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E X T E N D E D  A B S T R A C T  

h '  Is well k n o w n  t h a t  kaol ini te  a n d  hal loys i te  change  in to  h y d r o x y  sodal i te  by  t r e a t m e n t  
wi th  sodi tun  hydrox ide .  I t  is also k n o w n  t h a t  s o d i u m  zeolite type  A can  be fo rmed  
f rom kaolini te,  af ter  i t  h a s  been h e a t - t r e a t e d  into me takao l in ,  or g r o u n d  in to  non-  
crystal l ine mater ia l .  F r o m  such  facts  it  is p r e sumab le  t h a t  t he  p robab i l i ty  of  f o rma t ion  
of zeolite type  A f rom a kaol in  minera l  is closely re la ted  to the  e rys ta l l in i ty  of  t he  
originM mineral .  F r o m  such  a considerat ion,  in the  p resen t  e x p e r i m e n t s  a l lophane a n d  
some kaol in  minera l s  w i t h  different  degrees of  c rys ta l l in i ty  were used  as s t a r t i ng  mater ia l s .  
S tar t ing  samples  were Mesa  Al t a  kaolini te,  Kibush i -c lay ,  W a g o n  Whee l  Gap hal loysi te ,  
Ina-kaol in ,  a n d  I i j ima  a l lophane.  Of these  s t a r t ing  samples ,  Mesa  A l t a  kaolini te  is a 
species w i th  the  h ighes t  degree of  e rys ta l l in i ty  a m o n g  t he  kaol in  minera ls ,  a n d  K ibush i -  
clay h a s  a lower degree of  e rys ta l l in i ty  s imilar  to f i re-day.  Ina-kao l in  is a ha l loys i te  w i th  
the  lowest  degree of e rys ta l l in i ty  of  all t h e  kaol in  minera ls ,  a n d  it  belongs to the  a l l o p h a n e -  
hal loysi te  series. I i j ima  a l lophane  is the  m o s t  typica l  soi l -a l lophane found  in J a p a n .  

To examine  t he  effect o f  c rys ta l l in i ty  on t he  s t ruc tu ra l  change  of kaol in  mine ra l s  b y  
t r e a t m e n t  wi th  s o d i u m  hydrox ide ,  the  following expe r imen t s  were made .  For  each  run ,  
50 g of a s t a r t ing  sample  were added  to 250 ml  of  4~r N a O H  aq  solut ion,  and  t r e a t ed  for 
3 h r  a t  t he  boiling po in t  u n d e r  agi ta t ion .  F r o m  the  X - r a y  diffract ion resul ts ,  i t  is found  
t h a t  kaolini te  a n d  hal loys i te  change  to h y d r o x y  sodali te  dur ing  th i s  t r e a t m e n t ,  a n d  t h a t  
sod ium zeolite t ype  A can  be recognized in the  p roduc t s  f rom poor ly  crys ta l l ized  
hal loysi te  and  a l lophane.  

Next ,  to inves t iga te  t he  m e c h a n i s m  of  t he  fo rma t ion  of zeolite t y p e  A f rom Ina~  
kaolin b y  t r e a t m e n t  w i t h  N a O H  in fu r the r  detail ,  t h e  correla t ion be tween  t he  zeolite 
eon~ent of  the  p roduc t  a n d  the  t r e a t m e n t  t i me  in t he  process  of  N a O H  t r e a t m e n t  was  
obtained.  I n  th i s  expe r imen t ,  the  a m o u n t  of  N a O H  used  was  the  convers ion  va lue  
corresponding to  110 m o l t o  of lga20 requi red  for t he  fo rma t ion  of zeolite type  A. A n d  
the  quan t i t a t i ve  analys is  of  the  zeolite con ten t  was  m e a s u r e d  b y  the  X - r a y  dif f ract ion 
m e t h o d  wi th  fluorite as  t he  in terna l  s t anda rd .  F r o m  these  resul ts ,  i t  is found  (1) t h a t  
the  zeolite con ten t  of  t he  p roduc t  genera l ly  increases  w i th  the  progress  of  t r e a t m e n t  a t  
a cer ta in  t empera tu re ,  b u t  af ter  reaching  a cer ta in  po in t  of  the  t r e a t m e n t  t ime  t h e  
apparen t  zeolite con ten t  decreases,  and  (2) t h a t  zeolite type  A wi th  a 100% p u r i t y  is 
obta ined  b y  reac t ion  for 16-24 h r  a t  70~ I n  th is  react ion,  an  induc t ion  per iod is 
observable,  and  t he  l eng t h  of  th i s  per iod depends  on  t he  t r e a t m e n t  t empera tu re .  Th i s  
induct ion  period cor responds  to the  following two p h e n o m e n a ,  t h a t  is, (1) kaol in  minerM 
reacts  to lgaOH,  and  consequen t ly  the  original kaol in  s t ruc tu re  is b roken  and  becomes  
amorphous  and  (2) t he  nuc leus  of zeolite t ype  A fo rms  in th is  a m o r p h o u s  s ta te .  
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The structural  changes of kaolin minerals and allophane into zeolite type A by 
t rea tment  with sodium hydroxide may take the following process: 

Kaolin minerals 1 
Allophane > Amorphous 

s tate  
) Sodium zeolite type A 

~ " " " ~  t t yd rox ) soda l i t e  

The formation of sodium zeolite type A from kaolin minerals should depend on the 
concentration of sodium hydroxide, t rea tment  temperature,  t ime of t reatment ,  etc. 
However, the transformation toward the sodium zeolite type A takes place more readily 
the lower the crystallinity of the kaolin mineral. I t  is possible to produce sodium zeolite 
type A directly from natural  kaolin minerals having a low crystallinity, without  employ- 
ing any pretreatment.  


