2.1 a»3 (Dry Pressing)
» »
aw ' (polycrystalline)
»
a (binder) !
(aluminas) (titanates)
(ferrites) 1
5000
(tape casting)
2
» (lower punch) (upper
punch)

» (Young's laodulus

elasticity)



m mm
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Fill Underfill Initicl Final Inftial Ejection
compression compression  breakaway

2 a (Reprinted from Treatise
on Materials Science and Technology,"Dry Pressing"Ceramic Fabrication

Processes, volume 9)

1.
1.1
1.2
1.3 ! (flow) « (compaction) a
a
1.4 3
1.5 (punch pressure)
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1 - ( 2)
Bottom punch
Type Top punch Die Pressing Ejection
Single action Moves Fixed Fixed Moves
Double action Moves Fixed Moves Moves
Floating die Moves M oves Fixed Moves
Multiple motion Simple or composite Composite
Moves Fixed Moves" M oves
Floating die. multiple Simple or composite Composite
motion Moves M oves Moves" Moves
° Lowest level component may be stationary.
(agglomorate)
(suetion)
)

(cavity) (composite

punches)
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«

Distance

10

Filler movement .

Movement of upper punch

Pressing cycle

Relation of compacting
speed to density curve

Die movement

=
rql)xe tloat
Comp, way

l/""_ o &
i S 1 £
/ \ / 2
[ Theoretical \ / ] =
| density curve \ / S :; <
/ \ Y
1 | e (339 Ll
Time
« ( « 0 2)
41 % « 1 -001 « I« +0.0002
(single-action) 1 300
« « (high speed rotary) 5000

« 12 «« 2
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Minimum Maximum

Ram force-pressing

Upper ram 1.0 ton 12,5 ton
Lower main ram 0.2 12.9
Lower auxiliary ram 02. 28
Ram force-withdrawal
Upper ram 0.7 8.0
Lower main ram 07 8.2
Lower auxiliary ram 0.2 2.8
Powder fill depth 3in.
Cycle rate 47 strokes/min
Operating pressure 250 psi 3000 psi
Cycling pressure 250 500
Upper ram speed-down (unloaded) 10.2 in./sec
(loaded) 15
Upper ram speed-up 16.4
Lower ram speed-up (unloaded) 10.2
(loaded) 15
Lower ram speed-down 16.4
Upper ram stroke 4 in.

“Model HC-12, Hydramet American Inc., Royal Oak, Michigan.

2. (Powder Characteristics)
(pourability) ASTM(American
Society of Testing Materials no B212-82) 8
a
(granule) 35 50 (mesh) 90 % 10 %
50 140 / a
a (packing)
/
(précipitation) (plasma

spraying) «

(crushing) 2
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3
0.3 ) ( }
0.25 % )
(isostatic press) 1,000 16,000
16 100
0.2
2 42 % If
(polyvinyl alcohol) 0.5 % (deflocculant)
(gum arabic) 0.3 % (lubricant)
(zinc stearate) 3.3 %
80 200
1
5
+0.5 % «
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GRANULATOR

M L
" - IX MULLER
ROTARY
_} CALCINER
Fa,0y MnCOy Zn0 O O
RAW MATERIALS DRYING OVEN ELEVATOR
PRODUCT BIN
VACUUM CONVEYOR 5o
. |
WATER 5
>
-
CYCLONE
BINDER COLLECTOR SLURRY AR EXHAUST e
FEED
DIAPHRAGWM TANK EXHAUST
DEFLOC- SLURRY_PUME scrusser [
CULENT FEED PUMP
a — | o
ATOMIZER H\
LUBRICANT BALL MIEL @Ay FAN LUBRICANT
’) OUTLET
FAN T AIR
TR \ BLENDER
ELECTRIC Ak r’
o e CYCLONE
HEAYES COLLECTOR
PRODUCT FINES
PROOUCT FINES
CART CART
O PRESSING
POWDER
) -
L
6 ( 2)
3. (Additives)
(binder)

(lubricant)
I(
a(deflocculant)

(additive)

(plasticizers)



Additive
Binder
Lubricant
Plasticizer

Deflocculant

Wetting agent
Water retention agent

Antistatic agent
Antifoaming agent or foam stabilizer

Chelating or sequestering agent
Fungicide and bactericide

“After Pincus and Shipley (1969).

2)

Function

Green strength

Mold release, interparticulate sliding
Rheological aids, improving flexibility of

binder films, allowing plastic deformation

of granules

pH control, particle-surface charge control,

dispersion
Lowering surface tension of liquid

Preventing squeezing-out of water during

pressure application

Charge control

Preventing foam or strengthening
foams

Inactivating undesirable ions

wanted

Stabilizing against degradation with aging

3

(green

15

density)
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Organics

Starches
Dextrins
Gums

Flours

Casein

Gelatins

Albumins

Proteins

Lignins

Celluloses

Bitumens

Rubbers

Resins
Natural
Synthetic

Alginates

Chlorinated hydrocarbons

Waxes
Paraffin
Microcrystalline
Synthetic alcohols, esters, and glycols

Hydrogenated oils

“After Pincus and Shipley (1969).

"Pincus Shipley,

1969"

16

2)

Inorganics

Water

Clays

Bentonites
Magnesium aluminum silicates
Soluble silicates
Organic silicates
Colloidal silica
Phosphates
Borophosphates
Aluminates
Colloidal alumina



Ferrite core
Steatite insulator

Alumina sparkplug

Alumina, magnesia or

magnesia-chrome
refractory brick

(Compaction

Binders

Polyvinyl alcohol
Microcrystalline wax

Low oil content
Microcrystalline wax
Emulsion

Ca- or Na-

Lignosul foliate

Plasticizers

Gum arabic

1:1 Potassium

hydroxide:
tannic acid

Behaviour)

«

(surfactants)
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2)

Lubricants

Zinc stearate
Magnesium
stearate
Wax emulsion
also provides
lubrication
Stearic acid

(contact stress)

«



«

l PRESSURE

PORE FRACTION

0.5

l PRESSURE

«

Bulky powder feed

Spray dried powder feed

J ! ] | ) [P

|

|

1000 3000 S000 7000
PRESSURE (psi)

« (

9000

2)

2)
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sliding

100

and

(Compaction Mechanic)

rearrangement

agglomerated)

(local

without fracture)

(pore

tf(pore

deformation)

# (particle

(weakly

fraction) 0.8-0.95

0.6-0.75

structure)

(fracturing)

19



Intragranular Pores

Packed Spherical Granules

Persistent
Interface

Pressure

s

Deformed, Packed Granules

Persistent
Intergranufar Pore

Pressed Piece

Principles of Ceramic

(James .Reed "Introduction to

Processing")
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10 «
a «
«
«
« s
«
a 80,000
density) «
«
(elastic strain)
30,000
11

«

a
«
« «
81
!
« | «

10,000

« a

«

«

(20,000

21

(hardness)

«

«

«

«

30,000

(theoretical

«

(linde A)

psi)

(mercury penetration)
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Hg PENETRATION (cm3/g)

10

PORE DIAVETER nh
01 0.01

| T

4000 ps!
Density 301 %

20,000 ps:
Density 41.0%

102

«»

PRESSURE (PSIA)

8 (spring back)

22
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(Defect)

polyethylene glycol) 1%

30,000

400 60,000

800

(ultrafine) 1

12
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«

«

2)
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3¢

(green density”

»

»

«(disk)
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