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I. Process description

—

IT. General description of implied physics

ITI. Model implementation

IV. Densification in complex shape

V. Conclusion
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> The powder is place between two punches in a die. Joule Heating

T =0 Surface: T srature (degC)
> The pulsed current generator create a Joule TRERY DU TP
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heating of the powder.
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> An external pressure is applied that highly amplify
The powder densification kinetics.

> Microstructure control and very low sintering time:
few min with SPS, hours with HP

Powder compaction

5 Powder \
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> Joule heating

> Densification of powder

> Microstructure

Current Eq:

T
T
CIRIMAT

II. General

g

FEM

Heat Eq:

aT
V. (—AVT) + pCr—- =

@ Coupling [i;]

/

Mechanical Model: Porous creep

Olevsky Model Or . Abouczllf Mo%el
Oeq g,
>Stress tensor: g = i ( _ — ) tr ) L P - = (_ s 4 (_ _ —)t’r : )
= (fpf p—ze)tr(e)i) + i g 24157~ o (&)1

> Equivalent cree : 1 : 32
parcflme'rer's: i feq = m\j(p}rz +ptr(2) Oeq = J3c]2 + fIf

_ (1-p)
> Functions of the = (1~ 5)2 f=k(p_p )
porosity: 2(1—8)° (f"'_ 2)

} 3 6 c=lta (.Io B pcr) /

3
Grain growth law (Olevsky): C = o ( bc )2 exp (_QG)
3G2\0, + 6 RT
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> The base of the mechanic part of the problem already exist in the structural
mechanic module.

Vo =20

> To implement the creep behavior law, we use the Nonlinear materials module.

g, 1
g=" (fp£'+ (li’ - —fP) t’f’(é’)ﬁ) + P
Eeq 3
> The mass conservation equation and the grain grow law need to be create.
o L.
ﬁ = &, + Ey + £

Powder compaction
> With these last points the base of the powder P

densification model is implemented. The modeling
of the Joule Heating can be easily implemented
with the Joule heating module.

o N
<
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. . ope . A 05615
> Simple geometry => uniform densification 1
A 09874 \ 0.95
. . 1 0.9
End of sintering loss 0.85
0.9
10.85
— ——— =

0.6

% 0.55
i L =Y 0.5
¥ 0.9874
A 05622

> Complex shape with thickness difference
=> density differences

A 0599
End of sintering Igj"
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key z:s ¥ 0.5596

v 0.7027
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A complex shaped part

with a hole and
thickness differences

Complex part obtained by
free sintering (SCT®)

High thickness differences = Density
differences

Density in final stage of sintering: Complex shaped part

Mag= 100X o WD= 12mm EHT = 15.00 kV  Detector = QBSD
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We introduce a ring of powder to E(J.) A 0.5607
allow the upper part to move —— =
down and homogenize the density E\--__ :
<
\‘.\_

Final

Temps=350 Density
—

density

e

A 0999

> The complex part is
now totally dense

Without treatment
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> The implementation of the powder sintering without script is

possible using the structural and nonlinear module

> This model show that in complex shape a high thickness
difference imply at end of cycle high density differences.

> A sacrificial material can be use to correct the thickness

difference
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Thank you for your attention



3.2.5.2 Attainment of High Density

As described in Chapter 2, densification occurs by the flux of matter from the grain boundanies
(the source) to the pores (the sink). For sintering by diffusion mechanisms, at a given temperature
and density, the dependence of the densification rate on the grain size G can be written

pd G”

where K is a temperature-dependent constant and the exponent m = 3 for lattice diffusion and
m = 4 for grain boundary diffusion. Rapid densification requires that the diffusion distance
between the source of matter and the sink be kept small; that is, the grain size must remain
small (Figure 3.5a). According to Equation 3.1, rapid grain growth causes a drastic reduction
in the densification rate, so prolonged sintering times are needed to achieve the required density,
which increases the tendency for abnormal grain growth to occur. When abnormal grain growth
occurs, the pores become trapped inside the grains and become difficult or almost impossible
to remove because the transport paths become large, in the case of lattice diffusion, or are
eliminated, in the case of grain boundary diffusion (Figure 3.5b). The attainment of high density
therefore requires the control of normal grain growth as well as the avoidance of abnormal
grain growth.
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Constant heating rate analysis of simultaneous
sintering mechanisms in alumina
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In [(1/pp.-(1/p).(dp/dt)] (GPal.sh)
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TABLE II Surface area reduction and shrinkage activation energy analysis

Mechanism ¥ 0 Qly. Reference
(kImol ") (kJmol ™)

Measured surface area Arrhenius slope, O/y = 120 kJmol ™!

Volume diffusion 27 447 177 35
Grain boundary diffusion 33 418 127 36
Surface diffusion 36 536 149 37
Measured shrinkage Arrhenius slope, Q/n = 144 kI mol ™ *

Volume diffusion 2.5 447 191 35
Grain boundary diffusion 30 418 139 36

The temperature dependence of the diffusion coefficient have a Arrhenius form.

—AHSD) *

D = D(,cxp( RT

* E.A.Olevsky, C.Garcia-Cardona, W.L.Bradbury, C.D.Haines, D.G.Martin, D.Kapoor.
Fundamental aspects of spark plasma sintering Il: Finite element analysis of
scalability. Journal of American ceramic society 95 (2012) 2414-2422.
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Modélisation numérique de la déformation a chaud
de poudres métalliques
|
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A numerical model for hot deformation of metal powders
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Deformation and Grain Growth of Low-Temperature-Sintered
High-Purity Alumina

Liang A. Xue* and |-Wel Chen*

Department of Materials Sclence and Engineering, The University of Michigan,
Ann Arbor, Michigan  48109-2136

Their deformation can generally be expressed by the follow-
ing equation:

¢ = Ac"d™" exp(—Q/RT) (1)

where ¢ is the strain rate, A is a constant, ¢ is the flow stress,
n is the stress exponent, d is the grain size, p is the inverse
grain size exponent, { is the activation energy, and R
and T have their usual meanings. For fine-grained alumina,

10°2 107
3 : ) B Cannon et al Alumina
Alumina - ®  Cannon et al(0.25%MgO) )
A ; The data of strain rate and flow stress are plotted on a
= 1077 logarithmic scale in Fig. 5(A) at different deformation tem-
= ' peratures. To reduce the influence of grain growth, flow
Z 1 stress at 2% strain was used here. The stress exponent »n
2 10 found from the slopes is about 1.7, which is in reasonably
- } good agreement with the n values of 1.5 to 2 reported for
.E =] P
B o W ,Ii
#10- 54 @ 1250°C = g T* = 1300°C
3 A 1300°C @ 10°° 7 d* = 05um
¢ 1350°C £ 7 p=2
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Open die thermal Image
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Electrical
resistivity
(Q.Cm) at
20°C

Considering these three parameters it is possible to
adjust the modeling temperature with the experiment.

500°C

100°C

A. Pavia (Phd)
In plane through
thickness
0.001 0.05

Electric contact is
responsible for a global
warming of the system

<

Thermal contact
explains the localized
heating of the papyex

<

Correct the thermal
conductivity in plane of
Papyex creates a hot
spot.




