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Presentation of size distribution
Evaluation of distribution width
 The size distribution width can be estimated by determining Span

AW &3 )
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Particle diameter

* Note: Dy, D5, D, are values corresponding to 90, 50 and 10% in the cumulative
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undersize curve.

Particle size analysis methods

Microscope methods ( Jizck mehio )

Equivalent diameters
d,, d,, dp and dy, can be determined

Range of analysis

» Light microscope (1 - 1000 pm) Ny 4
* Scanning electron microscope ( 0.05 - 1000 um) m{cfojFo_P'e e & -
. CTransmlssmn electron microscope ( 0.001 - 0.05 um) Paghicel o

Ruticel I o> Cyuadn
‘?)'/M]

22
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I_“_l‘bgi by light Image by scanning electron
mICToscope microscope(SEM)

23

Particle size analysis methods

Microscope methods
. Parkicel W des s l_l'q/mcﬁ Can
Sample preparation (Quel s s sate) osslispersion

fad WY slick Mo abdi bay S oress
(gaijf Q{epM/MP:nnché)PuI“ce) BT

Techniques
* manual

* Semiautomatic
— Particle comparator

areas of the grid where WBC are counted

Ml areas of the grid where RBC are counted

— Image shearing eyepiece (double prism arrangement)

e Automatic

— A video camera is used to transform the image to a microprocessor where

manipulations and calculations are done

’P‘ NIV 3 MicfosCope A\Cﬁ%ﬂyu

Compuler Js Sxstlc b &7 2 Sample

anclysis yovy g,
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Figure 10.4. Typical image processing system.
25

Particle size analysis methods
Sieve methods (J et mebhod )

Equivalent diameter
Sieve diameter (dg)

Collecting pan

Range of analysis -
Available range: (5 - 125 000 pum)
ISO range: (45 - 1000 um)
Sample preparation
Dry sieving: for non cohesive powders
Wet sieving: for suspensions and cohesive powders 2
QWY Jebo st Ponder b
PO\(\’I'CQJ -Size Al (el S0 L& Q_)va)@
SUg pensions 35y Po wdef J
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Particle size analysis methods

Sieve methods

Techniques _
1) Vibrated sieving; d>le s sono p

. . o, 2 heel
« Uses a sieve stack (usually 6 —8 sieves) % iff'uf:l

» The Particles are retained on sieve mesh

corresponding to the sieve diameter. = c-eoke adie e,
Spuaslere e Lals &o Receiver

<+—locking clamps

2) Air-jet sieving: e
» Uses individual sieves starting from that of
Digital controls: On/Off
smallest aperture. o e

» Vacuum is applied to encourage particles to

ass through sieves.
P 8 S ibrohbn N air ~yer M 25l o

Soive ;5 555 Ruckicel I sUpe!
I[{_/&)\ —C\AL-I—LL—O J\)J'_zo %_r/
Cerbicg N 2205 2

Air-jet sieving:

Vibrated sieving:
https://youtu.be/6wmROluoNuo?si=fzZWVHaBAiJzfHP50
https://youtu.be/FynV8YfaK0o0?si=C7rGFolYCIdEuzZb 28
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3 dadilio bodY 5,

A o T & urclel size I s oversize N 8

) (1) 2) (©)] “) ®) (6)
\33)-'.‘)‘ DA Sieve size | mean of Siew fractions Nominal % %
Ratg —st o - range (um) | size range aperture | Cumulative | Cumulative | |= = = = = = = =~
/.'!’_ul o Perbcel L size (um) | undefsize owersize ]
/éd‘»-\ wt (g) Wt%
>250 0.02 0.04 250 C0.980 0.04
. | . 180-250 215 1.32 2.96 180 96.99 3.01
S &\-E:\ ) oz 125-180 152.5 4.23 9.50 125 87.49 12.51
oY %(‘ce“\- “"E‘Sh‘* 90-125 107.5 9.44 21.19 90 66.30 33.70
. 63-90 76.5 13.1 29.41 63 36.89 63.11
Pouwtloriicsyg! &) Vol 2563 54 11.56 25.95 45 10.93 89.07
2) Lo sieve \)b’, <45 22.5 4.87 10.93 0 0 100
) Sum=44.54
Par Beet 3 6\
—&—Undersize = =—®=—Oversize =—@=Frequency distribution
IS ’Qqnﬂ ! Oyl 100.00
S «
ieve Jjol-"’leh’/ Ay 75.00
oy
c
3
3 5000
g
E
25.00
0.00
0 25 50 75 100 125 150 175 200 225 250 275

Particle size (micrometer)

250 ym
180 um
125 um
90 pm
63 um
45 pm

Base

So s 2y
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Standards for powders based on sieving

 Standards for pharmaceutical powders are provided in pharmacopoeiae,
which indicate the degree of coarseness or fineness depending on

percentage passing or not passing through certain sieves.

° cg BP Table 12.1 Powder grades specified in British
Pharmacopoeia
Description of Coarsest Sieve diameter through

grade of powder

sieve

which no more than

— we,ym\c_s'—'cg

40% of powder must Pwpieer Mo YL cso AL
pass (um) Sevd W zo s stew Sy

diameter

(um)
Coarse 1700 355
Moderately coarse 710 250
Moderately fine 355 180
Fine 180 —
Very fine 125 —

T b e 3 dimefem) (g
Coorses

31

Standards for powders based on sieving

* Some Pharmacopoeia define another size fraction, known as ‘ultrafine

powder’. CMm o & r@» Prrbicer N 00Gs0 50

{V\_)\C/«_\ I, =

* In this case it is required that the maximum diameter of at least 90% of
the particles must be no greater than 5 pum and that none of the
particles should have diameters greater than 50 um.

32
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" Particle size analysis methods

Electric stream sensing zone method (Coulter counter)

. . + 1
Equivalent diameter: J— C)

Volume diameter (d,) |

— electrolyte solution

__—Particle in orifice l

_— Orifice tube wall

Fig. 10.13 Particle passing through the measuring aperture of
an electrical stream sensing zone apparatus. .

Particle size analysis methods

Electric stream sensing zone method (Coulter counter)

Principle of measurement

Powder samples are dispersed in an electrolyte solution to form a very dilute
suspension.

The particle suspension is drawn through an orifice where electrodes are situated
on either side and surrounded by electrolyte solution.

As the particle travels through the orifice, it displaces its own volume of
electrolyte solution.

The change in electrical resistance between the electrodes is proportional to the
volume of the particle (volume of electrolyte displaced)

34
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(Puckicd 3 Qs io Lo 20 d a2t @'&%&’L N Y e

r’ To vacuum pump

| Threshold
I

‘“llH Control tap

T Main N Pulse
_:_5_’- amplifier @ amplifier

Oscilloscope

Electrodes <
Sapphuc i,/'[‘hre shold
window

Mercury
manometer

Stop Start
; Counter
;?’ = driver
: Counting
: orifice
: Digital
: register
racunm g5, 8'-) i S Counter
£ Pty ——e ; On/off circuit
RS2 djﬂ&.él [PESREA) i
Glasiﬂ\‘vare unit . Electronic counter
s S
(esiskane M3 ) SJus
Diagram of electrical sensing zone apparatus 35

Parhce! 3 @=2& Ul
Ksé‘-’ @ aslll o 2/ L

signes) Ao 2) J"C‘iff_‘:' https://youtu.be/rsPQBGI-Ggl?si=UGFc-R71a03gjufy

Negative pressure (svlu! baall) byl bl (o U3 055, o dibio J§ bl of gy
(el clggll s Jio) Loy, -
58 baad) 0l dibiall 326 Syl I Jaes Sl of clagll ribluy

Particle size analysis methods

Sedimentation methods

govly W B Ny
Range of analysis / s Seclmennbion s & Lo < =y
for gravitational ~ 5 - 1000 um
for centrifugal ~ 0.5 - 50 um @ ® @

36
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Particle size analysis methods

Sedimentation methods
Equivalent diameter: Stokes diameter (d,)

« Stokes equation: 18777

st
«d,, = Stokes diameter, (o, =Py )et
* 1 = viscosity of fluid,
*h = height or sedimentation distance,
* p, = density of solid,

*p; = density of fluid,

g = the acceleration due to gravity,
*t = time

el of lghuiis Jud dabuo3l 8olad) jbod o (Stock diameter) plsdl ybd
JSidl Lle Jouas eli> lgio JI55 of Jad el of Gasoll dsbadl GSlaigdl jbdl oo 15T Gy

welball Gulidlly

dulosy o) @0 20 boyhd pls doloy o 98 100 18 ilaill 0yhd Sgac giuo Wo)f 13] 1 Jlie @

Particle size analysis methods

Sedimentation methods

Principles of measurement

* Particle size distribution can be determined by
examining the powder as it sediments out.

* The powder is dispersed uniformly or introduced as a
thin layer in a fluid.

* Techniques can be divided into two main categories.

:(Sedimentation methods) wuw_ Jl &b
O logsd] Ji dd 0l (ST 1Es>luodl S O losmnad] oo 82595 Lwliid) ddyydal] 0dm posuiuws

Lgiws Log 8yusS pi 8 juso

owbiddlioge @
Jdy w3 I G Tows i (elad] Jio) Slw b gede5 Lovie Olowmadl Of Lle daiss
L dladl

ST AL o T S aasd ] O bl -
e i 8 pasad]l O lowsdl -

ol ddgyb @
LAdLS,; ddub B of Lailavio JStin Wlowmadl €505 G JSladl B 1auzr Bsmumal ] bl -
LSO losmad ] polasul Jaso o aa il (o) wldl il oy
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Sedimentation methods

Pipette method (Andreasen pipette)

* In this method known volumes of the suspension are withdrawn, at
various time intervals, from bottom (lower set limit).

* The amount of solid is determined in each volume.

» The particle diameter corresponding to each time period is calculated
from Stokes’ law. Ble ~bo inb ey ety Port 'Mtli

V_..u_/u_) (&)
* The amount of solid determined for each tcime interval |1s the weight
fraction having particles of sizes more than the size obtained by the

Stokes’ law for that time period.

(6)4_5\.-\( ) N ) Lime WMlervel M — L Esl PocHeel Size ’ \ QJM\_J”
/u's»' ) emnss s Jolstibubion @t ¢

Suction to fill

pipet to
(EB¥1O ml mark
Two-way stopcock

for draining s
sample

Ground-glass
joint

Pipet tube
Scale

CULLLIELITLBEELLIITLLS

https://youtu.be/vmgFjLOGR5A?
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* A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water was prepared
containing 2.75 g sodium citrate as deflocculating agent was transferred to Andreasen
pipette (h = 20 em) and volume made up to 550 ml using distilled water. The
suspension was shaken and allowed to settle under the acceleration of gravity, 981
em/sec’, at 25°C. the density of the medium is 1.01 g/em’, and its viscosity is 1
centipoise = 0.01 poise or 0.01 g/cm sec.

18nh
st
(p,—ps)gt
wt of PR
Particle Size Mean of | sample Cumulative |Cumulative ——

Time size range |[size range | collected wt undersize | Oversize ..
(sec) (um) (um) (um) (@) (%) (%) (%)
600 11.54 >11.54 0.7 14 86 14 h
1200 8.16 [8.16-11.54| 9.85 0.9 18 68 32
1800 6.66 6.66-8.16 7.41 1.5 30 38 62
2400 5.77 5.77-6.66 6.22 0.8 16 22 78
3000 5.16 5.16-5.77 5.47 0.6 12 10 90
3600 4.71 4.71-5.16 4.94 0.5 10 0 100

Z — 5 41

* A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water was
prepared containing 2.75 g sodium citrate as deflocculating agent was 0
transferred to Andreasen pipette ( h = 20 cm) and volume made up to
550 ml using distilled water. The suspension was shaken and allowed to
settle under the acceleration of gravity, 981 cm/sec?, at 25°C. the density
of the medium is 1.01 g/cm?, and its viscosity is 1 centipoise = 0.01
poise or 0.01 g/cm sec.

wt of
Particle Size Mean of | sample Cumulative |Cumulative —e—Oversize —®—Undersize  —@— Frequency distribution
Time size range |size range| collected wt undersize | Oversize 100
(sec) (am) (am) (um) (a) (%) (%) (%)
600 11.54 | >11.54 0.7 14 86 14 g
1200 8.16 [8.16-11.54] 9.85 0.9 18 68 32 E’ !
1800 6.66 [6.66-8.16] 7.41 1.5 30 38 62 =
2400 577 |5.77-6.66| 6.22 0.8 16 22 78
3000 5. 1 6 5. 1 6'5.77 5.47 0.6 12 10 90 “-’U'U 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
3600 | 471 |471-516] 494 0.5 10 0 100 Partclesize )
L=3 42
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+ Zn0, :80lall

+%p,= 5.60 g/em Closwadl d3US

+3p/= 101 gfem bawgll &8LiS

+ 7 =0.01 g/(cms) (1centipoise) bawgll d>93)
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« =600 s:
Py — Py ="5.60—1.01 =4.59 g/cm3
[79.97

600 ~ V0.13328 ~ 0.3651 cm = 36.51 pum
6

18nh = 18 x 0.01 x 20 = 3.6

25 Lagy s 1Olasdl JSI o 20 ud 1 £33 o Gy limg ium 11,54 giSe Jaadl (B o
(ps — py)g = 4.59 x 981 = 4502.79 o)l Shlwsd] 3 (o) h = 2 cm glasy¥l (o dinsll 33T
201 1o 20 o 30 b = 2 cm S 13] :pasii)
18nh 3.6

— = ———— ~ 7.997 x 10~ cm?
(ps —pplg 4502.79 187h = 18 x 0.01 x 2 = 0.36

036  _ -
Toamg ™ 7997 x 10

[7.9¢ 4 4502.7¢
4] {(@m) = 7.997 ;< 10
7.997 x 107°

d(pm) = 10* x \/ =

7.997 x 10~4

dg,(pem) = 10* x ‘/7/ /X
).0007997
d g (pm) = 10* x y/[ Ot(f il

79.97 B o) Biasl o @i 0 L)) o 20 sl 1o 2 98 Wlawsdl (B pasiiannal] h gliiy¥l 03]
: (W1 g0 o 2 8Ll e o )

-
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dgi(pm) ~
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Sedimentation methods

Balance method

The increase in weight of sedimented particles falling onto a balance pan
suspended in the fluid is recorded with time. Gravity

_— NG
\o> OYeo < (55

Purkicel M2 Suspension S | ‘L
YD) ( Oll/\qu_s\; oy dg VS et jj ——
5ea/fmm%’mLQ/\‘ MY Perhicef \
moniber < 6355 eyl (& —
Bl Wetaht J f{__c. ) Ml

Loe Figure §.3. Sedimentation balance

HEIGHT

TIME 43

Sedimentation methods

o\ 9o & .
Alternative technique P Y o
It is the application of centrifugal sedimentation to make quicker the
sedimentation of small particles.

A B. C D.
e ehel I AP
[
L
6'96.0: . '!-6.: . o,

O
- 9
o '529‘059%'0.
peyees
S5

<4— Centrifugal Force —
@. 5 ‘Q
5
s
O,
SER0:
SR
Seudde e L,
o £ . .-. .n - '-.
(O G oS S 2 =
il A
@%t. 3 ...: )
. .

Centrifugation Time ——p 44
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Particle size analysis methods
Laser light scattering methods
Equivalent diameters: Area diameter, d,, volume diameter, d,.
Principle of measurement: Interaction of laser light with particles
1) Fraunhofer diffraction

» This is based on forward scatter (small angle change) of laser light by
particles, which is detected, amplified and analyzed by microprocessor.

« Range of analysis = 0.5 - 1000 nm
» Sample is liquid orair-suspendedd

SCATTERING DIFFRACTION

o

Laser light scattering

Laser

Attenuator

(A Beam
o U S Lens
® ~/ Detector

Laser
Detector : E w

(2] b\ . Ogtal Signal Processor
@ E @ Correlator .

Cell » ‘

Cross Correlator

46
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Particle size analysis methods
Laser light scattering methods
2) Photon correlation spectroscopy (PCS)
» It is termed also Dynamic light scattering (DLS)

« This is based on the| Brownian movemen} (random motion of small particles or
macromolecules caused by the collisions with the smaller molecules of the
suspending fluids) . A Lé—_‘

s Range of analysis ~ 0.001 - 1 um (ape Packice)

e} PCS analyses the constantly changing patterns of laser light scattered or diffracted by
particles in Brownian movement and monitors the rate

< Calculation of size is based on Stokes-Einstein equation:

1.38x107"*7 _ - f%
D= 3and m’s™ A (p,—py)gt

» T = absolute temperature, d = diameter, n= viscosity of liquid,
* D = Brownian diffusion

47

T inc—= D inc
dine2D dbe

Selection of particle size analysis method

Factors to be taken into consideration:

1. Size range of powder [ a2 b {§ 5248 o <)
ollas 0 «2. Amount of sample
o 2f j‘/‘i’m"’"bf If sample is very small we can use microscopy but we can not use sieving
Quls Co =/
i " s sb ems ixly ' G P&
3. Speed of analysis e Sos) s Emg s Poere agnod 3
w4 Accur f resul
R »\1)1"4 ccuracy of results
aptes e 55 - Cost

6. Physical nature of material (like Agglomeration and

col?;siveness)

BV &) Ghesveness =51 vy,
Web ools w3 b 48

24



Influence of particle shape

P

o
Fibrous Circumscribed
| Pparticle circle, d.
P
Circularity = 3i/dc
Inscribed
circle, d

QC‘(\\'I\C‘Q | N Shap Dol LY
Fig. 10.6 A simple shape factor is shown which can be used to

o 3l
& /J_ 3 teedle 3yl e quantify circularity. The ratio of two different diameters (d/d,)is
Zef'o B Qj‘\ Qjﬁij £~ unity for a circle and falls for acicular particles.

Puchice) Wshep I WL Lo
e dr o A ?

L yept o &
S p =0

-

de e
-
J ) Particle shape descriptors

Puceel
Aspect ratio
* The ratio of the minimum to the maximum Feret

diameter is another measure for the particle shape.

¢ = df min/ df max

-

R
¥ xew 'Ry

-

50
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Particle shape descriptors

Sphericity o . Shape Spherecity
* The sphericity S is

the ratio of the

Tetrahedron 0.671
surface area of a '
sphere (with the e
same volume as the
given particle) to

Dodeca- 0.910

the surface area of |, 4o
the particle:

o doluno ] o] pons pundtd Wl 858 b d-luno dai B (Sphericity) &g sl

] JS p UG oo wlid) pasiiudy duds umu]
8yl g Yl sl LadS 1 e i 1LoLad 95Ul ) 1 0955 dg)SUl doud

Particle shape descriptors

Convexity and fullness ratio

. . arca
convexity ratio =

convex area

—— =
J

' /| area
fullness ratio = /| —————
\/ convex area

+ convex area
fullness rAtio= V4/2=1.414

52
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