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* (1) solvents,

* (2) dispersants (also referred to as
deflocculants),

* (3) binders,
» (4) plasticizers
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6.3.1 Solvents

» 1. Provide fluidity for the powder during
forming.

* 2. Serve as solvents for dissolving the
additives
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~ TABLE 6.6 Physical Properties of Some Liquids (at 207 C where applicable)

Surface Latent heat of Boiling Flash
Density Dielectric  tension Viscosity  vaporization  point  point
Liquid ( g,l"cm?'} constant (1077 N/m) {lﬂ_3 Pas) (kl/g) ("C) (°C)
Water 1.0 80 13 1.0 2.26 100.0 None
Methanol 0.789 33 23 0.6 1.10 64.6 18
Ethanol 0.789 24 23 1.2 0.86 184 20
Isopropanol 0.785 18 22 24 0.58 82.3 21
Acetone 0.781 21 25 0.3 0.55 56.0 ~=3F
Methyl ethyl 0.805 18 25 0.4 0.44 80 ]
ketone
Toluene 0.867 24 29 0.6 0.35 111 3
Xylene (ortho) 0.881 2 28 0.7 0.33 140 32
Trichloroethylene 1.456 3 25 0.4 0.24 87 None
n-Hexane 0.639 1.9 18 0.3 0.35 68.7 =33
Cyclohexanone  0.947 18 35 0.8 0.43 155 46
Mineral spirits 0.752 179-210 57

210
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21 Sy ) Jalse 4 QA
e : (1)the ability to dissolve other additives,
(2) evaporation rate,

e (3) ability to wet the powder,

e (4) viscosity,

* (5) reactivity towards the powder,
* (6) safety

e (7) cost




Powder and green body chara

| ) Gl aga Dl Al Cae jus o

Ayisaoaﬁiu\&)\i&ue]gég\ﬁg]j\o




Powder and green body chara

CulMa B 35 e ooliind b DA ) Jhglie A
AUS J IS A




Powder and green body ché

ailcal U ) o Dl ealiid U Jale ol o
syl ol 43 surfactant (or wetting agentos_S
I g (oa




Powder and green body chare

s foaming_ukas DS Caely Caman (SaiS jie
I oo s A RN Y Al




Powder and green body charact

2512 )l 4 g Jilad ol sl Jslaa e

216




Powder and green body chzﬂ

a3 Jilai s 1 UYL s S e dle ap il e

rdan JoaS 550 sl o5 S L 5550 2 s
Al sas) sl




Powder and green body cha

= BaTiO3,AIN, and Si3N4 sl o5 zlav o
vy ES) gl alia ganil g

) i My Hed g Sl cg_m.\s)hj\g_ﬂo




Powder and green body char

6 3.2 Dispersants
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1. Simple Ions and molecules

e 2. Short chain polymers with a functional
head (or end) group, commonly

e referred to as surfactants

3. Low to medium molecular weight
polymers
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6.3.2.1 Simple Inorganic lons and
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Hofmelster series
e monovalent cations,

e LI Na K NH4
e divalent cations,

e Mg2 Ca2 Sr2 Baz.
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6.3.2.2 Short-Chain Polymers with a Functional Head
Group (Surfactants)

il 51w 4S functional = Yo ls Jssdee cpl @
Lo oy slolas 23h (G e b (s
Gl (0 S A3 100 B 50 25




Powder and green body ¢

6 3.3 Binders
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* Vinyls
* acrylics
 ethylene oxides (glycols).
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binder «la

e (1) binder burnout characteristics,

e (2) molecular weight,

» (3) glass transition temperature,

* (4) compatibility with the dispersant,

» (5)effect on the viscosity of the solvent,
(6) solubility in the solvent,

o (7) cost
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6.3.4 Plasticizers
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6.3.5 Other Additives

 Wetting agents,
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6 4 FORMING OF CERAMICS
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6 4.1 Dry and Semidry Pressing
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6.4.1.1 Die Compaction

» 1- filling of the die,
 2-powder compaction,
 3- gjection

» single-action mode vs double-action
mode
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Feed Material: Powders and Granules
by Gl Wy e Dl al A e
» 1-efficient die filling,
o 2- fast pressing rates,
 3- reproducible green body
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Formulation slurry
~ « 1- dispersant (e.g., ammonium
polyacrylate),
e 2- hinder [e.g., poly(vinyl alcohol)],
» 3- plasticizer [e.g., poly(ethylene glycol}],
e 4-lubricant [e.g.,, ammonium stearate).
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e 1-particle size distribution

» 2- degree of flocculation of the slurry,
 3- type of additives,

e 4- spray-drying conditions.
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1. Size, 100-200m

e 2- size distribution, 50-400 m

o 3- shape: (<55
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» 4- Particle packing: 45-55%

» 3. Particle packing homogeneity
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e 4, Hardness
Al e J)ES s & 58 gpacking density Le

e 5. Surface friction
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Die Filling
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The Compaction Step
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Fragmentation: filling of voids with fine particles
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-actors Influencing the Compaction of
Particles
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Fine powder Coarse powder

|
. | n
dy iRw =1 | Ao/ Ruw=1
|
|

High friction Low friction

Oependent on
Ho tHw and dp /Ry,

Independent of
My iHy and dp/Rw
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e MICroscopy,

e microhardness,

 X-ray tomography,

» X-ray radiography,

» ultrasonic,

 nuclear magnetic resonance
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Factors Influencing the Compaction of

Granules

e 1- hardness
o 2- Size,
e 3- size distribution.
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Hard Granules Soft Granules Medium Hardness
Granules
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Ejectlon of the Powder Compact

recovery strain s cuiS jl 4s (il o

GRS A1 b2 sd e sl strain relaxation _id e
» powder,
e the organic additives,

pressure,

e rate of
e the

nressing,

* gas permeability of the powder compact
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Compaction Defects
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* e single-action mode L/D< 0.5,
 double-action mode, L/D< 1
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» . 1-springback
o 2- friction at the die walls.
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FIGURE 6.31 Illustrations of typical defects in die compaction of dry or semidry pow-
ders: (a) delamination, (b) end capping. (c) ring capping, and (d) vertical cracks.
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Isostatic Compaction

Isostatic pressing involves the application of a uniform hydrostatic pressure to
the powder contained in a flexible rubber container. There are two modes of

isostatic pressing: wet-bag pressing and dry-bag pressing (Fig. 6.32). In wet-bag
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isostatic pressing: wet-bag pressing and dry-bag pressing (Fig. 6.32). In wet-bag
pressing, a flexible rubber mold is filled with the powder, which is then submerged
into a pressure vessel filled with oil and pressed. After pressing, the mold is
removed from the pressure vessel and the green body is retrieved. Wet-bag press-
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-
=

Wet-bag press-

ing is used for the formation of complex shapes and for large sizes. In dry-bag
pressing, the mold is fixed in the pressure vessel and need not be removed. The
pressure is applied to the powder situated between a fairly thick rubber mold and
a nigid core. After release of the pressure, the powder compact is removed from
the mold. Dry-bag pressing is easier to automate than wet-bag pressing. It has
been used for the formation of spark plug insulators by compressing a porcelain
powder mixture around a metal core as well as for plates and hollow tubes.
Compared to die compaction, the formation of defects in isostatically pressed
compacts i1s much less severe, but delamination and fracture (caused by
springback) can still occur if the pressure is released too rapidly after compaction.
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Casting Methods

» slip casting,
e pressure casting,
* tape casting.
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Gel casting
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Slip Casting

|~ Suction .

BRI Cast — -
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Microstructural Defects in Slip-Cast

Green Bodies
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» 2- Elongated (anisometric) particles

0 SR Sea padiiie Alga o ald G jpaage

 3- Segregation,
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Pressure Castina
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Iape Casting
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Microstructural Defects in Green
Tapes

e 1- Large voids
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* 2- Segregation
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Silicon nitride turbine wheel

Alumina gears
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LYOSPHERE DISTORTION BY EPFD
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Plastic Forming Methods

« 1. High tooling costs
» 2. Removal of the high concentration of
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6.4.3.1 Extrusion
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Extrusion Defects

S s She J gare e o
e laminations,
e tearing,
* segregation
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Extrusion
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FIGURE 6.44 Pressure variation along a screw extrusion press. (From Ref. 54.)
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TaBLE 6.12 Examples of Compositions Used in Extrusion

Whiteware Alumina
Concentration Concentration
Material (vol %) Material {(vol %)
Kaolin 16 Alumina 45-50
Ball clay 16 Water 4045
Quartz 16 Ammoniul polyacrylate 1-2
(dispersant)

Feldspar 16 Methyl cellulose (binder) 3
Water 36 Glycerin (plasticizer) |
CaCl, (flocculant) <1 Ammonium stearate (lubricant) |
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Co-extrusion

A requirement for successful co-extrusion is the control of the rheological
properties of the feed matenal and of the extrusion parameters to produce an
extrudate with the required uniformity of structural features. After the final extru-
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Injection Molding
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Solld Free-form Fabrication
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* (1) stereolithography,

* (2) laminated object manufacturing,
» (3)fused deposition modeling,

» (4) selected laser sintering
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6.4.4.1 Steroelithography

laser
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Laminated Object Manufacturing
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