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In powder conditioning, the powders prepared by various methods are

subjected to a variety of treatments to improve or modify their physical,
chemical characteristics.

:Majority of powders under go treatments prior to compaction like
i) Cleaning of powders [solid: impurity,liquid: moisture, gas: air]
ii) Grinding/crushing to obtain fine size .

iii) Particle size classification to obtain the desired particle size
«distribution

«iv) Annealing
« v) Mixing and blending of powders
«vi) Lubricant addition for powder compaction




CLEANING OF POWDERS

solid, liquid & gaseous, from the :Refers to the removal of contaminants
powder particles.

Solid contaminants : Come from several sources like nozzles or crucible e
linings

They interfere during compaction and sintering preventing proper
mechanical bonding.

Contaminants are non-reactive, but they act as sites for crack nucleation

Non-metallic solid impurities can be removed from powders by particle
separators & metallic electrostatic separation techniques

Liquid contaminants : Drying to remove moisture




PARTICLES SEPARATION

1-Classification
A- Dry Classification
B-Wet Classification
2-Hindered settling
3- Magnetic and electrical separation

Classification is the separation of particulates into a coarse and fine fractions.
Classification should be distinguished from solid-fluid separation
Classification is usually by:

Size particles, density, particle shape, electric, magnetic, and surface properties.

Classification of particulates gravity, drag, centrifugal, and collision.




Table 1 gives a listing of various classification equipment

Classification Size range

Wet

Screens 1 m—44 um

Sedimentation Classifiers 1 mm-10 pm

Hydrocyclones 500 um—-0.1 um

Elbow Classifier 100 pum—-0,1 um

Centrifuge 50 pm—-0.1 um
Dry

Screens 1 m-44 um

Expansion chamber 100 pm—10 pm

Air Classifier 1000 pm-0.1 um
Gas Cyclone 500 pm-0.1 um







Wet classification equipment
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Structure drawing of the main parts of Elbow-Jet Air Classifier
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Dry Classification Equipment
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FIGURE Air classification equipment: (a) -:w:lum. (b) expansion chamber, (c)
modern complex air classifier, and (d) classifier based on particle inertia.




Classifier Fundamentals
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2-Collision Sl - .

B Inertial impaction

Figure2 streamlines and particle trajectories approaching a pin
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4.Size Selectivity

5-Powder properties
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Size distributions for various types of classifier performance,




A- Dry Classification Equipment
Dry classification equipment uses a gas stream to convey the solids.

The gas used most often is air, Is often used to describe this type of

equipment (see Fig. 1).




B-Wet classification
Is performed by

filtration, settling, centrifugation, and
hydrocyclones .

Hydro cyclone The In hydrocyclone
design, the particle laden flow enters
radially and rotates within the body of
the hydrocyclone.

Forces of gravity, centrifugal and
drag, act on the particles to force a
separation.
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2-Hindered settling

When the particles are close together, hindered settling occurs.
Vm =D?g(p, - p,,) /18n

2R*(p, — prlgh(d)

V.= 9n

we find
Unhindered Hindered, ¢ = 0.10 Hindered, ¢ = 0.30

R=01pum V,=80pumhr V,=257pmhr V, = 8.0 pm/’hr
R=10um V,=8mm/hr V, =257 mmhr  V, = 0.8 mm/hr




TABLE 1

magnetic |
separator

Classification of Magnetic Separation

—top-feed type —EDS varnner®
1 — eparator®
belt type — s
— under-feed type ——— Crockett wet separator®
— (low-intensity
type) — top-feed type ————— ¥S drum separator
drum type —]
— umder-feed type —EGrm-Jd.ul drum separator
Multistage drum sepamtor®
‘ belt type — top-feed type ——— Eriez mme earth roll separator®
'ﬂuﬁr—rn,u_gn::‘h‘q:—__{“ﬂm. Tk I.'IIECIZEI.}'
field type type) drum ty pe—top-feed type —EEru:z rare earth drum se parator
PERMOS magnetic separator
wet high intensity Frante ferrofilter®
magnetic separlion JTomes high-intensity separator®
WHIMS Carpeo high-intensity wet separator®
high intensity Eriez wet high-intensity separator®
type MY drum sepamtor®
o ) — 5 uctive s magmet
—{ high intensit high intensity —_1— C%& H:Pmu:-'pc:r.llﬁlm}r =
ype) magnetic separator — High-gauss separator
(HIMS) — DESCOS (superconductive-drum-
tvpe magnetic separator)
high gradient type, HGMS — SALA-HGMS*=
— DEM filter*
— Supercomducting HGMS *
traveling-magntic-field type OYE separator®
—&C spiral separator®
— O¥-tabl e+ vpe separator®
L C-magnetic- wibrmating-magneic-field type DS-tyvpe separator®

field type
clectrom ag netic- induction type
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FIGURE Drum magnetic separator of the drv type.




a) Induction charging b) Particle movement

FIGURE Motion of particles under an electrostatic field C, particle made of conductive
material; [, particle made of insulating material.




Feed placed on °
upstream surface
of aluminum plate

Grounded aluminum plate
mounted on a vibrator
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FIGURE Electostatic beneficiagon apparatus: (3) oblique view of apparatus show-
ing inverted roof and collection bin locations; (b) end view showing trajectories of charged
partcles.




Ag
Cu
Au
Al
_Fe
NiS
Sb
CuS

C(graphite)
Bi
(Fe, Ni),S

Fe _x§
_ I-igS
Cu,FeS,
Ag,Te
PbS
Si
FeAg)S

Fe
Cu,S
CuFeS,
- SnO
FeS,(Marcasite )
FeTiO
FeS, (pyrite)
2 708

MOS2
3Mn,0;*MnSiO,
uo

2
C(diamocud)o
T,

Ivory
Wood(dry)
Celluloid
Glass
PMMA
Shellac
Hard rubbeSr

Material

Mica
Quartz
Polystyrene

10-15

1070 10° T 107
Electric conductivity [S m!]

10+!.-0



HY elecirgde

++++++H+

o
Bﬁﬁ
M ] [
®* e %o -'n.
&
@
Charging tube ___!____

TABLE 2 Work Functions for Variows Materialsd#

Maiterial Work Material Work function Slaterial Waork function
function (%] =% eW]
i | 3,63 Bal 11 Folyethyicne 524=024
c 4 Calr 16002 Polbyethyiene 604047
Al 4064725 Y0, 2 Polypropylens 543=0.16
Cu 425 Mo, O, 13 Polypropylens F49=034
T 433 Th, 154 Polysomene 477 =020
Cr 45 S5m0, - Paolbyvioyl chlonde 4 865073
Ag 4531474 T, 315 Polyrarbonate 385=01%82
ai 460491 FeO 385 Phanis 430=02%
Fe 467481 580, 5 Polyierafinoroethylene 6. T1=026
Co 5 ALD 47 Polyimide 4 36006
i 504-535 W= 4.7 FPalyethyiene Terephthalate 425010
Fx 5125483 Zri, 5.8 Miromdia 408 =006
Au 531347 Ty, 621 Prlex7740 4840721




Heat treatment is generally carried out before mixing or blending the powders.

Some of the important objectives are,

1)  Improving the purity of powder:

Reduction of surface oxides from powders by annealing in hydrogen or other reducing atmosphere.

Dissolved gases like hydrogen and oxygen, other impurities are removed by annealing of powders.

Lowering impurities like carbon results in lower hardness of the powder and hence lower compaction
pressures & lower die wear during compaction. For ex:, atomized powders having a combined carbon and
oxygen content as high as 1% can be reduced after annealing to about 0.01% carbon and 0.2% oxygen.

Heat treatment is done at protective atmosphere like hydrogen, vacuum.

i) Improving the powder softness:

Aim is to reduce the work hardening effect of powders that has be crushed to obtain fine powders; while
many powders are made by milling, crushing or grinding of bulk materials. Powder particles are annealed
under reducing atmosphere like hydrogen. The annealing temperature is kept low to avoid fusion of the




Ultra High Vacuum furnaces




“Mixing.andiblending of powders

The various types of mixing methods are,

* (i) convective mixing: transfer of one group of particles from one location to another,
«(i1) diffusive mixing: movement of particles on to newly formed surface,

(ii1) shear mixing: deformation & formation of planes within the powders

Depending on the extent of mixing, mixing can be classified as

perfectly mixed or uniform mixing,

srandom mixed, &

«totally un-mixed.

The mixing should be stopped when random mixture is achieved.

Over mixing leads to reduced flow characteristics of the mix.
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Table 3 shows a classification of various powder mixers, based
on the manner by which the powders are set in motion. This
table also lists rough ranges of powder properties appropriate
to each type of mixer.

Although mixer performance should be evaluated on the basis
of the powder properties being handled, operating conditions,
and the application purpose, the general features of each mixer
are as described below




79 TENCAN

horizontal cylinder inclined cylinder mixer

! =

Vee-Cone Blenders 'S' Type Mixers

hmun mlxertec‘mﬁ

double cone mixer




The rate of mixing is rather low in a rotary vessel, but a good final degree of mixedness can be

expected.
The powders to be mixed are charged up to 30-50% of the vessel volume.
The rotational speed is set at 50—80% of the critical rotational speed, NCR, given as

N 0498

=R (s7)

Where

R (M) Is the maximum radius of rotation of the mixer.




Lottt poucer

A normal body binder must have several characteristics:

. It must leave a minimal amount of|. Its dispersion must be easy

ash after firin .
9 . It cannot be toxic

It must easily burn out at low

temperature It does not affect the glazing

stage of manufacturing

It cannot be abrasive . .
It must be as inexpensive as

It must improve the mechanical possible.
strength of dry pieces




Spray can be used for all fluid systems, be it in batch or continuous
operation or if the film is applied from a sprayed solution, suspension or
hot melt.

For this processing option the parameters have to be chosen to avoid
agglomeration,

For hot melt coating the droplets must be small enough not to form solid
bridges.

The quality of the coating extensively depends on the statistical
residence time of the particles in the coating zone.




Top-Spray Coating

Bottom-Spray Coating

Tangential Spray Coating

To Produce perfect film
,care must be taken that
the droplets

1- Do not become too
viscous before touching
the substrate, in order to
maintain a good spread

This processing consists
of a perforated bottom
screen with defined free
areas. Most of the process
air is channeled through
the center via a tube, as
such producing a venturi

This processing technique
is the production motion is
provided by a motor
driven rotor disc.

The coating material is
sprayed concurrently
inside the rotating product




ders

* Toxicity leads to undesirable health effects like eye, skin irritation, vomiting,
respiratory problems, blood poisoning etc.

« powder like lead, nickel are highly toxic & Al, iron are less toxic

* Precautions: Use of protective gloves, respiratory masks, protective clothing etc.; use
of well ventilated storage, workplace; careful handling, disposal of wastes

« flammability & reactivity data is required

« Health effects: Inhalation — disturbs the respiratory track; remedial measures include

moving the person to fresh air. Artificial breathing is required if patient not breathing

properly.




