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Abstract 

Dicalcium phosphate dihydrate (Emcompress) and anhydrous dicalcium phosphate (Anhydrous Emcompress) for 
direct compression were compared as regards particle size distribution and flow properties, which were found to be 
similar for the two products, and microporous structure and compression properties, which differed markedly. 
Specifically, intraparticular porosity and mean yield pressure of the anhydrous product were greater than for the 
dihydrate. Several properties of compacts of both products were also compared: compacts of the anhydrous 
phosphate disintegrated much more rapidly in distilled water than those of the dihydrate, which was attributed to 
the greater porosity of the former compacts. 
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I. Introduction 

Because of the excellent flow properties and 
low hygroscopicity and cost of dicalcium phos- 
phate dihydrate ( D C P D ) f o r  direct compression, 
this excipient is widely used (Carstensen and 
Ertell, 1990; Shangraw, 1991). However, one 
drawback to DCPD is its tendency to lose its 
hydration water (Rabatin et al., 1960; Dugleux 
and Sallier Dupin, 1967a; Ball and Casson, 1973), 
a process which is dependent  on temperature and 
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humidity (Dugleux and Sallier Dupin, 1967b; De 
Haan et al., 1990) and on the particle size of the 
DCPD (Landln et al., 1994b). Such dehydration 
can have serious effects on the chemical stability 
of some active principles or on the properties of 
solid dosage forms containing this excipient 
(Vila-Jato et al., 1985; Patel et al., 1988; Landln 
et al., 1994a). 

The introduction of anhydrous dicalcium phos- 
phate (ADCP) as a new excipient for direct com- 
pression should allow circumvention of the prob- 
lems associated with the dihydrated product. In 
this work, we compare several characteristics of 
DCPD (Emcompress) and ADCP (Anhydrous 
Emcompress) products for direct compression. 
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2. Materials and methods 2.5. Flow properties 

2.1. Materials 

Dicalcium phosphate dihydrate (Emcompress; 
batch no. 12D8; E. Mendell), anhydrous dical- 
cium phosphate (Anhydrous Emcompress; batch 
no. 1006; E. Mendell) and magnesium stearate 
B.P. (batch no. 832; C. Barcia). 

2.2. Particle size analysis 

Representative samples of the commercial 
DCPD and ADCP products were obtained by 
riffling in a Quantachrome Rotary Microriffier. 
Particle size distributions were then determined 
using a Coulter LS 100 Laser Scattering Particle 
Analyser. The results are expressed in terms of 
the mean volume diameter. 

2.3. True density 

True particle densities were determined in 
triplicate by helium pycnometry in a Quan- 
tachrome PY2 Micropycnometer. 

2.4. Microporous structure 

Microporous structures were determined using 
the following techniques. 

Mercury intrusion porosimetry: Volumes of in- 
truded mercury were determined on triplicate 
samples over the pressure interval 0.6-2000 
lb/inch 2 using a Micromeritics 9305 Pore Sizer. 
The pore volume distribution (pores > 0.1 /zm) 
was then evaluated from these data (Micro- 
meritics, 1984). 

Nitrogen adsorption: By means of the BET 
equation, specific surface areas were estimated 
from the results of triplicate nitrogen adsorption 
experiments, which were carried out at 77 K and 
at relative pressures of between 0.01 and 0.98 in a 
Micromeritics ASAP 2000 apparatus. Micropore 
volume distributions (pores < 0.1 /xm) were de- 
termined from the nitrogen adsorption isotherms 
by the BJH method (Stanley-Wood, 1983). 

Total porosity (%) was calculated from the 
sum of the values obtained by each of the above 
methods (Stanley-Wood, 1983). 

Bulk densities: Tapped bulk densities were 
determined in triplicate in a Hosokawa PT-E 
Powder Tester, tapping at 50 taps/min for 20 
min. Compressibilities (%) were then calculated 
from the bulk densities (Thomson, 1984). 

Shear strength: Measurements were carried 
out on an IPT RO-200 automatic apparatus 
equipped with a rotational split-level shear cell. 
Duplicate samples of DCPD and ADCP were 
subjected to four loads of consolidation, thus 
allowing obtaining of a family of four yield loci - 
each defined by five normal stresses - with final 
stress corresponding to 50, 100, 150 or 250 g/cm 2. 
Mohr circle analysis of these loci enabled estima- 
tion of the unconfined yield stress (fc) and the 
major principal consolidating stress (tr 1) (Brown 
and Richards, 1970). Regression of or I on fc gives 
a straight line whose slope is the inverse of the 
flow factor (Svarovsky, 1987a). 

2.6. Compression properties 

Prior to compression, each product was mixed 
with 1% (w/w) magnesium stearate (5 min at 30 
rpm in a Tfrbula T2C mixer). Triplicate subsam- 
pies of each material were then compressed in a 
Korsch EKO excentric press equipped with fiat- 
faced 9 mm punches and a data handling system 
(Martlnez-Pacheco et al., 1985). Mean yield pres- 
sures under load were determined using Heckel 
plots of the data for compression force-displace- 
ment cycles (Humbert-Droz et al., 1982). 

2. 7. Preparation and characterization of compacts 

Using the apparatus described above and ap- 
plying maximum compaction pressures of 80 or 
160 MPa, two formulations in 350 mg compacts 
were prepared from each product. Each formula- 
tion was subjected to the following tests. 

Microporous structure: Samples were evalu- 
ated as described for the uncompressed products. 

Tensile strength: The crushing strength of six 
compacts was determined using an Erweka TB 
2A apparatus; mean tensile strengths were then 
calculated from these results and the dimensions 
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Fig. 1. Particle size distributions (determined by laser scatter- 
ing) for the dicalcium phosphate dihydrate (DCPD) and anhy- 
drous dicalcium phosphate (ADCP) samples studied. 
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Fig. 2. Pore volume distributions for the dicalcium phosphate 
dihydrate (DCPD) and anhydrous dicalcium phosphate 
(ADCP) samples studied. 

of each compact, which were measured using a 
Mitutoyo digital micrometer (Fell and Newton, 
1970). 

Disintegration time: Measurements were car- 
ried out using a Turu Grau apparatus, which 
conforms to the specifications exacted in USP 
XXII.  Mean values were calculated from the 
disintegration times of six compacts in distilled 
water (as attacking medium). 

3. R e s u l t s  a n d  d i s c u s s i o n  

For the two phosphates studied, Fig. 1 shows 
the cumulative particle size distribution curves, 

illustrating that their particle size distributions 
are very similar. This is confirmed by the similar 
mean volume diameters obtained for the two 
products (Table 1). 

The magnitude of the difference between the 
true densities (Table 1) indicates that this differ- 
ence derives from the absence and presence of 
hydration water in ADCP and DCPD, respec- 
tively. 

Mercury intrusion and nitrogen adsorption ex- 
periments (Fig. 2) clearly show that the anhy- 
drous phosphate has the greater intraparticular 
porosity. In fact, the micropore volume (pores < 
0.1 /xm) of the anhydrous phosphate is some 
70-times greater than that of the dihydrated com- 

Table 1 
Characteristic properties of dicalcium phosphate dihydrate (DCPD) and anhydrous dicalcium phosphate (ADCP) 

Parameter DCPD 

Mean particle size (/~m) 172.7 
True density (gcm- 3) 2.312 (0.033) 
Specific surface area (m 2 g 1) 0.812 (0.023) 
Micropore volume 0.0019 (0.0001) 
(pores < 0.1 #m) (cm 3 g-a) 
Total porosity (%) 55.87 (0.75) 
Compressibility (%) 15.89 (1.07) 
Flow factor 9.18 (0.50) 
Mean yield pressure (MPa) 219.1 (19.7) 

Mean values are followed by standard deviations in parentheses. 

ADCP 

174.9 
2.959 (0.019) 

17.567 (0.331) 
0.1284 (0.0014) 

68.49 (0.34) 
16.59 (1.77) 
8.18 (0.49) 

547.9 (36.3) 
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pound (Table 1), thus accounting for the very 
much greater specific surface area measured for 
ADCP. 

The anhydrous phosphate also has slightly 
greater compressibility and lower fluidity than the 
dihydrated product (Table 1), although for both 
phosphates these parameters indicated that they 
are free flowing (Svarovsky, 1987a). The slightly 
superior flow properties of the dihydrated prod- 
uct may be attributable to differences in the 
effective particle densities of the two products: 
due to its greater intraparticular porosity, the 
anhydrous product would be expected to have 
slightly lower effective particle density, and con- 
sequently greater compressibility (Svarovsky, 
1987b). 

The mean yield pressures for the two products 
(Table 1) indicate that for both the predominant 
consolidation mechanism was particular fragmen- 
tation (Humbert-Droz et al., 1983). The higher 
mean yield pressure obtained for ADCP is possi- 
bly a reflection of the different microporous char- 
acteristics of the compacted products. This is 
suggested by comparison of Fig. 2 and 3, respec- 
tively, showing the cumulative pore volume distri- 
bution curves for the uncompressed and com- 
pressed products, which indicates that the micro- 
pore volume measured for the anhydrous phos- 
phate is entirely maintained in both its com- 
pacted formulations (Table 2). The differences 
between the specific surface areas measured for 
the compacts obtained at 80 MPa and those ob- 
tained at 160 MPa (i.e., an approx. 10% increase 
for the dihydrate, and a smaller 3% increase for 
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Fig. 3. Pore volume distributions for compacts of dicalcium 
phosphate dihydrate (DCPD) and anhydrous dicalcium phos- 
phate (ADCP), prepared using maximum compaction pres- 
sures (P) of 80 and 160 MPa. 

the anhydrous phosphate; Table 2) are also in 
keeping with this hypothesis. 

Table 2 includes the mean tensile strengths of 
the two formulations of each product. Underlying 
the clear difference between the tensile strengths 
of compacts formed at 80 MPa and those formed 
at 160 MPa, a slight superiority of the DCPD 

Table 2 
Characteristic properties of compacts of dicalcium phosphate dihydrate (DCPD) and anhydrous dicalcium phosphate (ADCP) 
prepared using maximum compaction pressures of 80 or 160 MPa 

Parameter DCPD ADCP 

80 MPa 160 MPa 80 MPa 160 MPa 

Specific surface 1.187 (0.043) 1.305 (0.021) 
area (m 2 g - l )  

Micropore volume 0.0081 (0.0005) 0.0102 (0.0003) 
(pores < 0.1/zm) (cm 3 g - l )  

Total porosity (%) 20.57 (1.07) 14.37 (1.40) 
Tensile strength (MPa) 0.63 (0.06) 1.31 (0.05) 
Disintegration time (min) 127.0 (37.6) 1208.7 (291.2) 

18.250 (0.543) 18.801 (0.262) 

0.1272 (0.0037) 0.1236 (0.0061) 

41.53 (0.47) 35.96 (0.77) 
0.47 (0.04) 1.07 (0.08) 

45.0 (6.4) 73.0 (6.2) 

Mean values are followed by standard deviations in parentheses. 
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product is apparent, as would be expected given 
the differences observed in the microporous 
structures and mean yield pressures of the two 
products. 

There are marked differences between the dis- 
integration times of compacts prepared from an- 
hydrous dicalcium phosphates and those pre- 
pared from the dihydrated product (Table 2). The 
faster disintegration of ADCP compacts is doubt- 
less due to their greater total porosity, particu- 
larly the sizeable contribution to this from micro- 
pores (pores < 0.1 /zm), which, as stated above, 
are maintained in these compacts. 

4. Conclusions 

The anhydrous and dihydrated dicalcium phos- 
phate products for direct compression have simi- 
lar particle size distributions and flow properties. 
Nevertheless, their compression properties are 
markedly different, giving rise to a lower mean 
yield pressure for the dihydrated phosphate. Fur- 
thermore, the greater intraparticular porosity of 
the anhydrous phosphate, in particular the contri- 
bution due to micropores (pores < 0.1/xm), causes 
compacts of this product to disintegrate much 
more rapidly in distilled water than those of the 
dihydrated phosphate. 
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