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Mechanism of Thermochemical-Mechanical Reactions between Nano-Polycrystalline Diamon
d and Polycrystalline Diamond Disk Generated under Dry Grinding

SEMBA, Takuya
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A polycrystalline diamond (PCD) disk, in which the cobalt (Co) commonly used as a
sintering aid is replaced with a transition metal or a high-specific-heat material, was used as a truer, a
nd dry grinding of a laser-preformed rake face of a radius-cutting tool made of nano-polycrystalline diamo
nd (NPD) was conducted to clarify the mechanism by which a chip is removed from the rake face. The grindin
test revealed that the surface roughness decreased with increasing specific heat capacity of the materia
replacing the Co when the heat-damaged layer, in which the diamond structure was transformed to that of
graphite, was removed by diamond grains on the working surface of the truer. A ground surface roughness of
0.5 nm Rz was obtained when the truer with Co replaced by boron carbide (B4C) was employed.



(1) 1990
1 nm
(2
(SCD)
50 nm
SCD
(3) SCD
(NPD)
2008
20 nm Rz
(PCD)
NPD R
20 nm
(4) PCD (Co)
PCD
Co NPD
NPD
R 1 nm
NPD
(1) sCD (Fe)
(Ni)
Fe
Ni Co
(©)] PCD
NPD R
)
1
nm
1nmRz
NPD R
PCD NPD
R

@O 1 20 nm Rz
PCD
Co
PCD PCD
PCD
PCD
1
- Target
& (transition metal)
“ % v / & \\‘/’
L o
=== 2 0 \
1 22 e
S —td. PCD 22 r PCD
o= [!L__ too tool
=z ? 00
Q3 %l--¢ Carbon
=) é)/”/%/?; ring 7
(@ (b)
1 Co PCD
1Co
Electro Standard free
) o Specific heat energies of
Atomic | negativity capacity ox; des
symbol | (Pauling) formation™
— J/I(Kg-K) KJ/mol
Y 1.22 300 -
Zr 1.333 276 -1037
Ti 1.54 520 -1435
Y 1.63 490 -1323
W 2.36 130 -764
Mo 2.16 250 -528
Fe 1.83 440 =740
Co 1.88 420 -216
Ni 1.91 440 -212
*: Temperature at 298.15 K
2 2 PCD
NPD R

R 02mm NPD



R PCD
DC
DC XY
NC
DC
NC
NPD R

NPD tool,
feed direction

3 Co

(AFM)

NPD

b
=
]

-
Lh
I

L
I

NPD surface roughness Rz (nm)
2
T

Ti Ni
Q
0 ! | | ! L | ! |
1 12 14 16 18 2 22 24 26
Electronegativity (Pauling)
3 Co
@ 4 Co
NPD

NPD

- 25
d20N
g
115 =
o
5
Choq1e3
Co °
2
3y
Ti Ni
L O IAI | | 0
-16 -12 0.8 04 0
Standard free energy AG X 10°(KJ/mol)
4 Co
3 5 Co
NPD
sp3 sp2
3, 4 5
20
g
2 15
g
£ ok
5 10
e
O
o)
[}
<0
0
Specific heat capadity (Ji(kg° K)
5 Co
(4 5
Ti Co

1nmRz



(B4C), (Al203),
(BN), (SiaN4)
Co PCD
NPD
PCD
2 Co
Specific heat ElecI.:r(.)- Sta.ndard frt?e
Sputtered capacity negativity |energies of oxides
material P (Pauling) formation*
TkegK — KJ/mol
BaC 921 2.04(B) | 1199 (Bz0z)
BN 795 204 (B) | 1199 (B.Os)
Al 05 775 1.61 (Al) | 1583 (ALO3)
SizN, 733 1.9 (Si) 824 (Si0z)
Ti 523 1.54 2318 (Tiz0s)
Fe 461 1.83 1014 Fez04)
Co 419 1.88 770 (C'oz04)
Zr 276 1.33 1037 (ZrOz)
W 134 236 764 (WO3)
*: Temperature at 208.15 °K
©) 2
NPD
NPD
R
6 2
15 (): Heated/30 rm
—_ A Dry/30 gm
E W : Dry/10 ytm
N
pe 101 © SisNg, AR O, BN, B,C
g O m
E QO corem
25l = 'S PN
8 = O
&
a w o AW O
=]
0 \ \ © l |
0 200 400 600 800 1000
Specific heat capacity (J/(kg - K))
6 2
(6)
AFRM

(EPMA) NPD R

7
BN  Si3N4
AFM
EPMA X
7
BN Si3N4

30 um) (b) Si3N4( 30 pum)
BN Si3N4
AFM
(7 1 Co 2
PCD
PCD R
8
2
5
Co
Co B4C PCD
0.5 nm
Rz
121 O: Heated/30 grm
—_ A: Dry/30 gm
g © B: Dry/10 gm
E sl & Dry/5 ptm
g ‘ © Ca, Fe, Ti Si;N,, AL,O;. BN, B,C
2 'S O
2 4, ® A o
8 A
& 42 &
g w 7r '
0 | \' O | '\ g |
0 200 400 600 800 1000
Specific heat capacity (J/(kg = K))
8 2

7
Takuya Semba, Hirokazu Fujiyama , Yoshifumi
Amamoto, Hitoshi Sumiya, Mechanism of




Thermochemical-Mechanical Reactions between
Nano-Polycrystalline Diamond and
Polycrystalline Diamond Disk Generated under
Dry Grinding, to be published Key Engineering
Materials (EI), (2014),

Yoshifumi Amamoto, Takuya Semba, Hitoshi
Sumiya, Forming Technique for Nano
-Polycrystalline Diamond Cutting Tool Using
Pulsed Fiber Laser, to be published in Key
Engineering Materials (EI), (2014),

) > >

C , Vol.79, No.807
(2013-11), pp. 4513-4523, ,
http://www.edmgr.com/trans-jsme/default.asp

) > >

R
, NEW DIAMOND, Vol. 29, No.4
(2013), pp. 15-16, ,

http://jndf.org/index.php/katsudo/kaishi/back
number/311-kaishi-111.htm

> P— >

R

C , Vol.78, No. 794(2012), pp.
3583-3593, ,
http://www.edmgr.com/trans-jsme/default.asp

) > >

C ,Vol.77,No.784(2011-12),
pp-4704-4717, ,
http://www.dmgr.com/trans-jsme/default.asp

Yoshifumi AMAMOTO, Masafumi YOSHIDA,
Takuya SEMBA and Hitoshi SUMIYA,
Development of forming technique for
nano-polycrystalline diamond cutting tool using
pulsed fiber laser, Proc, of the 6th International
Conference on Leading Edge Manufacturing in
21 st Century (LEM21), 3347(2011-11), CD,

14
. NPD
2013
L2013 12 15,
( )-
2013
,2013 12 15
( )-
R

, 80 ;

( )
ABTEC2013 ,
2013 8 27 (
).
NPD
, 2012 9 29
( )-
NPD R
2012 , 2012
9 14 ( )
, 2012
, 2012 8
3t ( )
5 , , Co
PCD
, 2012 ,
2012 8 31 , ( )
, 2011
2011 12 10 ( )
, 2011
, 2011
12 10 ( ).
, 2011
,2011 12 10
( )-

Takuya Semba, Next-Generation Microcutting
and Microgrinding Tools (invited talk), 4th
International Conference of Asian Society for
Precision Engineering and Nanotechnology
(ASPEN2011),2011 11 16 ,Langham
Place Hong Kong Hotel( Hong Kong, China).

B ) > >




o 0
o 1
5426319
2013 12 6

http://ww._fit.ac.jp/~senba/

6.
@
(SEMBA, Takuya)
- 30154678
@

(AMAMOTO, Yoshifumi)
= 00505670
(FUJIYAMA, Hirokazu)

1 50148912



