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ABSTRACT 
The e f f e c t  of moisture  on t h e  compressional p r o p e r t i e s  of 

anhydrous d e x t r o s e  and d e x t r o s e  monohydrate was examined. 
Relat ionships  between moisture  content  and both tabllet  tensi le  
s t r e n g t h  and t a b l e t  toughness were evaluated. An increase  i n  t h e  
moisture  content  of anhydrous dext rose  produced a corresponding 
increase  i n  both s t r e n g t h  parameters up t o  t h e  8.9% moist:ure l e v e l ,  
possibly due t o  a recrystall ising effect. However any further increase 
in moisture content beyond t h i s  point produced a marked reduction i n  
both t a b l e t  t e n s i l e  s t r e n g t h  and t a b l e t  toughness. For  dextrose 
monohydrate, any increase in  moisture content obtained by exposure t o  
e levated humidi t ies  led  t o  a reduct ion i n  both t e n s i l e  s t r e n g t h  and 
toughness. 

The consol idat ion of both anhydrous dext rose  anld dext rose  
monohydrate was improved with increasing moisture content, presumably 
due t o  a lubrication effect ,  The yield forces and percentage porosity 
obtained under compression f o r  anhydrous dextrose were observed t o  
decrease with increasing moisture content up t o  a level of 9.20%. 
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1886  ARMSTRONG, P A T E L ,  AND J O N E S  

I t  is often s ta ted tha t  t o  obtain optimal tab le t  properties, the 
water content of a powder or granular system must be controlled t o  a 
reasonable degree of accuracy. The reasons f o r  t h i s  have never been 

unambiguously established, though a variety of e f fec ts  caused by the 
moisture  content  have been reported.  I t  has been suggested,  f o r  
example, t h a t  water may e x e r t  its e f f e c t  by reducing r e s i s t a n c e  t o  
p a r t i c l e  deformation and reducing i n t e r p a r t i c u l a t e  f r i c t i o n  I, by 
reducing t h e  s t r e n g t h  of i n t e r p a r t i c u l a t e  bonds and hence reducing 
t a b l e t  s t r e n g t h  2, and by reducing t h e  amount of fragmentation 
occurring on compression ’. The effect  of crystal  bridge formation by 
d i s s o l u t i o n  and subsequent r e c r y s t a l l i s a t i o n  of t h e  s o l i d  i n  water 
m u s t  a l so  be considered. 

Recent advances i n  t a b l e t  machine ins t rumenta t ion  and d a t a  
manipulation, and t h e  in t roduct ion  of more e l a b o r a t e  parameters t o  
descr ibe  compressional behaviour may a f f o r d  t h e  means of properly 
evaluat ing mois ture-mediat ed e f f e c t s  , and poss ib ly  e s t a b l i s h i n g  
whether such c r i t i c a l  control of moisture content is necessary. 

, L  -D anhydrous dextrose,,- -D dext rose  monohydrate and materials 
used t o  generate environments of known relat ive humidity were a l l  GPR 

grade reagents  ( B.D.H. L t d ,  U. K.). Dextrose monohydrate a s  supplied 
was found t o  contain 7.80% water. 

The 180-250um f r a c t i o n  of anhydrous dext rose  and dext rose  
monohydrate was isolated using a Pascall ‘Inclyno’ sieve shaker, and 
t h i s  fraction was used for a l l  subsequent work. 

Moisture was introduced by exposing t h e  powders t o  a range of 
r e l a t i v e  h u m i d i t i e s  brought about by s a t u r a t e d  s a l t  s o l u t i o n s  i n  
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D E X T R O S E  MONOHYDRATE AND ANHYDROUS DEXTROSE 1887 

closed g l a s s  tanks maintained a t  20-23’. Powder samples were spread i n  
th in  layers  approximately 2mm deep on aluminium foil .  trays.  On each 

t r a y  was also placed a petri di.sh containing a layer  of powder of t he  

same thickness. The d ish  was weighed a t  regular  time in t e rva l s  u n t i l  

i t  achieved  c o n s t a n t  we igh t ,  when it was assumed t h a t  a l l  powder on 
t h a t  t r a y  had reached equilibrium with its surroundi~?gs. The following 
n u m  i d  i t i e s and s a  -t u r a t  ed e l  ec t r ol y t  e s c) 1 u t i on s we r e 11 s ed : - 93 8 r 

potassium n i t r a t e ;  87%, potassium chloride: 758, sodium cnl.oride; 718, 
i i th ium ace ta te ;  68%, cupric  chlor ide;  588, sodium bromide; 58, s i l i c a  

g e l  *. The water content was measured using Karl Fischer reagent and a 
dead-stop end poin t  technique (Radiometer, Copenhagen, Denmark) r and 

is expressed a s  percentage wet weight. 

The powders were compressed on a F3 e x c e n t r i c  p r e s s  (Nanesty 
Xachines ,  L iverpool ,  U.K.) , f i t t e d  w i t h  12.5 m m  d i e  and f l a t - f a c e d  
punches. The u p p r  punch was equipped with four 350 ohm s t r a i n  gauges 
forming  a full Wheatstone b r  idge,  A i i n e a r  v a r i a b l e  d i sp l acemen t  

t r a n s d u c e r  (Sangamo-Weston, Type 13284,  Bognor Regis ,  U.K.) , was 

f i t t e d  t o  t h e  lower punch holder and actuated by means of t he  moving 

u p p r  punch. I n  t h i s  wayr punch separat ion and hence tablet: thickness 

du r ing  compression could  be measured. S i g n a l s  from t h e  f o r c e  and 

displacement transducers were amplif ied and fed, v i a  an ana log-d ig i ta l  
converter,  i n t o  an Acorn computer. Data were s tored  on magnetic d i sc ,  
and compressional p r a m e t e r s  were derived firom them. 

A suspension of 5%w/’v magnesium s t e a r a t e  in  acetone was appl ied 
t o  t h e  d i e  w a l l  and punch f a c e s ,  and t h e  l i q u i d  was a l lowed t o  
evaporate. The powder was weighed i n  a control led environment and then 
i n t r o d u c e d  r a p i d l y  i n t o  t h e  d i e  c a v i t y .  The  powder- was  t h e n  
compressed, t h e  flywheel of t h e  press  impeded by a manually applied 
brake and t h e  tablet; e jected from the  die. 

After  compression, the  t a b l e t s  were exposed for 24 hours t o  t h e  
same environment t h a t  the  o r ig ina l  powder had been ~ q m s e c l  to. Tablet  
weight and dimensions were recorded, and t h e  crushing st cength then 
m e a s u r e d  u s i n g  a CT40 s t r e n g t h  t e s t e r  ( E n g i n e e r i n q  S y s t e m s ,  
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1888 ARMSTRONG, PATEL, AND JONES 

Nottingham, U.K.). The appl ied  f o r c e  and cross-head movement of t h e  
CT40 were continously monitored during s t r e n g t h  measurements, From 
t h e s e  da ta ,  t a b l e t  t e n s i l e  s t r e n g t h  and t a b l e t  toughness were 
calculated, the l a t t e r  being expressed as the area under the curve of 
applied force plotted against cross-head displacement. 

The relationship between applied force and compact density was 
calculated according t o  the Heckel equation , both with the compact 
under load by manipulation of t h e  f o r c e  and displacement da ta ,  and 
a f t e r  ejection from the d ie  by determining the weight and dimensions 
of the tablet. Linear regression analysis was carried out over a force 
range of 5 k N  t o  15kN, and t h e  r e c i p r o c a l  of t h e  s lope,  which is 
equivalent t o  the yield force calculated. 

The work of e l a s t i c  recovery was evaluated f o r  a l l  moisture  
contents  and compression f o r c e s  f o r  both anhydrous dext rose  and 

dextrose monohydrate. Linear regress ion  a n a l y s i s  was appl ied  t o  t h e  
decompression work and compression force  data.  The d a t a  were then 
normalised by dividing the e l a s t i c  decompression work by the maximum 
appl ied force ,  and t h e  r e s u l t  p l o t t e d  a g a i n s t  moisture  content. 

The r e l a t i o n s h i p  between t a b l e t  t e n s i l e  s t r e n g t h  and appl ied 
force  over a range of moisture  conten ts  is shown i n  Figure 1, and by 
erecting ver t ica l s  from the abscissa, the tab le t  strength obtained by 
application of three representative forces of 14, 19 and 25kN can be 

estimated. The relationships between these and water content a r e  shown 
in Figure 2. As the  water content of anhydrous dextrose is increased, 
t a b l e t  t e n s i l e  s t r e n g t h  r i s e s  u n t i l  a maximum is reached a t  around 
8.9% water a t  a l l  t h r e e  f o r c e s  examined. A t  h igher  water conten ts  
than t h i s ,  t a b l e t  s t r e n g t h  f a l l s  sharp ly  u n t i l  a t  9.66%, very weak 
t a b l e t s  were produced. 
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D E X T R O S E  MONOHYDRATE AND ANHYDROUS D E X T R O S E  1889 

2 0  3 0  0 10 

F o r c e  ( K N )  

FIGURE 1. 

The change i n  t a b l e t  t e n s i l e  s t r eng th  with force  a t  a number of water 
conten ts . (  o , 9.66%; 0 , 9.20%; o , 8.90%; a I 8.60%; A , 
6.20%; A , 0.90%; 3, 0.34%) 

Qua1  i t a t  i v e l y  s i m i l a r  b e h a v i o u r  was noted  w i t 1 1  d e x t r o s e  
monohydrate, bu t  tablets formed by t h e  latter were weaker than those 
formed from anhydrous dextrose of t h e  same water content. ‘Thus it is 
u n l i k e l y  t h a t  t h e  a l t e r a t i o n  O E  t a b l e t t i n g  p r o p e r t i e s  of anhydrous 
dextrose with increasing water content  is due t o  a p r q r e s s i v e  change 
of anhydrous dextrose t o  dextrose monohydrate. 
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1890 ARMSTRONG, PATEL, AND JONES 

h 

0 

I 
a 

v 

W a t e r  c o n t e n t  ( o ~ o w i w )  

FIGURE 2. 

The relationship between the tensile strength of tablets compressed at 
1 4  ( m , O ) ,  19 ( 0 , o  1 and 25 ( A , A  )kN and their water content. ( 

closed symbols,  anhydrous dextrose: open symbols, dextrose 
monohydrate.) 
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D E X T R O S E  MONOHYDRATE; AND ANHYDROUS DEXTP,OSE 1891 

The marked i n c r e a s e  i n  t e n s i l e  s t r e n g t h  of anhydrous d e x t r o s e  
t a b l e t s  with increasing moisture content is believed t o  be due t o  two 
main effects:- 
(i). increased lubricat ion,  both interJ?arti.cular and a t  the d i e  wall 
upon compression, resu l t ing  i n  improved force transmission from t h e  
upper t o  the  lower punch, and hence greater  consolidation is brought 
about by appl icat ion of a given force. 
(ii). r ec rys t a l l i s a t ion  from a saturated scilution during compression. 
I t  is possible t h a t  a saturated so lu t ion  is formed when the  anhydrous 
d e x t r o s e  is  compressed i n  t h e  presence  of mois ture .  T h e  aqueous 
s o l u b i l i t y  of so l id s  is known t o  increase subs t an t i a l ly  when pressure 
is app l i ed .  Thus a s o l u t i o n  ma.y form r e a d i l y  under p r e s s u r e  which, 
when p r e s s u r e  i s  removed,  w i l l  be  s a t u r a t e d  and  f r o m  which  
r ecrys t a l l  isat ion w 1.11 occur. 

Novement of t h i s  s o l u t i o n  may now occ:ur due t o  s u r f a c e  t e n s i o n  
forces  towards regions of high specific area  within the com,Fact, which 

correspond t o  the  flaws within the  dextrose p r t i c l e s  or t he  p a r t i c l e  
c o n t a c t  po in t s .  R e c r y s t a l l i s a t i o n  i n  t h o s e  a r e a s  of! weakness would 
r e s u l t  i n  a n  i n c r e a s e  i n  t e n s i l e  s t r e n g t h .  The e x t e n t  o f  
r ec rys t a l l i s a t ion  w i l l ,  up t o  a l imi t ing  moisture content, presumably 
depend upon t h e  quant i ty  of sa tura ted  so lu t ion  formed. 

The la rge  differences i n  tab le t  t e n s i l e  s t rength  between dextrose 
monohydrate and anhydrous dextrose of t h e  s a m e  moisture content can be 

at t r ibuted t o  t h e  d i f f e ren t  manner i n  which water is held within the  
two species, as w e l l  as differences i n  t h e  mobil i ty  of t h e  water. In  
the  monohydrate form, the  water of c r y s t a l l i s a t i o n  is l o c k e d  i n t o  t h e  
c r y s t a l  s t r u c t u r e ,  and is t h e r e f o r e  n o t  a v a i l a b l e  t o  encourage bond 
fornation. In  t h e  anhydrous form, the  moisture e x i s t s  In  a r e l a t ive ly  
f r e e  mobile form, and hence is a v a i l a b l e  f o r  l u b r i c a t i o n  and 
d i s s o l u t i o n  and subsequent  r e c r y s t a l l i s a t i o n  of: t h e  s o l i d  on 
compression. 

I t  is a l s o  appa ren t  from F i g u r e  1 t h a t  a d d i t i o n  of: water  t o  
d e x t r o s e  monohydrate l e d  t o  an  even g r e a t e r  r educ t ion  i n  t e n s i l e  
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3 8 9 2  ARMSTRONG ~ I’ATEL, A N D  JONES 

s t rength.  This  is believed t o  be due t.o t h e  presence o€ a water f i l m  

on the par t ic le  surfaces which ac ts  as a physi-cal barrier and prevents 

intc?rpi?rti.culate bonding. Hydrodynamic resistance niay also play a part  
.in redi.icing tab le t  strength, especial1.y a t  higher compression forces. 

Figure 3 is r? representation of t h e  variation of tab le t  toughness 
w i t h  moisture content a t  three representative compression forces. It 

is apparent t h a t  t h e  r e l a t i o n s h i p  between t a b l e t  toughness an6 

moisture  content  i s  q u a l i t a t i v e l y  s i m i l a r  t o  t h e  r e l a t i o n s h i p  

between tens i le  strength and moisture. Therefore it woii1.d seem that  

toughness plots  do not provide additional. information, but t h i s  is not 
so, 

7 ’ h ~  inset .  t o  Figure 4 represents  two hypothet ical  toughness 
curves. A represents the co-ordinates of the point of fa i lure  i.e. the 
force md cross-head position a t  which the tab le t  fracturesB and thus 

t h e  area of the right-angled t r iangle  ORB can be readily calculated. 

T h u s  t h e  r a t i o  of t h e  a r e a s  o€ s u r f a c e  OPRB t o  OAB is g r e a t e r  than 

u n i t y  whereas t h a t  of OQAB t o  OAB is less than one. The former has  

been claimed t o  be indicative of p las t ic  behaviour and the l a t t e r  is 
typical of substances which consolidate by b r i t t l e  fracture9. 

This r a t i o  was ca lcu la ted  f o r  each batch of t a b l e t s  a t  a given 
moisture content of anhydrous dextrose. It was observed tha t  the value 
remained independent of t h e  cornpression force  wi th in  a batch of 
t.ablets, Figure 4 shows how the r a t i o  changes w i t h  added water. A t  

moisture contents less than about 6%, the  value is less t h a n  one, but 
It progressively increases and a t  higher moisture  contents ,  exceeds 
! ~ n i I q ,  indicative of the effect  of water in increasing the p las t ic i ty  
of the system. This result  is p l r t icu la r ly  interesting i n  view of the 

fac t  tha t  dextrose fragments upon compression. 

I f  t h e  d e n s i t i e s  of t h e  t a b l e t s  a f t e r  e j e c t i o n  from t h e  d i e  a r e  
measured, d e n s i t y  a t  any given appl ied force  is seen t o  r i s e  wi th  

water content  up t o  about 9% water. This supports  t h e  theory t h a t  
water a c t s  as a lubricant, and greater consolidation is achieved for a 
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D E X T R O S E  MONOHYDRATE: AND ANHYDROUS D E X T R O S E  1893 

2 & 6 8 10 1 2  

W a t e r  i c o n t e n t  ( o / . ,  7 ~ )  

FIGURE 3.  

The re la t ionship  between the toughness of t a b l e t s  compressed a t  14, 19 
and 25kN and t h e i r  water content. (Symbols as i n  Figure 2). 

g iven  a p p l i e d  fo rce .  However above 9.28, conso l ida t  ilon i,s markedly 
reduced. It is of particu:lar i n t e r e s t  t o  note t h a t  a t  9.66% 'water, t h e  
densi ty  does not change with an increase of applied force over about 

15kEu, imply ing  t h a t  some l i m i t i n g  d e n s i t y  va lue  has  been achieved  
(F igu re  5 ) .  

P o r o s i t y  d a t a  ob ta ined  a f t e r  t a b l e t  e j e c t i o n  g i v e s  l i t t l e  
indicat ion of the  porosi ty  under an applied .load, and a:.though the  two 
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1894 ARMSTRONG, P A T E L ,  AND J O N E S  

1 0' 

1 01 
0 - 
I 

0 
CK 

0.9 
0 
w 

U 
L 

0 9  

0 8  

P l a t  t e n d i s p l a c e m e n t  

I 
* I 

2 L 6 8 10 

W a t e r  c o n t e n t  ( ' 1 6  w / w  ) 

FIGURE 4. 

The r e l a t i o n s h i p  be tween area r a t i o  and  water c o n t e n t .  For t h e  
d e f i n i t i o n  of area ratio, see t e x t  and t h e  i n s e t  t o  Figure  4. 
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D E X T R O S E  MONOHYDRATE AND ANHYDROIJS D E X T R O S E  1895 

1 4c 

1 3 5  

1 3 0  

1 2 5  
0 10 2 0  

F o r c e  ( K N )  

FIGURE 5. 

30 

The re la t ionship  between apparent t a b l e t  densi ty  and applied force  for  

anhydrous dextrose. ( Symbols as i n  Figure 1. 1 

p o r o s i t i e s  should  be l i n e a r l y  r e l a t e d  f o r  a subs t ance  of c o n s t a n t  
e l a s t i c  behaviour, t h i s  w i l l  not be so i f  water alters the  ( e l a s t i c i ty  
of t h e  system. Examination of f o r c e  and d i sp lacemen t  d a t a  ob ta ined  
whi l s t  t he  tablet is ac tua l ly  being compressed shows t h a t  under load, 
t he  porosi ty  is much less than t h a t  of the  ejected tab le t .  Calculation 
of t h e  ' i n - s i t u '  p o r o s i t y  when t h e  a p p l i e d  f o r c e  r eaches  20kN a r e  
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1896  ARMSTRONG, PATEL, AND JONES 

C o n s t a n t s  d e r r v e d  from f o r c e  and  d i s p l a c e ~ ~ e n t  d a t a  of a n h y d r o u s  d e x t r o s e  a n d  d e x t r o s e  
mori ohy d t a t  e n i a  n i pu 1 a t ed a c c o r d  i n  g t o t tie 11 e c  k e 1 eq u a  t 1 on. 

Mat e c i a 1 Moisture I n - s r t u  After e j e c t i o n  

(8w/w) P o r o s i t y  Y i e l d  f o r c e  Y i e l d  f o r c e  Cor r e  

( k N )  ( k N )  Coef f 

Anhydrous  0 . 3 4  
d e x t r o s e  

0.90 

6 .20  

8 . 6 0  

8 . 9 0  

8 . 2 0  

9 . 6 6  

21 .0  

1 7 . 0  

1 0 . 0  

8.2 

9.5 

9 . 1  

22 .0  

1 4 . 1  

1 3 . 5  

11.0 

10 .5  

1 0 . 2  

10.1 

10 .0  

3 3 . 8  

3 1 . 1  

19 .0  

1 6 . 0  

1 6 . 1  

1 5 . 6  

- 

a t i o n  

c i e n t  

0 . 9 9 7  

0 . 9 5 9  

0 . 9 6 6  

0 . 9 7 9  

0 . 9 9 5  

0 . 9 9 7  

- 

7 . 8 0  3 . 9  1 1 . 0  35.3 0 . 9 9 9  D e x t r o s e  
n ionohydra te  

8 . 0 0  3 . 4  10.8 4 0 . 0  0 . 9 8 4  

8 .70  3 . 2  1 0 . 5  4 8 . 8  0 . 9 9 2  

shown i n  Table 1. Since these porosi t ies  a r e  calculated with respect 
t o  t h e  d e n s i t y  of t h e  s o l i d  component, i t  fo l lows  t h a t  if t h e  
ca lcu la ted  p o r o s i t y  is equal t o  or less  than t h e  water content ,  t h e  
tablet pores a r e  t o t a l l y  filled with water. It  is of in te res t  t o  note 
t h a t  a t  t h e  9.2% moisture  l e v e l ,  where maximum consol idat ion was 
observed a f t e r  tab le t  ejection, a 9.1% in-situ porosity is obtained a t  
20kN compression force. This may suggest tha t  maximum consolidation is 

achieved when t h e  water present  j u s t  f i l l s  t h e  pores  wi th in  t h e  
tab1et.At 9.66% moisture content, water was observed t o  exude a t  the 
d i e  walls on compression a t  20 kN. 

I f  d e n s i f i c a t i o n  d a t a  a r e  manipulated according t o  t h e  Heckel 
equation, further information may be obtained. A small decrease in  the 
value of the  intercept on the  ordinates, obtained under compression, 
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D E X T R O S E  MONOHYDRATE AND ANHYDROUS D E X T R O S E  1 8 9 7  

was observed upon i n c r e a s i n g  t h e  moi s tu re  c o n t e n t  of anhydrous 
dextrose. This implies  a reduction i n  t h e  extent  of densif.ication by 

p a r t i c l e  rear rangement  du r ing  d i e  f i l l i n g . .  The obse rva t ion  may be 

expla ined  on t h e  grc'unds t h a t  i . n t e r p a r t i c u d a r  moi s tu re  and l i q u i d  

b r i d g e s  nold  t h e  p a r t i c l e s  f u r t h e r  a p a r t  as moi s tu re  c o n t e n t  

increases, leading t o  a more open s t ructure .  

F igure  6 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between t h , e  y i e l d  f o r c e  
obtained 24 hours a f t e r  e jec t ion  and the  moisture content. An increase 
i n  the  moisture content of anhydrous dextrose resulte'd i n  a decrease 
I n  t h e  y i e l d  f o r c e  ob ta ined  up t o  about 9.2% moistuxe. ,Pi f u r t h e r  
increase i n  moisture led t o  an increase i n  y ie ld  force.. The difference 
between the  minimum yield force  of 15.55 kN and the  maximum, 33.78kN 
is s u b s t a n t i a l .  Good c o r r e l a t i o n  coe f f  icierits were ob ta ined  a t  a l l  

moi s tu re  l e v e l s  except  9.66%. A s imi la r  t r e n d  is seen  i f  t:he y i e l d  
force  is calculated from porosi ty  data  obtained in--situ, i.,e. before 

t h e  t a b l e t  is e j e c t e d  from t h e  d i e .  The a b s o l u t e  v a l u e s  a r e  much 

s m a l l e r  i n  magnitude, and no i n c r e a s e  is seen  a t  m o i ~ t u r e  l eve l s  i n  
excess of 9.2%. 

From Table  1, it i s  n o t i c e a b l e  that: t h e  po ros . i t i e s  under 

compression a t  20kN of dex t rose  monohydrate t a b l e t s  were ex t r eme ly  

low. However t h e  y i e l d  f o r c e s  ob ta ined  a f t e r  e j e c t i o n  a r e  high,  and 

t h i s  suggests a very strong elastic recovery f o r  dextrose monohydrate. 

By e s t i m a t i n g  t h e  e l a s t i c  work of r e c o v e r y  ', and  t h e n  
normalising by dividing by the  maximum applied forcer  t;he re la t ionship  
between e l a s t i c  work of recovery and moistu.ce c o n t e n t  is  appa ren t  ( 

Figure  7). E l a s t i c i t y  g r a d u a l l y  d e c r e a s e s  (as m o i s t u r e  colntent is  
inc reased  t o  beyond 9.2%, when a marked i n c r e a s e  i n  e1as t : i c i ty  is 
obta ined .  Thus t h e  reason  f o r  t h e  reduced c o n s o l i d a t i o n  a,t a water 
con ten t  of 9.66% is, i n  p a r t  a t  l e a s t ,  because t h e  system is more 
e l a s t i c ,  and t a b l e t  i n t eg r i ty  is reduced by grea te r  elastic recovery. 
The m i r r o r  image r e l a t i o n s h i p  (of t h e  t e n s i l e  s t r e n g t h - f o r c e  and 
elastic recovery-force curves is s t r ik ing .  
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FIGURE 6. 

The variation of the yield force, derived by manipulation of 
compression data according to the Heckel equation, with water content. 
( 0 ,  using tablet porosity before ejection; O ,  using tablet porosity 
after ejection). 
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FIGURE 7. 

1899 

The relationship between elastic expansion work per u n i t  applied force 
and water content. 
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1900 ARMSTRONG, PATEL, AND JONES 

As stated e a r l i e r r  the inflection of the tab le t  strength-moisture 
content curves (e.g. Figure 1) takes place a t  a water content of about 
9%, and t h e  i n - s i t u  p o r o s i t y  is of t h e  same order ,  i.e. a h y d r o s t a t i c  
resistance t o  consolidation w i l l  occur. However it is of in te res t  t o  
note  t h a t  t h i s  c r i t i c a l  moisture  content  occurs a f t e r  exposure t o  a 
r e l a t i v e  humidity of 87%. van Campen e t  a 1  lo, have shown t h a t  a 
water s o l u b l e  substance e x p o s e d t o  a humid atmosphere w i l l  contain 
water as vapour unless the  humidity exceeds a cri t ical  value, termed 
RHO. The water  w i l l  then be present  a s  a l iqu id .  I t  is  of i n t e r e s t  t o  
note tha t  van Campen quotes a value of RHO of 81.3% for both dextrose 
monohydrate and anhydrous dextrose, and thus dextrose exposed t o  87% 
r e l a t i v e  humidity should conta in  l i q u i d  water  i n  its pores. If t h i s  
hypothesis  is v a l i d ,  it fo l lows  t h a t  water vapour can promote 
d i s s o l u t i o n  and r e c r y s t a l l i s a t i o n  on compression by condensing on 
a p p l i c a t i o n  of pressurer  but  t h a t  l i q u i d  water is needed f o r  a 
hydrostatic e f fec t  t o  be observed. 
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