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Trial Production of Composite-gradient Ceramics Tool
Using the Wet-shaping Process
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Synopsis

In order to examine the possibility of composite-gradient ceramics tool using the wet-shaping process, simultaneous
slip casting and time lag slip casting are proposed to alumina and alumina + zirconia slip. The result which compared the
sintered ceramics was produced from both processes, in the time lag slip casting, the pores were not observed at the near
of interface between alumina and alumina + zirconia layer and the zirconia particles were not distributed in the alumina
layer. Therefore, using the time lag slip casting, a trial product cutting tool was produced at alumina + zirconia layer on
the cutting surface, and alumina layer to the base material. From the result of a cutting test, the life of a trial production
tool was shown that were 10 min at a cutting speed of 50.9 m/min in the S55C steel. At this time, the wear type of trial
production tool was the flank wear similar to the commercial tools.

Considering from the results, the possibilities of proposing process have been confirmed sintering properties of a
composite-gradient ceramics and wear type of a trial production tool.
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Table 1 Chemical compositions of used powder.

a) Alumina
Average Chemical compositions (mass%)
particle size
( m) si02 Fe203 Na203 A|203
0.6 0.02 0.01 0.06 99.58
b) Zirconia
Average Chemical compositions (mass%)
particle size
( m) Y203 Al203 SiO, Fe,O; Na,O Lg-loss
0.57 5.35 0.006 0.005 0.003 0.007 0.42
Table 2 Conditions of the slip.
Reactive alumina Alumina + Zirconia
Ball mill type 4x10'm® Alumina pot 4x%10'm? Alumina pot
Ball tvpe 10mm 10mm
yp Reactive alumina ball Reactive alumina ball
Total ball mass (g) 400 400
Total powder mass (g) 225 225(198+27)
Solvent mass (g) 75 75
Dispersion agent mass (g) 1.8 1.8
Binder mass (g) 03 0.3
Dispersion time (ks) 172.8 172.8
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Fig. 1 Schematic illustration of the wet-shaping process for simultaneous slip casting.
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Fig. 2 Schematic illustration of the wet-shaping process for time lag slip casting.
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Fig. 3 Shape and size of trial production cutting tool.
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Fig. 4 Microstructure of the sintered ceramics at the gradient interface of alumina/alumina+zironia.
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Fig. 5 Shrinkage ratio of the sintered ceramics.

BRRZERAEE DI, REOTEIETF L, BEFORT
WKIEALRBEBLIZL TRV DLEEZLNS,
—7%, REEEEIBNT, YVazZTRFETIVIF
BUZ DT AT TS, IVa=TRFIETIVI
FRFICHRTHEBR/N S WD, BEOTHEIMIZE -
TT7VIFENRALIbDEEZ NS, 12121, ¥
WVIAZT ORIMEX 12mass% L VETH B0, 5L
LBIID R o2 b LB IND. BEZERFE
WBWTIX, FTHRESINBZREN, 7405 L LTD
BREFHEOIE LV TICE AL o TWB T E
o, PNVAZTRFDRTIVIFRNIGET A Z LN
EALEDPSIDDEEZONS, LoT, ThHDE
BEy, HEEMELATEOER 7O AL LT, K
MIZREESDTHIENTHE EER bR Thb
b, KFEERO LI 2HEALERSEmMEA TS Y v
=T DERVHEHL R WHE, bTHhTREH-TH, £
NODPEMANHHLTLE) 22D, FREDHRK
ERLIENTELRVENEZON, TOMDOETER
BonZ ens, HEEFMLL A TEOER 7oL R &
L TR ZEBENE L T b EHiT s b,

ZF 2T, BERERTEC &0 ER L B SHRR
BELSMCEE L £ U WAL RET 5720, BEEED
IHERIZOWTHELXIT- 7. Fig. 57V ), T
IF -V NVa=TREARBLUOEAESME L AER
24mm, B & Tmm ORFAEDOBERERFIC BT B IR %,
BEEBLUBEESAMIIOVWTRLAZDDTHS. Thk
D, WEFNOBAREHER LBEICBVW T, Z0IR
MRIIEZEFEIIOWTH825% L o7z, 72, &
BN, BETES2&NRONHSIHAIZOW
T, IHERIZH T3~ T19% D#EHE ko7, Lo T, #
GHEFME LA L T, TVIFBLUT Y
IF=INa=TREBENTNEETOREREE L g

Rake face

Alumina
+

Zirconia

}_

Alumina

Fig. 6 Overview of the trial production cutting tool.
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Fig. 7 Relation between Maximum width of flank
wear and cutting time.
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Fig. 8 Wear patterns of the trial production cutting
tool in machining of S55C steel.
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