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Abstract 

The effects of various concentrations of magnesium stearate as a tablet lubricant on three types of maltodextrins 
were investigated. The maltodextrins were physically processed by the methods of spray drying, fluidized bed 
agglomeration, and roller compaction were compared for their compaction and post-compaction properties. The 
compaction tests were performed using a 10.3 mm round tooling in conjunction with an Integrated Compaction 
Research System operating at a constant punch velocity of 100 mm/s. The lubricant sensitivity of the materials were 
determined using the R values (i.e. the ratio of the maximum lower punch force to the maximum upper punch force). 
The R values for the compacts of all types of maltodextrin reached a plateau when the magnesium stearate 
concentration was 0.5% (w/w) or higher. The compaction properties of the materials were studied by using the total 
work of compaction (TWC) and average power consumption (APC) parameters, both of which decreased with an 
increase in lubricant concentration due to decreased particle cohesiveness. The compaction time data, which were 
analyzed by dividing the compaction period into four regions, exhibited correlations with the TWC and APC values. 
The crushing strength of the compacts exhibited a decrease as the lubricant concentration was increased, which was 
in agreement with the TWC and APC data. The compacts of the maltodextrins generally experienced increased tablet 
porosity with an increase in lubrication concentration with the exception of one type of maltodextrin which was 
processed by the roller compaction method. The compacts of the latter were also stronger and less sensitive to 
lubrication than those of the other maltodextrins examined. In this study, dicalcium phosphate, which is a lubrication 
insensitive material, was also used as a 'reference material'. 
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1. Introduction 

The maltodextrins are starch conversion prod- 
ucts which are currently available as potential 
direct compression filler/binder excipients. Parrott 
(1989) evaluated the maltodextrin, Soludex 15, 
and examined mixtures of the maltodextrin with 
magnesium stearate. He observed decreased tablet 
strength with increased magnesium stearate con- 
centration however, tablets of acceptable strength 
could be produced with 0.5% magnesium stearate 
concentration. Papadimitriou et al. (1992) evalu- 
ated Maltrin M500 and found a strong retardant 
effect on drug release when mixed with a water 
insoluble substance, and that the retardant effect 
increased with the concentration of magnesium 
stearate in the mixture. The retardant effect was 
not exhibited with mixtures containing a water 
soluble drug substance. 

The effect of magnesium stearate as a tablet 
lubricant and its effect on tablet properties has 
been well researched since the 1950s with the 
work by Nelson et al. (1954) and Strickland et al. 
(1956). Nelson developed the 'R value' as a mea- 
sure of the efficiency of a lubricant. The R value 
represents the ratio of the maximum lower punch 
force to the maximum upper punch force. Strick- 
land indicated that lubricants seemed to form a 
coating around individual granules, and for the 
materials examined this coating appeared to re- 
main more or less intact during the compression 
process. Bolhuis et al. (1975) examined mixtures 
of a number of excipients with magnesium 
stearate as a tablet lubricant and stated that the 
starch products, which deform plastically under 
compression, exhibited almost a maximum reduc- 
tion in tablet crushing strength. In contrast, the 
binding properties of dicalcium phosphate dihy- 
drate were completely unaffected by the presence 
of magnesium stearate. A reduction in tablet 
crushing strength with lubrication level was thus 
found to be dependent upon the physical nature 
of the base material. DeBoer et al. (1978) found 
that magnesium stearate exercised a maximum 
effect on excipients that undergo complete plastic 
deformation without any fragmentation under 
compression and were bonded by cohesion, such 
as starch and some starch derivatives. The bond- 

ing properties of excipients which underwent com- 
plete fragmentation under pressure were 
practically uninfluenced by magnesium stearate. 
More recent work by Riepma et al. (1993) de- 
scribed that magnesium stearate sensitivity of brit- 
tle materials may not be directly related to the 
degree of particle fragmentation on compression, 
but was primarily determined by the degree of 
coating on the excipient by lubricant from the dry 
mixing operation. 

2. Methods and materials 

The maltodextrins used were: Maltrin M510 
(Lot #A3533), Dextrose Equivalent = 9-12, 
which is a spray dried product, and Maltrin M500 
(Lot # 094906), Dextrose Equivalent = 9-12, 
which is a fluidized bed agglomerated product, 
both by Grain Processing Co; Malta*Gran TG 
(Lot #A1009), Dextrose Equivalent= 10, and 
Malta*Gran 10 (Lot # A1500), Dextrose Equiva- 
lent = 10, which are fluidized bed agglomerated 
products by Zumbro/IFP; and Experimental 
Maltodextrin (Lot #I2169X), Dextrose Equiva- 
lent = 15, which is a roller compacted material by 
Edward Mendell. Experimental Maltodextrin is 
not yet a marketed product, and its mean particle 
size is yet to be determined. Therefore, in this 
study sieve cuts of Experimental Maltodextrin 
with a theoretical mean particle size of 182 /~m 
were used for all testing since this was the target 
size for the final marketed product (Mollan and 
t~elik, 1993). The reference filler/binder excipient 
used for comparison in the study was dibasic 
calcium phosphate dihydrate, USP, (Emcom- 
press), (Lot # 3083X) by Edward Mendell. Mag- 
nesium Stearate N.F., (Lot # 2256KCCA) by 
Mallinckrodt was used as the lubricant for the 
study. 

All materials were used as received, with the 
exception of magnesium stearate which was pres- 
creened through a 250 micron (60 mesh) screen to 
minimize agglomeration. The concentration of 
magnesium stearate used was 0.00, 0.10, 0.50, 
1.00, and 2.00% of the mixture. The exception to 
this was the compaction of Emcompress at 0.00 
and 0.10% lubrication level. Tablets made from 
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this material at these magnesium stearate concen- 
tration levels could not be ejected intact from the 
die, and for this reason a 5% magnesium stearate 
in acetone suspension was coated over the 
punches and die wall prior to each compaction 
event. The mixtures were all blended in a Turbula 
T2C mixer (Glen Mills, N J) for 2 min. Humidity 
control was achieved by storing the materials in 
desiccators above saturated salt solutions of mag- 
nesium nitrate which maintained a 52.8% relative 
humidity, as per Nyqvist (1983). The effect of 
storage conditions for maltodextrins has been pre- 
viously reported by Mollan and (~elik (1995). 

The true densities were determined for the ma- 
terials alone (helium pycnometry by Multipyc- 
nometer, Quantachrome, Syossett, NY), and for 
the lubricated mixtures. 

Surface area measurements were performed by 
the nitrogen adsorption multipoint BET method 
in the relative pressure range of 0.05-0,35 (Quan- 
tasorb Sorption System, Quantachrome, Syosset, 
NY). The powders were vacuum dried for 6 h at 
60°C, then degassed with nitrogen for a minimum 
of 1 h prior to testing. 

The powders were compacted into tablets em- 
ploying an Integrated Compaction Research Sys- 
tem (Mand Testing, Stourbridge UK) which 
utilized a 'sawtooth', i.e. constant velocity wave- 
form, of double ended design operating at a 
punch velocity of 100 mm/s. This type of profile 
was chosen because it allowed all of the formula- 
tions to be subjected to the same punch velocity 
during the compaction event, without the need to 
adjust the punch profiles for each mixture due to 
variations in the bulk densities. A standard flat- 
faced round 10.3 mm set of BB tooling was used. 
Comparison between formulations were made 
with the amount of powder compacted as 0.2 cm 3 
in constant true volume at 0% porosity. The 
deformation of the system, i.e. punches, load cells, 
and other components in linear series with the 
punches, was accounted for by a 'punch on 
punch' method. Deformation of the upper and 
lower punch was determined up to 40 kN, and 
these values then fitted to polynomial equations 
which best described the phenomena. These equa- 
tions were then used to compensate for system 
deformation in order to obtain accurate displace- 

ment measurements during compaction testing. 
Ejection forces were not measured in this study 
due to the insufficient resolution of the load cell 
signals at the time of the investigations. In-die 
data reported are the mean of three individual 
tablet compactions. The tablets were made by 
compaction to 75 and 300 MPa mean pressure for 
comparison purposes. 

The physical testing of the tablets was per- 
formed 24 h after ejection to allow for viscoelastic 
expansion. The physical measurements and tests 
included: weight (model 100A XE series, Denver 
Instrument, Arada, CO); compact thickness and 
diameter, by micrometer (Material Control, 
Pennsauken, N J), and crushing force (VK 2000, 
VanKel, Edison, N J). Reported tablet crushing 
force and ejected tablet porosity data are a mean 
of ten determinations. 

3. Results and discussion 

3. I. Dur ing  compact ion,  in-die test ing 

The results of the compaction data evaluation 
by the R value method are shown in Table 1. The 
level of magnesium stearate in the mixture had a 
very significant effect on the R value, with the 
expected results of increased R values occurring 
with increased lubricant at both pressure levels 
examined. The R value for the compacts of all the 
materials began to plateau after a magnesium 
stearate concentration of 0.5% loading level. The 
R values were closer to unity when the pressure 
applied was higher (300 MPa), and indicated in- 
creased efficiency of magnesium stearate as a 
tablet lubricant at higher pressures. This effect has 
been previously shown by Fukumori and 
Carstensen (1983) with frictional coefficients. 
Since it is expected that there is less surface area 
at higher pressure compared with lower pressure, 
therefore less magnesium stearate is required to 
cover the surface and provide lubrication. The 
same type of trend is shown in this work with 
magnesium stearate lubricant effect as evaluated 
by the R value. 

The energy transferred by the upper and lower 
punches to the powder bed is utilized for particle 
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Table 2 
The mean particle size, specific surface area, and bulk density data of the maltodextrins studied 

Maltodextrin Mean particle size (pm) Specific surface area (m2/g) Bulk density (g/cm 3) 

Experimental Maltodextrin 179 1.73 0.57 
Maltrin M510 104 0.31 0.50 
Maltrin M500 260 0.54 0.27 
Mal ta*Gran TG 318 0.40 0.38 
Mal ta*Gran 10 285 0.50 0.29 

rearrangement, elastic-plastic deformation, and/or 
brittle fracture as well as for the formation of new 
bonds within the tablet matrix. The total work of  
compaction (TWC) can be calculated as per t~elik 
and Marshall (1989): 

TWC = F~p x dXup 
kd  r = 0 

(U ) -'b Nip × dXlp  
=0  

where Fup and Flp are the forces on the upper and 
lower punches respectively; ~up and Xlp are the 
contribution of the upper and lower punches, 
respectively to the decrease in the distance be- 
tween them; X = 0 is the point where the porosity 
equals the initial porosity, and the maximum ap- 
plied load was reached at Xmax(up ) and Xmax(lp ). 
The higher the work input involved during the 
compaction of a powder system, the stronger the 
compact is expected to be formed due to the 
higher amount  of energy utilized in the formation 
of bonds, provided that die wall friction is mini- 
mal. If a time element is used in conjunction with 
the force and displacement data, then the power 
utilized during the compaction of a powder sys- 
tem can be calculated. Several methods of deter- 
mining power have been reported, and this study 
utilized the average power consumption (APC) 
method ((~elik and Marshall, 1989). 

The results of testing and the calculated values 
of TWC and APC at maximum pressure are 
shown in Table 1. The trend of decreasing TWC 
and APC values with an increase in lubricant level 
is clearly seen at the 300 MPa pressure. The data 
at 75 MPa pressure shows no distinctive trend for 
any of  the materials. The TWC and APC values 
obtained at each set of  conditions complemented 

each other due to the constant velocity waveform 
which was used in the study. Decrease in the 
TWC and APC values with lubricant level was 
due to a decreased degree of cohesiveness between 
the particles as well as decreased frictional effects 
at the punch faces and die wall. The area under 
the force displacement curve then decreased be- 
cause less work was needed to achieve an equiva- 
lent mean pressure. 

The time period over which the compaction 
event has occurred can be divided into a number 
of  different regions which can be of use as part of  
the complete evaluation of  in-die compaction 
data. In this study, the compaction event has been 
divided into the following four separate time peri- 
ods of  interest which were extracted from the 
d a t a ;  Tot, T, nx, Tem, and Tet. The period, T~t, is the 
contact time, and is the time period from when 
the punch initially contacts the powder bed, as 
determined from fill height, until the time when 
the punch loses contact with the formed tablet, as 
determined from the force data and specified at 
100 N due to force transducer resolution. The 
period, Tmx, is the time to maximum force, and is 
the time period from when the punch initially 
contacts the powder bed, until the time when 
maximum force is achieved. The period, T~m, is 
the effective time to maximum force, and is the 
time period from when a force level is initially 
determined, which is found by an averaging tech- 
nique with a precision of  100 N, until the time 
when maximum force is achieved. The period, T~, 
is the total effective time, and is the time period 
from when a force level initially is determined, as 
described above, until the time when the upper 
punch loses contact with the formed tablet, 
defined as 100 N. 
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The time data from the compaction events are 
also shown in Table 1. The bulk density of the 
materials are shown in Table 2. The contact time, 
T c t ,  generally corresponded to the bulk density of 
the material, with low bulk density materials hav- 
ing intrinsically longer contact times. The time to 
maximum force, Tmx, also followed this trend. 
Increased levels of magnesium stearate caused 
increases in the bulk density, and this was illus- 
trated by changes in the time values, Tot and Tmx , 

of the low density materials. All the time period 
values decreased due to increased particle effi- 
ciency in rearranging in the die during compres- 
sion. Maltrin M500, Malta*Gran TG, and 
Malta*Gran 10 all had relatively low initial bulk 
densities and their time period values all contin- 
ued to decrease with increased magnesium 
stearate level. The time period data did not show 
the plateau effect with magnesium stearate level as 
was seen with the R value data. Instead the time 
period data correlated with the changes which 
were seen in the TWC and APC values. The 
methods of TWC, APC, and compaction time 
period evaluation were more sensitive in-die meth- 
ods of determining the effect of lubrication level 
on the compaction phenomena than simply using 
the R value. The higher bulk density of Experi- 
mental maltodextrin and Emcompress did not 
show much effect in their time period data due to 
lubrication level. 

3.2. Post-compaction, out of  die testing 

Fig. 1 is a plot of tablet crushing force vs 
magnesium stearate level in the blend for the 
maltodextrins tested and Emcompress, as refer- 
ence material, at mean compaction pressure of 75 
MPa while Fig. 2 is a similar plot but at 300 MPa 
maximum pressure. The two profiles depict 
analogous results, with differences seen between 
the behavior of Emcompress and the maltodex- 
trins. Emcompress shows no change in tablet 
crushing force with lubricant level, which agrees 
with the results of Bolhuis et al. (1975). All the 
maltodextrins behaved similarly to each other, 
with decreased tablet crushing force with in- 
creased lubricant level occurring at both pres- 
sures. Experimental maltodextrin exhibited the 

smallest crushing force decrease with lubrication 
level of the maltodextrins examined. This lower 
sensitivity to magnesium stearate is considered 
primarily to be due to the surface area and defor- 
mation behavior of the roller compacted material. 
The specific surface area, mean particle size, and 
bulk density values of the maltodextrins are re- 
ported in Table 2. Experimental maltodextrin had 
a much larger surface area than the other 
maltodextrins, therefore the total lubricant film 
formation should be less than the other maltodex- 
trins. The roller compacted maltodextrin failed 
more by fragmentation during the compaction 
event, than the other more plastically deforming 
maltodextrins as previously reported by Mollan 
and (~elik (1993); this type of brittle failure then 
generates new clean surfaces which would be 
available for bonding. All the other maltodextrins 
failed primarily by plastic deformation, and once 
the surfaces of the materials were coated with 
lubricant film, no new clean surfaces would be 
available for bonding. This leads to a decrease in 
tablet crushing force. The similar behavior of the 
roller compacted maltodextrin and dicalcium 
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Fig. 1. Tablet crushing force vs magnesium stearate concentra- 
tion (w/w) plots of the compacts made at 75 MPa applied 
pressure, (D) Maltrin M510; (O) Maltrin M500; (•) 
Malta*Gran TG; (V) Malta*Granl0; ( 0 )  Experimental 
Maltodextrin; (O) Emcompress. 
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Maltodextrin; (e)Emcompress. 

phosphate dihydrate with regard to failure prop- 
erties was also seen in the time period data evalu- 
ation shown in Table 1. 

Fig. 3 is a plot of  ejected tablet porosity vs 
percentage of  magnesium stearate in the blend for 
the maltodextrins tested and Emcompress at a 
mean compact ion pressure of  75 MPa, while Fig. 
4 is the similar plot at 300 MPa  maximum pres- 
sure. Emcompress  showed very little change in 
porosity with magnesium stearate loading level 
which agreed with the insensitivity to magnesium 
stearate concentration for the tablet crushing 
force results which are illustrated in Figs. 1 and 2. 
Experimental maltodextrin showed only a slight 
change in tablet porosity with magnesium stearate 
concentration which corresponded with the lim- 
ited loss in tablet crushing force which is seen in 
Figs. 1 and 2. All the other maltodextrins experi- 
enced increased tablet porosity with increased 
magnesium stearate concentration. This behavior 
correlated with the losses in tablet crushing force 
depicted in Figs. 1 and 2. This behavior was due 
to the magnesium stearate coating on the particles 
which were then unable to bond because of  the 

lubricant film. On decompression, the two sur- 
faces separated due to lack of an adequate bond 
thus causing an increase in tablet porosity. 

4. Conclusions 

The R value for all the compacts of  maltodex- 
trins began to plateau after a magnesium stearate 
concentration of  0.5% loading level. The calcu- 
lated TWC and APC values obtained at 300 MPa 
pressure level compactions decreased with in- 
creased lubricant level. 

Time data evaluation of the compaction event 
was useful for characterizing a material 's  rear- 
ranging efficiency in the die. The time period data 
corresponded with the bulk density of  the materi- 
als. The time period data evaluation also corre- 
lated with the material 's  failure properties under 
compression. 

The roller compacted maltodextrin was more 
robust to increased magnesium stearate concen- 
trations than were the other maltodextrins, as 
evaluated from tablet crushing force. This was 
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Fig. 3. Ejected tablet porosity (%) vs magnesium stearate 
concentration (w/w) plots of the compacts made at 75 MPa 
applied pressure, ([2) Maltrin M510; (O) Maltrin M500; (A) 
Malta*Gran TG; (V) Malta*Granl0; (0) Experimental 
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due to a large surface area, high bulk density, and 
more fragmentary failure behavior for the roller 
compacted maltodextrin as compared with the 
other maltodextrins studied. Tablet porosity data 
correlated well with the tablet crushing force data. 
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