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ABSTRACT 

A se t  of s i e v e s  having rec tangular  ape r tu re s  has been used, 

with a s e t  of square-mesh s i e v e s ,  t o  s epa ra t e  powder p a r t i c l e s  

according t o  t h e i r  shape. A f ree-f lowing granular  materrtal, 

sodium perborate  t e t r a h y d r a t e ,  was shape-sorted using t h e  

s l o t t e d  s i eves  and a l s o  using an inc l ined ,  vibrat . ing deck. 

The length ,  width,, t h i ckness ,  p ro jec ted  a rea  diameter and 

equiva len t  volume diameter w e r e  determined f o r  each shape- 

f r a c t i o n  and these  da t a  were used t o  c a l c u l a t e  shape f a c t o r s  

t o  a s ses s  the  performances of t h e  two me-thods 

I t  was found t h a t  both methods w e r e  capable  (sf s o r t i n g  the  

ma te r i a l  according t o  p a r t i c l e  shape. The deck was capable Of 

-- 
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1 9 9 6  WHITEMAN AND RIDGWAY 

a slightly higher throughput, but the sieves were more selective 

as well as being quantitative with respect to two of a particle's 

three principal dimensions. 

INTRODUCTION 

The size and shape of particles are of great importance 

in solids handling and processing operations because of their 

effects on the bulk and flow properties of powders and granulates 

A powder consisting of mainly irregularly-shaped particles has 

a lower poured bulk density than a powder of the same substance 

consisting of more regular, spherical particles. Its resistance 

to shear is greater and its ability to flow and mix with other powders 

is less. The effects of particle shape increase as particle 

size decreases until, at sizes of about 50pm or below, shape 

effects can predominate over size effects. This can significantly 

affect tabletting and capsule filling operations. 

Within the last two decades, various methods for shape- 

sorting particulate solids have been developed, making it 

possible to investigate the effects of particle shape on powder 

properties. The most successful technique so far described 

uses the Jeffrey-Galion vibratory shape-sorter, a device originally 

designed to sort industrial diamond grit This machine can shape- 

sort particles ranging in size from a few millimetres down to 

about 2 0 0 ~ ~  but the throughput falls over this range from 

several kilograms a day to less than 509. 
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P A R T I C L E  SHAPE D I S C R I M I N A T I O N  U S I N G  SLOTTED SIEVE!; 1997 

2 
Nakajima e t  a1 used square-mesh and s l o t t e d  sieves t o  shape- 

s o r t  fragments of crushed hzematite i n  the size-range 5--50mm. The 

pr inciple  of the method i s  t h a t  square- o r  round-hole s ieves  w i l l  

separate p a r t i c l e s  according t o  t h e i r  width, w ,  whereas s l o t t e d  

sieves separate ac:cording t o  p a r t i c l e  thitckness, 1:. The method was 

highly se l ec t ive  and, although only two dimensions were measured, 

it accounted f o r  almost: a l l  of the shape va r i a t ion  i n  the 

p a r t i c l e s  because Nakalima and h i s  co-workers found t h a t  p a r t i c l e  

length,  1, did not: d i f f e r  s ign i f i can t ly  between f r ac t ions .  

I n  the work presented here,  the a b i l i t y  of s l o t t e d  s ieves  t o  

shape-sort much smaller- p a r t i c l e s  has been assessed, and the 

method's performance has been compared w.ith t h a t  of the Jeffrey-  

Galion shape-sorter. 

MATERIALS AND METHODS - 

Sample Preparatior! 

Sodium perborate te t rahydrate  (BDH Ltd. , Poo.Le, Encjland) is  a 

bleach used i n  detergent powders and i n  some o r a l  hygiene 

preparations.  I t  is avai lable  as  granular p a r t i c l e s  of s imi l a r  s i z e  

and shape t o  many pharmaceutical granulates.  To eradicate  

p a r t i c l e  s i z e  e f f e c t s  as  f a r  a s  possible,  a bulk :sample of 

sodium perborate was closely-sized by sieving on a nest of square- 

mesh s ieves ,  arranged i n  a h ' s e r i e s .  
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1998 WHITEMAN AND RIDGWAY 

The 425-355pm size-fraction was divided using an Endecotts $'' 

sample splitter to give two sub-fractions, one of which was sieved 

on a nest of slotted sieves, again arranged in a mseries. The 
c 

sieve cloths were electroformed, having slots whose lengths were 

three times greater than their widths. The slot widths corresponded 

with the aperture sizes in a standard 

square-mesh sieves. The largest slotted sieve used was 420pm and 

4- 
ASTM Ell nseries of 

the smallest was 210pm. A smaller sieve could not be used since 

a particle passing a 425um square aperture could have a width, w, 

of up to 600pm if it passed diagonally (see Figure 1). 

Because the length of the slots is three times their width, 

to prevent a particle of width 600pm being retained in a slot due 

to its width rather than its thickness, the smallest slot we can 

use is 6 0 0 / 3  = 200pm. 

The sieves were shaken on a Fritsch Analysette 3 electro- 

magnetic test sieve shaker (Fritsch, W. Germany). Preliminary 

experimentation showed the best sieving regime to be 15 minutes 

at an amplitude of 0.5mm with a load of 20g. 

The remaining sub-fraction was sorted on the Jeffrey-Galion 

shape-sorter (Figure 2). This device consists of a triangular 

deck, mounted on a tubular metal framework, fitted with two screw- 

jacks to permit adjustment in two perpendicular directions Material 

is fed onto the deck at the rear corner and the vibrating deck 

imparts an upward momentum to the particles, which tends to make 

them ride up the deck in the direction of the sorting angle, A 

feed angle of as little as 2.5" is sufficient to make the particles 
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PARTICLE SHAPE DISCRIMINATION USING SLOTTED SIEVES 1 9 9 9  

1: 

FIGURE 1 

Diagram of a Square Aperture Showing Maximum Poss ib le  Pa:r t ic le  Width ( Y )  

feed 

c 

v i b r a t o r  
_cc 

Tr aspher  ica 1 
par  t i c  l e s  
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FIGURE 2 

Diagram of the Jef f rey-Gal ion  Shape-sorter  
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WHITEMAN AND RIDGWAY 2000 

ride not only upwards but also forwards over the deck. The result 

is that spherical particles leave the deck at the lowest point of 

the exit edge, whilst flaky or blocky particles leave at the highest 

point of the same edge. Thirteen catchpots collect the different 

shape,-fractions which emerge at the front edge of the deck. 

The shape-fractions produced were reduced to samples of 5-109 

using the Endecotts sample splitter and these smaller samples were 

further reduced by pouring over a knife-edge until only a few 

thousand particles remained The particles used for shape 

characterisation were extracted from these samples. 

Sample Characterisation 

The thicknesses, t, of 100 particles from each shape-fraction 

were measured using a D.C. miniature displacement transducer (DFg 2 . 5  

(Gold) - Sangamo, Bognor Regis, England). This had a rated stroke 

of 2.5mm and a linearity of 0 1%. Particles were allowed to come 

to rest on a glass slide in their most stable orientation and 

were then mancevred under the probe of the rigidly-mounted 

transducer using microsurgical forceps, so that their heights 

could be measured. A minimum of three measurements were made for 

each particle to ensure accuracy and reproducibility. 

The particles from each fraction whose heights had been 

determined were examined using a microcomputer-based image- 

analysis rig. The apparatus used is shown diagrammatically in 

Figure 3. It comprised a Vickers M75 microscope (VickPrs(1nstrurnents) 
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PARTICLE SHAPE DISCRIMINATIOa USING SLOTTEO SIEVES 2001 

MICROPHO- 

D T G I T I S A T I O N  DECK 
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I_ 

I J 

FIGYRE 3 

DRAWING TUBE 

Ylock Diagram of Wicrocomputer-based Imarjc-ana 1 y s  i 2. R i g  
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2002 WHITEMAN AND RIDGWAY 

In the first instance particle length, 1, and width, w, 

were measured. The particle thickness, t, was then entered into 

the computer so that all of the data could be sorted and a 

statistical analysis performed. In the second stage, the perimeter 

of each particle was digitised and the computer calculated 

the projected area diameter. 

The density of the particles was measured using a Beckman 

model 930 air comparison pycnometer. The equivalent volume diameter 

was calculated from the mean particle volume for each shape fraction, 

which was in turn calculated by counting and weighing 1000 

particles from each sample, then dividing the mean particle weight 

by the density. 

Specific surface area was determined using a Lea and Nurse 

apparatus with a very short capillary (5cm), so that high air 

flowrates could be used. The measurements made were used to 

calculate the shape factors defined in Table 1. 

RESULTS AND DISCUSSION 

The thickness distribution for the slotted sieved material 

(Figure 4) is approximately Gaussian and, like conventional 

sieving distributions, it gives quantitative information about the 

particle thickness. The Jeffrey-Galion pot number distribution 

shown in Figure 5 is not SO informative because although it tells 

us how much of each shape fraction there is, we do not know what 
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P A R T I C L E  SHAPE D I S C R I M I N A T I O N  U S I N G  S L O T T E D  S I E V E S  2003 

TABLE 1 

D e f i n i t i o n s  of t h e  Shape  F a c t o r s  u s e d  t o  C h a r a c t e r - i s e  t h e  Par t ic les  

HEYWOOD ( H I )  f 
k and  k=k /mm 

where f=1 .57+ C(ke/m) :t . 3 ( n + l ) / n  - 
e 

HEYWOOD ( H 2 )  S d D  
w a  

w t - KRUMBEIN ( K )  
l2 

WENTWORTH ( W )  

Z I N G G  ( Z )  

l i - w  
2 t  
- 

It  - 
W 2  

t h e  shapes  o f  t h e  p a r t i . c l e s  i n  e a c h  f r a c t i o n  a re .  The d i - s t r i b u t i o n  

i s  i n  any case dependen t  on t h e  machine s e t t i n g s  used .  

The t h r o u g h p u t s  f o r  t h e  t w o  methods were comparab le ,  b e i n g  

a b o u t  500-1OOOg a d a y ,  though t h e  deck  c o u l d  be o p e r a t e d  c o n t -  

i n u o u s l y ,  w h i l e  t h e  s i e v i n g  w a s  a batchwitse process 

The c h a r a c t e r i s a t i o n  r e s u l t s  are summarised i n  Tab1.e 2 .  The 

c o e f f i c i e n t s  of v a r i a t i o n  f o r  par t ic le  l e n g t h  and  wid th  are  q u i t e  

h i g h  and t h e r e  i s  a t endency  f o r  t h e s e  ditmensions t o  d e c r e a s e  

s l i g h t l y  w i t h  d e c r e a s i n g  s l o t  w i d t h .  P a r t i c l e  t h i c k n e s s  i s  t h e  

d imens ion  which h a s  m o s t  i n f l u e n c e  on t h e  a b i l i t y  o f  p a r t i c l e s  t o  

pass a s l o t  and s o  t h i c k n e s s  decreases w i t h  d e c r e a s i n g  :;lot w i d t h .  

Th ickness  decreases t o  a much g r e a t e r  e x t e n t  t h a n  l e n g t h  o r  
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2004 WHITEMAN AND RIDGWAY 

c 

I I I 1 I 
200 250 3 0 0  350 400 450 

MEAN SLOT W I D T H  (p) 

F I G U R E  4 

S l o t t e d  Sieving Distribution for Sodium Perborate 425-355pm 
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P A R T I C L E  S H A P E  D I S C K I M t N h T I O N  U S I N G  SLOTTED SIEVE,S 2005 

J e f f r e y - G a l l o n  Pot N i i r n b f , r  Distribution f o r  Sod:um Perhor ,~ te  425-355prn 
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PARTICLE SHAPE DISCRIMINATION USING SLOTTED SIEVES 2007 

width,  t he  combined e f f e c t  being a decrease i n  t h e  equiva len t  

volume diameter with decreasing s l o t  wid-th. 

For t h e  deck-sorted m a t e r i a l s  t h e  c o e f f i c i e n t s  of v a r i a t i o n  

i n  each of t h e  t h r e e  dimensions a r e  abou-t t h e  same, but  for  t h e  

s l o t t e d  s ieved samples t h e r e  was less v a r i a t i o n  i n  th ickness  

than i n  t he  o the r  dimensions. Length and width increase  with 

increas ing  pot  number, causing an increase  i n  pro.jected a r e a  

diameter.  A t  t h e  same time th ickness  decireases i n  such a way 

t h a t  t h e  equiva len t  vol.ume diameter does not  change w i t h  po t  

number. This g ives  conffirmation t h a t  t he  deck s o r t s  according t o  

p a r t i c l e  shape and not  by s i z e  (mass) .  The r e s u l t s  h i g h l i g h t  t he  

d i f f e r e n t  s o r t i n g  mechanisms of t he  s i eves  and t h e  deck: t h e  s i eves  

s o r t  mainly by th ickness ,  t h e  deck by pro jec ted  a rea  ( a rea  of 

con tac t  between t h e  deck and p a r t i c l e s )  . 

The shape f a c t o r s  def ined  i n  Table 1. a r e  p l o t t e d  a g a i n s t  

mean s l o t  width and pot: number i n  Figure:; 6 and 7 .  'Two methods of 

ca l cu la t ing  the  Heywood shape f a c t o r  were employed t o  determine 

whether o r  not  t h e  shape can be represented by t r i a x i a l  f a c t o r s  

a s  e f f e c t i v e l y  a s  by a f a c t o r  which i s  ca l cu la t ed  from bulk 

p rope r t i e s .  I n  f a c t ,  both H l  and H2 show t r ends  i n  shapNe with 

pot  number and s l o t  width,  bu t  they g ive  numerical.ly d i f f e r e n t  

r e s u l t s  f o r  t h e  Heywood shape f a c t o r .  The d i f f e rences  a.re 

probably due t o  t h e  d i f f e r i n g  assumptions made i n  each (case. 

The shape f a c t o r s  do a l l  i n  f a c t  show t r ends  i n  shape between 

f r a c t i o n s ,  showing t h a t  although each method e f f e c t i v e l y  s o r t s  

according t o  only two of a p a r t i c l e ' s  t h r e e  p r inc ipa l  dimensions,  

the  r e s u l t a n t  f r a c t i o n s  show t rends  i n  t he  ove ra l l  pa r t - i c l e  shape. 
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-r 
2 3 0  250 2 7 0  29L 7 1 9  330 150 370 390 

MEAN S L O T  IUIUTti (prn) 

H I x l O - ’  +- HLr lG ’ a+++ w -  

K *- z -  

FIGURE 6 

P l o t  of Shape Fac tors  a g a i n s t  Mean S l o t  Width f o r  Sodium Perborate  

42 5 - 3 5 5prn 
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P A R T I C L E  SHAPE D I S C R I M I N A T I O N  U S I N G  SLOTTED SIEVES 2009 

W l - - - T - - T - T - - - - l  

0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

POT NUMBER 

CI +-- 

EW-5 H 1 x 1 0- H 2 x l O -  ’ 
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Plot of Shape Factors  a g a i n s t  Pot Number :Eor Sodium Perborate  425-355pm 
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FIGURE 8 

Selectivity Plot for Sodium Perborate 425-355pm on Slotted Sieves 
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PARTICLE SHAPE DISCKIMLNATION USING SLOT'TED SIEVES 

TABLE 3 __- 

2011 

Sample Variances f o r  S l o t t e d  Sieved and Deck Sorted Samples 

F rac t ion  Variance 

t= 42 0 - 3 S 5pm 4 48 8 

t=355-300pm 5509 

t=300-250pm 4 7 f )  7 

t= 2 S 0.2 1 Opm 7045 

Frac t ion  Var i ance 

pot  1 3656 

pot '5 6868 

pot  '3 6224 

pot  13 9989 

Figure 8 i l l u s t r a t e s  t h e  s e l e c t i v i t y  of t he  s l o t t e d  s i ev ing  

technique.  The f'our ho r i zon ta l  l a y e r s  r ep resen t  t he  fou r  th ickness  

f r a c t i o n s  and while the.re i s  cons iderable  ove r l ap  between ad jacent  

f r a c t i o n s ,  t h e  boundaries  do appear t o  correspond c1.osel.y with t h e  

nominal s l o t  width:; of t he  sieves which d e l i n e a t e  the  f r a c t i o n s  

Thus the  sepa ra t ion  i s  a c c u r a t e ,  bu t  somewhat l ess  preciI5.e than 

t h a t  obtained by Nakajima e t  a l '  This i s  because ir t he  work 

repor ted  he re ,  s i ev ing  was performed e n t i r e l y  autoinatica.l ly,  

whereas Nakajima and co-workers were ab le  t o  maual Ly a l i g n  t h e i r  

l a r g e  h z m a t i t e  p a r t i c l e s  i n  t h e  s l o t s  t o  f a c i l i t a t e  pas:sage. There 

i s  no comparable se lec t i .v i ty  with the  J e f  frey-Galion deck. 

To quar . t i fy  the  wi th in - f r ac t ions  v a r i a b i l i t y  (sample homo- 

g e n e i t y ) ,  t he  var iances  i n  each of the  thiree p r i n c i p a l  dunensions 

were added togethe?- to <live t h e  t o t a l  var-Lance f o r  each f r a c t i o n .  

The r e s u l t s ,  shown in Table 3 ,  r evea l  t h a t  t h e r e  1:: gene ra l ly  less 

wi th in - f r ac t ions  v a r i a b i l i t y  f o r  t he  s lo t t ed - s i eved  mater i a l s  than 
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2012 WHITEMAN AND RIDGWAY 

for the deck-sorted samples. The lowest variability is exhibited 

by pot 1 of the deck-sorted material, but variability increases 

markedly with pot number. 

CONCLUSIONS 

The results show that sodium perborate tetrahydrate can be 

split into a number of shape fractions by either of the two methods 

used. The sieving method gives greater selectivity and greater 

sample homogeneity than the Jeffrey-Galion deck and has the 

further advantage that it is directly quantitative with respect 

to two of a particle’s three principal dimensions. 

Slotted sieves can be used for rigorous shape analysis, 

sample preparation or simply to measure particle width, providing 

a useful additional quality control specification for powders and 

granules The method could also be useful in spheronisation 

processes, to screen out non-spherical particles. 

Two of the main advantages of the slotted sieving technique 

are that it is simple to perform and requires a minimum of special 

equipment (only the sieves themselves). For these reasons, together 

with their selectivity and quantitative shape-sorting capability, 

we believe that slotted sieves have tremendous potential both in 

research and in quality control. 

SYMBOLS 

C constant depending on the physical form of a particle 

D true density 
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P A R T I C L E  SHAPE D I S C B I M l N A T I O N  U S I N G  SLOTTED S I E V E S  2013 

d pro jec ted  a rea  diameter 

f Heywood's su r f ace  c o e f f i c i e n t  

k Heywood's volume coe f f i c i f , n t  

k volume c o e f f i c i e n t  for an qu id imens iona l  part.Lcle 

1 p a r t i c l e  l e n g t h  

m Heywood's flaki~nrs:; r a t i o  (~-w/t) 

n Heywood's elonqat.ic;ri r a t i o  ( n = l / w )  

Sw s p e c i f i c  surfcice dri-?d 

t p a r t i c l e  th ickness  

w p a r t i c l e  width 

3 

c 
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