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ABSTRACT

AIN-BN ceramics with BN contents in the range of 10 to 40 wt% were prepared by hot pressing using
no additive, or 3wt% Y,Oy or CaQ), which are common densification aids for AIN, And their machinability,
bend strength, and microstructures were investigated. Both the main and radial cutting forces decreased with
increasing BN content in all three kinds of samples. For the BN contents of 30 wt% or above, the cutting
forces were lower than that of a mild steel tested at a same condition. Especially in the case of main forces,
the values were less than a quarter of that of & mild steel, indicating excellent machinahbility. Bend strength
(when the tensile surfaces of specimens were perpendicular to the hot pressing direction) also decreased with
BN content mainly due to the much lower Young's modulus of BN compared to AIN. With the composition
of 30 wt% BN at which the AIN-BN ceramics started to show hetter machinability than a mild steel, the bend
strength was 150 to 160 MPa, which is greater than that of machinable glass-ceramics of a mica system. With
tensile surfaces parallel to the hot pressing direction, however, the bend strength obtained for the samples
processed with the sintering aids showed low values (about 40 MPa), since most BN particles had such orienta-
tion that their cleavage planes (i.e., basal planes) were perpendicular to the pressing direction.
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Table 1. Characieristics of AIN and BN Powders

AIN* BNY
Crystal structure Hexagonal Hexagonal
wurtzite graphite
Agglomerate size (um) <20 —
Specific surface 3~4 3~6
area {m%/g
Purity L0wt% O <0.15wt% B.Os

*Grade F, Tokuyama Soda Co., Japan.
tGrade A01, Hermann C. Starck Berlin, Germany.
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Fig. 1. Schematic showing three components of culting
resistance in turning: main force (F.), radial
force (F,), and feed force (Fy.

Surfuce roughness curve,

y=f(z)
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R¢:%£L|f(x)|dx

Fig, 2. Hlustration of the definition of arithmetic ave-
rage of surface roughness, R..
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Fig. 3. Demnsities of three kinds (no sintering additive,
3wt Y05 or CaO added) of AIN-BN ceramics

containing 10~-40wt% BN, hot-pressed at 1900
T for 1h under 30 MPa and N. atmosphere.
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Fig. 4. Results of machining tests by turning for three
kinds (no sintering additive, 3 wt% Y20s or Ca0
added) of AIN-BN cerammcs containing 10~40
wt% BN: plols of main force vs, BN content.
The horizontal dotted line denotes the main fo-
rce value of a 5541 mild steel tested at same
condilions for comparison.
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Fig. 5. Results of machining tests by turning for three
kinds (no sintering additive, 3 wit% Y204 ar Cad
added) of AIN-BN ceramics containing 10~40
wt% BN: plots of radial force vs. BN content.
The horizontal dotted line denotes the radial
[orce value of a 5541 mild steel tested at same
conditions for caomparison.
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714 E, v, C, v 2 Young’s modulus, E ™ el14 7],

Td 7 e (half crack length). Poisson’s ratiod leldit),
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Fig. 6. Results of four-point flexural tests at room tem-
perature for three kinds (no sintering additive,
Jwt% Y.0q or CaO added) of AIN-BN ceramics
containing 10~40wt% BN, as compared with
the prediclions of rule of mixture: TS and HP
denote tensile surface and hot pressing, respec-
tively. Only the case of tensile surface normal
to the hot-pressing direction was investigated
for all samples, except the Y:0, or CaO-added
sample with 30 wt% BN, for which both the ca-
ses, normal and parallel, were investigaled.
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£9 e o 3L 5 Wl gickFig 6). Rule of mix-
ture] 49 Al FEii7ie] F4F Koz AdedlA
G ve) C2] s3] rule of mixtureo]| 4] aizs |
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Pud
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Fig. 7. Scanning electron micrographs of the fracture
surfaces of AIN-30 wt% BN ceramics after bend
tests with tensile surfaces perpendicular to the
hot pressing direction {(dencted by HPD): (a)
Jwt% Y.0; added, (b) 3 wt% Cal added, and
(c) no additive, Note that the plate-shaped BN
particles were perpendicular to the pressing di-
rection in (a) and (b}
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Fig. 9. Transmission electron micrograph of AIN and
BN i AIN-30 wt% BN sample.

Fig. 8. Scanning electron micrographs of the fracture
sutfaces of AIN-30 wt% BN ceramics after bend
tests with tensile surfaces parallel to the hot
pressing direction: {(a) 3wi% Y:0: added and
(b) 3wt% CaQ added.

Fig. 72 tensile surfacer} 7}obaid dhskel 920
A ste] A A shebnl lAFRE wel
ok ad=q F7h AL Fig 7@ ), e
BN «=l5e] siahid wbgkel dis] wfsiale] 3]sk
o g o), ke A Fig T(e), ole)dd vl g4l el
Ao gle A 2ot o= dAke] A% st 2dx
A7y 2AdEmA dakg #4, BN glalge] Fol4
SHE AT = gl w2 Aadd o geE

F5AL AFHr] W=k gl 53 Y.0,00 3
7HE Aol gle]A] atomuc number conirast® 4l = . o )
#R" 2 Qg QA HFig Tae ’“7.—51}'] aape] & Fig. 10. Transmission _electron micregraph of  hasal
o plane of BN in AIN-30 wi% BN sample (a);
Mg HLAAT HFTH BN Sl sl T and corresponding diffraction pattern of the
eI f{main crack plane}& wl=} %‘H‘I}: ™, k& BN BN, [0001] zone (b} The triangles in (a) indi-
4A7E pullowt®d &35 FFE 2 gl -=dH (Fig. Ha). cale microcracking.
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Fig. 11. Transmission electron micrograph of BN along
[0110] in AIN-30 wit% BN sample, showing
interplanar cracks between basal planes (a);
and corresponding diffraction paltern of the
BN, [0110] zone {b). The triangles in (a) indi-
cate microcracking.
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