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ABSTRACT

Al;05-TiC céramics tools having 10-hH0mass¥TiC and different grain size were
prepared by hot-pressing, and the cutting performance of these tools was studied.
The tool having 20-30mass¥TiC content and the finest TiC grain size showed
superior resistance to flaking and optimum cutting performance in turning test of
alloyed tool steel.

INTRODUCTION

A1,05-TiC ceramics tools exhibit higher hardness and tougliness compared to
pure Al,05 ceramics tools, and offer advantages with respect to wear and fracture
behavior in cutting performance, However, Al,0;~TiC ceramics tools are maihly used
for cutting grey cast iron and have few applications for other work pieces,

In this paper, to study ways of increasing the applicationé of these tools,
h1;05-TiC ceramics tools having 10-50mass¥TiC content and different grain size
were prepared by hot-pressing, and the cutting performance of these ceramics tools
for alloyed tool steel was investigated.

EXPERIMENTAL PROCEDURE

A1.0: powder hav1ng particle sizes of approx. 0.3 and 0 8um and TiC powder of
approx. 0.8 and 1.5pm were used as;raw materials. Various mixtures in the range
of 10 to 50mass¥TiC were prepared by ball-milling for 48hr. These mixtures were
dried, filled into a carboh mold and hot~pressed using a high frequency induction
furnace under a pressure of 20KPa in an Ar atmosphere for lhr to produce
50X50x6mn® plate. The mixture of fine A1,05 and fine TiC (hereafter referred to
as F-F) was hot-pressed at 1723K, coarse Al,0s; and coarse TiC(C-C) was hot-pressed
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at 1973k, and both mixtures of fine Al1.,0s and coarse TiC (F-C), and coarse Al.0;
and fine TiC (C-F) were hot-pressed at 1873K. The hot-pressing temperature was
varied according to the mixtures type to suppress grain growth during sintering
and to obtain significantly higher sintered densities,

Test pieces of 3x4x3bmm® were prepared from these plates by cutting and
grinding using a #400 dismond wheel, and were offered for measurement of
transverse-rupture strength (am§, Vickers hardness (Hv), fracture teughness Ki)
and observation of microstructure, Neasuring conditions were as follos : g.; the
mean value of ten test pieces using the three points bending method, 30mm span,
and (. 5mm/min cross head speed. Hv; the mean value of five points, 2N load. X,
the average of calculated values from length of indentation and cracking at five
points using the microcrack-indentation method, 98N load,

In addition, cutting tools of IS0 SNGN120408 inserts (12, Tx12. Tx4. 16mm>
prehoned (. 15mux-25") were prepared from the same plates, and the cutting
performance was studied in turning alloyed tool steel (SKD11, ASTH HB). Cvlindrical
turning was performed twice for each cutting candition using a computer
numerically controlled ({NC) lathe. The amount of flank wear (V,) and crater wear
(K1), and cutting time to fracture of the ceramics tools were measured, and the
wear mechanism was studied by SEM observation of worn structure. V, was defined as

the mean width of worn flank surface and was measured by optical microscope.

RESULTS AND DISCUSSION

Figure 1 shows microstructures of A1,0:-30mass¥TiC specimens having various
grain size. In this structure, the white phases with clear contrast are TiC and
the grey phases are 41,05, it is reasonable to assﬁme. The F-F specimen shows the
finest structure and the C-C specimen the coarsest structure. The Al,05 grain size

Fig.1 Microstructure of Al1,05-30%TiC specimen, after thermal etching.
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»f the F-C and the Ti(C grain size of the C-F specimen are coarser than that of the
"~F, because the hot-pressing temperature of the former was higher than that of
the latter, f o

Table 1 lists the composition and several properties of various kinds of
:eramics specimens. The mechanical properties of'these specimens imbroved when the
mount of TiC content was increased. Overall, F-F has higher v, and Hv than C-C, -
ind C-F and F-C shows intermediate values between F-F and C-C Specimens.'

Table 1 Compositions and some properties of Al1,0:-TiC ceramics specimens.

TiC Perticle size of | Hot-pressing | Grain size of| Hardness | T.R. S | Fracture
pecimen | content | rew material (pm)| temperature | ceramics (ym) toughness
- : ) AlgO; . TiC ’ A1203 Tlc HV O - K1c
(massh) | : , &) Ke/um?) | (WP2) |(WPa'm"™®)
10 0.3 0.8 1723 1.2 | 1.0 1950 900 3.0
PR 20 ” ” ” 1.0 ” 2000 950 3.5
30 ” ” 7. ” ” 2050 1000 4.0
50 o 7 o ” ” 2100 800 1 43
10 0.8 | L5 1973 3.0 { 2.0 1800 800 3.2
>=C 20 ” ” ’ 2.5 ” 1850 900 3.8
30 ” o v ” 22 1 2.3 | 1950 900 4,3
50 7 ” ‘ ” _ 2.5 2050 900 4.6
10 0.3 1.5 1873 1.4 1 1.8 1850 | 850 3.2
- C 20 ” ” ” ” # 1900 900 3.8
30 4 ” ” .21 2.0 1950 950 4.0
50 ” . ” ” ” ” 20650 | 900 45
10 0.8 0.8 1873 2.2 1 12 1900 800 3.1
s~ F 20 ” ” ” ” ” 1950 900 3.5
30 ” 7 ” 1.8 # 1950 1 950 4.1
L - ” ” 4 ” 2050 900 4.5

S:Transverse-Rupture Strength

‘Next, the results of cutting ’
serformance are described. Tn turning
illoyed tool steel, tools often
lemonstrate a short life time caused by
shell-like fracture of the crater
surface ( hereafter, refered to as
‘laking ). Figure 9 shows an example
f flaking,

FPigure 3 shows the effects of TiC

content and grain size of A1,05-TiC - Yy aMl
tin Fig. 2 An example of flaking (indicated
by arrow) occuing parallel to

‘laking in turning tests of alloyed tool the crater surface. a)crater
steel. The C-C and the F-C tools with surface, 'b)ﬂ;ank surface.

seramics tools on cufting time to



coarse-grained TiC quickly suffer
fraking irrespective of TiC content,
However, the F-F and the C-F tools
with fine-grained Ti(C had far longer
tool life and flaking did not occur
with 30%TiC after turning for 20min,
Thus, it was found that the finer the
TiC grain size, the larger the
resistance to flaking.

Figure 4 shows the effect of
grain size of Al:05-30%TiC ceramics
tools on flank wear in tuyrning test of
alloyed tool steel. The amount of
flank wear of the F-F tool is smaller
than that of the C-C tool,

Figure 5 shows a schematic
drawing of crater and flank surfaces

of F-F tool in turning test of alloyed
~ tool steel for 20min. In this case,
( ¥=100
n/min, £=0. 05m/rev ) were selected to
observe crater surface before flaking
occurred. The X1-Y1, X3-Y3 and X5-Y5
curves show the worn state of A12034
10%TiC, 30%TiC and 50%TiC tools
respectively. It is noted that the
tool having higher TiC ccntent shawed

low speed and low feed rate

larger crater wear and smaller \E
The reason was considered as~fal}aws~;
Since TiC is apt to react to the work
“the tool
having higher TiC content showed

piece ather than A1,0s,
larger Kr caused by adhesive wear. In
contrast, since softer Algog tends to
wear by abrastion rather than harder
TiC, the tool with the h1gher Tic
showed lower Vs caused byfabra31ve :
wear with hard particles such as Cr,(s
Mo.C, and ¥C contained in the work
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Fig. 3 Effects of TiC content and grain
size of Al,05-TiC ceramics tools
on cutting time to flaking in
turning test of SKD1l.
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Fig. 4 Effect of grain size of Al,0s—
30%TiC ceramics tools on flank
wear in turning test of alloyed
tool steel.
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viece, Although a drawing of the F-C
‘ool is omitted here, both Kr and Vs
ﬁ'meFifnmlwae1ammfmm1ﬂm%
f F-F tool and the effect of TiC
sontent is the same as that mentioned

Pre-horning
ihove,

v

Crater wear
| 10% TiC—
30%TiC
50 TiC

Figure 6 shows the crater wear of
11,05-30%TiC(F-F) ceramics tool in
:urning tests of alloyed tool steel
‘or 5-20min, In this Figure, an arrow
shows crack formation on the crater Flank wear—

surface. It was noted that cracking <Y

jas generated early in the cutting
ime and grew with increasing cutting
Ame. Fig.5 Schematic drawing of crater and
Figure 7 shows the relationship flank surface of Al,0s-TiC(F-F)
k ceramics tools in turning test
, for 20min. V=150m/min, d=0. bum,
ommercial Al1,05-30%TiC tool in £=0. 1mm/rev, coolant, not used.

etween cutting force and the Vi of

-urning alloyed tool steel. Although

Fig.6 Crater wear of Al1,05-30%TiC(F-F) ceramics tool in turning test of SKD11

for 5~20min, An arrow shows crack formation on crater surface1 Cutting
condition, the same as Fig.3. a)5min, b)10min, ¢)15min, d)20min,
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the principal force does not increase

in spite of increasing Vs, both the

axial force and the feed force quickly - 300
increase when Vs exceeds approx.
0. 08mm, This fact means that the sum

= 250

of the cutting force acts to shear the —
crater surface when Vp increases and v
as a result, flaking occurs from ;j§
cracks on the crater surface as the 2
fracture origin. = :

) : -5 . e

According to these mechanisms, it © V“%%?Xﬁ?”
can be expected that the tools having - . 1=015mm/rev
fine TiC grain size and optimum TiC kOO - 005 OTO OJS‘
content show superior flaking Flank wear Vs (mm)

resistance, because the finer the TiC ; o
Relation between cutting force

grain size, the sgaller the Vs, gnd’ Fig.7 S St S
the higher TiC content, the smaller © 30%TiC (F-F) commercialized
the Vs but larger the K. The optimum tool is used.
TiC contents was expected about ' | k
30mass%. '

- SUMMARY

A1,05-Ti€C ceramics tools having various TiC content and différent grain size
were prepared by hot-pressing, and the cutting performance using alloyed tool
steel ( SKD11 ) was studied. In turning alldyed tool steel, the tOOI with fine-
grained TiC showed superlor resistance to flaking and optimum performance was
recorded with 30%TiC tool ‘ E o '
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