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ABSTRACT 

A d e t a i l e d  experimental  i n v e s t i g a t i o n  has been undertaken of 
t h e  t r i b o e l e c t r i f i c a t i o n  process  of t h e  pharmaceutical  e x c i p i e n t  
a lpha - l ac tose  monohydrate and selected drugs.  P a r t i c l e  charge 
s t u d i e s  involved t h e  design and cons t ruc t ion  of an apparatus  t o  
i n c o r p o r a t e  pneumatic powder feed, t r i b o e l e c t r i c  charging v i a  a 
cyclone s e p a r a t o r  and simultaneous powder charge (Q)  and mass (M) 
measurements u s ing  a modified Faraday w e l l .  Prel iminary s t u d i e s  
showed t h e  charging of t h e  s e l e c t e d  m a t e r i a l s  t o  be una f fec t ed  by 
r e l a t i v e  humidity up t o  84%, due t o  t h e  very low hygroscopici ty  
of t h e  powders. Experiments u s ing  l a c t o s e  s i z e  f r a c t i o n s  w i t h  

b r a s s ,  steel and c e l l u l o s e  con tac t  charging s u r f a c e s  conducted a t  
d i f f e r e n t  feeder gas p res su res ,  gave n e t  e l e c t r o n e g a t i v e  s p e c i f i c  
charge va lues  (Q/M)  f o r  t h e  metal  su r f aces ,  and e l e c t r o p o s i t i v e  
va lues  f o r  c e l l u l o s e .  Specific charge inc reased  l i n e a r l y  with 
gas p r e s s u r e  f o r  t h e  metals,  and non-l inear ly  f o r  c e l l u l o s e .  
Samples of  micronised l a c t o s e  and beclomethasone d ip rop iona te  
(BDP) showed more tendency than unmicronised samples t o  adhere t o  
t h e  c o n t a c t  s u r f a c e  which r e s u l t e d  i n  more complex charging 
p rocesses .  A novel system t o  analyse t h e  charge and mass d a t a  i n  
f u r t h e r  d e t a i l  was developed, g iv ing  r e l a t i v e  Q/M va lues  a t  u n i t  
t i m e  i n t e r v a l s .  It i s  proposed t h a t  t h i s  w i l l  overcome t h e  

1505 

Copyright 0 1992 by Marcel Dekker, Inc. 

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
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1506 CARTER ET AL. 

l i m i t a t i o n s  of r e l i a n c e  on t h e  f i n a l  n e t  s p e c i f i c  charge value.  
Prel iminary r e s u l t s  i n d i c a t e d  d i f f e r e n c e s  i n  t h e  charging 
mechanism f o r  l a c t o s e  i n  con tac t  w i t h  t h e  two metal  s u r f a c e s .  

I" 

P a r t i c l e  agglomeration i n  pharmaceutical  powders has  led t o  
problems i n  a t t a i n i n g  s a t i s f a c t o r y  drug content  ~ n i f o r m i t y ( ~ - ~ ) ,  
and e l e c t r o s t a t i c  f o r c e s  have been i d e n t i f i e d  i n  p l ay ing  a r o l e  
i n  cohesion/adhesion processes(".  
ope ra t ions  such as mixing o r  pneumatic conveying, p a r t i c l e s  
i n v a r i a b l y  acqu i r e  an e l e c t r o s t a t i c  charge due t o  
i n t e r p a r t i c u l a t e  and p a r t i c l e / c o n t a c t  s u r f a c e  c o l l i s i o n s .  
n e t  charge on a powder sample may be e l e c t r o p o s i t i v e  o r  
e l e c t r o n e g a t i v e ,  and is o f t e n  de r ived  from a complex b i p o l a r  
system(5). T r i b o e l e c t r i f i c a t i o n  o r  con tac t  charging has been 
shown t o  be inf luenced by s e v e r a l  f a c t o r s ,  i nc lud ing  p a r t i c l e  
s i z e  and Shape, na tu re  and work funct ion of  t h e  con tac t ing  
s u r f a c e  and p a r t i c u l a t e  ma te r i a l ,  con tac t  a r ea  and frequency, 
s u r f a c e  p u r i t y ,  and atmospheric conditions(6).  Although t h e  

process  is not  f u l l y  understood, it is g e n e r a l l y  accepted t h a t  
charging occurs  as a r e s u l t  of e l e c t r o n  t r a n s f e r  between 
m a t e r i a l s  of  d i f f e r e n t  electrical properties(71, although o t h e r  
workers(8) have related charge t r a n s f e r  t o  t h e  chemical n a t u r e  of 
t h e  s o l i d  su r face ,  p a r t i c u l a r l y  when polymer s u r f a c e s  a r e  
involved. 

During powder handling 

The 

Very l i t t l e  d e t a i l e d  work has been undertaken w i t h  
pharmaceutical  systems although charging of e x c i p i e n t s  and 
selected drugs has been i n v e s t i g a t e d  w i t h  r e fe rence  t o  
p a r t i c u l a t e  mixing(3,lo) . 

a s u i t a b l e  apparatus  f o r  t h e  i n v e s t i g a t i o n  of 
t r i b o e l e c t r i f i c a t i o n  i n  both cohesive and non-cohesive 
pharmaceutical  powders, and t o  i n v e s t i g a t e  t h e  mechanisms of  
charging by a n a l y s i s  of t h e  d a t a  produced by continuous 
measurement of Q and M w i t h  t i m e  ( t ) .  The c o n t i n u i t y  of 
measurement should g ive  greater i n s i g h t  about t he  charging 
mechanisms, p a r t i c u l a r l y  f o r  b i p o l a r  charging. 

The p r i n c i p a l  aims of t h i s  work were t o  design and c o n s t r u c t  
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1507 

Lactose B.P. 45-90 pm size fraction (Dairy Crest, M.M.B.) 

Lactose B.P. 355-500 pm size fraction (D.M.V., Veghel.) 
Lactose B.P. micronised (Glaxo Operations U.K. Ltd.) 
Beclomethasone dipropionate (BDP) micronised (Glaxo Operations 
U.K. Ltd.) 
Salbutamol sulphate unclassified (Glaxo Operations U.K. Ltd.) 

The size fractions were prepared by sieving using B.S. 
(Endecott) test sieves agitated on a Rotap machine. The size 
fractions were air-jet sieved to remove small particle 
contamination, and the effectiveness of this process was 
confirmed by optical microscopy. The micronised materials were 
prepared using a fluid energy mill. 

METHODS 

Detailed particle characterisation was considered to be an 
essential step in the study of the triboelectrification process, 
since it is known that particle properties may affect the 
charging process. 

This technique utilised a DSC 1B (Perkin Elmer) and was used 
to establish suitable drying temperatures for both lactose and 
BDP. The alpha-lactose monohydrate thermograms indicated that 
drying at temperatures between 900 and l 0 O C  caused loss of the 
water of crystallization, whereas for BDP, drying at temperatures 
up to 1200C produced no alteration in the crystal structure. 

Moisture uptake determined by a gravimetric method and a 
Moisture Evolution Analyser (Du Pont Instruments) was < 0.3% w/w 
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1508 CARTER ET AL. 

at up to 84% relative humidity (RH) at 20°C for both lactose and 
BDP . 

Triboelectrification experiments were therefore conducted 
under ambient conditions since it was established that the 
samples were relatively non-hygroscopic. 

Surface area values of 2.99, 2.82 and 0.29 m2/g were 
obtained for BDP, micronised lactose and lactose B.P. 
(unclassified) respectively, using the volumetric method of low 
temperature nitrogen adsorption (Flowsorb I1 2300, 

Micromeritics) . 

The arithmetic mean Feret diameter for BDP and micronised 

lactose was 1.65 and 2 . 0 5 ~  respectively when determined by 
optical and electron microscopy using image analysis (Quantimet, 
Cambridge Instruments). It was apparent from the electron 
microscopy that these values were for agglomerated particles. 
Direct measurement of primary particles from photomicrographs 

gave mean Feret diameters of approximately 0 . 5 ~  for both 
micronised powders. Shape was determined by measuring the 
1ength:breadth ratio and the area/perimeter2 which gave 
arithmetic mean values of 1.50 and 0.05 respectively for both 
micronised powders. Qualitatively, the shape would be described 
as "square-circular" . 

cle Inv- 

Powder charge studies involved the design and construction 
of the apparatus illustrated in Figure 1. The powders were 
pneumatically conveyed from a feeder system along a horizontal 
cylindrical pipe connected to a cyclone separator which acted as 
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 

11) 

1509 
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18 
19 

I I 

Cyclone separacor 
Faraday wel l  w i t h  
connec f ions  
S t r a i n  gauge ind icacor  
Eleccromecer 
Flarbed recorder  
Rad ioac t i ve  source 
F ibre  opc ic  sy s t em 
A m p l i f i e r  f o r  f i b r e  o p r i c  syscem 
Flacbed recorder  
Vencuri  f e e d e r  
Pressure transducer 
A m p l i f i e r  f o r  p res sure  cransducer 
D i g i t a l  readouc f o r  pres sure  transducer 
Gas rank pres sure  concrol 
Gas tank wich pres sure  gauge 
Vacuum gauge 
Vacuum pump 
Vacuum chamber 
Exhaust p i p e  f o r  cyclone reparacor 

FIGURE 1 

Schematic of Apparatus 
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1510 CARTER ET AL. 

3 cm - 
Motor Shaft 

,x/ Perspex top 

I I 

FIGURE 2 
Fluidised Bed Feeder 
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1511 

A 
I -~ 

\- \ h e e l  support 
\ for capsule 

c o m e r  / tube 12?n?:wJ1 Brass Ing 

screw t r l  t n  
oralalte seol 

codsule Copper tutle 

FIGURE 3 
Capsule con ta in ing  O S K r  gas  i n s t a l l e d  i n  copper tube .  

t h e  charging s u r f a c e .  
provided limited information of t h e  powder mass flow and a 
r a d i o a c t i v e  charge n e u t r a l i s e r  s t a b i l i s e d  t h e  p a r t i c l e  charge 
p r i o r  t o  e n t r y  i n t o  t h e  cyclone. 
t h e  carrier gas  (d ry  Nitrogen) by t h e  cyclone and c o l l e c t e d  i n  
t h e  Faraday w e l l  and t h e  charge (Q) and mass (M) measured 
cont inuously using an Electrometer and S t r a i n  gauge system 
connected t o  a chart recorder .  The system was earthed and 
enc losed  i n  a vacuum chamber i n  o rde r  t o  perform experiments i n  a 
c o n t r o l l e d  atmosphere when required.  

A fibre o p t i c  probe l o c a t e d  i n  t h e  p i p e  

The powders were sepa ra t ed  from 

A v e n t u r i  feeder w a s  found t o  be s a t i s f a c t o r y  f o r  t h e  free 
flowing l a c t o s e  s i z e  f r a c t i o n s ,  and a f lu id ised  feeder (Figure 2 )  
was designed t o  d e l i v e r  t h e  micronised p a r t i c l e s  i n  a c o n t r o l l e d  
manner. The e f f i c i e n c y  of powder d e l i v e r y  from t h e  f l u i d i s e d  
feeder was approximately 70% of t h e  sample weight. 

Figure 3 i l l u s t r a t e s  t h e  main components of t h e  n e u t r a l i s e r .  
Two capsu le s  each of lOmCi a c t i v i t y  were housed d i a m e t r i c a l l y  
oppos i t e  on t h e  i n s i d e  w a l l  of copper tube .  The beta particles 
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15 12 CARTER ET AL. 

from t h e  *SKr  source c r e a t e  an e l e c t r i c a l l y  conductive atmosphere 
c o n s i s t i n g  of b i p o l a r  ions,  and charged powder p a r t i c l e s  may be 

discharged by cap tu r ing  ions  of opposi te  p o l a r i t y .  The 

e f f e c t i v e n e s s  of t h e  system was confirmed w i t h  a cons t an t  
r e s i d u a l  charge on t h e  powder samples emerging from t h e  

n e u t r a l i s e r ,  i r r e s p e c t i v e  of t h e  previous charging cond i t ions  o r  
t ype  of  powder. The p a r t i c l e  res idence t i m e  was inc reased  by 
i n c r e a s i n g  t h e  i n t e r n a l  diameter of t h e  n e u t r a l i s e r .  The gas 
p r e s s u r e  drop within t h e  n e u t r a l i s e r  was an advantage f o r  c o a r s e  
non-cohesive powders, bu t  caused reduced t r a n s p o r t  e f f i c i e n c y  f o r  
micronised powders and hence it i s  recommended t h a t  t h e  diameter 
of t h e  p i p e  f o r  t h e  n e u t r a l i s e r  should be t h e  same as f o r  t h e  
feeder p ipe .  

F i g u r e  4 shows t h e  e s s e n t i a l  f e a t u r e s  of the Faraday w e l l  
designed f o r  t h i s  s tudy .  The s i g n  and magnitude of t he  charge 
was monitored by a Kei thley 610C Electrometer (Kei thley 
Instruments)  and t h e  mass was measured by a s t r a i n  gauge bridge 

system connected t o  a d i g i t a l  s t r a i n  i n d i c a t o r  ( S t r a i n s t a l l  
L t d . ) .  The inc rease  i n  charge and mass were recorded 
s imultaneously using a twin channel c h a r t  recorder .  

Se l ec t ed  mass-time and charge-time curves were t r a c e d  and 
digi t ised using a graphics  t a b l e t  (Summagraphics MM 1201) 
i n t e r f a c e d  with a computer. Following curve f i t t i n g  using t h e  
method of cub ic  s p l i n e  polynomial i n t e r p o l a t i o n ,  t h e  d a t a  p o i n t s  
were processed and d i sp layed  i n  a spreadsheet  showing Q, MI 
dQ/dt, dM/dt, dQ/dM and Q/M a t  u n i t  t i m e  i n t e r v a l s .  Q and M 

va lues  were a l s o  computed a s  a percentage of t h e  maximum Q and M 

va lues  r e spec t ive ly ,  a l lowing %Q, %M and %Q/M ve r sus  t i m e  curves  
t o  be p l o t t e d  on t h e  same graph (when m u l t i p l i e d  by a s u i t a b l e  
f a c t o r )  fol lowing pa rabo l i c  f i l t e r i n g  t o  reduce po in t  s c a t t e r .  
Hence, t h e  % Q/M versus  t i m e  curve represented t h e  cumulative Q/M 

r a t i o  w i t h  t i m e .  From t h i s  d a t a ,  the  average Q / M  value over  one 
second i n t e r v a l s  was c a l c u l a t e d  €or  every 0.5s  i n t e r v a l  by l i n e a r  
i n t e r p o l a t i o n  over t h e  i n t e r v a l  i 0.5s. T h i s  was done by 
substmracting %Q values  a t  ( t  + 0 . 5 ) s  and ( t  - 0 . 5 ) s  and then  
d i v i d i n g  by corresponding %M values  obtained by t h e  same method. 
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1513 

,le brass top 

' 2cm I I l p u t e r  brass 

-Screening p l a t e  

co-axiai connection S t rdn  gauge br idge 
t o  electrometer system 

PTFE i n s u l a t o r  

FIGURE 4 

Faraday W e l l  

Prel iminary s tudies  confirmed t h a t  the  charge of t h e  
r e l a t i v e l y  non-hygroscopic l a c t o s e  was una f fec t ed  by relative 
humidity i n  t h e  range (0-84%) and the  r e s u l t s  described here are 
f o r  samples s t o r e d  and charged under ambient cond i t ions .  

i nc reased  moisture  levels(11,121 due t o  a l t e r a t i o n  of t h e  s u r f a c e  
p r o p e r t i e s  of t h e  p a r t i c u l a t e  ma te r i a l ,  however s i n c e  there i s  a 
l ack  of information and unce r t a in ty  about these effects i n  
p a r t i c u l a t e  systems, d e t a i l e d  s tud ies  a r e  now being undertaken i n  
these l a b o r a t o r i e s .  

E l e c t r o s t a t i c  charge gene ra t ion  was found t o  dec rease  w i t h  

R i f f l e d  samples ( l g )  were conveyed from t h e  v e n t u r i  feeder 
a t  p r e s s u r e s  i n  t h e  range 0 . 7 6  - 1 1 . 4 0  p s i  and t h e  r e s u l t s  f o r  
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1514 CARTER ET AL.  

- 10.0 

-5.0 

Feeder pressure 
( p s i . )  

1.52 3.04 

FIGURE 5 

Specific charge versus pressure for 355-5OOp size fraction and 
brass cyclone. (0) , experimental ( 0 )  , mean result. 

the final mean specific charge ( Q / M )  following 
triboelectrification at each given feeder pressure using either a 
brass or stainless steel cyclone are shown in Figures 5-8. 

In all cases both charge and mass versus time followed a 
smooth curve up to a maximum value corresponding to completion of 
an experimental run. This maximum value was used to calculate 
the specific surface charge values in Figures 5-8 .  

values are used, whereas it would be more valuable to measure 
charge continuously during the triboelectrification process. 

A limitation 
of this, and all previous work, is that only the final charging 

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
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1515 

Specific charge 
10-9 cig 

0 

-20.0 

Feeder pressure 
(p.s.i.) 

I .52 3.04 

Figure 6 

S p e c i f i c  charge versus  p re s su re  f o r  355-5OOp s i z e  f r a c t i o n  and 

steel cyclone. (0) , experimental  (01, mean result. 

Linear r e l a t i o n s h i p s  a r e  shown w i t h  c o r r e l a t i o n  COef  f i c i e n t  
( r )  and s l o p e  (m) values  of 0.9998 ( r )  and 2.79 x (m) f o r  
b r a s s  and 0.9952 (r)  and 3.69 x 10-9 (m) f o r  t h e  steel  system f o r  

t h e  355-5OOp p a r t i c l e s  and 0.9733 ( r )  and 15.77 x (m) f o r  
brass and 0.9768 ( r )  and 22 .96  x 10-9 (m) f o r  steel w i t h  t h e  

4 5 - 9 O p  s i z e  f r a c t i o n .  
Higher e l e c t r o n e g a t i v e  values  were obtained f o r  both s i z e  

f r a c t i o n s  when i n  con tac t  w i th  steel compared w i t h  brass. 
Charging experiments w i t h  a non-metall ic con tac t  s u r f a c e  

were achieved by spray coa t ing  t h e  inne r  s u r f a c e  of the steel 
cyclone w i t h  c e l l u l o s e  generated from an a e r o s o l  p a i n t .  Figure 9 

shows t h a t  t h e  n e t  charge values  a t t a i n e d  w i t h  t h e  3 5 5 - 5 O O p  
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1516 CARTER ET AL. 

-200.0 

- 100.0 

Specific charge 
x 10-9 c/g 

0 

0 

Feeder pressure 
(p.s.i.) 

I I I 

5.70 9.50 

FIGURE 7 

S p e c i f i c  charge versus p re s su re  f o r  4 5 - 9 O p  s i z e  f r a c t i o n  and 

brass cyclone. (0) , experimental  ( 0 )  , mean r e s u l t .  

p a r t i c l e s  i n  con tac t  w i t h  t h e  c e l l u l o s e  s u r f a c e  a r e  p o s i t i v e ,  
w i t h  a non-linear r e l a t i o n s h i p  between Q and p res su re  over  t h e  
range 0.76-3.80 p s i .  

R e l a t i v e  Q / M  versus  t i m e  curves a r e  shown i n  Figures  1 0  and 
11 taken from t r i b o e l e c t r i f i c a t i o n  experiments using t h e  l a c t o s e  

355-5OOp p a r t i c l e s  w i t h  steel  and b r a s s  s u r f a c e s  r e s p e c t i v e l y .  

The r e l a t i v e  Q/M versus  t curves show a gradual  i n c r e a s e  i n  
Q/M f o r  steel and a gradual  decrease i n  Q/M f o r  brass. 

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
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1517 

-300.0 

-200.0 

- 100.0 

0 

Specific charge 
10-9 cfg 

Feeder pressure 
( p s i )  

I I I I I 

5.70 9.50 

FIGURE 8 

S p e c i f i c  charge versus  p re s su re  f o r  45-9Op s i z e  f r a c t i o n  and 

steel cyclone. (0) , experimental  ( 0 )  , mean r e s u l t .  

Micronised l a c t o s e  was conveyed a t  p re s su res  i n  t h e  range 
0.46-6.90 p s i  from t h e  f lu id ised  feeder i n t o  t h e  brass cyclone 
and t h e  r e s u l t s  a r e  shown i n  Figure 12 ,  whereas selected r e s u l t s  
f o r  BDP and salbutamol su lpha te  a r e  shown i n  Table 1 along w i t h  
t hose  f o r  micronised l a c t o s e  f o r  comparison. 
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1518 CARTER ET AL. 

+80.0 

+60.0 

t40.0 

+20.0 

Specific charge 

Feeder pressure 
(p.s.i.1 1 

I 

1.52 3.04 

FIGURE 9 

Specific charge versus  p re s su re  €o r  3 5 5 - 5 0 0 p  s i z e  f r a c t i o n  and 
c e l l u l o s e  cyclone. (0) I experimental  ( 0 )  I mean r e s u l t .  

Time (s) 

FIGURE 10 
Example of r e l a t i v e  Q/M versus t curve using steel s u r f a c e  

(1.52 p s i ) .  
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1519 

I 

FIGURE 11 
Example of r e l a t i v e  Q/M versus t curve using brass surface 

( 2 . 2 8  p s i ) .  

Specific charge 
x 10-9 c/g 

-80.0 

-60.0 

-40.0 

-20.0 

Feeder pressure 
(p.s.i.) 

2.30 4.60 6.90 

FIGURE 12 
S p e c i f i c  charge versus pressure for micronised l a c t o s e .  The 
v e r t i c a l  bars represent the  spread o f  f i v e  determinations. 
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1520 CARTER ET AL. 

TABLE 1 

Mean s p e c i f i c  charge values  x C/g a t  a f l u i d i s e d  feeder 
pressure o f  8.68 psi .  Each r e s u l t  a mean of f i v e  determinat ions 

w i t h  t h e  95% confidence l i m i t s  shown. 

Charging Salbutamol Lactose BDP 

surface su lpha te  (micronised) (micronised) 

Brass 

S t e e l  

t 2 7 . 3  (19.2)  -112.1 (34.7)  -540.6 (152.8)  

-24.5 (41.7)  -133.4 (65.8)  +55.4 (238 .2 )  

The r e s u l t s  from Figure  12 and Table 1 show more complex charging 
t endenc ie s  than those  f o r  t h e  l a c t o s e  s i z e  f r a c t i o n s  s i n c e  t h e  
charge va lues  f o r  micronised l a c t o s e  approach a maximum a t  higher 

feeder p res su res .  

e l e c t r o p o s i t i v e l y  and e l e c t r o n e g a t i v e l y  w i t h  steel, whereas BDP 

acqu i r ed  a very h igh  e l e c t r o n e g a t i v e  charge wi th  b r a s s  bu t  w a s  
a l s o  both e l e c t r o n e g a t i v e  and e l e c t r o p o s i t i v e  w i t h  steel. 

Salbutamol charged e l e c t r o p o s i t i v e l y  w i t h  b r a s s  and both 

DISCUSSION 

Generally,  t he  r e s u l t s  show d i f f e r e n c e s  i n  charging 
t endenc ie s  due t o  p a r t i c l e  s i z e  and type, na tu re  of con tac t  
s u r f a c e ,  and the  effects of p a r t i c l e  adhesion t o  t h e  c o n t a c t  
surface. 

The s i g n i f i c a n t  i nc reased  s p e c i f i c  charge va lues  w i t h  the 

smaller ( 4 5 - 9 O p )  l a c t o s e  s i z e  f r a c t i o n  (Figures  5-81 can be 

a t t r i b u t e d  t o  t h e  g r e a t e r  p a r t i c l e  number d e n s i t y  p rov id ing  an 
o v e r a l l  i n c r e a s e  i n  a v a i l a b l e  s u r f a c e  a rea  f o r  charge t r a n s f e r  

than w i t h  t h e  larger (355-5OOp) s i z e  f r a c t i o n .  S t a i n l e s s  steel  
was found t o  impart a higher  e l e c t r o n e g a t i v e  charge on t h e  

l a c t o s e  p a r t i c l e s  than brass, an effect t h a t  could be r e l a t e d  t o  
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1521 

the  work func t ion  of  t h e  two metals,  where t h e  work func t ion  is 
def ined  a s  t h e  minimum energy r equ i r ed  t o  e x t r a c t  a free e l e c t r o n  
from t h e  s u r f a c e  of  t h e  m a t e r i a l .  Elsdon and M i t c h e l l ( B )  found 
s t a i n l e s s  steel t o  have a lower work funct ion than  brass and 
hence would more r e a d i l y  donate e l e c t r o n s  t o  materials w i t h  lower 
Fermi l e v e l s ,  i . e .  m a t e r i a l s  w i t h  lower energy e l e c t r o n s .  When 
con tac t  is made between a metal and metal/semiconductor, 
equ i l ib r ium is reached when the Fermi l e v e l s  a r e  equated, and 
t h i s  i s  achieved by e l e c t r o n  t r a n s f e r  down t h e  p o t e n t i a l  s t e p  
from the  m a t e r i a l  w i t h  t h e  higher  t o  t h a t  with t h e  lower Fermi  
level. The results emphasized t h e  d i f f e r e n t  charging tendency of 

t h e  l a c t o s e  355-500p p a r t i c l e s  w i t h  t h e  d i f f e r e n t  s u r f a c e s .  

Mean maximum Q/M va lues  of -13.23, -18.76 and +76.80 x C/g  
were ob ta ined  f o r  b r a s s ,  steel and c e l l u l o s e  r e spec t ive ly ,  t h e  

magnitude of  charge from t h e  c e l l u l o s e  being s i g n i f i c a n t l y  higher 

and r e p r e s e n t i n g  a complex charging process  p o s s i b l y  invo lv ing  
chemical ( i o n i c )  groups(n) i n  a d d i t i o n  t o  very d i f f e r e n t  
t r i b o e l e c t r i f i c a t i o n  cond i t ions .  A t r i b o e l e c t r i c  series given i n  
t h e  l i t e r a t u r e ( l 3 ,  p l aces  b r a s s / s t e e l  a t  t h e  e l e c t r o p o s i t i v e  end 
and i n s u l a t o r  m a t e r i a l s  such a s  PVC and c e l l u l o s e  a t  t h e  
e l e c t r o n e g a t i v e  end. T h i s  implies t h a t  metals w i l l  g e n e r a l l y  
donate  e l e c t r o n s  and i n s u l a t o r s  r ece ive  e l e c t r o n s  i n  c o n t a c t  w i t h  
o t h e r  m a t e r i a l s  within t h e  series. Table 2 shows t h e  t h e o r e t i c a l  
maximum Q/M va lues  f o r  l a c t o s e  p a r t i c l e s  a t  t h e  cond i t ion  of 
i n c i p i e n t  breakdown i n  a i r ,  c a l c u l a t e d  from: 

Q = 1 . 0 3  .10-4.r1.7C (Equation 1) 

where r = r a d i u s  of s p h e r i c a l  p a r t i c l e .  

Equation 1(6) assumes s p h e r i c a l  p a r t i c l e s  whereas i n  t h i s  

work t h e  particles were cha rac t e r i zed  a s  "square-circular"  by 
microscopic techniques.  Ca lcu la t ions  f o r  micronised samples are 
more d i f f i c u l t  s i n c e  t h e  value of r could be t h a t  f o r  primary 
p a r t i c l e s  o r  f o r  agglomerates, and i n  Table 2 t h e  results were 
c a l c u l a t e d  using t h e  former. In  add i t ion ,  i r r e g u l a r  shaped 
p a r t i c l e s  w i l l  have regions of higher cu rva tu re  than  sphe res  and 
corresponding higher  s u r f a c e  charge d e n s i t i e s  fol lowing 
r e d i s t r i b u t i o n  of  charge ac ross  t h e  p a r t i c l e  s u r f a c e .  
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1522 CARTER ET AL. 

TABLE 2 
Theore t i ca l  maximum Q/M r a t i o  f o r  l a c t o s e .  

Particles Maximum Q/M value (C/g)  

Lactose micronised 9.79 x 104 

Lactose 4 5 - 9 O p  1.05 x 10-5 

Lactose 355-5OOp 9.52 x lo-’ 

T h e  charge va lues  ob ta ined  i n  t h i s  work were lower than  t h e  

t h e o r e t i c a l  maximum values  suggest ing a complex p rocess  of charge 
and discharge dur ing  t r i b o e l e c t r i f i c a t i o n .  The lower charge 
va lues  obtained may be an i n d i c a t i o n  t h a t  t h e  p a r t i c l e - s u r f a c e  
con tac t  was of l imited intimacy due t o  par t ic le  a s p e r i t e s ,  
agglomeration and con tac t  s u r f a c e  roughness. These f a c t o r s  a long 
w i t h  p a r t i c l e  deformation, adhesion and con tac t  s u r f a c e  w i l l  
affect t h e  charging process  and need t o  be i n v e s t i g a t e d  i n  more 
de ta i l  be fo re  t h e  r o l e  of  t r i b o e l e c t r i f i c a t i o n  i n  powder handl ing 
ope ra t ions  can be understood. 

i nc reased  feeder gas p res su re  caused an inc rease  i n  p a r t i c l e  
charge va lues  which could be a t t r i b u t e d  t o  three effects: 

Inc reased  v e l o c i t y  of l a c t o s e  p a r t i c l e s  as a r e s u l t  of 

i) 
deformation. This  would i n c r e a s e  t h e  a v a i l a b l e  a r e a  f o r  charge 

Inc reased  con tac t  p r e s s u r e  r e s u l t i n g  i n  e las t ic /plast ic  

. 
ii) Higher p a r t i c l e - s u r f a c e  c o l l i s i o n  frequency as a r e s u l t  of 
i nc reased  tu rbu lence  i n  t he  cyclone. 

iii) Decreased p a r t i c l e - s u r f a c e  sepa ra t ion  t i m e  p rov id ing  less 
chance of charge leakage down t h e  p o t e n t i a l  g r a d i e n t  on 
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TRIBOELECTRIFICATION IN PHARMACEUTICAL POWDERS 1523 

separat ion( ' )  and hence minimising charge l o s s  t o  t h e  con tac t  
s u r f a c e .  

It has  been suggested(15) t h a t  the  charge t r a n s f e r  t i m e  is as 
low a s  10-6s when cons ide r ing  impact of a p a r t i c l e  onto a metal  

su r f ace ,  and t h e  r e l a x a t i o n  t i m e  may be c a l c u l a t e d  us ing  p&, 

where p and & a r e  p a r t i c l e  r e s i s t i v i t y  and p e r m i t t i v i t y  
r e s p e c t i v e l y .  The r e l a x a t i o n  t i m e  describes t h e  time taken f o r  
t h e  charge t o  r e d i s t r i b u t e  itself over t h e  p a r t i c l e  su r face ,  away 
from t h e  con tac t  area. P e r m i t t i v i t y  and r e s i s t i v i t y  were 
c a l c u l a t e d  from experimental ly  determined values  f o r  capac i t ance  
and r e s i s t a n c e  r e s p e c t i v e l y .  The r e l a x a t i o n  t i m e s  c a l c u l a t e d  
from these r e s u l t s  were 1.70s f o r  l a c t o s e ,  3.28s f o r  BDP, and 
1.27s f o r  salbutamol and these values  were much greater than  
typical p a r t i c l e - s u r f a c e  con tac t  times. 
l i m i t  t h e  n e t  particle charge by decreasing t h e  p a r t i c l e / c o n t a c t  
s u r f a c e  p o t e n t i a l  g rad ien t  i n  t h e  con tac t  a r e a .  

p a t t e r n s  than  those  f o r  l a r g e r  s i z e  f r a c t i o n s ,  and Figure 12 f o r  
micronised l a c t o s e  shows an inc rease  i n  e l e c t r o n e g a t i v e  charge up 
t o  a maximum value (approximately -65.0 x 10-9 C / g )  occuring a t  
approximately 3.0 p s i ,  c o n t r a s t i n g  w i t h  t h e  l i n e a r  p l o t s  (Figures  
5-8) f o r  the non-cohesive powders. I n  a d d i t i o n  t o  p a r t i c l e  
agglomeration, there is a s t r o n g  i n t e r a c t i o n  between t h e  
micronised samples and t h e  con tac t  su r f ace .  P a r t i c l e  adhesion t o  
t h e  i n n e r  cyclone wall was minimal f o r  t he  larger s i z e  f r a c t i o n s  
bu t  e x t e n s i v e  f o r  t h e  micronised samples, t hus  a l t e r i n g  t h e  

con tac t  s u r f a c e  f o r  t h e  micronised p a r t i c l e s ,  from metal  t o  
powder coa ted  metal .  The % w/w of t h e  micronised l a c t o s e  samples 
depos i t ed  i n  t h e  Faraday well ranged from 47-59 a t  t h e  lower 
p r e s s u r e s  t o  25-36 a t  t h e  higher p re s su res  due t o  g r e a t e r  
adhesion t o  the  metal s u r f a c e s .  For t h e  l a c t o s e  s i z e  f r a c t i o n s ,  
there was l i t t l e  adhesion and values  >90% were obtained f o r  t h e  
mass depos i t ed  a t  t h e  higher p re s su res .  The maximum Q/M va lue  
f o r  t h e  micronised l a c t o s e  was t h u s  lower than t h e  t h e o r e t i c a l  
va lue  of 9.79 x 10-4 C / g  and it was pos tu l a t ed  t h a t  
particle-particle i n t e r a c t i o n s  were re spons ib l e  f o r  compensating 
t h e  charge, w i t h  Figure 12 showing an approach t o  an equilibrium 

Local ised charging may 

Micronised powder samples e x h i b i t e d  more complex charging 

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
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1524 CARTER ET AL. 

b i p o l a r  charging system. I n  add i t ion ,  c a l c u l a t i o n s  r e l a t i n g  t o  
p a r t i c l e  motion within t h e  cyclone e s t ima ted  a minimum mean free 

pa th  of 22, 1.85 and 0.057cm f o r  t h e  355-500pn, 4 5 - 9 O p  s i z e  

f r a c t i o n  and micronised l a c t o s e  r e spec t ive ly .  These va lues  
r e l a t e  t o  t h e  minimum d i s t a n c e  a p a r t i c l e  has t o  t r a v e l  be fo re  it 
encounters  another  p a r t i c l e  and c l e a r l y  show t h e  inc reased  
l ikelyhood of p a r t i c l e - p a r t i c l e  i n t e r a c t i o n s  w i t h  t h e  micronised 
powder. Th i s ,  a long w i t h  t h e  inc reased  particle adhesion t o  t h e  

con tac t  su r f ace ,  c o n t r i b u t e s  t o  t h e  complex charging p rocess  i n  
these systems. 

Table 1 shows t h e  charge values  f o r  BDP and salbutamol 
s u l p h a t e  and i n d i c a t e s  t h e  very d i f f e r e n t  charging t endenc ie s  of 
t h e  two m a t e r i a l s .  Both BDP and micronised l a c t o s e  were found t o  
have s i m i l a r  pa r t i c l e / agg lomera te  s i z e  d i s t r i b u t i o n s  and s u r f a c e  
areas (Sect ion 2.2.1) bu t  showed very d i f f e r e n t  charging 
tendencies ,  f o r  example, BDP acqu i r ing  a very high 
e l e c t r o n e g a t i v e  charge i n  con tac t  w i t h  brass (-540.6 x C / g )  

compared t o  t h e  micronised l a c t o s e  (-122.1 x C / g )  . The wide 
range of charge values  (Table 1) f o r  salbutamol and BDP i n  
con tac t  w i t h  t h e  steel  s u r f a c e  i n d i c a t e s  t h a t  t h e  n e t  charge 
could have e l e c t r o p o s i t i v e  and e l e c t r o n e g a t i v e  va lues .  
r e s u l t s  provide evidence f o r  b i p o l a r  charging and i n d i c a t e  t h e  
l i m i t a t i o n s  of t h e  use of  f i n a l  ne t  charge i n  p a r t i c l e  charge 
i n v e s t i g a t i o n s .  

d i f f i c u l t i e s  when conducting charging experiments w i t h  d i f f e r e n t  
materials. Blythe and ReddishIl6) i n v e s t i g a t e d  t h e  charging of  
p a r t i c l e s  <lmm diameter and concluded t h a t  w i t h  f i n e  p a r t i c l e s  
t h e  e l e c t r o s t a t i c  f o r c e s  of a t t r a c t i o n  were greater than  
g r a v i t a t i o n a l  and hydrodynamic forces ,  and t h a t  p a r t i c l e - p a r t i c l e  
c o n t a c t s  were l iable  t o  g ive  a mixture of e l e c t r o p o s i t i v e  and 
e l e c t r o n e g a t i v e  p a r t i c l e s  which would l ead  t o  an o v e r a l l  decrease 
i n  n e t  charge.  

and 10) revealed d i f f e r e n c e s  i n  t h e  charging mechanism f o r  
l a c t o s e  and t h e  two con tac t ing  s u r f a c e s .  The r e s u l t a n t  n e t  
charge on the  p a r t i c l e s  was found t o  decrease w i t h  t i m e  w i t h  t h e  

b r a s s  s u r f a c e  and inc rease  wi th  t i m e  f o r  the s t a i n l e s s  steel 
s u r f a c e .  D i f f e rences  i n  t h e  r e l a t i v e  number of e l e c t r o p o s i t i v e  

These 

These p re l imina ry  r e s u l t s  i l l u s t r a t e  t h e  complexi t ies  and 

The r e l a t i v e  Q/M values  a t  u n i t  time i n t e r v a l s  (Figures  9 
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and electronegative p a r t i c l e s  f o r  t h e  two s u r f a c e s  would e x p l a i n  

t h e s e  e f f e c t s ,  and f u r t h e r  work i s  needed for a more detailed 
exp lana t ion .  The development of t h i s  technique along with a new 
technique f o r  t h e  i n v e s t i g a t i o n  of b i p o l a r  charging i n  powders i s  
now be ing  undertaken i n  t h e s e  l a b o r a t o r i e s .  

CONCLUSIONS 

A new prac t ica l  technique f o r  measuring t h e  charging 
tendencies of  powders i n  contact with selected s u r f a c e s  has  been 
developed which provides  continuous moni tor ing  of  p a r t i c l e  mass 
and charge s imultaneously.  Test results have shown a l e v e l  of 
s o p h i s t i c a t i o n  i n  which d i f f e r e n c e s  i n  charging tendencies due t o  
p a r t i c l e  s i z e ,  type and charging s u r f a c e  have been e s t a b l i s h e d .  
This work w i l l  enable  powders, i n  p a r t i c u l a r  pharmaceutical  drug 
and excipient systems, t o  be studied under c o n t r o l l e d  cond i t ions  
with a detailed a n a l y s i s  of t h e  charge/mass data .  
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