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

Var ious  crys ta l l ine  and  X - r a y  a m o r p h o u s  fo rms  of a l u m i n u m  h y d r o x i d e s  and  h y d r o x y -  
a l u m i n u m  solut ions  were p repa red  b y  a d d i n g  0.1 N N a O H  to 0.2 1~ Al~(SOd)a or 0.5 N 
A1C13 solu t ion  dropwise w i t h  v igorous  s t i r r ing.  The  a m o u n t  o f  NaOI-I was  a d j u s t e d  to 
give a NaOH/A1 rat io in t h e  final suspens ion  of  f rom 0.0 to 3.3. I n  m o s t  of  the  p repara -  
t ions,  t h e  concen t ra t ions  o f  a l u m i n u m ,  chloride or sul fa te  were all 0.05 eq./liter.  I n  some 
samples  in t he  A1C13 q- N a O H  sys t em,  h igher  a l u m i n u m  a n d  chloride concen t ra t ions  
were u sed  in order  to ob ta in  a prec ip i ta te  p roduc t .  E x t r a  su l f a t ewas  added  to some samples  
in t he  A1~(SO4)3 q- N a O H  s y s t e m  to s t u d y  i ts  effect on  the  compos i t ion  of  the  p roduc t .  

The  prec ip i ta te  p roduc t s  were ana lyzed  for the i r  a l u m i n u m  a n d  O I I -  conten ts ,  a n d  
for t he  sul fa te  con t en t  in  cases  where  i t  was  invo lved  in t h e  p repara t ion .  The  O H -  
c o n t e n t  was  de t e rmined  b y  t r e a t i n g  t h e  prec ip i ta te  w i th  N a F  so lu t ion  to complex  t h e  
a l u m i n u m  a n d  b y  t h e n  t i t r a t i n g  t he  O I t -  re leased to t h e  solut ion w i t h  HC1. T h e  pre-  
c ip i ta te  was  t r ea t ed  wi th  N HC1 a n d  the  a l u m i n u m  dissolved was  d e t e r m i n e d  to m e a s u r e  
the  res i s tance  of  t he  p r o d u c t  to th i s  acid. T he  s t ruc tu re  of  tide p rec ip i t a te  was  s tud ied  by  
X - r a y  diffract ion.  

The  h y d r o x y - a l u m i n u m  solut ions  w h i c h  were  ob ta ined  in t h e  A1C13 q- N a O I t  s y s t e m  
when  t h e  concen t ra t ion  o f  a l u m i n u m  was  0.05 eq./liter,  were t r e a t ed  wi th  Dowex-50,  
• 8 in  order  to separa te  A1 a+ f rom t he  h y d r o x y - a l u m i n u m  species a n d  pe rmi t  t h e  deter-  
m i n a t i o n  o f  each.  

The  resu l t s  showed t h a t  t h e  p roduc t s  could be sepa ra ted  into two categories  accord ing  
to t he  NaOH/A1 rat io  invo lved  in  the i r  p repara t ion .  W h e n  IqaOH/A1 = 3 a n d  3.3, 
c rys ta l l ine  AI(OH)3 in t h e  fo rm of  bayer i te ,  no rds t r and i t e  and /o r  g ibbs i te  appea red  to 
be t he  m a i n  cons t i t uen t  in  t he  precipi ta te .  The  X - r a y  diffract ion peaks  appea red  several  
hour s  a f te r  p repara t ion ,  a n d  became  sha rpe r  a n d  larger as the  per iod of  ag ing  increased.  
The  p roduc t s  became  h i gh l y  r e s i s t an t  to  acid shor t ly  a f te r  p repara t ion .  A broad  X - r a y  
peak  w i t h  i ts  m a x i m u m  a t  6.5 A spac ing  was  also observed.  Th i s  peak  cor responds  to  
t h a t  o f  p seudoboehm i t e  p roposed  b y  Calve t  et al. (1953) (see also Papee ,  Te r t i an  a n d  
Biais,  1958). Despi te  t h e  h u g e  a rea  of  th i s  peak  as compared  w i t h  t h a t  of  the  Al(OI-I)a 
peaks ,  t he  chemical  ana lys i s  ind ica ted  t h a t  th is  c o m p o n e n t  a ccoun t ed  for only  a m ino r  
por t ion  of  t he  a l u m i n u m  in t he  precipi ta te .  

W h e n  t he  NaOt t /A1  ra t io  was  2.75 or below, t he  p roduc t s  were bas ic  a l u m i n u m  sul fa tes  
or chlorides,  as ind ica ted  b y  t he  chemica l  analyses .  T h e y  were comple t e ly  dissolved in 
N I-IC1 in 20 m i n u t e s  a n d  a m o r p h o u s  to X - r a y  diffract ion even  a f te r  6 m o n t h s  of  aging.  
I n  the  0 to 2.1 range  of  Iqa'OI-I/A1 rat io,  t he  compos i t ion  of the  p r o d u c t s  was cons tan t ,  
being a p p r o x i m a t e l y  Al(OH)2.2X0.s. I n  t h e  2.1 to 2.75 range  a c o n t i n u o u s  series of  basic  
sa l ts  was  obta ined.  Seeding t he  a m o r p h o u s  precipi ta te  wi th  baye r i t e  a n d  s u b s e q u e n t  
ag ing  for two m o n t h s  did no t  p roduce  a n y  crysta l l ine  AI(OH)3. 
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The following hypothesis is proposed to accouut for the amorphous or crystalline 
character of the various products in these systems. 

When l~aOl=s is added to an aluminum salt solution, the initial reaction should be 
expressed by equations 1 and 2 given below. However, neither the AI(OH) ~+ nor the 
AI(OH)~ unit is stable and consequently polymerization begins immediately after the 

AI 3+ + OH-  ~ AI(OI~)~+ (I) 
AI(OH)2+ + OH-  ~ AI(OHh + (2) 

6AI(OH)~ ~_ AI~(OH)~;~- (3) 
6 ~ +  + 12 oi-I- ~ - )A6(OH)~  (4) 

OH- ion is at tached to theAl a+ ion. The most probable structure of the resulting hydroxy- 
aluminum polymer is a ring unit composed of six AI(OH)~ units (eq. 3), and the reaction 
is summarized by equation 4. At NaOH/A1 = 2, the transformation of Ale+ into the 
6 member ring is complete. Still further e l : f -  then goes to the single ring unit, thereby 
providing a bridge to another such unit forming, upon rearrangement, a double ring. 
After this transformation is complete, the further addition of NaOH then transforms the 
double ring into a triple ring, and so on. Based on this reasoning, increased addition of 
l~aOH results in increased polymer size and the formation of a continuous series of species. 

The net  charge per aluminum ion decreases with increasing I~aOH/A1 ratio, but  all of 
the aluminum polymers remain positively charged until the ratio reaches 3. Thus, up to 
this point the hydroxy-aluminum polymers repel one another. 

In order to maintain electro-neutrality, there must be some anions between these 
positively charged polymers thereby giving rise to basic aluminum sulfate or chloride 
salts. Although, under certain conditions, these salts may be crystalline, the large amount 
of hydration of  the polymers and the effect of the anions connecting them apparently 
promotes the formation of amorphous products. 

The net  charge per A1 a+ vanishes at  NaOH/AI = 3. Consequently, the repulsion 
among polymers, as well as their hydration water, vanishes and all the polymers cluster 
together and form crystalline AI(OH)a in a matter  of hours. 
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