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ABSTRACT 

A1 1 ben toni tes  samp e s  inc luding  those  used a s  re ference  were 

cha rac t e r i zed  by x-ray d f f r a c t i o n  minerological  s tudy ,  whole chernial 

a n a l y s i s  ( t o t a l  o x i d e s ) ,  ion exchange capac i ty  and physical-chemical 

p rope r t i e s  t e s t s .  The x-ray d i f f r a c t i o n  a n a l y s i s  reveal  only s l i g h t  

d i f f e r e n c e s  among mexican bentoni tes raw m a t e r i a l .  E i the r  Mexican 

bentoni te  or the  re ference  mater ia l  show very s i m i l a r  impuri ty  con ten t .  

Chemical a n a l y s i s  o f  bentoni t e s  show wide v a r i a b i l i t y  i n  oxide conten t  

b u t  r e s u l t s  a r e  i n  c l o s e  accordance with those  repor ted  i n  the  
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2250 . $ I ,TAGRACIA ET A L .  

1 i t e r a t u r e  ( 2 ) .  

o f  raw b e n t o n i t e s  a r e  i n  good agreement.  

The r e s u l t s  o b t a i n e d  f o r  r e f e r e n c e  compared t o  t h o s e  

I. INTRODUCTION 

B e n t o n i t e s  a r e  c l a y  m i n e r a l s  wh ich  b e l o n g  t o  t h e  s m e c t i t e  

m i n e r a l o g i c a l  g roup ( 1 ) .  Most  commercial  b e n t o n i t e s  a r e  

d i o c t a h e d r i c  magnesiurn smec t i  t e s  o r  mon tn io r i l  l o n i  t.es (1) , a1 though 

s a p o n i t e ,  a t r i o c t a h e d r i c  s m e c t i t e s ,  i s  p r e s e n t  as. t h e  main  

component o f  some commercial  b e n t o n i  t e s .  

The s i n e c t i t e s  a r e  p h i l l o s i l i c a t e s  w i t h  a c r y s t a l  s t r u c t u r e  

s i m i l a r  t o  t h a t  of t h e  micas  ( 1 , 2 , 3 , 4 ) .  The d i f f e r e n t  s i n e c t i t e s  

s p e c i e s  c o u l d  be d i f f e r e n t i a t e d  f r o m  each o t h e r  a t t e n d i n g  m a i n l y  t o  

t h e  c o m p o s i t i o n  o f  t h e  o c t a h e d r i c a l  Layer .  Thus, i n o n t r n o r i l l o n i t e s  

3+ have 2/3 o f  t h e i r  o c t a l h e d r i c a l  l a t t i c l e  occup ied  b y  Elg'" and A1 

( d i o c t a h e d r i c )  and owing t o  t h e  f a c t  t h a t  t h e s e  i o n s  a r e  l o o s e l y  

bound t o  t h e  c r y s t a l  l a y e r  some s u b s t i t u t i o n s  can o c c u r  and i t  has 

been found t h a t  d s u b s t i t u t i o n  o f  IIg"' f o r  edch s i x t h  A13+ i s  p o s s i -  

b l e  l e a s i n g  t h e  d i o c t a h e d r i c  s h e e t  unba lanced i n  c:harye r e s u l t i n g  i n  

t h i s  way a n e t  p o s i t i v e  cha rge  on t h e  c r y s t a l l i n e  l a t t i c e .  

The d e f i c i e n c y  i n  p o s i t i v e  cha rges  men t ioned  dbove i s  n e u t r a l -  
+ 

i z e d  by  s o l v a t e d  Na 

The d i f f e r e n t  s inec t i  t es  s p e c i e s  and subspec ies  a r e ,  bes ides  o t h e r  

p r o p e r t i e s  , c h a r a c t e r i z e d  by  t h e i r  d i f f e r e n t  n e t  charges ;  t h e r e f o r e ,  

e x i s t i n g  s m e c t i t i e s  o f  l o w  and h i g h  charges  r e s p e c t i v e l y .  The d i f -  

fe rences  i n  charges  c o n t r i b u t e s  t o  a gireat v a r i a b i l i t y  i n  t h e  

phys icoche i : i i ca l  b e h a v i o r  o f  sr l iect i  t e s .  F o r  example, t h e  a b i l i t y  for .  

and o r  Ca2+ e n t e r i n g  i n  t h e  i n t e r l a y e r  space. 
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MEXICAN AND PHARMACEUTICAL MONTMORILLONITES 2251 

r e v e r s i b l e  water s o r p t i o n ,  energy r e t e n t i o n  of t he  sorbed water ,  

e x p a n s i b i l i t y  o r  change in  the volume 

con ten t ,  gel forming a b i l i t y ,  e t c .  All the above p r o p e r t i e s  a r e  

d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  the  na ture  or the  c r y s t a l  l a t t i c e  

of t hese  mine r i a l s ,  p r imar i ly  t o  the  r e l a t i v e  magnitude of t h e i r  net 

charge and a l s o  t o  the  s i t e  i n  the  l a t t i c e  where t h d t  charge i s  

produced. 

over d i f f e r e n t  degree of water  

The c a t i o n s  f i l l i n g  the  i n t e r l a y e r  i n  s i i ec t i t e s  a r e  a l s o  in- 

po r t an t  i n  determing t h e i r  physicochernical p r o p e r t i e s .  T h u s  

bentoni t e s  bear ing Ua a s  t he  pr imar i ly  i n t e r l a y e r  cd t ion  present  

more e x p a n s i t i v i t y  power and high g e l i f i c a t i o n  a b i l i t y .  Any 

s n e c t i t e  c l ay  i s  a b l e  t o  be trdnSfOri3ed i n t o  a Na -s :nect i te  by means 

o f  a simple c a t i o n  exchdnge process .  However, t h i s  tredtinerlt i s  by 

no means so simple a s  could be seen a t  f i r s t  s i g h t  and t h e r e  i s  no 

warranty t h a t  a c l a y  t r e a t e d  by the  s imple procedure wi l l  reach the  

+ 

+ 

des i  rab 

In addi 

reasons 

proper t  

e behavior ( i . e ,  gel forr:iing power., c o l l o i d  s t a b i l i t y ,  p t c . )  

ion t o  the i n t e r l a y e r  cd t ion  s p e c i f i c i t y  t h e r e  e x i s t  o t h e r  

why c e r t a i n  c l ay  minerals  do not  reach some physicocheinical 

e s  o r  s p e c i f i c a t i o n s  completely.  Therefore ,  a cha rac t e r i za -  

t i o n  s tudy and some physicochcinical t e s t  have t o  be performed a s  the  

only means f o r  s e l e c t i n g  proper ben ton i t e s  t h a t  a r e  t o  be used i n  

spec i  f i c appl i c a t  i ons . 
On t he  o t h e r  hand, when dea l ing  with crude rnater idls  o r  weakly 

processed ones,  a comparison with o t h e r  f u l l y  o r  h ighly  p u r i f i e d  

minera ls  could obviously not  be made. However, by ca re fu l  exanina- 

t i o n  o f  t he  r e s u l t s  of t he  c h a r d c t e r i z a t i o n  s tudy and physico- 
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2252  A L T A G R A C I A  ET A L .  

ctiei.iistry t e s t s  on bcn ton i t e s  raw i!iaterials some gu ide l ines  could Ibe 

drawn t o  a s s i s t s  us i n  s e l e c t i n g  the  proper  way i n  the p u r i f i c a t i o n  

procpss t h d t  conducts t o  the  pure product h d v i r i q  t he  d e s i r e d  p r o p e r t i e s .  

The present  work. was undertaken t o  e s tdb l  i s h  sonie gu ide l ines  

t h d t  might be observed i n  t h e  planning of a p u r i f i c a t i o n  process  f o r  

hentoni t i s  raw c i a t c r id l s  a t t end ing  both c h a r a c t e r i z a t i o n  s t u d i e s  and 

physicocheiiiica1 t e s t s  t o  ob ta in  a product conforming the q u a l i t y  

s tdndards  f o r  ~Dhdriii,3.ceutical o r  o t h e r  uses  of mexican bentoni tes  C'Iay 

mineral s .  

I I .  EXPERIFIEPiTAL - 

The sample of  bentoni t e s  raw ina t e r i a l s  were of d i f f e r e n t  o r i g i n  

p r i n c i p a l l y  due t o  %he widespread o f  c l a y  mineral o re s  in  the  couiitry.  

Bentoni tes  1, 3 ,  4 c lnd  & were from Puebla s t . a t e ,  samples 2 and 7 from 

Durango s t a t e ,  No. 5 and G samples were froiti Yucatan and bentoni tes .  

sample 9 were froci C!ueretaro. Four ben ton i t e s  of Pharmaceutical grade 

were used ds refererice s tandards  a n d  were bindly suppl ied  froin 

Pharmaceutical Labora tor ies .  Bentoni tes  UPN and UP froin Upjohn, 

Bentoni te  K frorii Knoll ,  and Bentoni te  14 froin Norwich Labora to r i e s .  

A1 1 bentoni t e s  samples i ncl udiny those  used a s  r e fe rence  were 

cha rac t e r i zed  by the fo11 owing t e s t s :  

- X-ray d i f f r a c t i o n  minera logica l  s tudy 

- llhole chemical a n a l y s i s  ( t o t a l  ox ides)  

- Ion exchange 'capaci ty  and t o t a l  bases  

- Physico-chemi ca l  p r o p e r t i e s  

The mi nera.1 og ica l  s tudy  performed on sarnpl es i ncl udes x-ray 

d i f f r a c t i o n  p a t t e r n s  obta ined  fol lowing the  technique repor ted  by 
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2 2 5 3  MEXICAN AND PHARMACEUTICAL MONTMORILLONITES 

Ford ( 4 ) ,  and was c a r r i e d  o u t  i n  an x - ray  D i f f r d c t i o n  Spectrometer 

( P h i l i p s ,  p\”~ 1130/00, tdC:9430, 011 30001 made i n  Ho l l and  No. Dy 848).  

Several  t rea tmen ts  were appl  i ed acco rd ing  t o  Thorez ( 6 ) .  

A f u l  l y  chemical a n a l y s i s  ( t o t a l  ox ides )  was performed f o l  1 ow- 

i n g  t h e  procedures recommended by Perez Obregon ( 8 )  and t h e  c o n t e n t  

o f  Si02, A1203, Fe203, PlgO, CaO, Na 0, K 0 and H 0 a t  100°C and 

1200°C was determined. 
2 2  2 

Ca t ion  exchange c a p a c i t y  was eva lua ted  u s i n g  t h e  NH Ac l N ,  pH 7 4 

method desc r ibed  by U.S.D.A.  ( 8 ) .  The exchangeable bases e x t r a c t e d  

by de ammonium a c e t a t e  method were examined by t h e  f o l l o w i n g  

techniques:  

Technicon Autoanalyzer ,  Ca2+ was determined by t h e  EDTA murexyde 

method desc r ibed  i n  ( 8 )  and F2g2+ by t h e  f o r m a t i o n  o f  magnesium b l u e  

i n  t h e  Technicon Autoanalyzer  650 C & C .  

Na+ and K+ by flame a n a l y s i s  u s i n g  t h e  650 C & C 

The physicochemical  t e s t  performed were those desc r ibed  i n  t h e  

f o l l o w i n g  pharmacopeias: USP (9 ) ,  BP ( l o ) ,  FNEUN ( l l ) ,  pH ( 1 2 )  

PF (13)  and i n c l u d e s :  s w e l l i n g  power, ge l  forming a b i l i t y ,  pH, l o s s  

on d r y i n g ,  and a l c a l i n i t y .  

111. RESULTS 

The x- ray d i f f r a c t i o n  a n a l y s i s  revea l  o n l y  s l i g h t  d i f f e r e n c e s  

among mexican b e n t o n i t e s  raw m a t e r i a l .  And o n l y  i n  samples 5 and 6 

Yucatan b e n t o n i t e s  t h e  c h a c t e r i s t i q u e  spacing o f  sodi  c 

r n o n t m o r i l l o n i t e  was found ( f i r s t  raw, Table 1). I n  a l l  o t h e r  

benon i tes  t h e  basal  spac ing o f  t h e  a i r  d ryed  sample l a i d  about  15A 
0 

showing i n  a d d i t i o n  a s i m i l a r  i n t e n s i t y  p a t t e r n  i n  t h e  d i f f r a c t i o n  

peaks. 
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2254 A L T A G R A C I A  E T  A L .  

T A B L E  1 

X-ray Diffraction Analysis of Flontiiiorillonites. (001)  Reflections i n  A 

Air Dryed 500°C 1 h r  K IN E Glycol K+ + Glycerol 

1 6 . 9 7  13*39 / i4 .24  1 UP14 1 4 . 7 1  9 . 7 1  12.16 

2 K  12.16 3 . 8 4  12 .66  1 6 . 9 7  1 4 . 2 3  

3 II 1 2 . 6 1  3 . 7 1  12.1G 18.01 14.01/18. 7 3  

4 UP * "1 2. G 2 9 . 7 1  12.26 1 7 . 6 6  17 .66 /14 .01  

1 AZC 15*23 / io .24  9 . 7 1  

2 S-Na 1 5 . 5  9.60 

3 AZB 15.23  9 . 7 1  

4 r lPC 1 4  - 96 / 14.4 7 9.71 

5 Y-2 1 2 . 6 1  9 . 8 4  

6 Y-3 

7 VT 18.01/1.4. 97 9 . 6 3  

8 D C  14 .47  9 .71  

12.26 16 .97  

1.2.26 l6.6G 

1.2.26 16.96 

12 .26  16.97 

1 2 . 2 6  16.9;' 

14.0'1 

13. '50 

14.01. 

14 .01  

14.01 

12.2G 17.31. 13.80 

12 .26  16 .97  14 .23  

12 .26  18.01. 1 4 . 0 1  

I n  another way, e i t h e r  mexican bentonite raw materials or the 

reference material analyzed shows a vary simi l a r  iiripurity content. 

Thus, in reference benltonites quartz i s  present i n  3 of 4 studied 

( i . e .  UP, N and UPN)  a's well as in a l l  bentonite raw materials as a 

constant component i n  the f ract ion s i z e  o f  clay. Elentonite 1 shows 
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M E X I C A N  AND P H A R M A C E U T I C A L  M O N T M O R I L L O N I T E S  2255 

0 

i n  add i t ion  a r e f l e c t i o n  a t  10.04A indicati ing the  presence of a 

mixed i l l i t e  o r  hyroinica. 

Several  d i f f rac tograms obtained a f t e r  applying the  t rea tments  

a l r eady  mention ( 6 )  d o  n o t  show any c l e a r  d i f f e r e n c e s  between 

r e fe rence  and bentoni tes  raw mater ia l  a s  could be seen froin Table 1. 

However, a s l i g h t l y  basal  spacing fol lowing K + glycero l  treatment 

r e s u l t e d  s l i g h t l y  g r e a t e r  in  r e fe rence  than in  ben ton i t e  raw 

+ 

mater ia l  and as  a consequence of t h i s  a sm,aller charge i n  the  foriner 

could be pos tu l a t ed .  

Cheiiical a n a l y s i s  of t h e  ben ton i t c s  s tud ied  a r e  presented in  

Table 2 a n d  a wide v a r i a b i l i t y  in  oxide con ten t  can be observed, 

b u t  r e s u l t s  d r e  i n  c l o s e  accordance with thoze reported i n  the  l i t -  

e r d t u r e  ( 2 ) .  The d i spe r s ion  in  the  r e s u l t  could be seen a s  a 

consequence of t he  minerdlogicdl  impur i t i e s  present  in  samples a s  

well a s  e r r o r s  inherent  t o  the a p p l i c a t i o n  of t he  a n a l y t i c a l  

technique.  However, t he  r e s u l t s  obtained f o  re ference  compared t o  

t h a t  o f  r a w  bentoni tcs  a r e  i n  good accordance.  Spec id l ly  the  i ron  

conten t  which a r e  s i m i l a r  i n  both ben ton i t s s  precludes t h a t  t h e i r  

use a s  pharinaceutical mater ia l  i s  not  l imi t ed  by t h i s  element.  

Table 3 shows cd t ion  exchange cdpac i  ty and base ex t r ac t ed  by 

pH 7 aiiiinaiiiuin a c e t a t e .  CEC vdlues  deteriiiined a r e  in  agreement with 

those  repor ted  i n  the  1 i t e r a t u r e  ( 2 )  f o r  c l a y s .  

The da ta  shovJn i n  Table 4 d r e  very i l l u s t r d t i v e  i n  r e l a t i o n  t o  

t h e  s t a t e  of t he  absorp t ion  complex o f  the c ldy  mineral  s t u d i e d .  

The Ca/lla r a t i o  i n  raw ben ton i t e s  i s  gene ra l ly  higher  than i n  

re ference  one. However, s o w  raw ben ton i t e s  s tud ied  such a s  3, 5 

dnd 6 present  r a t i o  values  s l i g h t l y  lower t h d n  re ference  ma te r i a l .  
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T A B L E  3 

I o n  Exchange C a p a c i t y  and 'Total  Bases o f  

F lon tmor i l  l o n i  t e s  (Fleq/100 g )  

C .E .C .  K Ca bl N a T o t a l  Bases 

-- 

1 UPN 

2 K  

3 N  

4 UP 

1 AZ-C 

2 S-Na 

3 AZ-B 

4 FlPC 

5 Y-2 

6 Y-3 

7 VT 

8 DC 

9 BS 

88 0 .6  

86.5 0 . 4  

69 0 .6  

95 1 . 0  

59.5 2 .6  

93 0 .5  

82 .5  5.9 

94 4.9 

6 3 . 3  2.0 

67.5 0.8 

65 .5  2.7 

72.5 5 . 3  

85.0 0.3 

18.1 

26.9 

25 

21.9 

31.3 

31.9 

25.6 

27.5 

29.7 

23.4 

31.3 

18.8 

30.6 

23 

12 .8  

3 . 1  

7.1 

14.7 

6 . 7  

12.9 

12 .9  

10 .3  

7.5 

l l " 9  

1 1 . 5  

2 ,, 2 

30.0 

75 

40 

34 .8  

22 .3  

30 .5  

35.7 

32.5 

44.4 

29.2 

25 .6  

33.1 

61.9 

71.7 

115.1 

68 .7  

64. a 

71.4 

69.6 

89.1 

77.8 

85.4 

60.9 

71.5 

68.7 

95 

From t h e  p o i n t  o f  v i e w  o f  t h e  probable use o f  t h e s e  c lays  for 

p u r i f i c a t i o n  purpose t h e  one wh ich  improves  t h e  Ca/Na r e l a t i o n  must 

be t h e  o p t i o n .  

T a b l e  5 a l s o  i n c l u d e s  f i g u r e s  f o r  Na s a t u r a t i o n  % o f  t h e  CEC 

and % o f  Na r e s p e c t  t o  t h e  t o t a l  base. By i n s p e c t i o n  i t  i s  r e a d i l y  
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TABLE 4 

Some Ctialrdc t e r i  s t i c s  o f  CCI t i  on E xciia nge 

Capaci t,y o f  rlontliioril l o n i  t e s  

--____-_I _-I____._- _______ ~- __ - 

1 UPIJ 0.603 34 .1  41.8 

2 K  0.358 66.7  6!j.? 

3 I 0 . 6' 2 !j 58.0 511.2 

4 UP 0.337 35.5 53.7 

1 AZ-C 

2 S-Na 

3 AZ-B 

4 IlPC 

5 Y - 2  

G Y - 3  

7 VT 

8 DC 

9 BS 

1.372 38.3 

1.046 32.8 

0.717 43.3 

0 .846  34.6 

0. 668 70.1 

0. $01 43.2 

1.222 39.0 

0.568 45.6 

0.494 72 .8  

31.9 

43.8 

44.6 

41 .8  

52 .. 0 

4 7 " 9  

35 .8  

48 .2  

65 
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TABLE 5 

Physicochemical Analysis o f  i lontnior i l loni tes  According 

t o  the U.S.P.  

Alca l in i ty  

PH rll 0 . 1  r4 Gel Forming* Swelling P .  H20 ( - )  

Li mi t s  

1 UPN 

2 K  

3 1.l 

4 UP 

1 AZ-C 

2 S-Na 

3 AZ-B 

4 PlPC 

5 Y - 2  

6 Y - 3  

7 VT 

a DC 

9 BS 

9.5-10.5 0 .1 nl 

9.9 0.05 

10.2 0.05 

9.5 0.1 

9.6 0 . 1  

10.2 0.05 

9 .8  0 .05  

9 .8  0.05 

10.0 0 .1  

1 0 . 1  0.05 

9 .7  0.05 

10.2 0.05 

7 0.05 

10 .3  0.05 

No more More than 5-8% 

than 2 ml 24  m l  

0 m l  

0 ml 2s 

0 rill 

0 rill 

23.6 8.46 

6.82 

22 6.85 

30 

+t+ 

+ t- 

+ 
+ 

+ 
35 ml 

9 m l  

8 ml 

9 ml 

8 rnl 

35 rnl 

9 1  rnl 

1 ml 

26 ml 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

7.4 

12.4 

8 .8  

9 

1 4  

14  

6 

7 

18  

6.09 

11.69 

8.66 

8 .10  

7.66 

7.16 

7.94 

6.55 

12 .18  

- 
++ ++c *, + Very f l u i d ;  Poor g e l i f i c a t i o n ;  Completely gel i f  i c a t ed .  
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seen t h a t  t h e  h i y h e r  'Na% o f  CEC i s  p r e s e n t e d  by  5 and 6 raw ben- 

t o n i  t e s  and t h e i  r v a l u e s  a r e  a1 so corr iparable t o  t h e  r e f e r e n c e  c l a y s .  

Data  obtai ined f ro i i i  v a r i o u s  phys icochern ica l  t e s t  as s p e c i f i e d  

by  t h e  p r i n c i p z l l  pharinacopeias (9 ,10,11,12,13)  am! shown i n  Tab le  5.  

The t e s t s  were per fo rmed i n  r e f e r e n c e  as w e l l  as i n  raw m a t e r i a l s  

and t h e  d a t a  t h u s  o b t a i n e d  a r e  by no means compar.alble, b u t  some i n -  

s i g h t  on wh ich  p r o p e r t i e s  must  be m o d i f i e d  by t h e  p u r i f i c a t i o n  

p rocess  c o u l d  ble drawn f r o m  t h e s e  da ta .  

a l i k e  t o  t h e  r e f e r e r l c e  m a t e r i a l  s t u d i e d  were samples 6,7,8 and 13  as 

t h e y  approach v e r y  c l o s e  t o  t h e  q u a l i t y  r e q u e s t e d  f o r  m a t e r i a l  

i n t e n d e d  f o r  ph1armac:uetical use, s p e c i a l l y  t h o s e  c o n c e r n i n g  w i t h  t h e  

g e l  f o r m i n g  a b i l i t y  drid s w e l l i n g  power. 

The raw l5en ton i tes  much 

I V .  CONCLUSIONS 

1. The mex ican b e n t o n i t e s  s t u d i e d  a r e  o f  c a l c i c  o r i g i n  and d t t e n d -  

i n g  t o  t h e i r  m i n e r a l o g i c a l  and physicocheinica' l  c h a r a c t e r i s t i c  

p r o p e r t i e s  a r e  n o t  t o  be used by  t h e  pharmaceu t i ca l  i n d u s t r i e s  

d i r e c  tl y . 
2.  Owing t o  t h e  s i m i l a r  m i n e r a l o g i c a l  and phys i coche in i ca l  

p r o p e r t i e s  o f  Flexican b e n t o n i  t e s  (compared t o  those  o f  f o r e i g n  

o r i g i n  l e a d  us t o  presume t h a t  a ,proper managment  o f  t h e  p u r i -  

f i c a t i o n  process  c .ou ld  y i e l d  b e n t o n i t e s  t h a t  con fo rm qua1 i t y  

s tandards  f o r  pha rmaceu t i ca l  a p p V i c a t i o n s  s t a r t i n g  f r o m  b e n t o n i t e  

m i n e r a l  c rudes .  

3. From t h e  r e s u l t s  o b t a i n  i n  chemica l  a n a l y s i s ,  t h e  most e a s i l y  

p u r i f i c a t i o n  pro'cessed b e n t o n i t e s  c o u l d  be t h e  samples l a b e l e d  

a s  6,7,8 and 10. 
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4. The p u r i f i c a t i o n  process must include ftne p a a i c l e  separation 

and a sodium saturat ion treatment. 
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