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PRODUCTION PROCESS

Both Process and Material Affect Dust Generation
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Separation Forces: lmpaction
Assumption: Strongest Forces Act on lmpact

Depend on Energy Input

lmpact Velocity
Mass of Agglomerate

Affected by th e Process:

Fall Height
Material Flow (mass/time)
Condition of Receiving Surface (Hard or Soft)



The Hopper

The Release Point
Flow of Single Particles Flow of Agglomerates

No Flow Situation (Bridging)
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Forces that Act on a Material as it Falls
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Particle Bouncing Area
Deagglomeration'
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Collision Velocity vs. Particle Size:
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Particle Adhesion Area (Eq. 4)
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Primary Particle Size dP [um]

Regions of Adhesion, Bouncing, and Breakage



Material

Adjustable Diamete\ 
rqr+s '  ' - '='r t

\;ffi I

lmpact Plate Receiving Hopper
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Apparatus to Measure lmpaction
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Material Drop Height Over Pile [m]

lmpaction (Force/Flow) vs. Drop Height
Material as Parameter

-+ Titanium Dioxide

-+ Glass Beads



fmpaction Model

J - e-1.tt0.45 H0.4t0.10 M0.1t0.03 6r00.2t0.04 p 0.310.10 qr0.1t0.03 6p0.2t0

I -- Impaction, m/s
H -- Drop HeighI m
M -- Moisfure Content,%o
dso -- Particle Size, pm
pp -- Particle Density, kdm'
cw Cone Width, m
AR -- Angle of Repose, degrees
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Measured lmpaction [m/s]

lmpaction Predicted from Regression Equation

Titanium Dioxide
Lactose
Limestone
Glass Beads

vs. Measured lmpaction



Binding Forces: Cohesion
Depend on Surface Contact Points

van der Waals Forces
Capillary Forces (moisture content)
Electrostatic Forces

Affected by Properties of the htlaterial:

Physical Properties
Compression History
Moisture History

Result: No Model Available for Non-ldeal Materials
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Peschl Shear Tester for Measuring Cohesion
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Normal Stress [kPa]

Shear Stress vs. Normal Stress
from Peschl Shear Tester
Y-intercept is Cohesion

Cohesion = y Intercept
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Moisture Content lo/ol

Cohesion vs. Material Moisture Content
Material as Parameter

t+ Titanium Dioxide

+F Limestone

+ Gtass Beads
-,e- Lactose





Cohesion Model

C - el.3+0.s6 M0.210.02 6ro-0.210.03 TrO.3ro.oa

C -- Cohesion, kPa
M Moisture Content,%o
dso Particle Diameter, lrm
T. Melting Temperature, oC
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Measured Cohesion [kPa]

Cohesion Predicted from Regression Equation

R2= 0.62 o
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Lactose
Limestone
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Glass Beads

vs. Measured Cohesion



Dust Generation
Balance Between Binding Forces and Separation Forces

lm paction
Cohesion

Approach,

Measure All Variables
Determine Function f



Cohesion Impaction Dust Generation
Rate

Droo Heicht N/A 0.25.0.7.1.25 m 0.25.0.7.1.25 m

Materid Flow N/A 0.1. 0.3. 0.6 kc/s 0.1. 0.3. 0.6 kcls

Materid
TiO2 , Limestone,

Glass Beads,
Lactose

TiO2, Limestone,
Glass Beads,

Lactose

TiO2, Limestone,
Glass Beads,

Lactose

Moisture Content 0, 0.1,  1.2%
l'-  5.5'-  6'Yo

0, 0.  l ,  1.2 %
l ' .5.5 ' .6 'Yo

0,0.1,  1.2%
l ' -  5.5 ' -  6 'Yo

Particle Size Range of
Material

d<S;rm, 5<d<25pm,
d>25um

d<Spm,5<d<25pm,
d>25um

d<Spm, 5<d<25pm,
d>25um

'Moisture values for lactose

Variables Investigated in Dust Generation Tests



Full-Scale Apparatus to Measure Dust Generation

Fan ttAtt lmpactor

Cutoff Valve

Conveyor B elt

Hole of
Adjustable Diameter

Ven t

lmpact Plate Receiving Hopper

Material

ffi
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H eight
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Fanr fBf l

Large Particles Setfle Out
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Dust Generation Section I section



10 Lpm

Five-Stage
lmpactor

20 and 40 cm tall Extensions
Allow Additional Drop Heights

Material lnjection Slide
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Window

Bench-Top Apparatus to Measure Dust Generation
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Glass Beads
Lactose

Titanium Dioxide
Limestone
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Drop Height H [m]

Dust Generation vs. Drop Height
Material as Parameter



Titanium Dioxide
Limestone
Glass Beads
Lactose
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Dust Generation vs. Material Moisture
Material as Parameter



Equation Determined

Gi :e-e.1to.eo FraC; -0.2,0.03 lm paCtiOnl'0t0'27

Cohesion3^oton
R 2 - 0.59 for 147 tests with four materials
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Predicted Size Specific Dust Generation Rate [g/g

Measured Dust Generation vs.
Dust Generation Predicted by Regression Equation

R2= 0.59
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Gonclusions
. Created a conceptual model for dust generation

. Developed techniques to measure
factors that affect dust generation

. Developed equations to predict dust generation



Summary
. Determine Cohesion from Experiments or Equation

Depends primarily on moisture and size of material

. Determine lmpaction from Experiments or Equation
Depends primarily on fall height for process

o Measure Size Distribution of Original Material

. For Each Particle Size of Interest, Use Equation To Predict
Fraction that Becomes Air-borne as Dust.




