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AEBSTBILCT 

Four grades of coamercially available microcrystalline cellu- 

lose have been examined and the appearance, par t ic le  sire d i s t r i -  

butions, specif ic  surface areas, pore sire distributions and surface 

energies determined. 

correlation with published data, but Coulter counter resul ts  are 

larger by a factor of approximately 1.4. 

with values obtained from air  penmametry experiments. 

The median Stokes di-ters ahov general 

Correlation is  also seen 

Scanning electrondcroscopy damonstrated the presence of two 

general types of par t ic le ,  one roughly rod-like and the other an 

i r regular  muss. A t  higher magnifications, ful ly  hydrolysed 

samples show a d c r o f i b r i l l a r  structure,  the individual f i b r i l s  

possessing a transparent longitudinal axis.  

the f i b r i l s  are hollow is confirmed by analysis of the adsorption 

i r o t h a n ~  using mathemntical models which indicate that  the mater- 

ials are porous, With a mdal  radius value of about 2.0 m. 

The possibi l i ty  that  
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Interparticulate mids vith modal radii ranging from Sum to 35vm, 

dependent on the grade examined, vere found from high pressure 

Mercury Intruaion Porosimtry. No significant differences in 

specific surface energy vere detected from the h a t s  of adsorption 

uaing a flow microcalorimetric technique, suggesting that the 

surface forces in all four grades are of a similar mgnitude. 

INTRODUCTION 

Amongst the reason6 for the pharmaceutical popularity of 

microcrystalline cellulose are its attractive compaction'') a d  

diaintegration characteristics (*I. Both these properties have 

been attributed to tha presence of hydrogen bonds betveen the 

particles(2), and such bonds have recently been demnstrated (3) . 
A lack of quantitative information in the literature led to 

the decision to investigate those properties which might contribute 

to the compaction qualities of some coummrcially available micro- 

crystalline celluloses, numly the 'Avicels' (FMC Export Corps., 
Pena.. U.S.A.). 

acteristics such a6 surface energy, surface area, particle size and 

pore structure dght be anticipated to affect behaviour under COIF 

pressive forcaa and therefore received consideration first. 

preliminary work has already been reported(4) and the present paper 

Concern8 the detailed examination of single batches of four grades 

of Avicel, (PE 101, PE 102, PE 103 and PE 105) aa received, except 

that &ere appropriate, measur-nfs vere carried out in a con- 

trolled envirouwnt room (2OoC a d  35 to 40% RE), after conditioning 

Physical properties related to the surface char- 

The 
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the sampler i n  i t  for  several days. 

the bulk by =an. of a spinning r i f f l e r  (Microscal, London). 

Samples were obtained from 

EXPERIMENTAL 

Determination of Particle Size Distributions 

The s i ze  distributions and median Stokes diameters were d e t e r  

mined by gravitational sedimentation i n  d i s t i l l e d  water, o r  where 

appropriate i n  a 50% v/v glycerin solution a t  20'~. 

concentrations of about 0.05% w/v were used and no dispersing 

agent was found to  be necessary. 

E.E.L. photosedinentoorter @vans Electro-Selenium Ltd., Harlow) 

and a W.A.S.P. photoredimentometer (Microscal Ltd., London), but 

the scanning f a c i l i t y  of the latter instrumant was not used. The 

resul ts  from the W.A.S.P. recorder give a measure of sire d i s t r i -  

bution i n  re la t ion to  surface area, but t h i s  wao also converted to  

a s i ze  dis t r ibut ion by weight, for  comparison dth data fiom the 

E.E.L. and that  quoted i n  the l i terature .  Typical resul ts  are 

shown i n  Figure l ( a )  and l(b) and suumarised i n  Table I. 

Suspension 

The inrtrrmrnts used were an 

Size distributions were also obtained using a Model "T" 

Coulter Counter (Coulter Electronics Inc., Hialeah) by suspending 

the Avicels i n  1.0% Sodium Chloride solution as electrolyte.  Be- 

cause of the Wide range of pa r t i c l e  s i ze  present a -tube tech- 

nique was  necessary Vitb a11 samples except PH 105. Tbe resul ts  

of these analyses are also sunwrised i n  Table I and typical dis- 

tr ibutions i l l u s t r a t ed  i n  Figure l ( c ) .  
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FIGURE 1. 

Cumulative Weight Sire distributiow determined by (a) B.E.L. 
photoredinmtometer (b) U.A. S.P. photosedimntomcter ( c )  Coulter 
Counter. 
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Pig. 1 (continuad) 

Permemetry 

An a i r  perrmPoatry apparatus (Fisher Sub-sieve Sizer, KEK 

Ltd., Manchester) was used to determine a nmdian diameter and 

derived surface area for  each of the conditioned powders a t  poro- 

sities, ' e l ,  between 0.80 and 0.60. In each instance a miaham 

median r ize  was reached v i th in  this range (e - 0.65) .  the values 

i n  Table I being the a r i t b t i c  plouu of four such experi-nts. 

Surface Area Determinations 

Surface areas were determined by Nitrogen adsorption at  -196OC 

wing  a standard gar adsorption w i t h  l iquid Nitrogen 
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TABLE I 

Geometric Properties of Avicels 

Median D i a m e t e f l  (pa) 

W.A.S.P. 
Uedian Stakes diaaeter 
by surface (urn) 

Median Stokes diamater 
by weight ( V a l  
Surface Area (rn 

E.E.L. 
Median Stokes di-ter 
by weight (Ma) 
Surface Area (d 0-1) 

Permemetry 
Median Diamcter (pm) 
Surface Area (I$ g-1) 

Coul te r  Counter 
Median Diamcter (urn 
Surface k e a  (m 2 1  g- ) 

Gaa M s o  tion 
B.E.T. (3 g-1) 
h t t i g  (a? g-1) 

AVICEL PH GRADE: 

102 

90 

47 

62 
0.06 

52 
0.08 

16.0 
0.25 

85.5 
0.05 

10.0 
10.5 

( 5 )  * Avicel Technical Literature 

101 

37 

35 

37 
0.11 

33 
0.12 

15.3 
0.26 

49.5 
0.08 

11.2 
11.4 

103 

37 

34 

36 
0.11 

33 
0.12 

15.3 
0.26 

46 
0.09 

11.4 
11.5 

105 

- 

18 

25 
0.16 

13 
0.31 

6.3 
0.63 

16.5 
0.24 

20.7 
22.0 

M the coolant. 

corresponding to 10 to  20 a of surface, was degassed a t  100 t o  

l lO°C and a pressure less than 0.15 N P2. 

Approximately 1-08 of sample of each grade, 
2 

56 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



HICROCRYSTAUINE CELLULOSE. 1 

A preliminary study of measured surface area against t ime  of 

degassing had shown that  a co-tant surface area value was  only 

reached a f t e r  about 8 hours degassing, see Figure 2. Therefore 

a l l  samples were allowed to degas overnight, normally 12 to  16 

hours, before being analysed. 

experipmts fo r  each powder are also sumarised i n  Table I. 

Mercury Intrusion Porosimetq 

The mean resul ts  of three of these 

The mercury penetration volume a t  various intrusion pressures 

w a s  measured using a mercury penetration poroaimeter (Model 905-1, 

Micromeritics Inst. Corp., Norcross). For each determination 

approximtely 0.58 of powder was introduced into the sample cell 

and t h i s  was placed i n  the pressure chamber. 

12 

8 

4 

0 
0 4 8 12 16 20 

Time of Degassing (hours) 

FIGUBE 2. 

Effect of time of degassing on the B.E.T. surface area for 
AVicel PE 101. 
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The cell and sample Yare degassed and then mercury allowed 

to enter until the cell was full. The pressure was increased 

and the volume of marcury penetrating the powder at each pressure 

deterdned by the volum of mercury in the aomple holder. 

pressure was increased up to a maximum of 280 m m2, those pre- 
ssures above atmospheric being applied hydraulically. 

The 

The pore size distributions Yare calculated assdng a sur- 

face tansion value for mercury of 0.174 N c1 and a contact angle 
via the microcrystalline celluloses of 130~. 

are shovll graphically in Figure 3. 

Uicrocalorhcq 

Specimen results 

The adsorption of solutions of n-butanol in n-heptane was 

studied using a flow microcalorimeter (nicroscal Ltd., London). 

All the powders used were dried at 80-90°C and cooled in a dessic- 

ator prior to use. The n-heptane YO. purified by passage through 

a silica gel colurrm. 

The heats of adsorption at monolayer coverage were determined 
using a continuous flow technique (7) . 
Electron Uicroscopy 

The untreated powders were alumst too dense for conventional 

electron microscopy therefore scanning electron photodcrographs 

were taken at magnifications of 200 to 500 tiaps using a Stereoscan 

600 microscope (Cambridge Scientific Instruunnts Ltd., Cambridge), 

see Figure 4. In addition, s-lu of powder were treated by 

boiling in 4 N Acetic A d d  for 8 hours to coPpletely hydrolyse 
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AvicelPHIM 
AvicelPH102 A 
A v i d  PH 103 o 
AvicelPH105 a 

HICROCXYSTALLXNE CELLULOSE. 1 

Pore Radius ( )t m) 

FIGURE 3. 

Inter particulate pore size distributions for microcrystalline 
celluloses. 

them. 

and e d n e d  microscopically using an AEI E M B  electron microscope 

They were then washed in distilled water until acid free 
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FIGURE 4. 

Stereoscan photomicrographs of the four grades of microcrystalline 
cellulose (a) Adcel PH 101 (b) Avicel PH 102 (c) Avicel PH 103 
(d) Avicel PP 105. 

(&I, Harlow) at nugnificationa between 150,OOO and 500,OOO times. 

At a later stage untreated semples were also e d n e d  at similar 

nu~ficatiolrs. in so- cases phosphotungstic acid waa used to 
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MCBOCBPSTALLINE CELLULOSE. 1 

'dye' the observad internal capillaries of the fibrils. Typical 

elactron photomicrographs of each type are shown in Figure 5. 

FIGUgE 5 .  

Electron photomicrographs of (A) Treated (b) Untreated samples 
of microcrystalline cellulose. 
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RESULTS AND DISCUSSION 

From Table I i t  can be seen that  the median Stokes diameters 

obtained from sadbentat ion shov rank order correlat ion with those 

quoted by the manufacturers, but the Coulter counter resul ts  con- 

s i s t en t ly  gava higher values leading to  a cosnpansating shape 

factor of about 0.73. 

The surface areas calculated from these r e su l t s  using the 

relations hip 
2 -1 Specific Surface Area - 6 x lo6 m g 

Z.P 

(where 2 is the median dianmter i n  urn and p is the density of the 

material) 
2 were of the order of 0.06 to 0.6 m g-' and i n  view of the 

very different  techniques involved again shoved good rank order 

correlation with those from the penmametric masuremants. 

The probabili ty/size graphs aham i n  Figures l ( a )  and l ( b )  

for  Stokes diamster suggest that the sire dis t r ibut ion is  logarith- 

d c a l l y  110r681, whilst those for equivalent volume diameters 

indicate a normal dis t r ibut ion,  Figure l(c). 

there is a change i n  slope of the lat ter curves which is indic- 

a t ive of. a d i u d  population of particles. 

obtained from the adsorption e x p e r h u t s  i n  the normal manner 

showed that a l l  four grades of powder gave Type I1 isotherms as 

seen i n  Figure 6. 

to t h u e  isotherma enabled the surface areas to  be determined 

(Tables I and 11). 

In addition, 

Plot t ing the r e su l t s  

Applying the B.E.T.") and Euttig") equatiow 

Comparison of these values w i t h  the derived 
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a 
0 0.5 1.0 

Relative Pressure x 
FIGURE 6. 

Adsorption isotherm for microcrystalline cellulose. 

values obtained from the Stokes di.lps.ters indicates that even if 

account is taken of the large differences in Plathodology the sur- 

face area being measured by Nitrogen adsorption is parch greater 

than just the external surface of the particles. 

It has been argued(10) that a plot of volume of gar adsorbed 

IVal against statistical thickness of the adsorbed layer It' will 

be a straight line passing through the origin, provided the pas is 

allowed to adsorb on to the Surface unimpeded. 

sorption is hindered, e.g. by pores in the surface, the gradient 

If, however, ad- 
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of the Va - t plot  w i l l  change and then remain a t  a new constant 

value, u n t i l  the gar is again allowed t o  adsorb unimpeded, as would 

be the care when the pore. becmm f i l l ed .  

point. of i n f l e d o n  it  is possible t o  calculate the approximate 

range within which the majority of pore radii lie, by applying Kel- 

d n ' r  equation(11). This relates the pore radiua I r k 1  which w i l l  

be completely f i l l e d  by the adsorbed nitrogen a t  a given pressure, 

P, r e l a t ive  to the vapour pressure of the bulk adsorbate Po. 

From the values a t  the 

i.e. 

where ' Q' 

adoorbing 

loge 

- P log. p * 2 CJ v 
'k RT 0 

11) 

is the rurface tension and f the molar volume of the 

gas. For l iquid Nitrogen equation (1) reduces to:- 

P 4.1 
k 

- .I-- 

r 

Subjecting the isotherma of each sample to such an analysis 

produced the rerulto rhavn i n  Figure 7, suggesting that  the powders 

were indeed porouo, and had a majority of pores with r ad i i  between 

1.0 a d  5.0 am, correrponding to  't' values of 0.35 and 0.85 from 

Figure 7. 

Machuatical -oodelr b u e d  OII Kelvin's equation''') have been 

derimd t o  enable the rurface area of porouo sol ids  to  be calcul- 

ated, by a s r d n g  porer of e i the r  cylindrical  or para l l e l  p l a t e  

crorr-rectioa. A correction factor i s  introduced with these 

mde l r  t o  allov for tlu thickness of the adsorbed layer, i.e. 

r ta t i r t icr l  tbicknerr on the pore w a l l .  'tsl so that  the corrected 
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M I C B O C B Y S T Y L ~  CELLULOSE. 1 

0 0-5 1-0 1-5 2.0 
Statistical Thickness t (nm) 

FIGURZ 7. 

Va-t isotherm for microcrystalline celluloses. 

port radius Ir' i s  given by:- 

r - r  k + 

V where ts = 4 . 0 2 2  

vm 

(3) 

'V  

P - , and 'Vm' being the volume aduarbed at mwlayer coverage. 

being the volume of gas adsorbed at a given relative pressure. a 
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From these mdels .  four were selected,  naamly those of 

Crans toD and Inkley(12) and Roberts I(13) to  represent cylindric- 

a l  pore mdels .  whilst  those of I n n a ~ ( ~ ~ )  and Roberts were 

takon as e m l e s  of pa ra l l e l  p l a t e  mdals .  The pore s i z e  d is t -  

r ibution derived from these analyses denmustrated tha t  the micro- 

c rys t a l l i ne  celluloses studied had u l a rge  number of pores with 

r a d i i  from 1.25 to 3.0 am, as shovn i n  Figure 8, and were b imdal .  

The mrcury  intrusion porosimetry experiments gave pore s i z e  

d is t r ibu t ions  which showed m d a l  values of 35 urn (PH 102), 20 urn 

(PB 101 and PH 103) and 5 urn (F’E 105) as i l l u s t r a t e d  i n  Figure 3. 

It is  possible to  ca lcu la te  surface areas from the porosimeter 

s i ze  d is t r ibu t ions  by graphical integration of the penetration 

volume ugairut intrusion pressure p lo t  according to the equation (15) 

PdV s-Klv- 
2 -1 where S - surface area m g 

P - prersure N m-2 
3 -1 dV - change i n  intrusion v o l u r  m g 

This technique resulted i n  valwr am& less than those obtained by 

gas adsorption, see Table 11, suggesting that there is a large nun- 

ber of porer of r a d i i  less than the lover l i m i t  of the porosimeter 

(3.0 nm). 

Exadnation of electronphotomicrographs of each of the 

samples ut r e l a t i v d y  lov mngai f iu t ions  (x 500) shows the pre- 

sence of two type8 of par t ic les .  one rod-like. and the o ther  an 

i r regular  -a. This could explain the change i n  slope of the 
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MICROCBYSTUINE CELLULOSE. 1 

AvicelPHlO1 
AvicelPHlO2 A 
Avicel PH105 

Pore Radius (n m) 

FIGURE 8. 

Intraparticulate pore s i ze  distributions for microcrystalline 
celluloses. 

distributions obtained by Coulter counter. 

hydrolysed samples a t  higher magnifications suggests that  the 

raaterial is composed of small f i b r i l s  Vith diameter between 10 and 

15 am and on some of the photographs these appear t o  be h o l l w  as 

a central  region of less electron denaity can be seen. The r a d i w  

of this central  ox is  approximates to  that obtained for  the majority 

of pores by gas adsorption maasureaents. 

h o l l w  cote on untreated samples. i.e. not fu l ly  hydrolysed, was 

Examination of ful ly  

Confixmation of t h i s  
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obtained by the ataining technique (Figure 5). 

the  two type8 of p u t i c l e a  originate during the ~ . n u f a c t u r i n g  pro- 

ceaa, which i a  e a r e ~ ~ t i a l l y  one of par t i a l  acid hydrolyair, followed 

by rpray drying of the waahed slurry. 

t i r a w a  might be expected tu exhibit  the rod-like appurauce v h i l a t  

the rpray dried aggregatea would be irregular.  

It u y  be that 

Unhydrolyaed ce l lu loa ic  

The t o t a l  poroaity i a  made up of two C o q h m e U t 8 ,  the inter-  

par t icu la te  void8 with a h  diatributiona a8 demmatrated by the 

Pcrcurp pororiPwtry reaulta and in t ra -par t icu la te  pore8 with a 

modal radius value of about 2 nm. 

with the v ia ru l  obrervation8 =de by electron dcrorcopy. 

Theae r e ru l t a  cor re la te  well 

The reaulta of the %at of Adrorption experiments, Table 111, 

uaing the f l a t  d c r o u l o r h t e r ,  confirm tha t  the apecific aur- 

face energiea of the four grader, aa muaured by thia technique., 

PE 102 

PH 103 

PE 101 

Pli 105 

TABLE I11 

Comparative Surface Energiea of Avicela 

J 8-l J rn-? 

0.30 0.0287 

0.36 0.0287 

0.33 0.0285 

0.53 0.0285 

Avicel PH Grade But Liberated a t  
Monolayer Coverage 
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are v i r tua l ly  ident ical  and it  seema reasonable to  ass- there- 

fore tha t  differences bemeen the grades are not due to  variation 

i n  th i s  property. 

CONcLUSIrn 

The highly p r o w  o.ture of these microcrystalline celluloses 

wt contribute s ignif icant ly  to  the rapid capi l lary uptake of 

water, leading to  the rapid disintegration of tablets  incorporating 

them. The re la t ively large surface areas v i l l  a id  bonding and the 

P i c r o c a l o r h t r y  resul ts  shov that the magnitude of the bonding 

forces i s  similar i n  a l l  cases. 

Further work is proceeding on consolidated microcrystalline 

celluloses i n  an endeavour to  obtain -re information about bonding 

prchanism and studies of batch to  batch variations are also i n  

progress. 
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