The Importance of
Particle Shape

Mark Bumiller
mark.bumiller@horiba.com

Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific




Why is Shape Important? HORIBA

B Most (all?) particles are not perfectly
behaving spheres

M Shape can influence almost everything
® Particle processes, making products

® Product performance
® Making measurements

B So in other words, shape can affect almost
everything
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Particle Processes  HORIBA

®m Powder flow; spheres flow easily,
needles do not

M Liquid flow; increased aspect ratio will
INncrease VIScosity

® Powder mixing; blend time may change
with shape

® Also VERY associated with size, hard
sometimes to separate size and shape
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Powder Flow HORIBA

B Understand that spheres flow more
easily than needles

B How to qguantify? Need to first know
something about powder flow testing

E\Won't go into great detalil in today’s talk

M Just show results including particle
shape
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Powder Flow* HioniBA
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Powder Flow HORIBA

B Unconfined Yield
Strength

B Major principle
stress that causes
an unconfined bulk

[#%]

Round

\

%

Unconfined Yield Strength (KPa)
- r

material to fail in 3 rear
shear 05
B Directly proportional 0 . .
to arching & 0 5 10 s 20 -
.L Orlm at| on Of r at s Roung Major Prlnf-lizgenilress (KPa) St
oles

® Influences by #
ntact -n%/ From: Johansen, Effect of Particle Shape on
contact points Unconfined Yield Strength, Material Flow
Solutions,Inc.
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Powder Flow* b

Glass spheres Talc

Similar size ~ 5 um But different shape
9-
81
o @ wet image O Circularity (wet image
g‘ analysis analysis)

| mdry i
41 a;ya:;;?ge B Roundness (dry image
31 , . analysis)
2. O laser diffraction
1 i .

Glass Calcium Talc

0- spheres carbonate

Glass CaC0O3 Talc

*Bumiller, et. al., A Preliminary Investigation Concerning the Effect of Particle Shape on a Powder’s Flow
Properties, Proceeding from WCPT4, July 2002
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Powder Flow HORIBA

Talc Calcium Carbonate Glass Spheres

BC (ft.) 0.4 0.6 0.1
Bulk density

range [pcf] 13 to 43 35t0 75 53 to 84

B 0.16 0.11 0.06
6c [deg] 4% 12 23
Critical flow rate [tph] 0.3 9.1 2.8
S [deg] 35 38 36

*Flow questionable along any sloping hopper surface

BC: minimum outlet diameter to prevent arching

Oc: hopper wall angle (from verticle) to achieve mass flow
Critical flow rate: predicted flow from outlet

0 . effective angle of internal friction
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Powder Flow* o

Powder d,, [pm] Shape (BP) AR SF
Pregelatinized starch 103.2 Angular 1.38 +0.26 7.54 +0.35
Paracetamol 537.6 Angular 1.6]1 +0.65 7.38 +£0.53
Calcium carbonate 4.6 Cubic 1.20 + (.20 7.660 + 0.36
Potassium chloride 481.1 Cubic 1.274+0.29 7.70 + 0.56
Matize starch 492 Round .16 +0.12 386 +0.18
Microfine cellulose 363.3 Round 1.40 4- 0.36 4,48 +0.78
Microcryst. celtulose 107.7 Rod shaped 219+ 099 7.16 4+ (00.43
Acetylsalieylic acid 7217 Needle shaped 3474 1.17 7.45+0.39
ana . -
"\\ _
) A A
SF=Co+—xXx———— X
s50 [ sxs, ©®™ , s§5X5,
= ! . — ¥
H ! ‘\\; 2 4P
: .

5 . .
5= 0347 e% _ 2434 In d,_+ 59.336

354 e
0 n.o [LE] 1.6 LR 1.0

LiAsmet Ratio AR

Iig. 4. The influence of particle shape on the angle of internal
friction at optimum magnesium stearate concentration. WM.
Estimated values; . experimental values.

*Podczeck & Miah, The influence of particle size and shape on the angle of internal friction and the flow factor of
unlubricated and lubricated powders, International Journal of Pharmaceutics 144 (1996) 187 194
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Rheology/Viscosity HORIBA

B Complex relationship
between size/shape and
rheology

B More spherical shape =
lower viscosity

B Small particle size = higher
VISCOsSity

B Wider particle size
distribution = lower viscosity

Viscosity

fibers

100 200°300 nm

cubes

spheres

0.01 0.025 0.050
Volume Fraction
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Mixing HIRIBA

B Shape affects mobility and therefore causes
segregation

® Smaller effect than size

® Shape differences but be substantial

1.3 Operation Conditions 1.1 Raw Materials Properties
1.1.1 Particle Slze
Distribution
1.1.2 Cristallinity ==
1.1.3 Pariicle Shapa =
1.1.4 Cohasivity .

1.3.1 Fill Level
1.3.2 Loading Order

1.3.3 No.of revolutions

Blending
inhomogenaity

1.4.1 Operalor 1.2.1 Blender Type
1.4.2 Temperature 1.2.2 Sampling
1.4.3 Rel. Humidity s 1.2.9 Methoad

1.4 Environmental and plant conditions 1.2 Equipment

*Koller et. al.,Continuous quantitative monitoring of powder mixing dynamics by near-infrared spectroscopy
Powder Technology, Volume 205, Issues 1-3, 10 January 2011, Pages 87-96
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Powder Mixing* LARICA

B Ordered mixtures of powders comprising a microfine
active ingredient adsorbed onto coarser particles of
an excipient offer significant advantages in the
manufacture of pharmaceutical solid drug delivery

systems
Lactose/calcium carbonate mixtures £ _’%

1=Swpsde+N (]]

This is a modified form of Heywood’s expression (Niko- ’ ?
lakakis & Pilpel 1985) where N is the elongation ratio=

(Length, L)/(Breadth, B) and d. is the

*Wong & Pilpel, Effect of Particle Shape on the Mixing of Powders,
J. Pham. Phamacol. 1990,42: 1-6
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Powder Mixing

be
025 A .
L Calcivm Calcium  Calcium  Calcium
0.3% carbonate carbonate carbonate carbonate Lactose!l Lactose4 Lactose8 Lactose 12
BM CH SL SH
Particle density 271 2-62 2-66 2:66 1-54 1-54 1-54 1-54
psgcm~?
Mean Heywood diameter 33 kR 4-0 37 595 605 606 640
d. um
Elongation ratio N 1-50 1-50 1-30 1-40 1-01 1-04 1-06 108
Specific surface area 2100 3800 3500 5000 3254 3424 J68-7 410-8
c Sw Ung"
2 Shape coefficient 206 323 385 50-6 30-8 329 5.5 416
©
c _
8 [=1]
e E
(@) =]
o
©
C ﬁ
o o . .-
E Oa achieved more slowly when mixing
S ) .
3 A\ ———— with shape SL and SH (higher shape
= e coefficient) and BM and CH (lower
S 10 20 ap 40 50 60 W ..
c . shape coefficient)
n _ o
8 =
07520 Gli.'! 4 50 50 7V

Tirner of mixing (min)

FiG. 1. Standard deviation versus mixing time for differeni shaped
calcium carbonates (A: a BM, 0 CH) (B: O 5L, © SH). V= 120.
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Product Performance HoREA

M Just as shape influences processing,
also changes product performance

B Some products perform better when
more spherical
® Glass beads for highway paint
® Proppants

B Some products perform better when
less spherical
® Abrasives
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Glass Beads for Highway Paint

HORIBA

Scientific

B Size and shape critical to
reflective properties

B More round = more
reflectivity back to source

B CAMSIZER uses b/l ratio to
guantify roundness

e Breadth-/
Length-
ratio

X

In paint
r . ﬂ'-n;'

‘l"",,lmla1
w 'ﬁ*" '
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mirror reflection
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marking material

reflected light
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Glass Beads for Highway Paint HO™8A

Defects from round particles

Quantified by Camsizer

x-Werte in mm

Mr=0, x5=343.41, yvs=152.62 , d=0.898 , dk=1.302
®Fe_min=0,917 , xFe=1,455, *Fe_max=1,749,

®Ma_min=0.723, xMa=1.302, xMa_max=1,745,

wc_min=0.898, xc=1.302, xC_max=1.744 ,

Sigma(¥)=0.9740 , (bjlyrec=0,5066, Symm=0,9526
(BfL)rec=0,5178, BfL=0.5163, SPHT=0,7723 ,
xMa_val=1.302, x_mesh=1.534,

Satellites

*-Werte in mm

Nr=1, xs=273.46, ys=252.11 d=1.103, dk=1,106
P0|nted xFe_min=1104, xFe=1.107, xFe_max=1.119,

*Ma_min=1.098 , xMa=1.106, xMa_max=1.117 ,

xc_min=1,103,  xc=1.106, we_max=1,117,

Sigma(¥)=0.0249 , (bflrec=0.9757, Symm=0.98687, (bfl=0.9660
(B/L)rec=0.9757 , BjL=0.9735, SPHT=0.9613 ,

xMa_vgl=1,108, x_mesh=1.107,

Aggregates
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Abrasion Mechanics TRy

M Difference In hardness between the
two substances: a much harder
abrasive will cut faster and deeper

B Grain size (grit size): larger grains 5 ﬂ;
will cut faster as they also cut gl £

deeper

M Grain shape: sharp corners help
some mechanisms

B Compactness helps in others

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific




Dynamic Image Analysis HORIBA

e X min By choosing proper size parameter,
projection surface” VT <= X min, results can match historic sieve

Data. Also generates shape data proven
To correlate with abrasive performance.

N 4
!

Q!

Q3 [%]
X a0
Fe max
80 — - -
W " — Camsizer J(cn'lll"l Sample.rﬂf
length | T1=seog7sienrer
60
50
40
30
Fe max
20
“ Convexity
e il
0 -
200 400 600 1000 :X m
C
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Sand: Round vs. “Edgy” HORIBA

Q2 %] [ g3 [ @)l Lo pr——

A | e -
= f fl/ 040 sod / /
0 :z{f — round sand.rdf r0.35 o / /

=y —— edgy sand.rdf / {J{
80 > /\ L 0.30 end Vi /
50 L /; x\\ L 0.25 enl / /
40 Jf yan ot L 0.20 an ;/ /
a0 V / H‘\  0.15 w0l / /
f..f M-y L 0.10 /
20 e \ %, 201 7
10 -"j \x\ - 0.05 o4 — o
o \\ Lo ol | P
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Sphericit
T " P Yy

Similar in size. TR

edgy sand.rdf

Shape difference seen , /7
In b/l and sphericity. ~. - /
Edgy would make ” 7
better abrasive. > YAV

i
10 _".______,../ -
Breadth/length (b/l)
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Other Shape Parameters HOREA

Spherical Volume Median particle size based PSA 300
on the volume distribution . .
assuming particles are Stat|C Image AnaIyS|S
spheres*

. T . : 3
V., = — Crrcular diameter
g

Circle Diameter = Mean chord <1.27324

Roundness 4 x Area/(n x L x L)
A sphere has a roundness
value of 1.0. This value
decreases (.9, .8, .7, etc.)
as the particles become less
spherical

Aspect Ratio Longest Feret Length Compactness 4 1 Area/ Convex Perimeter?

Shortest Feret Length

A = Area I
: A

Convex Perimeter — . ™|
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PSA300 Calculation ALy

M Find sharp edges at the tips of the particles
B Count number of tips (child count)

® Number of tips alone not sufficient, long
particles w/2 tips not as good as hexagon
w/6 tips

W Define angularity roundness as child count
X roundness

® Thus triangle w/3 points less angular than
octagon of 4 sharp edges & 4 rounded
edges
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PSA300 Calculation S s
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Abrasives (bt o
- {f J
N Sample Vol Round Comp |AR Ang
ey " & Small (um)
-, | d10 166 05 08 11 1.2
L d50 388 07 09 13 23
Small abrasive, high angularity (left), low doo 63.1 0.9 0.9 1.8 3.6
angularity (right) Medium
. d10 140 0.3 0.5 1.2 1
d50 211.8 0.5 0.7 1.6 1.9
& R A doo 319.9 0.7 0.8 2.5 3.3
: I : Large
d10 3329 06 07 11 21
Medium abrasive, high angularity (left), low ds0 375.2 0.7 0.8 1.3 3.4
Angulangrg L) doo 421.4 0.8 09 15 5

’ Angularity Roundness: count sharp
| tips, create child areas

AR: roundness x child area

Large abrasive, high angularity (left), low
angularity (right)
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Catalysts Size/Shape by CAMSIZER HORIBA

B Spherical catalysts

® Easy, no special effort I ‘BZE..

°

,,,,,

M Cylindrical catalysts
® Length, width

B Bended extrudates
® Use other parameters  , _ [ ()

Xoty = ———

stretch
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Catalysts Size/Shape by CAMSIZER HORIBA

B Tri & quadralobe E

® Possible to distinguish  Quadraiobe catayst
between different
diameters

® Shorter green
distribution = length

® Taller maroon
distribution= width

M Size helps define
shape

Trilobe catalysts
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Proppant Packing HORIBA

scientifig

Paorosity space
Forous Resarvoir Rock

4

Mo porosity.
All space filled by grains.
Mot @ reservoir rock.
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Shape Comparison  HORIBA

Ceramic-Prop-EP-20-40-Mesh-40.rdf
Ceramic-Prop-SB-20-40-Mesh1l.rdf
Ceramic-Prop-SG-V-1.rdf
Sand-Prop-SIB-20-40-MIS-9.rdf
Natural-Brown-Sand-C-20-40.rdf

— White-Sand-Prop-UNF-20-40-17.rdf
—— White-Sand-Prop-SIB-20-40-CHF-10.rdf
— \White-Sand-Prop-UNF-20-40-1.rdf

- \White-Sand-Prop-UNF-20-40-8.rdf

0.3 0.4 0.5 0.6 0.7 0.8 AspctRatio

Shape comparison between natural sand proppants and ceramic proppants.
There are two clearly different ranges of Aspect Ratio (Krumbein’s Sphericity).
Analysis of other shape parameters are possible as well (Convexity for ceramic bead
twins, Symmetry for good and broken ceramic beads, Krumbein’s Roundness

Explore the future
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Proppants b

Proppant Shape Strength | Conductivity
Ceramic Uniform__ | High High

Resin coated | Irregular | Medium Medium

sand

Sand Irregular | Low Low

Traditional method CAMSIZER

o —— Proonams—12-20-wans_xc_min_aat rar
—— Dropoams—12-20-¥ans_xc_min_002 rdf

—— Proppants—16-30-¥ans_xc_min_ 001 5dr
— Dropnans—16-30-Fans_xc_min_003 rdf
TOOnAME—20-40_xc_min_001.rdr p
BrappamE—20-20 _xc_min_004rdr A
—— Competier-20-40Mash_xc_min_001 rdf o
COmpatior-20-400Masn_vc_man_0m2 rdf
—— WA 40-7 OMash_xc_min_0015dr

8l ¢+

8]

oy

05 sl

& %

t ¢ 0 @
'V o & O
') ¢ & @
N AN W
' 0 9 ©®
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Shape Effects Size Measurements HORIBA

® Inherent effect since light scattering
Instruments report equivalent spherical
diameter

M Sieve vs. laser diffraction vs. image
analysis

M Consider cylinder vs. sphere

50 pm

e Sieve = 50 mm

Laser = 72 mm
. |A = full description
— V = 4nr
3

72 Jm

100 pm

V = nréh
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Modeling/Predicting Differences HORIBA

M |n particle size; choose a technique,
Influence the answer

B Well explained in this paper

PDA Journal

of Pharmaceutical Science and Technology

:

|
s

4

Theoretical Aspects of Particulate
Matter Monitoring by Microscopic and
Instrumental Methods

Hans G. Schroeder” and Patrick P. Deluca

Presented at the Spring Meeting of the Parenteral Drug Association in Philadelphia, June 1977
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HORIBA

Modeling/Predicting Differences™="

LONGEST

ELECTROLYTE
INSTRUMENT LIGHT BLOCKAGE DISPLACEMENT
VIEW Dy D,
W, ot gt L Y
T [ 3
Da = Dg =Dy =0y

2
%DL sLalvZ,D,= 1341
.0,= 0850,

*Dy ) .
< - Lalal, D=1 24L
- 0,=0.880,

D!
3L/, D221

3

L
TDV =La2LlxdL, Dye225L

SHAPE MICROSCOPE VIEW DIMEDN&ON HORIZONTALD PROJECTION
0 H
ey
Lon. @ ’] Do<L Dy OgeL
Ceha [0 [cosa +cos190-al] da
CUBE Lmn , Dorl_\ff 2 =
LXLXL LleG ulJ z
=127L = D4=090D,
COUANT 0 _fo%l:];Lcosu‘ZLcosIS'O-al]da
ILX2LAL Do =LV13 (% 2
-318L 0,7 0880,
CIRCULAR COORDINATES
PROLATE Y:=xsing + yeosa
[ELLipsoin =27
27N 0g = 27L .fo_’?i. L—(Q-ZSSL
2
+.D,= 0.87 0,
™
uy .{044L[cusvcnsl90-a)]du
FLAKE | * . N
LIRTIRTH B Do*LV32 | Du 7,
:508L  ~0,=0900,
L/
L2 [3L cosa+Lcos(90-a)] da
ROD . .
3LXLDIA, Do LV10 | O T,
2550 ..D,=08I D,
RIGID . f:‘l 0Lcosada 64L
R . 2 .
0L XL 01 Dg=10L | 7 "
<D= 064 D,
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=Dy = 0.81D, 0,7 0620,
2\ w0y b, :
¥ -
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5 20,2061 0, =.0,* 0.520,
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2 ] 2
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50,0250,
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Modeling/Predicting Differencest?RIBA

TABLE II. Summary of Sphericity Correction Factors Based on Longest
Linear Dimension

Dy Dy Dy Dy
Longest  Horizontal Light Electrolyte
Shape Dimension Projection Blockage Displacement

Sphere . 1.00 1.00 1.00 1.00
Cube (1:1:1) 1.00 0.90 0.95 0.88
Equant (3:2:1) 1.00 0.88 0.81 0.62
Prolate ellipsoid (2.7:1) 1.00 0.87 0.61 0.52
Flake (4:4:1) 1.00 0.90 0.81 0.55
Rod (3:1 dia.) 1.00 0.81 0.62 0.52
Fiber (rigid, 10:1) : 1.00 0.64 0.36 0.25

My sample is a rod, what will my instrument report?
Coulter counter: 52 um, laser diffraction: 81um
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Defining Size

Xc min Xarea XFe max

“width” “diameter over “length”
projection surface”

a v

CAMSIZER results
are
compatible
with
sieve analysis

—
P

Xarea

—
e}

Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific
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Width < Sieving HORIBA

Q3] | ] | | T T T /"‘
0] — _ f iV
_| === width measurement ;{/
a0 —
XC min ] == Sieving //
70 ] ?{?'
i - 7y | /;"F
width 60 7
a0 1 4'"_1’{
40 1 /
/
30 A
20 1 /‘f//
10 7
o
0- _# -
200 400 G600 1000 : )
Xemin
comparison

CAMSIZER-measurement X min (red)
and sieving * (black)
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Laser Diffraction vs. Sieves HORIBA

M Sieves report smaller size
® Typically 10-30% smaller
B Depends on shape

B Options to correlate
® Shift reported results
® 50% passes 325 mesh (44 um)
® D50 by diffraction = 53 pm
® Report value @ 53 um ads pass 325

ala Cosselaton
W Conelsion  Select |  Edt |

mesh result e —

. Drata Procersng - Upper bem is processed izt
® LA-950 correlation tools e e
Drata Skt [-30 +30) [ |0
Smoothng Parameles [~ |5 -
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Fiber: Laser Diffraction vs. Images = b

1% ] —100
Length: aaz.«iy 2 v I

40 - / z
" [Length: “V / 80
[ ] N i

: 70
|Length: 301.9 y - / r
1000 pm E
length
B
S = B
[Length: 9.427 pm, - g
\/” 3 =
B —40
g —30
il 20
/_/\ —10
0 o L i R e L b o
0.010 0.100 1.000 10.00 100.0 1000 3000

Dizmeter{ps)

Note: both distributions widened by laser diffraction
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Want to Avoid Influence of Shape? HORIBA

® Use image analysis !
® Direct measurement of size + shape

B Get not only size but also shape distribution
CAMSIZER PSA300

' camera

Basic-Camera Zoom-Camera
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Summary A

W Particle shape a critical physical
parameter

B Affects the product, the process and lab
measurements

B Understand how shape affects your
business

B Understand how shape influences your
measurements
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Resources: www.horiba.com/particle
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Every instrument across the five
business segments must meet
stringent requirements before the
HORIBA name is aftached. The
Particle Characterization group of analyzers has incorporated this principle into
each new design since entering the business in 1979. Relentless innovation
united with high performance to attain the ultimate goal: a new standard in
usability.

Particle Characterization Products

HORIBA offers instruments for parlicle size, particle shape, zeta potential, and
surface area analysis. Measurable particle size range is from below 1 nanometer
to 30 millimeters, at concentrations ranging from 1 ppm to 50 vol% with shape
determination available starting at 1 micrometer. A range of analytical technigues
are employed including laser difiraction (Mie Theory), dynamic light scattering,
and dynamic and static image analysis. (measuring both particle size and shape
information).

HORIBA's advanced designs and poweriul software, combined with flexible
sample handling systems are available to meet every analysis need. These

Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific

© 2013 HORIBA, Ltd. All rights reserved.

Dispersing Powders in
Liguids

ebinar

April 16, 2013 geg

<« Next webinar

PM Eastern
Request Information

il

Quick Request -

m@,‘\\

‘q
«—— Get information

Particle Size
Essentials

Newsletter

Download Center ?

«— View webinars

More Info
IS A

HORIBA




