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Summary 

A comparison of a range of microcrystalline (MCC) and microfine (MFC) celluloses from different manufacturers has been 
undertaken. Tests included those associated with the powder (e.g., bulk properties, particle density, particle size range, sliding 
friction and swelling), those associated with tablet formation (e.g., Heckel, Kawakita and force-displacement curve evaluation) and 
those associated with the formed tablets (e.g., mechanical strength and disintegration). Measures of bulk properties differentiated 
between the MCC and MFC products. Similar grades within these types were not always equivalent and divergences were not 
associated with particle size range. All the products possessed similar values for sliding friction. The MCC products generally had 
lower values for the mean yield pressure than the MFC products, although one MCC (Heweten®10) had an atypical higher value 
than other MCCs. The approach of Kawakita and Liidde (1970/71) (Powder TechnoL, 4 (1970/1971) 61-68) however, appeared 
insensitive to differences in the compressibility of the products. Treatment of the force-displacement curves by multivariate analysis 
of variance suggested that all the products were distinctly different. The same statistical approach applied to the relationship 
between mechanical strength and tabletting pressure, however, suggested that the products could be divided into three groups. The 
first group contained all the MCC products except one (Heweten®12). The second group contained one MCC product 
(Heweten®12) plus three MFC products, and the third group consisted of the remaining MFC products. The tablets produced at a 
constant force disintegrated in different times. These differences were not associated with the swelling properties of the cellulose 
products. Short disintegration times were often associated with tablets with poor mechanical properties. The results clearly indicate 
that care must be taken in changing from one cellulose product to another in an optimized tablet formulation. 

Introduction 

Cel lu lose  powders  are  one  of  the most  impor-  

tant  types of  excipients  used in tablet t ing,  espe-  

Correspondence to (present address): F. Podczeck, The School 
of Pharmacy, Dept of Pharmaceutics, 29-39 Brunswick 
Square, London WC1N lAX, U.K. 

cially for direct  compress ion:  The re  are d i f ferent  

grades  o f  cellulose.  T h e  microcrysta l l ine  cellu- 

loses being dis t inguishable  f rom the microf ine  

grades.  Products  of  the microcrysta l l ine  type are 

p roduced  f rom nat ive cel lulose by acid hydrolysis. 

T h e  hydrolysis p roduc t  can be  t r ans fo rmed  into 

products  sui table  for pha rmaceu t i ca l  use by 

mil l ing fol lowed by spray drying. These  products  

are cha rac te r i zed  by high crystallinity of  about  
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60-80% (Hfittenrauch and Keiner, 1976; Doelker 
et al., 1987a; Padmadisastra and Gonda, 1989). 
The manufacturing process used by Heweten ® -  
a microcrystalline cellulose powder of the former 
East Germany - was produced by a different 
process (Magister et al., 1980). To reduce the 
costs the hydrolysis products were only milled 
and screened. The degree of crystallinity for such 
products was about 30-50% (Voigt and Born- 
schein, 1987). In general, acid hydrolysis mainly 
destroys the amorphous areas of the cellulose. 
The result is a cellulose product of higher crys- 
tallinity and lower molecularity than the mi- 
crofine cellulose product (Blaschek, 1990). Mi- 
crofine celluloses represent excipients which are 

produced by milling of purified cellulose. Disag- 
gregated microfine celluloses are manufactured 
by clearing of sediment. Microfine celluloses have 
a degree of crystallinity of about 15-45% 
(Doelker et al., 1987a; Voigt and Bornschein, 
1987; Blaschek, 1990). The degree of crystallinity 
influences various properties including the com- 
pactibility and the adsorption of water. These 
could influence the flowability and the drug sta- 
bility. In the region of amorphous cellulose, a 
fraction of adsorbed water can be bound strongly, 
e.g., by hydrogen bonding to hydroxyl groups in 
each repeating sugar unit in the cellulose. It is 
suggested, that approx. 3% water is strongly 
bound water (Ahlneck and Alderborn, 1988). The 

TABLE 1 

Sources of cellulose products and their classification 

Type Cellulose Manufacturer Classification 
product 

MCC Avicel ® PH 1 O1 FMC Corp., Ameri- Standard (1) 

MFC 

Serva 0.038 

Sanaq®101 L 

Heweten®10 

Heweten ® 12 

Serva 0.019 

Elcema ® P 050 

Elcema® P 100 

Elcema® F 150 

Vitacel®F 120 

Elcema®G 250 

Vitacel®A 300 

Vitacel® M 80 

can Viscose Division, 
Markus Hood, U.S.A. 
Serva Feinbiochemica, 
Heidelberg, Germany 
Pharma Trans Sanaq 
AG, Switzerland 
Zellstoff- und Papier- 
fabrik Weil3enborn, Germany ~ 

Zellstoff- und Papier- ('Avicel 
fabrik Weil3enborn, Germany ~ PH 102') 
Serva Feinbiochemica, ('Avicel 
Heidelberg, Germany PH 105') 

Degussa AG, 
Frankfurt/M., Germany 
Degussa AG, 
Frankfur t /M,  Germany 
Degussa AG, 
Frankfur t /M,  Germany 
Rettenmaier & Sons, 
Ellwangen-Holzmiihle, Germany 

Degussa AG, 
Frankfur t /M,  Germany 
Rettenmaier & Sons, 
Ellwangen-Holzmiihle, Germany 

Rettenmaier & Sons, 
Ellwangen-Holzmiihle, Germany 

similar to (1) 

similar to (1) 

similar to (1) 

standard (2) 

similar to (2) 

standard (3) 

similar to (3) 

MCC, microcrystalline cellulose; MFC, microfine cellulose. 
a Now produced by Rettenmaier & Sons, Ellwangen-Holzmiihle, Germany. 
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remaining water is present in both the amor- 
phous region and at the surface of the particles 
and is less tightly bound. Microcrystalline cellu- 
loses are mesoporous substances (pore size 1.6- 
100 nm) (Stanley-Wood et al., 1990). 

A series of microcrystalline and microfine 
products have been studied. The celluloses are 
compared in their powder and compaction prop- 
erties such as friction, swelling and compactibil- 
ity. Table 1 defines the sources of the cellulose 
products and summarizes, which samples are sup- 
posed to be similar in their behaviour and which 
products should be clearly different. The aim of 
the work was to test whether pharmaceutical 
characterization methods are able to reflect the 
material differences, and to detect similarities in 
the pharmaceutical properties of the cellulose 
products applying multivariate mathematical 
methods. 

tric tablet press (KA, Spremberger Maschinenbau 
and GieBereien, Spremberg, Germany), instru- 
mented with a piezoelectric measuring cell (PK 

1000-1, Megger~itewerk Zw6nitz, Germany). The 
displacement of the upper punch was registered 
with a displacement arm, which uses a strain 
gauge (HLW Wegaufnehmer WWH 501, RFT 
Mel3elektronik Dresden, Germany). Tablets were 
produced at a speed of 1 min- 1. Flat face punches 
of 11 mm diameter wer~ used, and the force-dis- 
placement curves were registrated using an x-y 
recorder (endim 620-02, Mel3apparatewerk 
Schlotheim, Germany). The tabletting force was 
varied between 0.2 and 10.5 kN. The die was 
thoroughly cleaned after each measurement. 

Tablet height 
The tablet height (-+_ 0.001 mm) was measured 

using a micrometer calliper (FeinmeBzeugfabrik 
Suhl, Germany). 

Materials and Methods 

Materials 
Details are provided in Table 1. 

Sliding friction 
400 mg of the substance were compressed by 

an eccentric tablet press (Miihlenbau Wittenberg, 
Germany) until a handleable compact was formed. 
The surfaces of the compact must still clearly 
show the particle structure. The test system con- 
sisted of a variable sloping plane of polished 
stainless steel. The compact was positioned on 
the top of the sloping plane. The angle of inclina- 
tion was increased until the compact just began 
to slide. The sliding friction coefficient was calcu- 
lated using the height and the horizontal distance 
between top and bottom of the sloping plane. 

Tabletting 
20 single weighed samples (300.0 mg) were 

stored for 7 days in a desiccator at a relative 
humidity of 58% and room temperature (18- 
22°C). The desiccator was filled with 29.86% 
sodium hydroxide solution. The relative humidity 
was measured with a hair hygrometer. The tablets 
were pressed from these samples with an eccen- 

Diametral crushing strength 
The diametral crushing strength was tested 

using an Erweka crushing strength tester (TBH- 
28, Erweka Apparatebau GmbH, Heusenstamm, 
Germany). 

Disintegration time 
The disintegration time was determined for 10 

single tablets using the Erweka disintegration 
tester (Erweka Apparatebau GmbH, Heusen- 
stamm, Germany) in distilled water of 37 + l°C. 

True density 
The substances were dried over 6 h at a tem- 

perature of 110°C. The determination was made 
by the liquid displacement method in glass pyc- 
nometers (100 ml) using 1 g substance and satu- 
rated solutions of the celluloses in n-heptane at a 
temperature of 20°C. The densities of the satu- 
rated solutions were measured with the Mohr- 
Westphal balance (Wissenschaftlicher Apparate- 
bau Johannes Hammer, Leipzig, Germany). The 
observations were made in triplicate. 

Bulk and tapped density 
For the determination of the bulk and tapped 

densities a 25 ml measuring cylinder (0.5 ml scale) 
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was used. 20 + 0.1 ml of substance were filled 
into the measuring cylinder, the volume was read 
and the mass determined by weighing. The cylin- 
der was closed and then tapped manually unt i l  
the volume did not change. The volume was read 
again. The densities were calculated from the 
bulk and tapped volume and the powder mass. 

Particle size range 
10 mg substance were suspended in 1-2 drops 

of paraffin oil, the suspension was distributed on 
a slide and the Feret 's diameter was observed 
under a microscope (Amplival, Carl Zeiss Jena, 
Germany). 10 fields were examined and at least 
three samples were used to identify the minimum 
and the maximum diameter. 

Swelling volume 
Graduated test tubes of 20 ml (degree of grad- 

uation: 0.1 ml) were used. 500 + 0.001 mg sub- 
stance were added to 10.0 ml distilled water, 
suspended and fixed in a test tube rack. The 
powder volume was determined after 60 min and 
then at 1 h intervals until the volume was con- 
stant. The experiments were carried out in tripli- 
cate. 

Calculation 
Results were analysed by A N O V A / M A N O -  

VA: Program MVD, Institute of Mathematics of 

the Academy of Science, Berlin, (ESER 1040, 
Martin-Luther-University Halle-Wittenberg). 

Analysis of the values was according to Heckel 
(1961) and Kawakita and Liidde (1970/1971); for 
force-displacement curves by simple regression 
analysis; BASIC programs were used (KC 85/3,  
written by scientists and students of the Institute 
of Pharmaceutical Technology, Martin-Luther- 
University Halle-Wittenberg). 

Results and Discussion 

The characteristics of the cellulose powders 
such as particle size range, bulk and true density, 
Hausner 's ratio and the sliding friction are listed 
in Table 2. 

The bulk volume of a powder determines the 
filling accuracy of the die together with other 
factors, e.g., flowability, cohesion, adhesion or 
internal friction. The value for the bulk volume 
should be as high as possible, provided that the 
upper limit given by the volume of the die is not 
exceeded. A suitable bulk volume was found to 
be 2.0-4.0 cm 3 g-1 (Podczeck and Wenzel, 1990) 
for the tablet press used in the experiments. All 
the microcrystalline celluloses show bulk volumes 
within the given limits, whereas all microfine 
samples, except the granulated products Elce- 

TABLE 2 

Powder characteristics of microcrystalline and microfine celluloses 

Cellulose product V b H Pw PSI /z s 
(ml g- 5) (g cm-3) (#m) 

Avicel ® PH101 3.04 1.32 1.54 1-120 0.28 
Serva ® 0.038 (PH101) 3.67 1.43 1.53 1-120 0.33 
Serva ® 0.019 (PH105) 3.58 1.61 1.52 1-100 0.35 
Sanaq®101L 3.75 1.56 1.54 1-130 0.31 
Heweten ® 10 3.00 1.45 1.60 1-200 0.32 
Heweten ® 12 2.46 1.45 1.47 40-100 0.28 
Elcema® P050 4.24 1.69 1.48 1- 50 0.37 
Elcema® P100 4.35 2.00 1.47 1-100 0.27 
Elcema®F150 4.62 1.67 1.50 1-150 0.36 
Elcema® G250 2.09 1.16 1.50 90-250 0.34 
Vi tacel ® M80 4.84 1.89 1.51 1 - 150 0.29 
Vitacel®F120 5.08 1.85 1.49 1-120 0.29 
Vitacel®A300 2.88 1.85 1.51 80-500 0.34 

Vb, bulk volume; H, Hausner's ratio; Pw, true density; PSI, particle size range;/zs, sliding friction coefficient (,~; n = 3). 



ma®G 250 and Vitacel®A 300, have high bulk 
volumes well over the upper limit. 

Wells (1988) provides rules to make a judge- 
ment as to the value of Hausner's ratio which 
gives an indication of flowability. In the range 
between 1.25 and 1.50 for Hausner's ratio ob- 
served for microcrystalline celluloses, the flowa- 
bility can be improved by adding a lubricant, 
whereas for the microfine powders, except the 
granulated products, it appears to be unhelpful to 
add a lubricant. 

One important factor that influences the 
flowability is the sliding friction of a substance. 
Sliding friction occurs in all the flow processes of 
powders and granules, e.g., in the filled hopper 
and the dies of a tablet press. The friction resis- 
tance between powder particles or between hop- 
per wall and powder particles tends to oppose 
gravitional downward flow (Chowhan and Yang, 
1983). Material-dependent disturbance of the flow 
process (Leuenberger and Zimmermann, 1976; 
Staniforth and Rees, 1982) can be attributed 
among other things to an increased sliding fric- 
tion between the particles and the hopper wall. 

One method of determinating the powder fric- 
tion is to compress the powder with low force, so 
that cohesion between the particles occurs, but 
the surfaces of the compact formed clearly show 
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different particles and therefore they approxi- 
mate to the surface properties of these particles. 
These compacts can be tested on a sloping plane 
for their slide properties (Ertel and Carstensen, 
1988). Using this technique differences were not 
detected between any of the materials. 

The particle size range proved to be the more 
important characteristics of the size than a mean 
particle size value, associated with tablet forma- 
tion (Podczeck, 1992), and hence is presented 
here. The values reflect the philosophy of the 
production. The granulated products Elcema®G 
250 and Vitacel®A 300 do not have any fine 
particles. Heweten®12 is a sieve fraction of 
Heweten®10. To improve the flowability, the fine 
particles are removed and the size range is de- 
creased. 

The true densities of microcrystalline cellulose 
products are slightly greater than those of mi- 
crofine products. Hiittenrauch and Keiner (1988) 
explained the differences in density in terms of 
the degree of crystallinity. 

Regarding similar cellulose products, it must 
be concluded that the bulk properties such as 
bulk volume and Hausner's ratio show differ- 
ences between batches of different manufactur- 
ers. Therefore, in an optimized powder formula- 
tion, one cellulose product cannot easily be re- 

TABLE 3 

Compressibility and compactibility of cellulose powders 

Cellulose product Higuchi plot Heckel plot Kawakita 

m n Kp (MPa) A a (%) b 

Avicel ® PH101 82.4 2.1 68.1 0.624 60.5 0.020 
Serva ® 0.038 66.7 24.4 74.8 0.790 53.4 0.019 
Serva ® 0.019 44.8 32.2 53.4 0.745 62.0 0.040 
Sanaq®101L 75.6 0.6 74.2 0.738 67.3 0.019 
Heweten®10 61.2 5.8 9~3.3 0.825 63.9 0.018 
Heweten ® 12 79.2 - 48.4 58.5 0.728 59.0 0.017 
Elcema® P050 31.7 - 19.1 125.3 1.220 67.4 0.021 
Elcema ® P 100 36.1 - 20.5 86.5 0.800 68.7 0.021 
Elcema® F150 53.9 - 19.2 88.6 0.824 66.9 0.018 
Elcema® G250 14.2 - 9.9 122.1 1.025 51.8 0.018 
Vitacel® M80 55.5 - 16.8 90.4 0.830 62.5 0.017 
Vitacel® F120 59.2 - 18.2 92.7 0.869 73.6 : 0.020 
Vitacel®A300 19.8 - 12.1 119.6 0.996 61.1 0.019 

m, slope of the Higuchi plot; n, intercept of the Higuchi plot; Kp, mean yield pressure (Heckel); A, constant (Heckel); a, b, 
constants of the Kawakita expression. 
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placed by a product from another source. A reop- 
timization procedure could be necessary. 

Table 3 summarizes the results obtained using 
model equations describing the compressibility 
and compactibility of the celluloses. Numerous 
papers on the compression of powders discuss 
their compressibility, i.e., the ability of a powder 
to decrease in volume under compression stress. 
One model describes the proportionality between 
the reduction in density with pressure and pore 
fraction (Heckel, 1961): 

dD 
= k- (1 - D )  (1) 

dP 

where D is the relative density and P the tablet- 
ring pressure. 

In general, the integrated equation is used: 

In = k ' P +  In (2) 

where D o is the relative density of the loose 
powder. 

In this linear equation the log term on the 
right-hand side in parentheses is normally re- 
placed by the constant A: 

A = In (3) 

The reciprocal value of the slope of Eqn 2 
(Kp = 1 / k )  represents the mean yield pressure 
by which a substance resists the deformation pro- 
cess. The value A describes the movement of the 
power particles at the beginning of the compres- 
sion. The constant is a measure of densification 
due to the particles slipping over each other in a 
rearrangement, which mainly depends on size 
and shape, but also on hardness of the particles. 
This constant is considered to be a doubtful value, 
and it strongly depends on the range of pressure 
of the investigation (Watt, 1988). A series of 
extrinsic factors influences the shape and slope of 
the plot. Therefore, uniequivocal statements are 
possible only by ensuring reproduceble experi- 

mental conditions (Humbert-Dr6z et al., 1982). 
The role of intrinsic factors has also been dis- 
cussed (Alderborn et al., 1988). For related com- 
pounds, the relative mass of the molecules also 
seems to influence the results (AI-Angari et al., 
1985). Paronen and Juslin (1983) differentiate 
between the 'tablet-in-die' and the 'ejected-tablet' 
method. The mean yield pressure Kp, calculated 
from the ejected-tablet method, reflects the pro- 
portion between plastic flow and fragmentation, 
and is the method of choice, if the influence of 
different factors at the predominant deformation 
mechanisms of a material are to be studied. Mean 
yield pressures below 80 MPa will be regarded as 
an indication of mainly plastic flow (York, 1992). 
The higher the mean yield pressure, the more 
brittle is a material (Humbert-Dr6z et al., 1983). 

The microcrystalline celluloses are deformed 
by mainly plastic flow, since the mean yield pres- 
sures are lower than 80 MPa. However, Hewe- 
ten®10 appears to be more brittle because of its 
mean yield pressure of 93 MPa. A reason for this 
could be that the product consists of large, un- 
wieldy particles, which have a fibre structure 
(Magister and George, 1980). Mashadi and New- 
ton (1987) also reported that Avicel®PH 101, 
which should be similar to Heweten®10, was able 
to behave like a brittle material under special 
conditions. All microfine products are also de- 
formed by fragmentation. Especially the very fine 
particles of Elcema®P 050 and the granulated 
products Elcema®G 250 and Vitacel®A 300 have 
high mean yield pressure values. Roberts and 
Rowe (1987) found that for brittle materials there 
is an increase in K o with increase in particle size. 
This is in accordance with the values of the 
granulated products described in this article, but 
is contradictory to the values of Elcema®P 050. 

The particle size distribution influences the 
value of the Heckel constant A. This effect is 
clearly shown for the granulated products and for 
the extremely fine Elcema®P 050. The microcrys- 
talline products except Heweten®10 demonstrate 
lower values of A than the microfine celluloses. 
For microcrystalline celluloses, therefore, the re- 
orientation seems to play a less important role in 
the densification process than for microfine cellu- 
loses. 



A fur ther  model  equa t ion  of the compress ion  
process is descr ibed by Kawakita  and  Li idde 
(1970/1971):  

V o -  V a . b . c  

V o l + b ' P  
(4) 

where  V 0 is the init ial  powder  volume,  V denotes  
the powder  volume u n d e r  appl ied  pressure  and P 
is the compact ion  pressure.  

The  cons tan t  a [(V 0 - V ~ ) / V  o] describes the 
maximal  possible relative decrease of the init ial  
bulk  volume to the t rue volume of the powder  
compact  using pressure.  The  cons tant  b [(V 0 - 
V ) / ( P ' V  o - P "  V~)] is a characteris t ic  of a sub- 
s tance and  its reciprocal value is a measure  of the 
resis tance which a sulJstance has against  the de- 
format ion  (Liidde and  Kawakita,  1966). A part ial  
re la t ion exists be tween  the constants  a and  b and  
the mechanica l  proper t ies  of the tablets  made  
from pure  substances  (Podczeck and  Wenzel ,  
1989). 

Analysis  based on  the model  of Kawakita  and  
Liidde (1970/1971)  does not  show very great  
differences in the compressibil i ty of the cellulose 
products .  This  approach seems to be insensit ive 
to differences in part icle size or shape of sub- 
stances. 
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Much more  impor tan t  for an industr ia l  pro- 
duct ion  of tablets  is the ob ta in ing  of tablets of 
adequa te  s t rength  than  adequa te  deformat ion  and 
volume reduct ion  mechanisms  (Leuenbe rge r  and 
Rohera ,  1986). The re  are n u m e r o u s  equat ions  
which describe the d e p e n d e n c e  of the tablet  
s t rength on the tablet  pressure  used. None  has a 
theoret ical  basis. The  Higuchi  equa t ion  is one 
such equat ion:  

O ' T = m - I n  P + n  (5) 

where  o- T is tablet  s t rength and  P compact ion  
pressure.  

Here ,  the d e p e n d e n c e  of the s t rength on the 
compact ion  pressure  is cons idered  to be exponen-  
tial. The  cons tan t  m is a measure  of the increase 
in s t rength depend ing  on the pressure  used. The  
greater  the value of m, the more  sensitively does 
the powder  react to f luctuat ions  in consol idat ion 
pressure.  

Fig. 1 shows some of the Higuchi  plots for the 
substances.  The  celluloses can be subdivided into 
three  groups. In  a mul t ivar ia te  analysis of vari- 
ance ( M A N O V A ) ,  the curves can be differenti-  
ated in slope and  intercept  using every single 
point  of curve. The  three  groups suggested were 
shown to be significantly different  ( F =  61.93; 

TABLE 4 

Force-displacement curves of cellulose products (part 1) 

Cellulose product Ema x (J) E 2 (J) E 3 (J) Vb (N J-I)  

Avicel®PH101 16.64 + 0.63 5.40 _+ 0.16 0.94 ± 0.09 10.14 + 0.33 
Serva ® 0.038 19.07 + 0.77 6.32 + 0.67 0.67 + 0.08 8.26 + 0.31 
Serva ® 0.019 16.40 + 0.27 5.91 ± 0.25 0.63 + 0.06 5.85 + 0.52 
Sanaq®101L 17.20 ± 0.76 5.46 + 0.13 0.64 + 0.05 11.07 ± 1.00 
Heweten®10 12.12 + 0.35 4.57 + 0.12 0.54 + 0.15 10.70 + 0.74 
Heweten®12 10.23 + 0.16 3.66 + 0.09 1.29 + 0.08 9.39 ± 2.34 
Elcema®P050 12.19 + 0.96 3.56 + 0.04 1.29 + 0.05 4.66 + 0.42 
Elcema®P100 13.31 + 0.74 3.58 + 0.08 1.30 + 0.07 5.48 + 0.66 
Elcema®F150 15.23 + 0.61 4.00 + 0.09 1.12 + 0.06 8.34 + 0.52 
Elcema®G250 10.04 + 0.18 2.95 + 0.05 1.24 + 0.07 2.50 + 0.10 
Vitacel®M80 15.05 + 0.41 4.02 + 0.08 1.23 + 0.06 8.54 + 0.82 
Vitacel®F120 15.75 + 0.77 4.24 + 0.13 1.13 + 0.07 8.14 + 1.50 
Vitacel®A300 10.69 + 0.94 3.19 + 0.34 1.15 + 0.05 3.57 + 0.38 

Ema x, AE0-UT-M (model constant); E2, formation energy of the compact; E3, elastic recovery energy; Vb, compressibility ($ + s; 
n = 5). 
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fl  = 2; fz = 9; p = 2 × 10-12). The first group in- 
cludes all microcrystalline products except 
Heweten®12. The second group consists of 
Heweten®12, Vitacel®F 120, Vitacel®M 80 and 
Elcema®F 150, while the third includes the fine 
powders and the granules. If the cellulose prod- 
uct has to be changed in a tablet formulation, in 
terms of tablet strength it should be by an ex- 
change with a cellulose powder of the same group. 

In Tables 4 and 5 the values obtained by 
recording force-displacement curves (F-D curves) 
are listed. The use of F-D curves (compression 
force vs punch displacement profile) allows the 
calculation of the work involved during tablet 
compaction. The methods of obtaining F-D 
curves, the definition of the areas under the 
curves plotted and the interpretation of the ener- 
gies calculated vary in the literature (~elik, 1992). 
The recording method used in this work is in 
accordance with Stamm and Mathis (1976). The 
interpretation of the areas under the curves is 
based on theoretical considerations described by 
Wenzel and Kala (1984). The formation energy of 
the compact (E 2) includes the energy consumed 
by plastic flow and/or  fragmentation of the parti- 
cles, and a large part of the energy that is lost by 
processes such as friction. The elastic recovery 
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o ~ ~ 1~  P ~  

Fig. 1. Higuchi plots of chosen cellulose products: rBf, diame- 
tral crushing strength; P,  tabletting force. ( + )  Avicel PH101; 
(®) Sanaq L101; (* )  Heweten 10; (me) Vitacel F120; (x) 
Vitacel M80; ( 0 )  Elcema F150; ( A )  Elcema P050; ( X )  EI- 

cema G250. 

T A B L E  5 

Force-displacement curves of cellulose products (part 2) 

Cellulose product E 2 (%) E 3 (%) PL (%) 

Avicel® PH101 32.4+0.9  5 .7+0.6  85.1 _+ 1.4 
Serva ® 0.038 33.2 + 3.4 3.5 + 0.3 90.3 + 1.2 
Serva ® 0.019 36.0+1.2  3 .8+0.4  90.4+1.2 
Sanaq®101L 31.8+_0.6 3.7+_0.3 89.5+_0.7 
Heweten ® 10 37.7 + 1.2 4.5 _+ 1.2 89.1 + 2.6 
Heweten®12 35.8±1.0 12.6+-0.7 73.9±1.5 
Elcema ® P050 29.3 +- 2.6 10.6 ± 0.7 73.3 + 0.9 
Elcema®P100 26.9+1.2 9.8+-0.9 73.4+1.5 
Elcema ® F150 26.3 + 0.6 7.3 + 0.4 78.2 + 1.0 
Elcema ® G250 29.4 + 0.8 12.4 + 0.5 70.4 5:1.3 
Vitacel ® M80 26.7 + 0.9 8.2 +- 0.2 76.6 +- 0.9 
Vitacel® F120 26.8+_1.6 7 .2+0.5 78.9+1.3 
Vitacel®A300 29.8 + 1.0 10.8 + 0.5 73.4 + 1.2 

PL, plasticity; E2, formation energy of the compact; E3, 
elastic recovery energy (~ + s; n = 5). 

energy (E 3) is a measure of the work which a 
tablet does by expansion, when the upper punch 
has passed the lowest .point and its direction of 
movement is changed. The value of E 3 depends 
on the rate of the elastic deformation processes 
and the whole deformation of the particles. E 3 is 
not an absolute value, since its magnitude is 
greatly influenced by the tablet speed. In general, 
the energies E 2 and E3 are not considered sepa- 
rately from each other, and often the following 
numbers are used: 

Pl = (6) 
E2(%) + E3(%) 

rBf (N) .  Ew(g) 
Vb = (7) 

E (j) 

where PI is plasticity, Vb compressibility, rBf 
diametral crushing strength and Ew sample mass. 

The plasticity describes the ratio between re- 
versible and irreversible deformation processes 
during tabletting (Stamm and Mathis, 1976). The 
compressibility provides a clue as to which way 
the energy applied is translated into mechanical 
strength of the tablet (Wenzel and Kala, 1984). 
However, the ratio between the energy really 
used for the deformation and that lost within E 2 



is unknown and  is cer ta in ly  a s u b s t a n c e - d e p e n -  
den t  value .  Because  of  this  fact  and  the  possibi l -  
ity tha t  d i f fe ren t  k inds  of  bonds ,  which  accumu-  
la te  d i f fe ren t  amoun t s  of  energy,  can be  fo rmed ,  
the  va lue  Vb  is also not  an abso lu te  c r i t e r ion  for 
mak ing  j u d g e m e n t s  abou t  t ab le t  s t rength .  

The  E 2 values  of  the  microcrys ta l l ine  ce l lu lose  
p roduc t s  a re  well  above  those  of  the  microf ine  
cel lulose  samples ,  however ,  the  e las t ic  recovery 
energy  E 3 is in mos t  cases  lower.  This  could  be  
due  to the  d i f fe ren t  d e g r e e  of  crystal l ini ty.  The  
re la t ive  va lue  of  E 3 of  Heweten®12  is s imi lar  to 
the  g r a n u l a t e d  p roduc t s  ( E l c e m a ® G  250, Vi ta-  
cel®A 300). This  cou ld  be  due  to the  absence  of  
the  f ine p o w d e r  par t ic les .  C o m p a r i n g  the  re la t ive  
va lues  of  E 2 and  E 3 as wel l  as the  plast ic i ty  of  
the  microf ine  cellulose's, the  p roduc ts ,  which were  
sugges ted  to be  similar ,  show s imi lar  values.  
C o m p a r i n g  the  microcrys ta l l ine  cel luloses ,  how- 
ever,  no s imilar i ty  can be  de t ec t ed .  In  par t i cu la r ,  
the  Serva p r o d u c t  and  Heweten®10,  which  should  
be  s imi lar  to A v i c e l ® P H  101, a p p e a r  to be  qu i te  
d i f ferent .  The re fo re ,  the  resul ts  were  also t e s ted  
using the  M A N O V A  by r ega rd ing  each  indiv idual  
ce l lu lose  p roduc t .  H e r e ,  the  M A N O V A  uses  the  
mul t iva r i a te  desc r ip t ion  of  the  p roduc t s  by the  
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i n d e p e n d e n t  p a r a m e t e r s  of  the  F - D  curves  l is ted 
in Tab les  4 a n d  5. O n e  advan tage  of  the  
M A N O V A  p r o c e d u r e  is tha t  necessa ry  var iables  
can  be  d e t e c t e d  and d i spensab le  var iab les  can be  
excluded.  Final ly ,  only those  var iab les  which are  
necessary  to d i f fe ren t i a te  the  cel lulose  p roduc t s  
a re  inc luded  in the  test .  Va r i ab l e s  which mainly  
inc lude  in fo rmat ion  tha t  is also inc luded  in o the r  
p a r a m e t e r s  a re  r e g a r d e d  as be ing  d i spensab le .  
So, the  M A N O V A  p r o c e d u r e  exc luded  the  Ema x 
values  be fo re  the  final s ignif icance test  was made .  
T h e r e  a re  s ignif icant  d i f fe rences  b e t w e e n  each  of  
the  indiv idual  cel lulose  p roduc t s  ( F  = 15.2; f l  = 
~;  f2 = 46; p = 1 X 10-74). The  s imilar i t ies  sug- 
ges ted  (cf. Tab le  1) do  not  a p p e a r  to  exist, and  
the  F - D  curve m o d e l  a p p e a r s  to be  very sensi t ive 
at de t ec t ing  d i f fe ren t  behav iou r  in the  compres -  
sion process .  

Tab le  6 inc ludes  the  va lues  of  the  t ab le t  p rop-  
e r t ies  when  the  tab le t s  were  m a d e  using a pres-  
sure  of  100 MPa.  In  genera l ,  the  microcrys ta l l ine  
ce l lu lose  powder s  p rov ide  compacts ,  which are  
s t ronge r  than  those  of  microf ine  cel luloses.  T h e  
g r e a t e r  plast ic i ty  of  microcrys ta l l ine  cel lulose  is 
though t  to resul t  in the  fo rma t ion  of  s t rong hy- 
d rogen  b o n d s  dur ing  t ab le t t ing  (Bangudu  and 

TABLE 6 

Tablet properties and swelling volume of cellulose products 

Cellulose product rBf a (N) Z a (s) h a (mm) QV (ml g - l )  RZ (%) 

Avicel®PH101 182 + 3 216 + 46 2.324 + 0.006 4.37 43.8 
Serva®0.038 172 + 11 192 + 54 2.326 + 0.002 4.67 27.2 
Serva®0.019 138 + 11 2412 + 117 2.321 + 0.004 5.14 43.6 
Sanaq®101L 200 + 17 986 + 79 2.319 + 0.004 4.93 31.5 
Heweten®10 163 + 9 768 + 104 2.306 + 0.002 4.12 37.3 
Heweten®12 115 + 23 196 + 57 2.334 + 0.002 3.13 27.2 
Elcema®P050 55 + 5 > 14400 2.406 + 0.010 5.80 36.8 
Elcema®P100 66 + 6 > 14400 2.432 + 0.006 6.13 40.9 
Elcema®F150 111 + 8 > 14400 2.455 + 0.006 6.93 50.0 
Elcema®G250 25 + 1 69 + 1 2.485 _+ 0.004 3.80 81.8 
Vitacel®M80 114 + 11 > 14400 2.451 + 0.005 6.10 26.0 
Vitacel®F120 115 + 22 > 14400 2.446 + 0.004 6.43 26.6 
Vitacel®A300 37 + 2 108 + 19 2.491 + 0.013 5.80 101.4 

rBf, diametral crushing strength; Z, disintegration time; h, tablet thickness; QV, swelling volume; RZ, relative increase on swelling. 
a Tablening force 10.0 _+ 0.1 kN; sample weight 300.0 mg; ,~ _+ s; n = 5. 
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Pilpel, 1985). However ,  compar ing  the products  
similar to Avice l®PH 101, only Sanaq®101 L 
gives tablets which are as s t rong as those of  the 
original products.  The  p re t rea tment  of  the mi- 
crofine products  E lcema®F 150 and Vitacel®F 
120 and M 80 (Niirnberg and Schenk, 1988) also 
provides s trong tablets. Microfine celluloses, 
which were  supposed to be similar (cf. Table  1), 
give tablets of  similar strength.  Regard ing  the 
disintegrat ion time of  microcrystall ine cellulose 
products ,  no  similarity can be discerned. The  
tablets made  f rom microfine cellulose disinte- 
grate  far slower than those made  f rom microcrys- 
talline powders.  The  short  disintegration time of  
E l cema®G 250 and Vitacel®A 300 tablets is a 
result of  the unsat isfactory tablet  strength.  

Table  6 also includes the swelling volume of  
the powder  samples in water.  The  relative value 
given (RZ)  is calculated on the basis of  the bulk 
volume. All microcrystall ine and microfine pow- 
ders swell when  placed in water.  However ,  there  
is no similarity be tween the products  which are 
purchased  as similar to each o ther  (cf. Table  1). 
There  is also no relationship between the swelling 
and the disintegrat ion time. Pesonen  et al. (1988) 
claimed that  Avice l®PH 101 did not  swell in 
water,  and that  the particle form did not  change.  
This is in contrast  to the results p resented  in 
Table  6, but  could explain the fact  tha t  a relation- 
ship between swelling and disintegration time is 
not  apparent .  

Baehr  and Fiihrer  (1989, 1990) found  that  mi- 
crocrystalline and microfine celluloses are differ- 
ent  physicochemically and that  samples, pur-  
chased as similar to an original product ,  are even 
dissimilar in terms of  their physicochemical  be- 
haviour. These  differences also result in different  
pharmaceut ica l  proper t ies  as presented  in this 
article. Doe lker  et al. (1987b) have also repor ted  
that  great  differences in packing and tablett ing 
proper t ies  occur  be tween microcrystall ine cellu- 
lose products  obta ined  f rom various manufac tur -  
ers. They  were able to demons t ra te  that  the li- 
cenced products  were not  o f  the same quality as 
those obta ined  f rom the original p roduc t  supplied 
by F M C  Corporat ion.  The  present  work confirms 
these findings for a fur ther  set of  microcrystalline 
cellulose products.  

References 

Ahlneck, C. and Alderborn, G., Solid state stability of acetyl- 
salicylic acid in binary mixtures with microcrystalline and 
microfine cellulose. Acta Pharm. Suec., 25 (1988) 41-52. 

A1-Angari, A.A., Kennerley, J.W. and Newton, J.M., The 
compaction properties of polyethylene glycols. J. Pharm. 
Pharmacol., 37 (1985) 151-153. 

Alderborn, G., Bfrjesson, E., Glazer, M. and Nystrfm, C., 
Studies on direct compression of tablets. XIX: The effect 
of particle size and shape on the mechanical strength of 
sodium bicarbonate tablets. Acta Pharm. Suec., 25 (1988) 
31-40. 

Baehr, M. and Fiihrer, C., Untersuchungen zur Kolloid-kris- 
tallographischen Struktur von Pulvercellulosen. Phar- 
mazie, 44 (1989) 473-476. 

Baehr, M. and Fiihrer, C., Hemicellulosen - Schliissel filr die 
Bindungseigenschaften von Pulvercellulosen. Acta Pharm. 
Technol., 36 (1990) 25 S. 

Bangudu, A.B. and Pilpel, N. Effects of composition, moisture 
and stearic acid on the plastoelasticity and tableting of 
paracetamol-microcrystalline cellulose mixtures. J. Pharrn. 
Pharmacol., 37 (1985) 289-293. 

Blaschek, W., Cellulose, ein interessanter Grundstoff fiir die 
pharmazeutische Nutzung. Pharm. Unserer Zeit, 19 (1990) 
73-81. 

(~elik, M., Overview of compaction data analysis techniques. 
Drug Dev. Ind. Pharm., 18 (1992) 767-810. 

Chowhan, Z.T. and Yang, I.C., Powder flow studies IV. 
Tensile strength and orifice flowrate relationship of binary 
mixtures. Int. J. Pharm., 14 (1983) 231-242. 

Doelker, E., Gurny, R., Schurz, J., Jfinosi, A. and Matin, N. 
Degrees of crystallinity and polymerization of modified 
cellulose powders for direct tabletting. Powder TechnoL, 
52 (1987a) 207-213. 

Doelker, E., Mordier, D., Iten, H., Humbert-Dr6z, P., Com- 
parative tableting properties of sixteen microcrystalline 
celluloses. Drug Dev. Ind. Pharm., 13 (1987b) 1847-1875. 

Ertel, K.D. and Carstensen, J.T., Chemical, physical and 
lubricant properties of magnesium stearate. J. Pharm. Sci., 
77 (1988) 625-629. 

Heckel, R.W., Density-pressure relationship in powder com- 
paction. Trans. Metall. Soc. AIME, 221 (1961) 671-675. 

Hiittenrauch, R. and Keiner, I., Wie kristallin sind 'mikro- 
kristalline' Cellulosen? Pharmazie, 31 (1976) 183-187. 

Hiittenrauch, R. and Keiner, I., Strahleninduzierte Phasen~in- 
derung in Cellulosepulvern. Pharmazie, 43 (1988) 513-514. 

Humbert-Dr6z, P., Mordier, D. and Doelker, E., M6thode 
rapide d6termination du comportement ~ la compression 
pour des 6tudes de pr6formulation. Pharm. Acta Heir., 57 
(1982) 136-143. 

Humbert-Dr6z, P., Gurny, R., Mordier, D., and Doelker, E., 
Densification behaviour of drugs presenting availability 
problems. Int. J. Pharm. Tech. Prod. Mfr., 4 (1983) 29-35. 

Kawakita, K. and Liidde, K.H., Some considerations on pow- 
der compression equations. Powder TechnoL, 4 (1970/71) 
61-68. 



Leuenberger, H. and Zimmermann, Y., Elektrostatische Auf- 
ladungen von Granulaten und freifliel3enden Pulvern. Acta 
Pharm. Technol., 22 (1976) 255-260. 

Leuenberger, H. and Rohera, B.D., Fundamentals of powder 
compression. I: The compactibility and compressibility of 
pharmaceutical powders. Pharm. Res., 3 (1986) 12-22. 

Liidde, K.H. and Kawakita, K., Die Pulverkompression. Phar- 
mazie, 21 (1966) 393-403. 

Magister, G., George, J. and Trepte, U., Verfahren zur Her- 
stellung eines rieself~ihigen nichtfaserf6rmigen Zellulose- 
pulvers. German Patent DE 292 1 496 (1980). 

Magister, G. and George, J., Zelluloseprodukte vom Typ 
Heweten und ihre Einsatzm6glichkeiten im Bereich Phar- 
mazie. Pharm. Praxis, 35 (1980) 224-229. 

Mashadi, A.B. and Newton, J.M., The characterization of the 
mechanical properties of microcrystalline cellulose: A frac- 
ture mechanics approach. J. Pharm. Pharmacol., 39 (1987) 
961-965. 

Niirnberg, E. and Schenk, D., Tablettierung mit Kollagenpro- 
dukten - Zur Kenntnis von Kollagen-Hydrolysaten als 
Hilfsstoffe fiir die Direktkompression. Pharm. Ind., 50 
(1988) 97-104. 

Padmadisastra, Y. and Gonda, I., Preliminary studies of the 
development of a direct compression cellulose excipient 
from Bagasse. Z Pharm. Sci., 78 (1989) 508-514. 

Paronen, P. and Juslin, M., Compressional characteristics of 
four starches. J. Pharm. Pharmacol., 35 (1983) 627-635. 

Pesonen, T., Paronen, P. and Ketolainen, J., Evaluation of 
disintegrant properties of cellulose powders. Proc. 7th 
Pharm. TechnoL Conf. London, 1988. 

Podczeck, F. and Wenzel, U., Untersuchungen zur Direkt- 
tablettierung pharmazeutisch verwendeter Substanzen mit 
Hilfe der multivariaten Datenanalyse. Pharmazie, 44 (1989) 
468-472. 

Podczeck, F. and Wenzel, U., Entwicklung fester peroraler 
Arzneiformen mit Hilfe multivariater mathematischer 

193 

Verfahren. Teil 4: Rezepturoptimierung mit einer La- 
grange-Funktion und der Vektoroptimierung. Pharm. Ind., 
52 (1990) 627-630. 

Podczeck, F., A knowledge base for an expert system for 
tabletting. Proc. l l th  Pharm. Technol. Conf., Manchester, 
1992, p. 1-240-264. 

Roberts, R.J. and Rowe, R.C., Brittle/ductile behaviour in 
pharmaceutical materials used in tabletting. Int. J. Pharm., 
36 (1987) 205-209. 

Stamm, A. and Mathis, C., Verprel3barkeit yon festen Hilf- 
stoffen fiir Direkttablettierung. Acta Pharm. Technol., 22 
(Suppl. 1) (1976) 7-16. 

Staniforth, J.N. and Rees, J.E., Electrostatic charge interac- 
tions in ordered powder mixes. J. Pharm. Pharmacol., 34 
(1982) 69-76. 

Stanley-Wood, N.G., Abdelkarim, A., Johansson, M.-E., 
Sadeghnejad, G. and Osborne, N., The variation in, and 
correlation of, the energetic potential and surface areas of 
powders with degree of uniaxial compaction stress. Powder 
Technol., 60 (1990) 15-26. 

Voigt, R. and Bornschein, M., Lehrbuch der pharmazeuti- 
schen Technologie. 6. Auflage, Verlag Volk und Gesund- 
heit 1987, p. 155. 

Watt, P.R., Tablet Machine Instrumentation in Pharmaceutics: 
Principles and Practice, Wiley, New York, 1988, p. 411. 

Wells, J.l., Pharmaceutical Preformulation: The Physicochemi- 
cal Properties of  Drug Substances, Wiley, New York, 1988, 
p. 210. 

Wenzel, U. and Kala, H., Untersuchungen zum Einflul3 des 
Trocknungsverlustes yon Tablettierhilfsstoffen auf Kraft- 
Weg-Diagramme und Eigenschaften von Tabletten. Phar- 
mazie, 39 (1984) 819-821. 

York, P., Crystal engineering and particle design for the 
powder compaction process. Drug. Dez. Ind. Pharm., 18 
(1992) 677-722. 


