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ABSTRACT 

The performance o f  t he  a i r - j e t  s ieve  (AJS) , f o r  the  

p a r t i c l e  s i z e  ana lys i s  of pharmaceutical powder, was evaluated 

and compared w i t h  the convent ional  s i e v e  shaker (ESS). 

Two grades o f  acetaminophen (APAP) were used as t e s t  pharm- 

a c e u t i c a l  powders. The p a r t i c l e  s i z e  a n a l y s i s  by t h e  AJS was 

simple,  reproducib le ,  e f f i c i e n t  and accurate.  The problem- 

a t i c  powder, possessing excessive e l e c t r o s t a t i c  charges and 

rang ing  i n  mean diameter from 17 nm t o  800 nm (beyond t h e  

scope o f  ESS) cou ld  be evaluated accu ra te l y  by AJS. 

l y s i s  t ime  r e q u i r e d  by AJS was r e l a t i v e l y  l e s s  than t h a t  

The ana- 
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388 MASIH, SHUKTA, AND RAJAGOPALAN 

required by ESS. 

was no t  affected by the sample size.  

tion (vibrations and/or shaking) and the total  time of s i f t -  

i n g  affected the resul ts  of the determination by ESS. 

par t ic le  s ize  value of APAP-special determined by ESS and AJS 

were 680.0 - 0.14 nm and  40.0 ? 0.32 respectively, whereas 

the value assigned by the manufacturer was below 74 nm (-200 

mesh). 

analysis of powder possessing excessive e lec t ros ta t ic  charge 

was improved by the use o f  carbon black as an an t i - s ta t ic  

agent. 

The accuracy of the determination by AJS 

Both the speed o f  rota- 

The 

t 

The precision of either method for  par t ic le  s ize  

II.4TRODUCTION 

The knowledge of par t ic le  s i t e  and par t ic le  s ize  d is t r ib-  

ution, i n  dealing w i t h  powders, i s  of considerable importance 

t o  pharmacists engaged i n  the preformulation, formulation 

development and routine production o f  pharmaceutical dosage 

forms. 

chemical and physical reactions between solids and l iquids ,  

the dissolution and absorption r a t e  of drugs, the drying rate  

of granules, the ra te  and degree o f  m i x i n g  of drug-excipient 

combinations and hence content uniformity i n  dosage forms, 

flow properties and compressional characterist ics of powder, 

tas te  and color and texture of dosage forms, and the s t a b i l i t y  

The influence of par t ic le  s ize  on the rate  of most 
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AIR- JET SIEVE 389 

o f  drugs i n  the  dosage form, has been w e l l  documented i n  

pharmaceutical and chemical engineer ing t e x t s .  (1 -6). 

The pharmaceutical powder techno log is t ,  f o r  t he  most p a r t ,  

r e l i e s  on t h e  convent ional  s ieve  shaker, due t o  i t s  s i m p l i c i t y  

and low cost ,  f o r  t h e  c o n t r o l  and mon i to r i ng  of p a r t i c l e  s i z e  

i n  pharmaceutical powders. However, s ieve  shakers possess 

disadvantages i n  the  l a r g e  sample s i z e  requirement, l i m i t a t i o n  

t o  p a r t i c l e  s izes l a r g e r  than 100 nm, and t h e  b l i n d i n g  o f  t h e  

screen by p a r t i c l e s  which g e t  lodged i n  t h e  mesh openings; 

mechan c a l l y  o r  due t o  e l e c t r o s t a t i c  charges (1,7). 

Un i ted  States Pharmacopeia (7) suggests t h e  use o f  a dev ice 

o t h e r  than a s ieve shaker f o r  t h e  q u a l i t y  c o n t r o l  o f  powders 

w i t h  p a r t i c l e s  below 100 nm mean diameter; however, no s p e c i f i c  

dev ice i s  spec i f i ed .  

The 

The a i r - j e t  s ieve, an inst rument  ope ra t i ng  on t h e  p r i n c i p l e  

o f  f l u i d i z a t i o n ,  has been repo r ted  ( 8 )  t o  be a use fu l  t o o l  f o r  

t h e  q u a l i t y  c o n t r o l  o f  t h e  f ineness o f  cement powder. Since 

t h e  na tu re  of pharmaceutical powders i s  cons iderably  d i f f e r e n t  

than t h a t  o f  cement powder, and s ince  no pub l i shed  data pe r -  

t a i n i n g  t o  the  a p p l i c a t i o n  o f  t he  a i r - j e t  s ieve  f o r  p a r t i c l e  

s i z e  a n a l y s i s  o f  pharmaceutical powder cou ld  be found i n  t h e  

l i t e r a t u r e ,  t h e  o b j e c t i v e  o f  t h e  present  communication i s  t o  

r e p o r t  t h e  r e s u l t s  o f  a study on the  r e l a t i v e  performance o f  

t h e  a i r - j e t  s ieve and convent ional  s ieve  shaker. 
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390 MASIH, SHUKLA, AND RAJAGOPALAN 

EXPERIMENTAL 

Acetaminophen ( A P A P )  - special and APAP granules, 
1. 2 .  

were used a s  t e s t  pharmaceutical powder t o  evaluate the 
3 .  4.  

performance of the a i r - j e t  sieve and sieve shaker. 

Particle Size Determination by Sieve Shaker: 

A nest of sieves, comprising 20, 40, 60, 80, 100, 120, 200, 

270, and 400 U.S. Standard mesh, i n  a ser ies  of f ive sieves per 

nest, was assembled on a sieve shaker. 

sample weighing 5.0 9, 10.0 g or  25.0 g was placed on the 

topmost sieve and the percent o f  powder retained on each 

The t e s t  drug  powder 

sieve, a f t e r  a shaking period of  t h i r t y  minutes, was deter- 

mined. The procedure was repeated with samples of powder 

which were coated with 0.1% carbon black. The coating of the 

particles,  i n  the powder, was achieved by gently roll ing and 

tumbling the sample w i t h  the carbon black i n  a screw capped 

glass bottle.  The speed of the drive shaft  on which the sieve 

nest i s  attached was s e t  a t  40 rpm for  the main study and a t  

30 o r  20 rpm (ESS-30 or ESS-20) for  supplementary studies. 

Particle Size Determination by Air-Jet Sieve: 

The working principle of the a i r - j e t  sieve i s  i l lus t ra ted  

The powder t o  i n  the diagrammatic sectioned view i n  Figure 1.  

be sieved i s  placed on the sieve surface (A) and fluidized i n  

the closed chamber ( B )  by an upward j e t  of a i r  ( C )  supplied 
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AIR-JET SIEVE 39 1 

F i g u r e  1 __ The Diagramatic Sect ional  View o f  the  A i r - J e t  Sieve 

A )  Sieve Surface, B) Siev ing  Chamber, 

C )  Upward j e t  o f  a i r ,  D )  A i r -Je t  Scanner 

E )  Reversed j e t  o f  a i r ,  F) Fan blower 

G)  Undersize p a r t i c l e s ,  H) Oversize p a r t i c l e s  

I )  Manometer 

J) P l e x i g l a s  Cover 
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392 MASIH, SHUKLA, AND RAJAGOPALAN 

under t h e  screen through a r o t a t i n g  a i r - j e t  scanner ( D ) .  

f i n e s  are separated from the  coarse p a r t i c l e s  i n  m i d - a i r  with- 

o u t  any mechanical con tac t  w i t h  the  s ieve.  Thus, p a r t i c l e  

s i z e  e s s e n t i a l l y  remains constant  and t h e  s t r a i n  on t h e  s ieve  

mesh i s  n e g l i g i b l e .  

from c logging.  

v e l o c i t y  f l ows  down t h e  screen c a r r y i n g  w i t h  i t  t h e  unders ize 

p a r t i c l e s ,  ( G )  l e a v i n g  t h e  ove rs i ze  p a r t i c l e s  (H)  on t h e  screen. 

The a i r - j e t  is prov ided by a s u i t a b l e  f a n  blower and t h e  press-  

u re  i n  t h e  chamber i s  c o n t r o l l e d  by a manometer ( I )  t o  g i v e  

150-200 mm gauge pressure ( j u s t  enough t o  prevent  aggregat ion 

on t h e  screen). 

t i o n  o f  t h e  reverse a i r - j e t  c a r r y i n g  unders ize p a r t i c l e s .  

The 

The upward j e t  o f  a i r  keeps t h e  screen 

The reverse j e t  o f  a i r  ( E )  moving a t  s low 

A domestic vacuum c leaner  i s  used f o r  e x t r a c -  

A weighed q u a n t i t y  o f  t h e  powdered drug, 1.0 t o  25.0 gram, 

was placed on the  sieve, t he  chamber was c losed by t h e  p l e x i -  

g lass cover (J) which was secured i n  p lace  by s u c t i o n  i n  t h e  

s i e v i n g  chamber. 

i z a t i o n  and e x t r a c t i o n  o f  unders ize p a r t i c l e s ,  and t h e  pe rcen t  

o f  ove rs i ze  p a r t i c l e s  r e t a i n e d  on t h e  screen was determined. 

The procedure was repeated w i t h  t h e  samples coated w i t h  carbon 

black,  as descr ibed e a r l i e r .  

The machine was run for 3-5 minutes o f  f l u i d -  

RESULTS DISCUSSION 

The e s s e n t i a l s  o f  t h e  USP procedure (7)  f o r  t h e  p a r t i c l e  

s i z e  a n a l y s i s  o f  pharmaceutical powders is sumnarized in 
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AIR- JET SIEVE 393 

Table I. 

t o  being time consuming, i s  unsuitable for  assessing the p a r t i -  

c l e  sizes of powders, below 100 nm, which are of importance from 

a biopharmaccutical viewpoint. The sample size required i s  

large and the s h a k i n g  time required for  adequate analysis 

i s  th i r ty  minutes o r  more. 

I t  i s  evident t h a t  the USP procedure, i n  addition 

Table I1 i l lus t ra tes  a typical s e t  of particle size ana- 

lysis  resul ts  compiled for  computation of arithmetic mean diam- 

e t e r  (D,) of the particles.  

(Da) of a sample o f  granular APAP was 409.95 nm. 

The average arithmetic diameter 

Since the 

TABLE I -- 
-- THE USP SPECIFICATIONS FOR PARTICLE =ANALYSIS 

- OF PHARMACEUTICAL POWDERS 

1. Instrument recommended - mechanical or vibratory sieve 

shaker 

2. Sample size 

a)  

b) 

25.00 g - 100 g for coarse powder 

25.00 g - for  fine powder 

3. Time - 20-30 minutes or until s i f t ing  i s  complete 

4. Limitation - not suitable for powders below 100 nm average 

diameter 

Other device for  meas’urement of particles below 100 nm 

mean diameter is directed b u t  no t  specified. 
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AIR-JET SIEVE 395 

p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  APAP was log-normal, i t  was f e l t  

t h a t  t h e  computation o f  geometr ic mean diameter (D  ) and t h e  

geometr ic standard d e v i a t i o n  (a) would be more meaningful  then 
9 

(Da).  The computations o f  (Dg) and (6) are  i l l u s t r a t e d  i n  

F igu re  2. The va lue o f  D i s  equal t o  t h e  50% va lue  o f  t h e  

d i s t r i b u t i o n  and 6 equal t o  t h e  r a t i o  o f  t h e  84.1% value d i v -  

i d e d  by t h e  50% value. 

a number o f  advantages o f  processing t h e  p a r t  c l e  s i z e  a n a l y s i s  

data by t h i s  method, o n e - o f  t h e  advantages being the  a b i l i t y  

t o  a s c e r t a i n  whether two samples o f  a powder came from the.same 

popu la t i on  o r  l o t .  Two samples hav ing i d e n t i c a l  D and 6 
g 9 

values can be s a i d  t o  have come from t h e  same l o t  o f  powder. 

However, two samples having the  same a r i t h m e t i c  mean does n o t  

l e a d  t o  t h e  conclus ion t h a t  t h e  powder came from t h e  same l o t  

o r  d i f f e r e n t  l o t s .  

d i s u n i f o r m i t y ,  f l o w  and c o m p r e s s i b i l i t y ,  due t o  l o t  t o  l o t  

v a r i a t i o n  i n  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  powders, can be 

minimized through standard qua1 i t y  c o n t r o l  methods us ing Dg 

and 

9 

9 

9 

9 
Stockham and Fochtman (9 )  have discussed 

Thus, processing problems, such as con ten t  

6 as c r i t e r i a  f o r  s p e c i f y i n g  powder c h a r a c t e r i s t i c s .  

Table I 1 1  summarizes t h e  va lue o f  Da and Dg f o r  t h e  two 
9 

grades o f  APAP. 

f o r  APAP g ranu la r  i s  l a r g e r  than t h e  a r i t h m e t i c  mean, whereas 

t h e  D fo r  the APAP-special powder i s  sma l le r  than the  D,. The 

accuracy of p a r t i c l e  s i z e  determinat ion o f  APAP granules by 

The r e s u l t s  show t h a t  t h e  geometr ic mean 

9 
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1 

5 

Figure 2 Log-Probabi 1 i t y  P l o t  o f  Granular Acetaminophen 

- % retained on a i r - j e t  sieve 
+ - % retained on sieve shaker 
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e i ther  method i s  comparable. 

values obtained for  APAP-special powder from the sieve shaker 

i s  grossly inaccurate and misleading. The resul ts  also i n d i -  

cate that  the inherent e lec t ros ta t ic  charges on the APAP powder, 

particularly w i t h  APAP-special , make the sieve shaker nearly 

useless for  par t ic le  s ize  analysis of problematic pharmaceutical 

powders. 

However, the par t ic le  s ize  

The use of carbon black as a n  an t i s ta t ic  agent t o  coat 

the powder before par t ic le  size analysis was found t o  increase 

the precision and accuracy of the determination and permitted 

easy hand1 ing of problematic powder d u r i n g  determination. 

Figures 3 and 4 

black on the estimate of par t ic le  s ize  distributions.  

3 and Table IV show that  almost a l l  of the sample of untreated 

APAP-special remained on sieve #20 leading t o  an erroneous D 

value of above 500 nm,whereas .the mean par t ic le  diameter was 

i n  real i ty  below 74 nm. 

obtained from the a i r - j e t  sieve,was within the range claimed 

(-200 mesh, which is  less than 74 nm) by the manufacturer of 

the powder. Figure 4 further shows that  the estimate by two 

methods on samples coated with carbon black are close t o  the 

larger par t ic le  s ize  range, b u t  the difference i n  estimates 

increases as one moves towards the small par t ic le  s ize  range. 

i l l u s t r a t e  the dramatic influence o f  carbon 

Figure 

9 

The Dg value for  APAP-special untreated, 
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- Percent retained on a i r - j e t  sieve 
+ - Percent retained on sieve shaker 
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Tables I V  and V show the  e f f e c t  o f  sample s i z e  and s i e v i n g  

t ime on t h e  e f f i c i e n c y  o f  two methods. 

cy o f  AJS was r e l a t i v e l y  independent o f  t he  sample s i z e  and 

t h e  optimum s i e v i n g  e f f i c i e n c y  reached w i t h i n  th ree  minutes, 

confirmed t h e  c la ims o f  t h e  manufacturer. 

s i z e  and t h e  s i e v i n g  t ime  in f l uenced  t h e  r e s u l t s  obta ined 

by ESS. 

spec ia l  (Table V ) .  

s ieve  shaker s p e c i f y  t h e  rpm s e t t i n g  o f  t h e  d r i v e  s h a f t  on 

which t h e  s ieve  shaker assembly i s  fastened. 

value of Da o r  D 

d i f f e r e n t  t echn ic ians  us ing  the  s ieve  shaker,could be consider-  

a b l y  d i f f e r e n t  and i r rep roduc ib le .  The r e s u l t s  i n  Tables I V  

and V i n d i c a t e  t h a t  d r i v e  shaf t  r o t a t i o n  speed s e t  below 30 rpm 

would l e a d  t o  inaccurate est imates o f  p a r t i c l e  s ize.  Optimum 

s e t t i n g  o f  40 rpm should be used f o r  t h e  un ive rsa l  acceptance 

o f  Da o r  D values computed us ing ESS. 

The s i e v i n g  e f f i c i e n -  

Both t h e  sample 

The s i e v i n g  e f f i c i e n c y  o f  ESS was poorest  f o r  APAP- 

Ne i the r  the  USP n o r  t h e  manufacturer o f  t h e  

Thus, t h e  repo r ted  

, determined by d i f f e r e n t  l a b o r a t o r y  and 9 

9 

CONCLUSIONS 

1. Est imates of p a r t i c l e  s i z e  and p a r t i c l e  s i z e  d i s t r i b u t i o n ,  

by convent ional  s ieve  shaker, may be inaccurate and mis- 

l ead ing  f o r  c e r t a i n  powders possessing e l e c t r o s t a t i c  

charge. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TA
BL

E 
IV

 
-
-
 

SI
EV

IN
G

 E
FF

IC
IE

NC
Y 

QF
 

AI
R-

JE
T 

SI
EV

E 
AN

D 
SI

EV
E 

SH
AK

ER
 A

S 
A 

FU
NC

TI
O

N 
OF

 
TI

M
E 

AN
D 

SA
MP

LE
 S

IZ
E

 (
AP

AP
 -

 G
RA

NU
LE

S)
 

-
-
_

_
_

_
_

 

Sa
mp

le
 

si
ze

 
1 

2 
(9
) ES

S 
- 

95
.7

6 

25
'0

 A
JS

 
87

.5
6 

87
.1

2 

ES
S 

- 
95

.0
 

A
J S
 

87
.2

 
86

.5
 

10
.0

 ES
S 

30
 

- 
95

.0
3 

ES
S 

20
 

- 
99

.7
2 

ES
S 

- 
93

.6
 

5
*0

 AJ
S 

87
.8

 
87

.2
 

% 
Re

ma
in

in
g 

on
 2

00
 M

es
h 

Si
ev

e 
Si

ev
e 

Ti
me

 (
mi

n)
 

3 
5 

10
 

- 
95

.5
2 

95
.3

6 

86
.7

6 
86

.2
4 

- 
94

.7
 

94
.6

 

86
.1

 
85

.6
 

- 
94

.6
 

94
.6

 

99
.6

 
99

.5
 

93
.4

 
93

.2
 

- - 86
.6

 
86

.0
 

25
 

85
.4

4 

5 03 
81

.3
 

H
 

X
 

" 2 Ti C
 * 

81
.2

 

97
.5

 

84
.9

8 

E > h
 2 k2 

ES
S 

- 
si

ev
e 

sh
ak

er
 

30
 o

r 
20

 r
pm

) 
AJ

S 
- 

ai
r-

je
t 

si
ev

e 
(E

SS
-3

0 
or

 E
SS

-2
0 

in
di

ca
te

 s
ie

ve
 s

ha
ke

r 
se

t 
at

 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



AIR-JET SIEVE 403 

W 
> 
W 

v) 
w 

t; 
3 

z 
> L L  

0 
w 
- I >  
m u  

n o  

n 

4 
- m  

m o  
N 

2 s  
S 
‘r 

(0 

N m 
9 Ln 

N 

0 
7 m 

m 

Ln 
W m 

m 

N 
N 

a2 
(31 

ru 

mv, 

v) 
v) 
W 

W 
CD 

m 
N 

9 
F m 

N 
Ln 

N m 

m 
(31 

m 
m 

v) 
3 
U 
0 
Ln 
N 

* 
0 m 

“9 
W m 

9 
m m 

e m 

C n  
m 

m 
m 
w 

N 

m 
N 

Lo 

m 
N 

Ln 

0 m 

b 

m 

v) 
3 
U 

- 
0 
0 
7 

cu 
a 
m 
QI 

N 

m m 

* 
m m 

CD 

m m 
‘9 

vr vr 
W 

9 
m 

9 - 
m 

09 
7 

m 

0 

m 
m 

CD 

m m 

v) a D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



404 MASIH, SHUKLA, AND RAJAGOPALAN 

2. The a i r - j e t  s ieve  i s  an e f f i c i e n t  and dependable inst rument  

f o r  o b t a i n i n g  rep roduc ib le  and q u i c k  est imates o f  p a r t i c l e  

s i z e  and p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  range of 

17 nm t o  800 nm. 

s ieve  shaker) 

Problemat ic powders can be analyzed e a s i l y .  

(Beyond t h e  l i m i t  o f  a convent ional  

3. 

4 .  The t o t a l  t ime  r e q u i r e d  f o r  a n a l y s i s  us ing  the  a i r - j e t  

s ieve  i s  l e s s  than t h a t  r e q u i r e d  by a s ieve  shaker. 

Carbon Black can be e f f e c t i v e l y  used t o  overcome e l e c t r o -  

s t a t i c  charge impeding w i t h  t h e  p a r t i c l e  s i z e  ana lys i s .  

The sample s i z e  r e q u i r e d  f o r  p a r t i c l e  s i z e  a n a l y s i s  u s i n g  

AJS cou ld  be between 1 .O - 5.0 grams, whereas a minimum 

25.0 gram sample is necessary f o r  p a r t i c l e  s i z e  a n a l y s i s  

us ing ESS. 

5. 
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FOOT NOTES 

1. Acetaminophen, USP, Specia l  Powder, S.B. Penick and Co., 
New York 

2 .  Acetaminophen, USP, Granular Type I ,  S.B. Penick and 

3. A lp ine  American Corporat ion,  3 Michigan D r . ,  Nat ick ,  Mass. 

4. Erweka, U.G., G.M.B.H. motor type KOI ,  Heusentamn, Germany 

Co., New York. 
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