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Abstract

The effect of varying the compression pressure on the brittle fracture tendengycealfulose and lactose tablets has
been investigated. Tablet tensile strengfh), facking fraction, P;), and brittle fracture index (BFI) were determined at
different compression pressures (0.82, 1.22 and 1.63MPa). In another aspect of thexsteliiylose and tapioca pow-
ders were mixed in various proportions to obtain powders of varying plastoelasticity. Their tableting charact&ridtics
and BFI were also determined at the different compression pressures. The palyosdiylose displayed the character-
istics of plastic compression—a low BFI but highand P; values while lactose displayed the characteristics of elas-
tic compression—a high BFI but low and Py values. The degree of plastic compression decreased as the proportion of
tapioca in the powder mixture increased from 0 to 50% w/w. Higher concentrations of tapioca >50% produced crumbly
tablets at all compression pressures, thus indicating that tapioca is highly elastic. Increase in the compression pressure
caused an increase in the BFI values of lactose tablets, 0.39-0.76 but a decrease in the BF| walcetulose tablets,
0.38-0.09. This decrease became less pronounced as the plasticity of the powder mixtures decreased. The difference in the
response of the tablets to the change in compression pressure relates to the difference in the plastoelasticity of the materials
tested.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction strength 1), packing fractionPs), and the brittle frac-
ture index (BFI) of resulting tabletdH{estand et al.,
The parameters which determine the tableting char- 1977; Itiola and Pipel, 1996BFI is a measure of the
acteristics of a pharmaceutical powder are the tensile tendency of the tablet to cap or laminate during decom-
pression (i.e. withdrawal of the upper punch pressure).
T~ Comresponding author. Tel.: +234 8055607311/35818333. 1S measured by comparing the tensile streng) of
E-mail addressesmike2003u@yahoo.com a tablet with a center hole with the tensile strength (
(M.U. Uhumwangho), okor@yahoo.com (R.S. Okor). of a similar tablet without a center hole. Thiiiéstand
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etal., 1977, 2. Materials and methods

T
BFI =05 (T -1 1)

(0]

) 2.1. Materials

The a-cellulose used in this study was obtained

The center hole is a built-in model defect, which sim- by sodium hydroxide and sodium sulphite digestion
ulates the actual voids formed in the tablets (due to air of milled corn cobs (agricultural waste) details of
entrapment) during manufacture. The voids or low den- the extraction procedure have been described else-
sity regions in the tablet are weak points from which where Okhamafe et al., 19911t is a white fibrous
cracks emanate when stress (due to die wall) is applied powder, which is plastic and can be compressed di-
on the tablet. Tablet formulations with BFI value8.5 rectly without preliminary granulation. Its physical pa-
are prone to brittle fracturddjestand et al., 1997 rameters were determined to include a bulk density

The term plastoelasticity refers to the relative elastic 0.42 gcn13, true particle density 1.52 g cm, poros-
to the plastic compression property of a pharmaceutical ity 0.74. Tapioca powder was obtained by extraction
powder and it is given by the expression ER/PC where from the peeled and rasped rootr&nihot utilissima
ER is the elastic recovery (measured by the percentage(cassava) following the extraction procedure described
increase in tablet thickness after ejection) and PC is the previously byEichie and Okor, (2002)It is the fi-
plastic compression (measured by the percentage de-brous residue obtained after a high proportion (>90%)
crease in tablet thickness while holding the maximum of starch has been removed from cassava rdotsage
load for 30's on the tablet in the die). A high ER/PC and Evans, 1987 It is a highly elastic material and
value therefore indicates that the powder is predomi- cannot be compacted even after granulation but can be
nantly elastic Qkor, 1996. Several studiejiofor et rendered plastic by acid treatmemi¢hie and Okor,
al., 1986; ltiola and Pipel, 1986; Esezobo and Pipel, 20032. Its physical characteristics were determined to
1987 showed that a high BFI value of tablets is invari-  include a bulk density 0.34 g cm, true particle density
ably associated with a high plastoelasticity of powders 1.43 gcnt3, porosity 0.36 Eichie and Okor, 2002
from which the tablets were made. Hence BFI values The untreated samples were used in this study to vary
have been used as measures of plastoelastiokpr the plasticity ofx-cellulose samples by mixing the two
1996; Okor et al., 1998; Eichie and Okor, 2002 powders in varying proportiongéble 1. The weight

By the Hiestand theory, BFI should be a mate- ratio (tapioca#-cellulose) was taken as the index of
rial constant P > 0.9). However a previous study
(Esezobo and Pipel, 1988howed that an increase Table 1
In _compressmn pressure _WIII increase the plastoelas- Composition of the powder mixtures and their plastoelasticity index
ticity of most pharmaceutical powders. Based on the yajyes
relationship between plastoelasticity and BFI noted

A k Proportion of each Tapioca#-cellulose
above, this finding therefore means that an increase powder (%) (index of plastoelasticity)
in compression pressure is associated with increaserapioca «-Cellulose
in BFI of resulting tablets. More recentlypkor et powder powder
al. (1998)showed that an increase in the mechani- 159 0 «
cal strength of lactose tablets (by increasing the com- so 20 4.00
pression pressure) could be positively correlated to the 70 30 2.33
increase in the BFI values of the tablets. Thus, the 60 40 1.50
present knowledge is that excessive compression pres- 50 28 (1)'23
sures aggravate the brittle fracture tendency of tablets. 3, 70 043
The present study reports on the anomalous effect of 20 80 0.25
compression pressure on the brittle fracture tendency of 0 100 0

a-cellulose tablets Whereby anincreaseinthe compres- Note: the weight ratio of tapioca (elastic material)ctecellulose

sion pressure ameliorated the fracture tendency agains{pjastic material) was taken as the plastoelasticity index of the powder
expectation. mixture.
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plastoelasticity of the powders. Both powders were
sifted through a fine mesh sieve (aperture size jah2
and dried at 50C to a moisture contert2.1%+ 0.2%
w/w before use. Lactose was used in the granular form

because the powder was not compactable without pre-

liminary granulation. The granules were produced by
wet-massing with 20% w/v starch mucilage. The dried
granules had moisture content, 2:10.3% wi/w.

2.2. Methods

2.2.1. Tableting

A hydraulic press (Beckman 000-025, Scotland)
was employed in the compaction. A sample of the
powder or granules (500 mg) was placed in the die

(diameter 12.5mm) and compressed using flat faced

punches at different compression pressures, (0.82

71

2.2.3. Determination of tablet brittle fracture
index (BFI)

Tensile strengths of tablets with and without a
center hole were determined as described above.
The mean values were used to calculate BFI

(Eq. (1)).

2.2.4. Determination of tablet packing fraction
(Pr)

Thicknesst) and radiusK) of ten randomly selected
tablets were determined using a digital micrometer. The
tablets were weighed individually using an electronic
balance and their mean weighi)(calculated. The ap-
parent particle densityp] of each of the powde:-
cellulose, varying mixture ofi-cellulose and tapioca
powder or lactose was determined by a fluid (liquid
paraffin) displacement method using a specific gravity

1.22, and 1.63 MPa). Below 0.82 MPa crumbly tablets bottle Sugita et al., 1995 Liquid paraffin was used be-

were formed and above the pressure 1.63 MPa the

tablets were too hard and could not be fractured during

the tensile strength tests. Hence, these pressures wer

considered the lower and upper limits. In each com-

paction the maximum pressure was held on the tablet

for at least 30 s before releasing it, so as to allow time
for consolidation. The punch and die surfaces were lu-
bricated with a 1% dispersion of magnesium stearate in
chloroform before compaction to facilitate tablet ejec-
tion.

To form tablets with center hole similar punches
but with a center hole (upper punch) and a center pin
(lower punch) were usedrpberts and Rowe, 1986;
Itiola and Pipel, 198p Earlier,Hiestand et al. (1977)
used aretracting pin to produce tablets with centre hole.

cause it is a non-solvent for the test powd®rvalues
were obtained from the expressioltiqla and Pipel,

G986;

w

T rp

3)
The determination was carried out in triplicate and
mean values reported.

3. Results

3.1. Effect of compression pressure on the
tableting characteristics ak-cellulose and lactose

Tablets made by the present procedure were used in the

determination of BFI values (Eq. (1)).

2.2.2. Determination of tablet tensile strength (T)

The load P) needed to fracture the tablet was de-
termined by diametric compression with a Monsanto
hardness testeB(ook and Marshall, 19§8Ten tablets
were used in each determinatidrwas calculated from
the expressionHell and Newton, 1970

2P
- = 2
Dt 2)

wheretis the thickness and the diameter of the tablet.
The determination was carried out in triplicate, using
different batches of tablets and mean results reported.

The values of tableting parametdi$;, and BFI for
a-cellulose and lactose tablets are presentddbie 2
The T andP; values fora-cellulose tablets were gen-
erally high at all compression pressures while the BFI
were low=<0.38, thus displaying the characteristics of
plastic compressiont{ola and Pipel, 1986, 1991L ac-
tose on the other hand displayed the characteristics of
elastic compression—IloivandPs values and high BFI
values>0.39.

Increase in compression pressure caused a gen-
eral increase in thd and Ps values of the tablets.
The change in BFI values however went opposite
directions—a decrease in BFlaacellulose tablets but
an increase in BFI in lactose table®ble 2.
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Table 2 _ _ fromthe lowest to the highestlevel (i.e.0.82-1.63 MPa)
Effect of compression pressure on the tableting paramefeBH| caused a decrease in BFI values to various degrees de-
andP) of e-cellulose po‘”dir and lactose gr‘j”u'es pending on the plastoelasticity of the powder mixture.
Compfess:\zg T(MNm™)  To (MNm™)  BFI Py The trend was that the decrease in BFI became less
pressure (MPa) pronounced as the plasto elasticity of the powder in-
a'gf;"zu'ose POWde; 40 0.80 038 085 creased. For instance the ratio BBFI, (BFl; and

129 203 e 012 o0gs DBFlzare the BFI va_llues obtained at the low and high

163 257 219 009 o090 DPressures, respectively) decreased from 4.02 to 1.93

as the plastoelasticity index of the powders increased

Lact | . .
ariose grandles from 0to 0.67 Table 4. This means that the less plastic

0.82 0.32 0.18 0.39 067 s _ _
1.22 0.60 0.33 041 072 powder mixtures were less responsive to the change in
1.63 0.91 0.36 0.76  0.74  compression pressure.

3.2. Effect of compression pressure on the 4. Discussion

tableting characteristics of the powder mixtures
Brittle fracture during tableting is a direct conse-

Tapioca alone or its admixture witk-cellulose in guence of stress (due to die wall pressure) concentrat-
concentrations >50% w/w were not compressible as ing at the edge of voids or low density pockets which
they formed crumbly tablets even at the highest com- are weak points in the tablet and from which cracks
pression pressure, 1.63 MPa. Furthermore, the mixture emanate during decompression (i.e. withdrawal of the
consisting ofa-cellulose and tapioca 50:50 were not upper punch pressure). Plastic deformation of particles
compressible at the lowest pressure, 0.82 MPa exceptin the tablet can relieve the stress and thus ameliorate
at the higher pressures. Powder mixtures with tapioca brittle fracture.
content<40% wi/w formed tablets readily at all com- Accordingly, the effect of compression pressure on
pression pressures. At a given pressiirandPs val- the BFI of the lactose tablets can be explained on the
ues of the tablets decreased while BFI values increasedbasis that tablets formed at the high pressure were
with increase in the plastoelasticity of the powder mix- too hard and therefore difficult to deform plastically
tures [able 3. Anincrease in the compression pressure (Okor et al., 1998 Another consideration is that the

Table 3

Effect of compression pressure on the tableting paramétdis P; and BFI of the powder mixture

Compression pressure (MPa) Plastoelasticity of powder mixture T (MNm~2) To (MNm~—2) BFI Pt

0.82 0 1.40 0.79 0.38 0.85
0.25 1.28 0.71 0.40 0.72
0.43 1.12 0.62 0.40 0.70
0.67 0.98 0.48 0.52 0.69
1.0 - - - -

1.22 0 2.03 1.63 0.12 0.86
0.25 1.88 1.42 0.16 0.78
0.43 1.71 1.20 0.21 0.74
0.67 1.16 0.63 0.42 0.72
1.0 0.52 0.21 0.72 0.65

1.63 0 2.57 2.18 0.09 0.90
0.25 2.28 1.81 0.13 0.80
0.43 1.98 1.43 0.19 0.76
0.67 1.35 0.88 0.27 0.74
1.0 0.84 0.41 0.52 0.68

Note: formed crumbly tablets.
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Table 4

Comparison of the BFI values at low (0.82 MPa) and at high (1.63 MPa) compression pressures for tablets of the powder mixtures

Plastoelasticity index BFI values of tablets compressed at the pressures (MPa) Ratio BFI (1) BFI (2)
0.82 1.63

1.0 - 0.52 -

0.67 0.52 0.27 1.93

0.43 0.40 0.19 2.11

0.25 0.40 0.13 3.08

0 (100% Plastic) 0.38 0.09 4.0

Note: formed crumbly tablets at this compression load.

plastoelasticity of the powder increased at the high 5. Conclusion
pressure. It was not possible to measure the absolute
values of plastoelasticity in this study due to technical =~ The conclusion therefore is that the observed de-
constraints. However a previous studysézobo and  crease in BFI at the high compression pressure (as in
Pipel, 1987 has shown that an increase in compres- the case of-cellulose tablet) is a characteristic of plas-
sion pressure causes an increase in the plastoelastictic compression while the observed increase in BFI (as
ity of most pharmaceutical powders. The relevance of inthe case of lactose tablet) is a characteristic of elastic
this consideration is that an increase in plastoelastic- compression.
ity implies a lesser capacity of the system for plastic
deformation and hence aggravation of brittle frac-
ture. References
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