit technology / Federico B., Alfazazi D., William K. et al. // World
oil. —2010. - 11. - P. 67-71.

4. PDC Bit technology for the 21st Century / Greg B., Ron C., Malcolm T. et al. // Oilfield
review. — 2011. — 2. — P. 4-17.

5. Jain J. R., Ricks. G., Baxter B. et al. A Step Change in Drill-Bit Technology With Self-
Adjusting Polycrystalline-Diamond-Compact Bits. — Texas: Society of Petroleum Engineers,
2016.

6. Simulation and Experimental Research of PDC Bit Cutting Rock / Kuang Y., Zhang M., Feng
M. et al. // Journal of Failure Analysis & Prevention. — 2016. — P. 1-7.

7. BexP. A., Shafto G. R. The influence of temperature and heating time on PDC performance.
/I Industrial Diamond Review. —1989. — 3. — P. 128-131.

8. GuJ., Huang K., Role of cobalt of polycrystalline diamond compact (PDC) in drilling process
// Diamond & Related Materials. — 2016. — 66. — P. 98-101.

9. Polycrystalline Diamond Compact with Enhanced Thermal Stability / S.L, B.L, et al. //
Journal of materials science and technology. — 2017. — 3.

10. Fumihiro U., Tadakazu O., Minoru A., Shinobu Y. Cutting performance of sintered diamond
with MgCQO3 as a sintering agent // Material research. — 2002. — 17(8). — P. 2153-2160.

11. Cobalt substitution in PCD cutting tool materials / Piotr Klimczyk, et al. —Burgos:

International Days in Critical Raw Materials. — 2015.
Received 10.06.17

10



