Stanoveni reologickych vilastnosti,,nejen* v priumyslové praxi
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E— PRASKOVA REOLOGIE

PANTA RHEI
kapaliny vs. tekutiny

pevné latky vs. prasky
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PRASKY

Farmacie, keramika, potraviny, plasty, kosmetika, praskové barvy, tonery,
stavebni materialy, kovy
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’ PRASKOVA REOLOGIE

FYZIKALNI VLASTNOSTI

velikost a tvar castic elasticita, plasticita
textura, porozita elektrostaticky naboj
hustota hygroskopicita
koheze, adheze tvrdost, drobivost

EXTERNI PROMENNE

konsolidace relativni vlhkost
doba skladovani smykova rychlost
provzdusnovani
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HYGROSKOPICITA, NABOJ, TRENI

freemantechnology
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CHOVANI PRASKU

tekutost propustnost
stlaCitelnost hydrofobnost
soudrznost otér castic

velmi tekuty >  konsolidovany
napéti
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CHOVANI PRASKU
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N PRASKOVA REOLOGIE

Meérici metody praskového reometru FT4

- Dynamické metody — STABILITA, RYCHLOST TOKU,
AERACE, KOMPAKCE

- Objemové metody — KOMPRESE, PERMEABILITA

- Smykové metody — SMYKOVA CELA, STENOVE TRENI
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H PRASKOVA REOLOGIE
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Dynamickeé testy: - STABILITA 1.
- Vliv smgkové rychlosti (VSR) 1.
- AERACE/DEAERACE 1. + 3.
- KONSOLIDACE 1. + 3.
- OTER 1.

Smykové testy: - test ve SMYKOVE CELE 4.+ 2.

- test STENOVEHO TRENI 5.+ 2.
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’ PRASKOVA REOLOGIE

FT4 PRASKOVY REOMETR

FT4 rotor s
patentovanym
tvarem lamely

Vzorek prasku

~ umistény ve sklenéné
nadobé

(typ. 10ml to 160ml)
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’ PRASKOVA REOLOGIE

Prislusenstvi praskového reometru FT 4
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’ PRASKOVA REOLOGIE

DYNAMICKY TEST

Praskovy reometr méri odpor, kterym prasek plsobi na lopatky rotoru, pfi jeho priniku
celou vySkou nadoby se vzorkem.

Tento odpor je vyjadren jako ,energie toku”, ktera se vypocita z méreni krouticiho
momentu a sily

TORQUE
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~ PRASKOVA REOLOGIE

Kroutici moment & sila

jako funkce vysky drahy rotoru
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Obsah vody zvy

Gradient energie mJ/mm

zvysuje odolnost proti toku

A Celkova energie toku = plocha pod kfivkou

12% vody

10% vody

8% vody
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PRAS

Suje vazbu mezi casticemi a stava se silnéjsi a

VA REOLOGIE




’ PRASKOVA REOLOGIE

TOKOVA ENERGIE V ZAVISLOSTI NA OBSAHU VODY V PRASKU
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A

Tokova energie, mJ

R ——_

8 10 12

Zvysujici se obsah vody, %
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’ PRASKOVA REOLOGIE

Sypna Hustota (Bulk Density, BD)

Split Mass after Conditioning

Conditioned Bulk Density =

Sample Volume
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’ PRASKOVA REOLOGIE

FT 4 - KONSOLIDACNI MODUL

Axialni stlaceni (ne rotace) — konsolidace prasku
Normal

Stress ©

Ventilacni stlacujici pistovy rotor
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PRASKOVA REOLOGIE

FT 4 - KONSOLIDACNi MODUL - KOMPRESE

Normal
Stress O

Normal
Stress O

Cohesive Powder Non-Cohesive Powder

Compressibility = percentage change in volume after compression (%)

praqolab
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’ PRASKOVA REOLOGIE

ROTACE PRI RIZENEM NORMALOVEM A SMYKOVE NAMAHANI PRA
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Pusbici sila

(Normalové napéti, O)

Smykova cela

Rotace

(Smykové napéti), 7

Sténové treni
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SMYKOVA CcELA

Normal Stress (o)

(Force)
Time
Shear Stress (1) Incipient failure points
(Torque) /
Ti
Tii
Tiii
Tiy,
/ Tf
Time
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Shear Stress, kPa

Shear Stress, kPa

Shear Stress, kPa

Shear Stress, kPa
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Normal Stress, kPa
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Shear Stress, kPa

@

N

~

Shear Stress, kPa

©

» @

~

Shear Stress, kPa
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Normal Stress, kPa

Shear Stress, kPa
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’ PRASKOVA REOLOGIE

TEST PROVZDUSNENI - AERACE

ProvzdusSnovaci spodni deska
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Aeracni test Permeabilitni test Provzdusnovaci jednotka
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TEST PROVZDUSNENI - AERACE

Cohesive
Non-cohesive

Increasing Air Velocity
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’ PRASKOVA REOLOGIE

PRIKLAD APLIKACE

LISOVANI TABLET - PLNENI LISOVACIi FORMY - PLNIiCi POMER
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APLIKACE - LISOVANI TABLET
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DOBRY A SPATNY PLNICi POMER

DOBRY SPATNY
Rovn omer’ne p Inéni, nizka Nestejnomérné plneni, vysoka
porovitost porovitost
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Shoe Movement

P
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PLNICI POMER

Material Material/popis prasku Dso (nm) Tvar
(a) GL velké sklenéné kulicky 174 Kulaty
(b) GS malé sklenéné kulicky 68 Kulaty
(© Hlinikovy granulovany prasek 134 Nepravidelny
(d) Wolframovy prasek 4 Hranaty
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PLNICI POMER

Pomér skutecné hmotnosti ve formé v porovnani s hmotnosti vypoctenou z objemové
hmotnosti a objemu matrice
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Shoe Speed (mm/s)
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JAKE VLASTNOSTI OVLIVNUJi PLNENi FORMY
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Vysoke mechanicke treni & blokovani

Kohezni sily >> mg
Vysoka koheze

Nizka permeabilita
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MERENI KOHEZE

Aeracni test — nizka hodnota aeracni energie = nizka koheze

%

BFE

Cohesive

High.Aerated
Energy

FLOW ENERGY

Low Aerated
Energy.....

Non-Cohesive

INCREASING AIR VELOCITY
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MECHANICKE BLOKOVANI A TRENI

Specificka energie — nizka hodnota se rovna nizkému mechanickému blokovani a treni
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MERENI PERMEABILITY

Normal Nizky pokles tlaku = vysoka permeabilita
Stress o (vzduch snadno pronika vzorkem)

>

AP
(air pressure drop across powder bed)

/_

S

Increasing Normal Stress, O
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AERACE A SPECIFICKA ENERGIE
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Plnici pomér a specificka energie
Aerace
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INTERPRETACE DAT

Measurements: Glass GL Glass GS | Aluminium | Tungsten
Fill Ratio 0.82 040 0.29 0.14
Aeration Energy, AE (mJ) <10 < 10 <10 D ~300
e //
Nizkd koheze Vysokad koheze
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Aerated Energy

INTERPRETACE DAT

Measurements: Glass GL Glass GS | Aluminium | Tungsten
Fill Ratio 0.82 0.40 0.29 0.14
Aeration Energy, AE (m1J) < 10 <10 < 10 ~300
Specific Energy, SE (mJl/g) 3.4 2.4 4.4 6.7

GL GS Al W
Material

Specific Energy

»

Nejnizsi mechanické
blokovani / treni

GS Al w

Material

GL
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Nejvyssi mechanické
blokovani / treni




Aerated Energy

INTERPRETACE DAT

Measurements: Glass GL Glass GS | Aluminium | Tungsten
Fill Ratio 0.82 0.40 0.29 0.14
Aeration Energy, AE (m1J) < 10 <10 < 10 ~300
Specific Energy, SE (mJl/g) 3.4 2.4 4.4 6.7
Pressure Drop across the powder bed at 2mm/s

air velocity, PD,s (mbar) 0.8 1.4 15.3

GL GS Al W
Material

Specific Energy

GS A

GL |

Material
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Aerated Energy

INTERPRETACE DAT

Measurements: Glass GL Glass GS Aluminium | Tungsten
Fill Ratio 0.82 0.40 0.29 0.14
Aeration Energy, AE (m3J) < 10 < 10 < 10 ~300
Specific Energy, SE (mJ]/g) 3.4 2.4 4.4 6.7
Pressure Drop across the powder bed at 2mm/s @
air velocity, PD,s (mbar) 0.8 1.4 15.3
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Pro efektivni plnéni:

= Nizka koheze (nizka
aeracni energie)

=  Stredni az nizké
mechanické blokovani
(nizka specificka energie

= \/ysoka permeabilita
(nizky pokles tlaku
vzduchu)




- INTERPRETACE DAT

Pro efektivni plnéni:

Aerated Energy

Measurements: Glass GL Glass GS Aluminium | Tungsten
Fill Ratio 0.82 0.40 0.29 0.14
Aeration Energy, AE (m3J) < 10 < 10 < 10 ~300
Specific Energy, SE (mJ]/g) 3.4 2.4 4.4 6.7
Pressure Drop across the powder bed at 2mm/s 08 @ 14 15 3

air velocity, PD,s (mbar)

GS Al
Material

GL

Specific Energy

Air Pressure drop

Prijatelné parametry efektivniho plnéni
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Nizka koheze (nizka
aeracni energie)

Stredni az nizké
mechanické blokovani
(nizka specificka energi

Vysoka permeabilita
(nizky pokles tlaku
vzduchu)
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www.pragolab.cz
m linkedin.com/company/pragolab-s-r-o-

volfova@pragolab.cz
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