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Abstract o Batches of sodium, potassium, and ammonium chloride 
tablets containing no excipients and spray-dried lactose tablets con- 
taining 0.5% magnesium stearate were stored a t  20 and 76% relative hu- 
midity. Electrical resistance and hardness measurements were made 
within 1 hr after compression and a t  intervals during a 45-day period. 
Hardness values of sodium, potassium, and ammonium chloride tablets 
stored at  20% relative humidity increased from 70 to 200% at 45 days, 
while conductances decreased 10-fold. Tablets stored a t  76% relative 
humidity showed no increases or slight decreases in hardness with slight 
increases in conductance. 1,actose tablets decreased slightly in hardness 
with corresponding increases in conductance. 

Keyphrases 0 Conductivity, electrical-effect of aging and humidity, 
various compressed Lablets 0 Hardness-effect of aging and humidity, 
various compressed tablets 0 Tablets, compressed-effect of aging and 
humidity on electrical conductivity and hardness 

The effect of aging on the physical characteristics of 
tablets has been discussed by several investigators. In- 
creased hardness was reported in hydrochlorothiazide 
tablets formulated with acacia (1). Dibasic calcium phos- 
phate dihydrate tablets displayed no significant changes 
in hardness over a 4-month period but showed significant 
increases in disintegration and dissolution times when 
stored a t  25” and 50% relative humidity (RH) (2). 

The crushing strength of sodium chloride compacts 
prepared from dried samples doubled 1 hr after compac- 
tion (3). No significant changes in crushing strength were 
observed when compacts were stored for longer periods at 

low humidities. This phenomenon was attributed to 
time-dependent relaxations, resulting in stress release 
within the compacts which increased interparticulate 
contact and bonding. Compacts with higher moisture 
content possessed low tensile strength compared to those 
with lower moisture content, which was attributed to 
weakening of interparticulate bonding by trace moisture 
(3). 

Significant increases in hardness were observed in so- 
dium chloride tablets stored for several days (4). These 
changes correlated with changes in electrical conductances 
calculated from measured dissipation factors. 

The electrical conductance of a compact is determined 
in part by the number of interparticulate contact points 
and the effective internal surface area resulting from mi- 
croscopic cracks and imperfections (5). Hardness changes 
in compacts should be associated with conductance 
changes that reflect changes in the contact area and in- 
ternal surface. Increases in compact strength should be 
correlated with decreases in electrical conductance, mea- 
sured under conditions in which there is no substantial 
increase in compact moisture content. 

This study was designed to verify the expected rela- 
tionship between conductance and hardness changes in 
compacts and to establish the role of moisture in affecting 
these changes in compacts of directly compressible 
salts. 
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Table I-Conductance and Hardness (&SD) of Aged Sodium Chloride Compacts 

20% RH 76% RH 
Apparent" Apparent 

Storage Specific WIT Specific WIT 
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 
days ohms-' cm-' X lo9 glcm kg ohms-' cm-I X lo9 g/cm kg 

~ 

Initial 1.238 (0.098) 2.566 (0.008) 2.54 (0.91) 1.260 (0.0.98) 2.586 (0.024) 2.65 (0.01) 
3.20 (0.08) 2 0.818 (0.067) 2.544 (0.007) 3.44 (0.04) 1.159 (0.088) 2.589 (0.036) 

7 0.141 (0.041) 2.541 (0.011) 5.01 (0.11) 0.862 (0.067) 2.597 (0.049) 3.36 (0.06) 
15 0.073 (0.008) 2.544 (0.009) 6.22 (0.09) 1.144 (0.046) 2.588 (0.006) 3.25 (0.01) 
30 0.055 (0.003) 2.571 (0.062) 6.36 (0.05) 1.144 (0.056) 2.589 (0.008) 2.91 (0.04) 
45 0.049 (0.006) 2.600 (0.011) 6.42 (0.04) 1.190 (0.049) 2.595 (0.032) 2.66 (0.09) 

~~ ~ 

0 Average of five observations. Weight to thickness. 

Table 11-Conductance and Hardness (&SD) of Aged Potassium Chloride Compacts 

20% RH 76% RH 
Apparent Apparent 

Storage Specific WITb Specific WIT 
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 

days ohms-' cm-I X lo9 glcm kg ohms-' cm-I X lo9 g/cm kg 
2.332 (0.008) 3.50 (0.06) 

2 0.081 (0.021) 2.342 (0.005) 4.32 (0.04) 0.186 (0.018) 2.338 (0.008) 3.54 (0.02) 
7 0.042 (0.008) 2.351 (0.008) 4.95 (0.06) 0.172 (0.034) 2.344 (0.006) 3.63 (0.05) 

0.194 (0.038) 2.333 (0.005) 3.52 (0.02) 15 0.028 (0.008) 2.334 (0.005) 6.12 (0.03) 
30 0.017 (0.004) 2.337 (0.008) 7.61 (0.04) 0.225 (0.031) 2.346 (0.010) 3.37 (0.01) 
45 - 2.333 (0.006) 8.59 (0.03) 0.230 (0.072) 2.254 (0.028) 3.13 (0.02) 

Initial 0.219 (0.034) 2.338 (0.006) 3.52 (0.02) 0.207 (0.028) 

Average of five observations. b Weight to thickness. 

Table 111-Conductance and Hardness (iSD) of Aged Ammonium Chloride Compacts 

20% RH 76% RH 
Apparent a Apparent 

Storage Specific WITb Specific W i T  
Period, Conductance, Ratio, Hardness, Conductance, Ratio, Hardness, 
days ohms-' cm-I X lo9 glcm kg ohms-' cm-l X 109 g/cm kg 

Initial 3.090 (0.120) 1.896 (0.012) 3.40 (0.05) 3.280 (0.083) 1.895 (0.009) 3.37 (0.03) 
2 0.513 (0.063) 1.899 (0.018) 3.59 (0.05) 3.710 (0.112) 1.889 (0.006) 3.40 (0.04) 
7 0.220 (0.041) 1.898 (0.021) 4.20 (0.07) 2.560 (0.086) 1.897 (0.012) 3.48 (0.03) 

15 0.124 (0.033) 1.876 (0.008) 4.86 (0.03) 3.641 (0.041) 1.878 (0.008) 3.33 (0.01) 
30 0.081 (0.018) 1.876 (0.006) 5.44 (0.03) 3.855 (0.132) 1.876 (0.006) 3.45 (0.03) 
45 0.064 (0.008) 1.902 (0.011) 5.53 (0.04) 3.758 (0.098) 1.875 (0.010) 3.28 (0.02) 

0 Average of five observations. Weight to thickness. 

EXPERIMENTAL 
Materials-Since different lots of the same material show variations 

in electrical properties (61, single lots of USP grade sodium chloride, 
potassium chloride, ammonium chloride', and spray-dried lactose2 were 
studied. Saturated solutions of sodium acetate (analytical reagent) and 
potassium acetate (analytical reagent) were used to maintain -20 and 
76% RH in 5-liter desiccators. The chloride salts were screened to isolate 
the 40-50-mesh fractions, which were dried at  65O for 24 hr before com- 
paction. 

Preparation and Treatment of Compacts-Batches of compacts 
were prepared from the 40-50-mesh fraction of unlubricated sodium, 
potassium, and ammonium chlorides and spray-dried lactose blended 
with 0.5% magnesium stearate. The latter was included as an example 
of a formulation that showed no significant hardness changes on aging. 
Tablets were compressed manually, using a 1.27-cm diameter punch and 
die assembly, on a single-punch tablet press3. 

Compacts of suitable weight, thickness, and hardness were produced 
and stored in the 20 and 76% humidity chambers. Resistance and hard- 
ness values were determined within 1 hr of compression and after 2,7, 
15.30, and 45 days of storage. The 20 and 76% RH conditions were se- 
lected to observe the effect of drying and atmospheric moisture on 
compact conductance and hardness. 

In some experiments, sodium chloride compacts were stored at 76% 
RH for 10 days and then transferred to 2090 RH. Resistance and hardness 

1 Fisher Scientific Co., Springfield, N.J. 
2 Foremost-MeKesson, Ap leton, Wis. 
3 Manesty model E2. Key idustries, Farmingdale, N.J. 

values were measured a t  the time of transfer and after up to 45 days of 
storage at  20% RH. 

A small batch of sodium chloride compacts was prepared using the 
1.27-cm punch and die assembly on a hydraulic press4 at  1800-, 2700-, 
and 3600-kg gauge pressures. Pressure was applied for a t  least 15 sec. 
Compacts were stored at 20% RH until subject to resistance and hardness 
measurements. 

Conductance Measurements-The complete system for measure- 
ment of the electrical resistance of compacts was described previously 
(7). Cornpacts were placed on a grounded steel plate attached to the lower 
stage of the hydraulic press. A 2.5-cm diameter shielded tablet punch, 
which was fixed to the upper stage of the press through an insulating 
acrylic5 block, served as the active electrode. A shielded cable connected 
the punch to an electrometere. The lower stage of the press was raised 
until the tablet contacted the punch face. 

A minimal pressure (<50 kg) was applied to minimize contact resis- 
tance. Stable resistance values were attained within 1 min and recorded. 
The thickness and weight of each compact were measured before testing 
for hardness. Specific conductances were calculated from the measured 
resistance and dimensions. This procedure was repeated on five different 
compacts to obtain each experimental point. 

Hardness Measurements-A 1.27-cm diameter standard concave 
punch was fastened to the platform of a motorized linear drive's0 that 
it was exactly centered beneath an indentation probe. The latter consisted 

' Model C, Fred S. Carver, Menomonee Falls, Wis. 
Lucite. 
Model 61W, Keithley Instruments, Cleveland, Ohio. 
Model LTCM. John Chatillon and Sons, New York, N.Y. 
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Table 1V-Conductance and Hardness ( 4 S D )  of Aged 40-50- 
Mesh Sodium Chloride Compacts Stored under  76% RH for 7 
Days and then Transferred to 20% RH 

Apparent 
Storage Specific Wl'l'h 
Period, Conductance, Ratio, Hardness, 

days nhms-' cm-l X lo9 glcm kg 

Initial' 0.800 (0.041) 2.589 (0.007) 3.24 (0.02) 
2 0.477 (0.028) 2.570 (0.009) 3.59 (0.01) 
7 0.165 (0.013) 2.5.58 (0.010) 4.46 ( 0 . 0 2 )  

15 0.076 (0.008) 2.556 (0.009) 6.14 (0.02) 
30 0.057 (0.008) 2.560 (0.007) 6.36 (0.01) 
4 5 0.052 (0.004) 2.553 (0.006) 6.45 (0.01) 

Average of five observations. Wright to thickness. Represents 7 days of 
storage at 76% R H .  

of an 0.4-cm diameter stainless steel ball hearing fixed to a threaded shaft, 
which was fastened to a 22.7-kg (5O-lh) load cellH. The output of the load 
cell was amplifiedg and recorded"'. The motorized drive was operated 
at a platform speed of 0.5 cm/min. 

Compacts were placed on edge on the punch face, and the identation 
prohe was driven diametrically into the compact, which split into two 
equal halves. Figure 1 shows a plot of measured force on the tablet as a 
function of time. Point A represents the onset of stress; point B represents 
the maximum stress the compact experienced prior to splitting, shown 
by line HC, which represents the sudden release in stress. In Fig. 1, AC 
represents the degree of indentation required to split the tahlet. Hardness 
values were expressed in terms of the maximum force in kilograms re- 
quired to split the compact. 

RESULTS AND DISCUSSION 

Tables 1-111 summarize observed conductance and hardness values 
of sodium, potassium, and ammonium chloride compacts stored at  20 and 
76% RH for 45 days. Figure 2 shows relative changes in hardness com- 
pared to initial values as a function of time. Sodium and potassium 
chloride compacts stored a t  2070 RH exhibited marked increases in 
hardness along with significant decreases in specific conductance. Con- 
stant hardness and conductance values were observed after 15 days with 

U 
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Figure I -7:vpical force-time plot observed in indentation testing of 
tahlet hardness (see text ). 

rJ Models l:Cl and UL.4-SO, Statham Instruments, Los Angeles, Calif 
Model liR3, Statham Instruments, I,os Angeles, Calif. 

' I )  Model 680 recorder. Hewlett-Packard, Palo Alto, Calif. 
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Figure 2-Relativc hardncJ,5s changes observed in sodium (0). potas- 
sium (o) ,  and ammonium chloride (A) compacts stored at 20% RH.  

sodium chloride and after 45 days with ammonium chloride. However, 
potassium chloride compacts continued to increase in hardness after 45 
days. Measurements were made on compacts of equal density, as indi- 
cated by the constancy of the weight to thickness ratio. 

No significant changes in hardness or conductance were observed in 
compacts stored at  76% RH, except for sodium chloride where hardness 
increased and conductance decreased slightly in the first 7 days of storage. 
Table IV summarizes observations made on sodium chloride compacts 
stored a t  76% RH for 7 days before transfer to 20% RH. The same degree 
of conductance and hardness changes was observed as for compacts stored 
a t  20% RH initially. 

Table V summarizes conductance and hardness values for sodium 
chloride compacts prepared on the hydraulic press and stored at  20% RH. 
While the initial values varied as expected with the pressure used to form 
the compacts, essentially the same conductance and hardness values were 
observed after 30 days of storage. These data suggest that maximum 
bonding was attained in all three batches of sodium chloride compacts 
a t  the same time. 

The observed significant increases in hardness of sodium, potassium, 
and ammonium chloride compacts when stored under low humidity is 
evidence of strong interparticulate bond formation during storage. Rees 
and Shotton ( 3 )  reported a doubling of the strength of sodium chloride 
compacts prepared from sodium chloride dried a t  110" within 1 hr after 
compression with negligible changes after 140 hr. They also reported that 
exposure of salt compacts to 76% HH prevented the hardness increase. 
I t  was not possible to prepare satisfactory compacts from completely 
dried salts in the pressure ranges available on the single-punch press. The 
traces of moisture present in the materials used in this study contributed 
to the delayed hardening in contrast to Rees and Shotton's data, which 
may also reflect increased crystal defects owing to the higher tempera- 
tures required to dry the salt completely. 

Not all of the potential bond strength developed immediately a t  the 
time of compression. Some of the bonded areas formed during com- 
pression might have broken during tahlet elastic recovery when pressure 
was released. Sufficient bonding remained to permit the compacts to 
maintain their shape while new, stronger interparticulate bonding de- 
veloped. 

The data suggest that the principal mechanism of hardening occurs 
because of a IOSS of moisture traces at low humidities. This conclusion 
is supported by the ohservations summarized in Table IV since compacts 
stored a t  76% HH increased in hardness when transferred to a signifi- 
cantly lower humidity. The amount of moisture involved did not signif- 
icantly contribute to compact weight. 

Rees and Shotton (3) also observed that sodium chloride compacts with 
a high moisture content had lower tensile strengths than those with a low 
moisture content. At high humidities, loss of moisture, which results in 
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Table V-Conductance and Hardness (&SD) of Aged Sodium Chloride Compacts Produced at Different Compaction Pressures and 
Stored at 20% RH 

1800 kg 2700 kg 3600 kg 
Apparent Apparent Apparent a 

Storage Specific W/Tb Specific W/T Specific W/T 
Period, Conductance. Ratio, Hardness, Conductance, Ratio, Hardness, Conductance. Ratio, Hardness, 

days ohms-’ cm-’ X 109 g/cm 

Initial 0.998 2.470 3.17 0.856 2.488 3.32 0.836 2.481 3.46 
(0.005) (0.11) (0.053) (0.008) (0.00s) (0.021) (0.009) (0.03) (0.069) 

2 0.560 2.469 4.28 0.343 2.468 4.39 0.307 2.465 4.46 
(0.013) (0.02) 10.030) (0.007) (0.11) (0.069) (0.006) (0.10) (0.028) 

7 0.095 2.466 5.35 0.076 2.477 5.60 0.073 2.471 5.64 
(0.009) (0.09) (0.023) (0.002) (0.09) (0.080) (0.011) (0.06) (0.02 1) 

15 0.063 2.476 6.52 0.060 2.473 6.32 0.056 2.478 6.66 
(0.008) (0.005) (0.09) (0.031) (0.007) (0.09) (0.003) (0.008) (0.04) 

30 0.054 2.472 6.70 0.052 2.486 6.68 0.052 2.472 6.73 
(0.021) (0.004) (0.10) (0.004) (0.008) (0.06) (0.008) (0.006) (0.02) 

45 0.053 2.473 6.72 0.052 2.474 6.76 0.051 2.473 6.78 
(0.01 1) (0.005) (0.10) (0.003) (0.011) (0.04) (0.003) (0.011) (0.04) 

kg ohms-’ cm-* X lo9 g/cm kg ohms-’ cm-’ X 109 g/cm kg 

a Average of five observations. Weight to thickness. 

Table VI-Conductance and Hardness (&SD) of Aged Spray- 
Dried Lactose Compacts Containing 0.5 % Magnesium Stearate 
and Stored under 20% RH 

Apparent” 
Storage Specific W f P  
Period, Conductance, Ratio, Hardness, 

days ohms-’ cm-’ X lo9 g/cm kg 
~ ~ ~ ~ _ _ _ _  

Initial 0.630 (0.018) 1.668 (0.005) 2.99 (0.12) 
2 0.610 (0.022) 1.697 (0.009) 2.95 (0.13) 
7 0.641 (0.028) 1.674 (0.006) 2.88 (0.11) 

15 0.682 (0.031) 1.673 (0.008) 2.53 (0.18) 
30 0.736 (0.042) 1.664 (0.011) 2.46 (0.11) 
45 0.781 (0.038) 1.674 (0.016) 2.41 (0.13) 

a Average of five observations. Weight to thickness. 

the deposition of salt around existing contact regions, is inhibited. The 
differences observed between the different chloride salts is related to the 
different tendencies of the salts to pick up moisture a t  76% RH, which 
is the critical deliquescence point for sodium chloride. Potassium and 
ammonium chlorides are more deliquescent a t  this humidity. 

Compacts prepared from spray-dried lactose containing lubricant 
showed a slight decrease in hardness with an increase in conductance at  
20% RH (Table VI). Previous investigators (8) suggested that consoli- 
dation in lactose occurs mainly by brittle fracture, in contrast to plastic 
deformation in sodium chloride. Compacts stored at  reduced humidity 
lose traces of moisture; a t  a reduced moisture content, magnesium stea- 
rate decreases hardness. 

The data in this study support the expected relationship between 
conductance and hardness changes. In all cases, increased hardness was 

accompanied by more than 10-fold decreases in conductance. Conduc- 
tance values were stable if hardness was stable. These effects were most 
pronounced in ionic materials whose electrical resistance was directly 
measurable. Compacted spray-dried lactose represented the upper limit 
of resistance measurement with the equipment employed. 
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