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ABSTRACT 

The effectiveness of the new powder mixer Canguro J tumbler was evaluated us- 
ing lactose, microcrystalline cellulose, and salicylic acid as chemical indicator with 
the ratio 88:10:2 (w/w). The mixing time, the speed of the tumbler (~pm), its in- 
clination, and filling percentage were varied in order to assess the limits of the 
mixer and the best parameters to use for obtaining a mixture as uniform as pos- 
sible. The same experiments were then repeated after addition of I % (w/w) mag- 
nesium stearate to the mixture of powders. The eficiency in the distribution of this 
lubricant was estimated by the progressive hardness reduction of the tablets de- 
rived from the compression of the powders, at a constant applied force. Finally, 
a comparison between Canguro J and a very eficient V-shaped mixer of the same 
capacity was peg5ormed. The results show that all investigated parameters influ- 
enced the mixing capability of Canguro J.  The best effectiveness of the mixer oc- 
curred at the filling rate of 50% and a rotation speed of 20 rpm; in this case, 
Canguro J is even a little more effective than the V-shaped mixer. However, even 
at the jilling rate of 70%, the same distribution uniformity of the powders can be 
obtained after a mixing time protraction of a few minutes. 

INTRODUCTION 

Solid-solid mixing is a very common and important 
operation in pharmaceutical industries which must be 
performed with well-established parameters in order to 
obtain homogeneous and reproducible blends. This can 

be obtained on an industrial scale by means of suitable 
mixers of different shape and size. 

Canguro is a new industrial scale mixer, the shape of 
which is different from all other existing mixers (Fig. I). 
In fact, it is a combination of a cone and a short parallele- 
piped. The specific model (Canguro J) taken into account 

‘To whom correspondence should be addressed. 

81 

Copyright 1998 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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



82 Palmieri et al. 

obtained from the same mixture processed with the V- 
shaped mixer. 

Figure 1. Canguro Junior. 

has a capacity of 50 liters, a rotation speed variable 
between 10 and 20 rpm, and the ability to rotate in sloped 
positions between 0 and 15". 

Several works have been performed to study the mix- 
ing effectiveness of mixers such as cubic, drum, 
biconic, planetary, and V-shaped mixers (1-14). The V- 
shaped mixer is world-wide considered one of the most 
effective. 

The aim of this work was to verify if this new mixer 
could be classified among the most effective ones, and 
how experimental parameters could influence its mixing 
performance. 

A series of experiments were carried out at different 
rotation speeds, mixing times, and slopes, using a spe- 
cific mixture of lactose and microcrystalline cellulose to 
which was added, in the first step, 2% or 0.5% (w/w) 
of salicylic acid and then 1 % (w/w) of magnesium stear- 
ate. In the first case, the distribution uniformity of the 
chemical indicator in the mixture of powders was 
checked; in the second case, the effect of the lubricant 
distribution on the crushing strength of tablets, directly 
compressed from the same mixture, was determined 
according to the method suggested in previous works 
(15,16). The results were also compared with those 

MATERIALS AND METHODS 

Scanning Electron Microscopy (SEM) 

SEM analysis was carried out with a Stereoscan 360 
scanning electron microscope (Cambridge Instruments 
Limited, Cambridge, UK) on the powders of salicylic 
acid, lactose, microcrystalline cellulose, and magnesium 
stearate, in order to obtain a visual image and evaluate 
differences of particle size and shape which could influ- 
ence the mixing process. 

V-shaped Mixer 

First Phase 

An amount of lactose (Tablettose EP, Meggle, 
Wasserburg, Germany), corresponding to 88% (w/w) of 
the final mixture, was mixed with an amount of micro- 
crystalline cellulose (Microcel, Blanver, Brazil) equiva- 
lent to 10% (w/w) of the mixture, in the V-shaped 
mixer (50 liters capacity) for 15 min, at 25 rpm. 

This mixer has a fixed rotation speed of 25 rpm. 
Then, a quantity of salicylic acid, previously sieved, 

corresponding to 2% of the whole mass, was added, so 
that a fmal volume of 25 liters was reached. Finally, the 
mixing process was started and after 0.5, 1, 2, 4, 8, 16, 
and 32 min, 12 samples were withdrawn with a grain 
thief and analyzed spectrophotometrically at 303 nm 
with a Cary 1E UV-Vis spectrophotometer (Varian) in 
order to terify the salicylic acid content and, conse- 
quently, its distribution uniformity. All withdrawals of 
the 12 samples with the grain thief at every mixer stop 
were carried out in the same way, to give the best re- 
peatability to this step. 

Second Phase 

Magnesium stearate, 1% (w/w), was added to the 
previously formed mixture and the mixing process was 
restarted. After 0.25, 0.5, 1, 2, 4, 8, 16, and 32 min, 
samples were withdrawn with a grain thief. Powders of 
the unlubricated blend and of all blended samples were 
compressed into tablets with a 15-station Kilian (Koln- 
Niehl, Germany) rotary press to evaluate the rate of 
hardness reduction, caused by a more uniform distribu- 
tion of the lubricant around solid particles of the mix- 
ture, with the increase of the mixing time. The compres- 
sion load was kept constant for all the tablets prepared, 
in order to obtain, for the unlubricated blend, an initial 
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hardness of 15 kp, measured with an Erweka (Heusen- 
stramm, Germany) TBH 30 hardness tester connected to 
an AT computer. In all cases, hardness values were the 
mean of 10 measurements. 

Canguro Mixer 

First Phase 

An amount of lactose, corresponding to 88% (w/w) 
of the final mixture, was mixed with an amount of mi- 
crocrystalline cellulose equivalent to 10% (w/w) of the 
mixture, in the Canguro Junior mixer (50 liters capac- 
ity; Zanchetta, Lucca, Italy) for 15 min, at 20 rpm. 

Successively, a quantity of salicylic acid, previously 
sieved, corresponding to 2% of the whole mass, was 
added until a final volume of 25 or 35 liters was 
reached, corresponding to 50% and 70% of the mixer 
filling capacity, respectively. The mixing process was 
then started with a tumbler inclination of 15" and using 
two of the possible rotation speeds: 10 and 20 rpm. 
After 0.5, 1, 2, 4, 8, 16, and 32 min, 12 samples were 
withdrawn with a grain thief and analyzed spectropho- 
tometrically at 303 nm to verify the salicylic acid con- 
tent and, consequently, its distribution uniformity. 

Second Phase 

Magnesium stearate, 1% (w/w), was added to the 
previously formed mixture and the mixing process was 
restarted. After 0.25, 0.5, 1, 2, 4, 8, 16, and 32 min, 
samples were withdrawn with a grain thief. Powders of 
all blended samples were next compressed into tablets 
(in exactly the same way described for the V-shaped 
mixer) to evaluate the rate of hardness reduction, caused 
by a more uniform distribution of the lubricant around 
solid particles of the mixture, with the increase of the 
mixing time. In ail cases, hardness values were the 
mean of 10 measurements. 

Additional Experiments 

The already described experimental design was re- 
peated three more times at the following conditions: 
tumbler rotating at 0" inclination, use of 0.5% (w/w) of 
salicylic acid instead of 2 % , and the two situations al- 
together. 

Statistics 

One-way ANOVA was performed on the experimen- 
tal values of all series to show any significant differences. 

RESULTS AND DISCUSSION 

Scanning Electron Microscopy 

Figures 2-5 show the SEM images (magnification 
3 8 3 ~ )  of the powders of lactose, microcrystalline cel- 
lulose, salicylic acid, and magnesium stearate, respec- 
tively. Particularly, the shape of the long, thin salicylic, 
acid crystals is very different from those of the other 
powders, making it difficult to obtain a homogeneous 
dispersion of this chemical indicator. So, eventual good 
mixing results should be even more appreciated. How- 
ever, at the end of the mixing process (Fig. 6), long 
needle-shaped crystals of salicylic acid are broken in 
very short fragments. 

Figure 2. Powder of lactose (SEM). 

Figure 3. Powder of microcrystalline cellulose (SEM). 
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Figure 4. 
crystal of salicylic acid (SEM). 

(a) Crystals of salicylic acid (SEM). (b) Single 

Figure 6. 
magnesium stearate) of the mixing process. 

Powder at the end of the first phase (without 

Salicylic Acid Uniformity 

Values reported for each considered minute are the 
mean of 12 samples. Standard deviation bars are omit- 
ted to avoid overlapping. Results shown by all figures 
are obviously valid for the mixing of the powders used. 

Figure 7 shows the curves of the percentages of sali- 
cylic acid uniformity (2% of salicylic acid recovered in 
the sample is considered 100% of uniformity) against 
minutes for Canguro J rotating in sloped position (15"), 
loaded at 50% (19 rpm and 20 rpm) or 70% (10 rpm 
and 20 rpm) of its capacity, and using the 2% of chemi- 
cal indicator, compared with the curve of the V-shaped 
mixer loaded at 50% of its volume. 

The V-shaped mixer is confirmed to be very efficient 
since after 30 sec, a uniformity of 80% is reached. 

+V mix 50% 25rpm 
t C a n g  50% 10rpm 
+Cang 50% 20rpm 
+Cang 70% 1Orpm 

I -. 

0 sec. 30 sec. 1 min. 2 min. 4 min. 8 min. 16 min. 32 rnin. 

Figure 5. Powder of magnesium stearate (SEM). 
Figure 7. 
mity of 2% salicylic acid. 

Effect of mixing time on the distribution unifor- 
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the effectiveness of the mixing process; the distance be- 
tween the two sets of curves is only due to the differ- 
ent initial load of the mixer. 

Hardness Reduction 

Figure 12 shows the curves of tablets hardness reduc- 
tion against minutes for Canguro J rotating in sloped 
position (15”), loaded at 50% (10 rprn and 20 rpm) or 
70% (10 rpm and 20 rpm) of its capacity and using 1 % 
of magnesium stearate, compared with the curve of the 
V-shaped mixer loaded at 50% of its volume. 

A very fast decrease of hardness in all curves can be 
observed, but those obtained from a tumbler rotation 
speed of 10 rpm show a little lower lubricant distribu- 
tion speed; it appears that for Canguro J, rotation speed 
is a more influential parameter than powder load. 

Figure 12 substantially confirms the results of Fig. 
6 .  In fact, after 2 min, hardness reduction of the tablets 
is practically complete in all curves; Canguro J, using 
a powder load of 50% and a rotation speed of 20 rpm, 
is even more effective than the V-shaped mixer. Also in 
this case, when results are expressed in revolutions (Fig. 
13), overlapping tendency between curves can be noted. 

Figure 14 shows the comparison between the best 
and the worst working conditions either in sloped posi- 
tion (15”) or without inclination (0’). The use of 1% 
magnesium stearate brings the same conclusions drawn 
from Fig. 3: there is practically no difference between 
the two trials with a load of 70%, but under the best 
conditions (50% load and 20 rprn), the inclination of the 
tumbler has a small positive effect on mixing capabili- 
ties. 

’ ”  I 

9 h 
*Gang 50% 20rpm 
* Cang 70% 10rpm 

h a 
a Y, 

5 m 

; 7  

5 
m c 
u , 6  

5 

8 

4 1 

15sec 30sec 1 rnin 2min 4min 8rnin 16min 32min 

Figure 12. Effect of mixing time on 1 % magnesium stearate 
influence on the crushing strength of tablets (sloped position). 

Figure 13. Effect of revolutions on 1 % magnesium stearate 
influence on the crushing strength of tablets (sloped position). 

Statistical Analysis 

Tables 1 and 2 represent minutes after which one- 
way ANOVA (significance level 0.05), applied to val- 
ues obtained from each mixing process (12 withdraw- 
als for every stop of the mixer), reveals no significant 
difference between the series of 12 samples. 

In practice, these “critical mixing minutes” indicate 
the time necessary to complete the mixing process un- 
der specific experimental parameters. A further prolon- 
gation of the mixing time is not expected to improve 
uniformity of the powder. 

The first conclusion that can be drawn from Tables 
1 and 2 is that magnesium stearate is distributed more 
quickly than salicylic acid, but, except for the 70% load 

10 

9 
+ Cang 50% 20rprn VP a 

a Y 
5 
n, 

; 7  

(5 

m 
8 
c 
m 6  

5 

4 
15sec 30 sec 1 rnin 2min 4min 8rnin 16min 32min 

Figure 14. Effect of 1 % magnesium stearate admixing on the 
crushing strength of tablets: comparison between sloped and 
not sloped positions. 
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Table I 

Critical Mixing Minutes for Chemical Indicator Distribution 
~ 

TY Pe Load rpm % Salicylic Acid Slope Critical Mixing Minutes 

V-mixer 50 % 25 2 0" 1 
Canguro 50 % 10 2 15" 4 
Canguro 50% 20 2 15" 2 
Canguro 70 % 10 2 15" 8 
Canguro 70 % 20 2 15" 8 
Canguro 50% 20 2 0" 2 
Canguro 70 % 10 2 0" 8 
Canguro 50% 20 0.5 15" 0.5 
Canguro 70 % 10 0.5 15" 2 
Canguro 50 % 20 0.5 0" 2 
Canguro 70 % 10 0.5 0" 8 

Table 2 

Critical Mixing Minutes for Magnesium Stearate Distribution 

Type Load rpm % Mg Stearate Slope Critical Mixing Minutes 

V-mixer 50 % 25 1 0" 
Canguro 50 % 10 1 15" 
Canguro 50 % 20 1 15" 
Canguro 70 % 10 1 15" 
Canguro 70 % 20 1 15" 
Canguro 50% 20 1 0" 
Canguro 70 % 10 1 0" 

0.5 
2 
0.5 
2 
0.5 
0.5 
1 

and 20 rpm, the experimental parameters used have the 
same influence either on chemical indicator distribution 
or on lubricant distribution. 

For salicylic acid, under the more effective mixing 
conditions (50% load and 20 rpm, 25 rpm for V-mixer), 
2 min is enough to obtain homogeneous mixture; the 
other parameters do not have the same impact. After 8 
min, even using the worst operating conditions, a good 
degree of uniformity is reached. 

CONCLUSION 

Canguro J is a very effective mixer, able to uni- 
formly disperse in a mass of diluent even small quanti- 
ties of drugs. Under certain conditions it is more eff-  
cient than the V-shaped mixer. Rotation speed and load 
are parameters which markedly influence uniformity of 
the mixture. Other parameters such as tumbler slope 

have only marginal influence in the mixing of the spe- 
cific powders used. 
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