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ABSTRACT 

Recording Powder Flowmeters (RPF) have received relatively 
little attention in the literature. This paper reportson a modified 
RPF which utilizes a Mettler PR-1200 electronic balance rather than 
the traditional specifically fabricated flowmeter. The versatility 
of this modification is discussed as a cost effective modification. 
This modification provides for the use of RF'F's in many areas of 
pharmaceutical technology. The reproducibility of RPF data with 
its sensitivity to processing and formulation variables has 

investigated. 
control, preformulation and other research areas of pharmaceutical 
manufacturing are discussed. 

been 
Suggestions for the application of RPF data in quality 

INTRQDUCTION 

The evaluation of powder properties has become fncreasingly 
Manufacturing operations for food, important in many industries. 

pigments, fertilizers, building materials, and many other major pro- 
ducts involve powders. (1) The pharmaceutical industry has for many 
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152 JORDAN AND RHODES 

years recognized the  importance of powder propert ies .  Numerous in- 

ves t iga to r s  have examined these p rope r t i e s  and var ious methods have 

been developed t o  quan t i t a t e  the fundamental propert ies  of p a r t i c l e s  

and col lect ions of p a r t i c l e s .  (2) Derived propert ies  of powders,&, 

those concerned with the p r a c t i c a l  use of powders, a r e  diverse  and 

complex. (2) 
Through the  use of derived powder propert ies ,  i t  i s  possible  t o  

study powder rheology which involves the  evaluation of how fundamen- 
tal particle p rope r t i e s  a f f e c t  t h e  flow and deformation of the a s s e m -  

b l i e s  of d i s c r e t e  p a r t i c l e s  contained i n  a powder. Pharmaceutical 

formulators have long sought t o  e s t a b l i s h  simple p red ic t ive  tests of 

powder f l o w .  The necessi ty  of these tests has been stated numerous 

t i m e s  i n  t he  l i t e r a t u r e .  It  is obvious now t h a t ,  i n  many pharmaceuti- 

cal manufacturing operations,  t h e  a b i l i t y  t o  p red ic t  possible  problems 

due t o  powder flow w i l l  a id  i n  the production of a more e f f e c t i v e ,  

s a f e r ,  and less expensive medicinal product. 

Hence, various methods have been developed t o  p red ic t  powder 

flow. 

spatulas  (3) o r  by more complex methods (4-10) have been common19 

used t o  study flow. 

assessed by many authors (11-13) and i t  has been shown t h a t  t he  re- 

s u l t s  of such tests a r e  highly method dependent. Other procedures 

u t i l i z e d  t o  quan t i t a t e  flow include timed del ivery of a specif ied 

weight or volume through an o r i f i c e  (8, 9 ,  1 2 ,  14-17), a c t u a l  t ab l e t -  

t i ng  weight va r i a t ion  (12, 18-20), compressibil i ty on tamping (3, 12, 

21), and t e n s i l e  s t r eng th  measurements. (7 ,  12, 22, 2 4 )  

The repose angles of powders, deremined crudely by heaping on 

These angular measurements have been c r i t i c a l l y  

Recently, use of shear  c e l l s  has become increasingly popular i n  

the study of powder flow. (1, 12, 13, 22, 24-29) By the use of 

Jenike o r  annular type shear c e l l s ,  i nves t iga to r s  have made predic- 

t i ons  concerning the flow of powders by ca l cu la t ing  such f a c t o r s  a s  

the "flow factor" ,  cohesiveness, and e f f e c t i v e  angle of f r i c t i o n ,  

from shear c e l l  measurements. 

More than a decade ago, Gold and coworkers, i n  a s e r i e s  of 
a r t i c l e s  (11, 20, 30, 31) described a recording powder flowmeter 

(RPF), use fu l  i n  measuring flow. Since then t h e i r  work has o f t en  
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RECORDING POWER FLOW METERS 153 

been erroneously grouped with other o r i f i c e  flow techniques al-  

though i t  i s  d i s t i n c t l y  d i f f e ren t .  

The purpose of t h i s  communication is t o  describe the success- 

f u l  use ofamodified RPF and t o  reemphasize the value of t h i s  type 

of equipment i n  many phases of pharmaceutical manufacturing. 

The value of t h e  RPF as a simple and reproducible predictor  of 

powder flow is discussed. 

EXPERIMENTAL 

Materials 
The powders used i n  t h i s  work, t h e i r  manufacturers, and some 

The s i z e  d i s t r ibu t ion  relevant propert ies  a r e  l i s t e d  i n  Table I. 

of t he  powders determined by s ieve analysis  are l i s t e d  i n  Table 11. 

Methods 

Recording Powder Flowmeter Studies 

I n i t i a l  work w a s  carr ied out on D r .  Garnet Peck's flowmeter 

a t  Purdue University. 

by Gold. (11) 

This apparatus i s  similar t o  that described 

Work i n  our laboratory w a s  carr ied out  on an RPF which u t i l i z e d  

The analog s i g n a l  a Mettler PR-1200 e l ec t ron ic  top loading balance, 

output from the balance was  reduced wlth the a i d  of a l i n e a r  potentio- 

meter t o  a l eve l  su i t ab le  f o r  input i n t o  a Perkin Elmer s t r i p  char t  

recorder. A number of g l a s s  funnels with various capaci t ies  and 

o r i f i c e  s i z e s  were u t i l i z e d  as hoppers. These funnels (actual ly  

designed f o r  use i n  making infusions of whole leaf  drugs) were sup- 

ported by a r ing stand over the balance and a g l a s s  p l a t e  was used 

t o  c lose the o r i f i c e  u n t i l  the  flow of powder was desired.  

p l o t s  obtained from the equipment a re  of mass flow per un i t  time. 

Mixing 

The 

Mixing of powders was  carr ied out in either a twinshel l  blender 

(with o r  without impeller bar) o r  an Erweka, Lotequi type Rapid 

Laboratory Mixer. Powders were i n i t i a l l y  mixed by blocking and 

dividing on a f l a t  s u r f a c e ,  then shaken b r i e f l y  i n  a p l a s t i c  bag 

before chavging t o  the  mixer f o r  t he  specif ied period of mixing. 
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RECORDING POWER FLOW METERS 155 

Tabletting Studies 

The mixed powders were compressed on a Stokes B-2 Rotary 
press, with 7/16 inch punches, operating at a speed of 500 tablets 
per minute. Constant die volume was maintained for allmaterials. 
Samples of 100 tablets were randomly removed and weighed to obtain 
the coefficient of welght variation. 
Sieve Analysis 

A Fischer-Wheeler sieve shaker operatfng at an intensity o f  

The sieves were W.S. 500 cps was used to shake the sieve nests. 
Tyler C o . ,  U.S. Standard Sieves. 

charged and the nest was placed on the shaker fgr 20 minutes in 
all cases. 
Loss on Drying 

A sample of 100 grams was 

Moisture contents of the powders were detemined by follow- 

ing the USP loss on drying procedure. (331 Five samples were sub- 
jected to the test. 

Standard Tfmed Delivery Flow Studies 
Orifice flow rates were determined by volume loading the same 

funnels used in the RPF studies. 
o f  material Onto a glass plate mounted on a top loading balance was 
timed. 

The repose angles were also determined during the test. 
of the heap was measured and the base diameter determined by use 
of a grid mounted under the glass plate, 

The delivery of a specified weight 

Mass flow rqtes were determined for three runs of each powder 
The height 

RESULTS AND DISCUSSION 
Recording powder flowmeters (RPF's) do not seem to appear t o  

have received much attention in the literature. Since Gold first 
described his flowmeter in 1966 (11) a number of commercial flow- 
meters have been marketed, but it is not apparent that they are in 
widespread use within the industry. 

One criticism of RPF's may be the expense involved in buying 
the components neceasary for buildfng an RPF, Gold's initial ReF 

was manufactured for use as a flowmeter only, and the most expen- 

sive component which needed to be individually crafted was the 
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156 JORDAN AND RHODES 

cant i lever  balance. This balance converted mass t o  an e l ec t ron ic  

s igna l ,  d i r e c t l y  proportional t o  the  weight applied and l i n e a r  

over the range desired,  

paratus used i n  the commercial flowmeters now avai lable .  

This is bas i ca l ly  the type of weighing ap- 

Following t h e  advent of new technology i n  balance production, 

Cole e t .  a l . ,  while working on fu r the r  RPF refinements f o r  detect-  

ing va r i a t ions  i n  flow rate, reported what would be the s i n g l e  

most important reduction of cos t s ,  i n  creat ing an RPF. (32) They 

u t i l i z e d  a commercially avai lable  Mettler e l e c t r o n i c  balance iden- 

t i ca l  t o  the  instrument we have exploi ted i n  the  present  work. The 

Mettler e l ec t ron ic  balance f u l f i l l s  the necessary s e n s i t i v i t y  c r i -  

t e r i a  and provides e a s i l y  accessible  l i n e a r  analog s i g n a l  output 

f o r  connection t o  a s u i t a b l e  s t r i p  cha r t  recorder.  The only re- 

maining pa r t  needed t o  begin dynamic flow s tud ie s  is  a s u i t a b l e  

hopperfrom which the powder may flow. 
Because i t  is possible t o  use commercially ava i l ab le  e l ec t ron ic  

balances with only minor modification, i t  is no longer necessary t o  

make a l a rge  c a p i t a l  investment i n  equipment dedicated so le ly  t o  

flow s tud ie s .  It i s  probable t h a t  s u i t a b l e  e l e c t r o n i c  balances may 

already be ava i l ab le  within a f a c i l i t y .  Regardless of whether equip- 

ment e x i s t s ,  the  investment may w e l l  be cos t  e f f e c t i v e  as i n  addi t ion 

t o  the special ized use as flowmeters, these balances would be general- 

l y  avai lable  f o r  o the r  rout ine purposes. 

A fu r the r  advantage the  Mettler component provides is t h a t  the 

RPF system can now be modified t o  meet t he  needs pecul iar  t o  any 

given user. 

hoppers with the various capac i t i e s  ava i l ab le  i n  the e l ec t ron ic  

balances o r  t o  use sca l e  models of a c t u a l  equipment t o  individual ize  

the flow s tud ie s  f o r  p a r t i c u l a r  users. 

ty  provides f o r  study of powder flow i n  many d i f f e r e n t  types of 

equipment. 

a g rea t e r  amount of valuable information on powder flow t o  the  

user.  

may a f f e c t  various operations and t h e i r  products, 

It would be possible  t o  use ex i s t ing  production scale 

This hopper design v e r s a t i l i -  

These spec i f i ca l ly  t a i l o r e d  designs w i l l  l i k e l y  y i e l d  

Many wi l l  be ab le  t o  determine more closely how powder flow 
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RECORDING POWER FLOU METERS 157 

I n  h i s  i n i t i a l  a r t i c l e s ,  Gold pointed out t he  value of ac tua l ly  

Because flow may recording o r i f i c e  flow cha rac t e r i s t i c s  of powders. 

be a f fec ted  by many fundamental p roper t ies  of powders such as: 

moisture content,  p a r t i c l e  s i z e ,  shape, dens i ty ,  d i s t r ibu t ion ,  sur- 

face  charge, e t c . ,  i t  is  l i k e l y  t h a t  graphical records of powders i n  

dynamic motion w i l l  y i e ld  more information involved with the  t o t a l  

i n t e rac t ion  of these  many f ac to r s .  

Gold used flow s tud ie s  t o  determine optimum formulations, and 

t o  study the  e f f e c t s  of moisture, charge, and s i z e  d i s t r ibu t ion ,  on 

powder flow. 

encountered i n  t h i s  laboratory could not  be satisfactori$z(esolved.." 

with o ther  methods popular a t  t h a t  t i m e .  Similarly,  i n  our work, 

t he  investment i n  shear cells and the  complicated na ture  of t h e i r  

use,along with unsa t i s fac tory  r e s u l t s  from other  popular methods, 

lead us t o  RPF s tudies .  

H t s  work w a s  begun because "Powder flow problems 

The reproducib i l i ty  of RPF da ta  f o r  a number of systems w a s  

Table I11 shows examples of reproducible flow r a t e s  i n  both tes ted .  

a pure and a mixed binary powder. 

powder is dependent on fundamental p a r t i c l e  proper t ies ,  i t  i s  charac- 

ter is t ic  and reproducible f o r  a given system. 

use fu l  in numerous qua l i t y  cont ro l  and in-process t e s t i n g  s i tua t ions .  

For ins tance ,  t he  supportive evidence of reproducible flow following 

a granulation operation would he 

t i on  t o  prove cont ro l  of t h a t  process. 

Because t h e  flow p r o f i l e  of a 

This makes RPF data  

extremely usefu l  i n  process valida- 

The RPF is s e n s i t i v e  t o  processing va r i ab le s  as s h a m  i n  

Figure I. As t he  t i m e  of mixing increased, flow decreased. This 

phenomena may be due t o  a number of f ac to r s  such a s  p a r t i c l e  a t t r i -  

t i on ,  charge buildup, or more p a r t i c u l a t e  coverage by t he  magnesium 

atearate w h i c h a c t s  as a good luhr icant  hut a poor g l idan t ,  

processes l i k e l y  t o  a l ter  fundamental powder proper t ies  w i l l  a l s o  

a f f e c t  flow and alter RPF flow p ro f i l e s .  

Other 

Formulation va r i ab le s  were a l s o  detected by the  RPF as shown i n  

Figure 11. 

RPF da ta  i n  t h e i r  attempts t o  optimize formulations. This approach 

has been used successfu l ly  i n  troubleshootfng a flow problem. (11) 

Pharmaceutical formulators would undoubtably b e  aided by 
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TABLE 111 

REPRODUCIBILITY OF FLOW RATES 

JORDAN AM> RHODES 

(A) PURE POWDER* 

TRIAL FLOW RATE 
# GM/MIN 

VARIATION 

1 372.1 MEAN FLOW RATE = 372.1 
2 375 .0  STANDARD DEVIATION = 2 . 9  
3 369 .2  COEFFICIENT OF = 0.78% 

VARIATION 
*EHCOMPRESS (Edward Mendell C o . ,  Inc.) 

(B) MIXED POWDER SYSTEM** 

TRIAL FLOW RATE V ARS AT1 ON 
ik GMJMIN 

1 252 .6  MEAN FLOW RATE = 2 4 7 . 3  
2 246.1 STANDARD DEVIATION = 7 . 1  
3 252 .6  COEFFICIENT OF = 2.88% 

VARIATION 
**J#COME’RESS + 2% MAGNESIUM STEARATE 

MLXING TIME = 15 min. (Erweka Laboratory Rapid Mixer SW-1) 

I n  development s t ages  f o r  many products,  t h i s  approach would be 

usefu l ,  as w e l l  as i n  the  purchasing and q u a l i t y  con t ro l  o f  incom- 

ing r a w  ma te r i a l s  t o  be  used i n  e x i s t i n g  products.  

Many workers have t r i e d  t o  c o r r e l a t e  o r i f i c e  glow rates with the  

weight uniformity of t a b l e t s .  (12,  15) The most important f a c t o r  

a f f ec t ing  t h i s  problem is n o t  t h e  rate of powder flow, but  t he  var ia -  

t i ons  i n  flow rate t h a t  occur. 

by Cole et  a1 when they f u r t h e r  r e f ined  t h e i r  RPF’s t o  de t ec t  and 

analyze v a r i a t i o n s  i n  flow r a t e s .  (20, 321 Cole attempted t o  expla in  

a problem noted by o ther  workers. 

t h e i r  standard timed o r f f i c e  flow s tud ie s ,  t he  formulation wi th  the  

f a s t e s t  flow rate a l s o  exhib i ted  t h e  h ighes t  t a b l e t  weight va r i a t ion .  

(15)  Cole w a s  ab le  t o  show t h a t  flow rate w a s  no t  co r re l a t ed  wi th  

the  amount of v a r i a t i o n  i n  rate and concluded t h a t  t h i s  would ex- 

p l a i n  v a r i a t i o n s  noted i n  weight uniformity.  Fur ther  work i n  t h i s  

area is needed before  any d e f i n i t i v e  conclusions can be reached. 

This  w a s  reported by Gold and also 

These workers had found t h a t  i n  

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.



RECORDING POWER FLOW METERS 159 

FLOW RATE AS A FUNCTION OF MIXING TINE 
(EMCOMPRESS + 2% MAGNES I UM STEARATE 1 

10 20 30 40 
MIXING TIME (MINUTES) 

FIGURE I 

We can show t h a t  flow r a t e  is re l a t ed  t o  mean t a b l e t  weight a8 

shown in Table I V .  

would y i e ld  the  g rea t ee t  weight t a b l e t .  Although t h i s  is t r u e  i n  

p a r t  (A) of the  t ab le ,  i t  is not  t he  case i n  p a r t  (B) where o ther  

fundamental powder p rope r t i e s  were a f fec ted  by the  mixing process. 

Again, because o r i f i c e  flow is dependent on many fundamental powder 

It might seem obvious that t h e  f a s t e s t  flow rate 
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375 

325 

275 

225 

175 

125 

FLOW RATE AS A FUNCTION OF 
PERCENTAGE NAGNES I UM STEARATE 

I I I I 1 

1 2 3 4 5 
MAGNESIUM STEARATE (PERCENT) 

FIGURE 11 

propert ies ,  i t  is unlikely t h a t  any simple r u l e s  appl icable  t o  all 
systems w i l l  be developed. It can be shown t h a t  t h e  t rends noted i n  

Table IV are most l i k e l y  due t o  v a r i a t i o n s  i n  flow rates. Pure pow- 

de r s  flow in smooth regular  pat terns(Figure 111) while t h e  more com- 

plex a system becomes, the more l i k e l y  v a r i a t i o n s  are t o  occur i n  
flow rates (Figure r0). 
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TABLE I V  

RELATIONSHIP OF TABLET MEAN WEIGHT AND 

POWDER FLOW RATE 

(A) Mg. Stearate  Flow Rate Mean Weight 
(Percent)" (Gm/Min. ) (Grams) 

1 323.3517.6 7 14.725.2 
2 247.3+ 7.2 714.324.1 
3 195.2+ 6.7 704.e3.5 
4 14 1.251 1.6 684.2t5.1 
5 117.1+19.8 - 658.456.8 

* QS w/ Emcompress (Edward Mendell Co. Inc.) 

(B) Mixing Time Flow Rate Mean Weight 
(Minutes)** (Gm/Min.) (Grams) 

5 160.12 5.3 698.5+3.3 
10 148.2510.2 712.6+4.0 
15 132.42 4.1 714.1s5.3 
30 118.e 2.7 724.256.7 
45 112.95 1.6 726.85-5.9 

**Emcompress + 2% Magnesium Stearate  
i n  Twin Shel l  w/ Impeller Bar 

Coef. of 
Variation 

0.73% 
0.58% 
0.50% 

1.04% 
0.74% 

Coef. of 
Variation 

0.47% 
0.57% 
0.74% 
0.93% 
0.81% 

The g rea t e s t  s ing le  value o f  an RFT I s  the  f a c t  t h a t  one may 

d i r e c t l y  view a representation of ac tua l  m a s s  flow. 

va r i a t ions  and be able  t o  sc ru t in i ze  them o r  analyze them with ap- 

propriate  statfstics is obviously useful ,  

t he  most l i k e l y  key t o  defining product problems which develop due 

t o  flow. Figure V shows two flow graphs obtained when the  present 

workers were invest igat ing a formulation problem. 

carr ied out on an RPF designed and made avai lable  by D r .  Garnet 

Peck a t  Purdue University. 

both flow reasonably. 

standard time o r i f f c e  flow studies ,  w a s  t h a t  another phenomena was 

occurring during t h e  flow test. 

rate which developed as a trend, 

i ng  mass flow rate over time, 

cu la t e  separation occuring i-n t h e  hopper due t o  the  l a rge  p a r t i c l e  

To see the 

These va r i a t ions  are 

This work w a s  

The t r ac ings  show two formulations which 

A hidden problem, hardly detectable with 

Tracing B shopre a var i ab le  flow 

The concave t racing shows increas- 

We conclude t h h  w a s  due t o  pa r t i -  D
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COMPLEX MIXTURE FLOW GRAPHS 
A .  10% nrug, 2% Cabosil, 2% Mg. Stearate, QS Lactose SD 
B. 10% Drug, 2% Cabosil, 2% Mg. Stearate, QS Gran. Manni 

-- 

225 

200 

175 

s 
0 
4 125 F 

25 

o +  TIME (50 units/minute) 

Data from Peck Flowmeter, Purdue University, 
School of Pharmacy and Pharmacal Sciences 

FIGURE V 
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size of the mannitol. 
tectable in other tracings showing convex and combination variation 
trends. These trends may have led to content untfomity problems 
in the finished product if not detected in the flow studies. 

This type of variation trend was also de- 

Some investigators have stated that orifice low techniques are 

not useful for powders with particles less than 100 mtcrons, (13) 
These workers have implied that only shear cell tests can provide 
useful information regarding flow characteristics of cohesive pow- 
ders. 
wealth of information related to powder handling characteristics, 
but the complexity of the equipment required to carry out shear 
studies, and the crucial accuracy involved in the set up and ex- 
perimentation make the simple RPF a viable apparatus for even 
these studies. 
to determine the proper consolidating conditions needed for proper 
shear results, nor are the multiple runs needed to establish a 

valuable yield loci necessary when running flow studtes, The 
complex mathematics involved in calculating useful shear cell 
parameters also makes i-t less likely that this type of equipment 
will be routinely used in preformulation, quality control, and 
in-process testing as we are proposing the RPP can. 

It is true that shear cell determinations can provide a 

It is not necessary to carry out numerous trials 

Further it fs quite possible that with further work WF's will 
be used to measure even the cohesive powders in pure form. 
it is possible for these powders to flow in production situations, 
by use of actual production conditions in RPF studies success is 
likely. Since it is possible to use actual hoppers and also make 
the addition of suitable vfirations encountered by powders during 
normal production, RPF data wfll probably in the future yield use- 
ful data on cohesive powders as well as solve related problems in 
formulations such as particulate segregation in hoppers due to 
vibration. 

Because 
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CONCLUSIONS 

The examples reported in this paper show that R.P.F.'s 
have considerable potential in the following areas: 

(a) basic preformulation studies, including selection of 
raw materials, 

(b) optimization and validation studies of formulations, 
(c) in process quaiity controls during manufacturing, 

hoppers. 
and (d) evaluation of the design of equipment, such as mixers or 
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