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The apparen t  solubi l i ty  of a luminum in cryol i te  mel t s  sa tura ted  with A1203 has been de t e rmined  
by t i t r a t ion  with e l ec t ro ly t i ca l ly  genera ted  Oz. The r e s u l t s  may be expressed  by 

wt pet A1 = - 0.2877 + 0.0268 (NaF/A1F3 wt rat io)  

+ 2.992 • 10 -4 (temp ~ - 0.00192 (% CaFz) 

- 0.00174 (% LisA1F6) - 0.00288 (% NaC1) 

with a s t andard  deviat ion of +0.017. Ranges  covered  were  ra t io  0.8 to 2.3, t e m p e r a t u r e s  969 ~ 
to 1054~ CaF2 -< 14 pct ,  LisA1F6 - 20 pct ,  and NaC1 -< 10 pct.  The r e  was no s igni f icant  ef-  
fect  of adding 0 to 38. pet K3A1F6 or 0 to 10 pet MgF2. It was found that so lubi l i ty  was approxi -  
mate ly  p ropor t iona l  to act ivi ty  of a luminum when A1-Cu al loys were  used.  Pos s ib l e  me c ha n -  
i s m s  of solut ion are  d i scussed .  Monovalent  a luminum is ru led  out on the bas i s  of the va r i a t i on  
of so lubi l i ty  with NaF/A1Fs ra t io  and aA1. The favored,  but not p roven ,  m e c h a n i s m  involves  
fo rmat ion  of both sodium atoms and a col loidal  d i spe r s ion  of a luminum.  

IT is wel l  e s tab l i shed  that the chief cause of loss  of 
c u r r e n t  eff ic iency in a l u m i n u m  e l ec t ro ly s i s  is  d i s s o l u -  
t ion of a luminum in the e lec t ro ly te  and subsequent  r e -  
oxidation by COz in the anode gas .  (For  p r e s e n t  p u r -  
poses  the word " s o l u t i o n "  is taken to include col loidal  
d i s p e r s i o n s  or " f o g s . " )  Severa l  m e a s u r e m e n t s  of the 
solubility of aluminum in cryolite have been made re- 
cently, ~-4 but since the results vary by a factor of 
twenty it was apparent that more work was required. 
The results are very dependent on the experimental 
method used. Gerlach, Schmidt, and Schmidt ~ and Yo- 
shida, Ishihara, and Yokoi, 4 measured the loss of 
weight of aluminum in cryolite and assumed that the 
loss represented metal in solution; they obtained solu- 
bilities of the order of 1 pct. Thonstad 2 and Haupin ~ 
made determinations of hydrogen evolved from the 
frozen cryolite and obtained values of the order of 0.I 
pct. The former method can give high results due to 
reaction of the aluminum with the crucible material or 
escape of vapor from the crucible; the latter suffers 
from uncertainties arising from possible oxidation of 
precipitated metal during handling of the samples, and 
if aluminum carbide is present some of the gas evolved 
will be methane and not hydrogen. To avoid some of 
these uncertainties it was decided to make analyses on 
the hot melts without freezing them or withdrawing 
them from the crucible, and titration with electrolyti- 
cally generated oxygen seemed the most promising 
method. The alternative, coulometric determination 
by direct anodic oxidation, did not give reproducible 
results. Mass transfer was sufficiently slow that ex- 
cessively long times were required for complete oxi- 
dation. With the oxygen generation method the evolved 
gas bubbles had a large surface area and generated 
tu rbu lence ,  and r eac t ion  was rapid .  
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EXPERIMENTAL 

The appara tus  is  shown in Fig.  1. The mel t  to be 
analyzed was i sola ted  in the cen t r a l  10 mm ]]3 a lumina  
tube.  To p reven t  bulk meta l l i c  a luminum f rom e n t e r -  
ing this tube i ts  bottom re s t ed  ins ide  an a lumina  c r u -  
c ible  19 mm ID by 33 mm high. The whole me l t  was 
conta ined in another  a lumina  c ruc ib le  46 m m  ID by 72 
mm high which se rved  to p reven t  fo rma t ion  of A14C3 
by reac t ion  of a luminum with the outer graphi te  c r u -  
c ib le .  Since AI4C~ is soluble in cryolite S and is oxidiz- 
able by oxygen this is necessary. The melt had to be 
saturated with alumina in order to prevent attack on 
the alumina crucibles, but even so it soaked through 
them quite rapidly and the outer graphite crucible was 
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e s s e n t i a l  to p r e v e n t  i t  e scap ing .  The  e l e c t r i c a l  r e -  
s i s t ance  of the cen t r a l  a lumina  tube became  low enough 
that the re  was no p r o b l e m  in pass ing  c u r r e n t  through it .  

The whole appara tus  was contained in an Inconel  
tube,  insula ted  on top with r e f r a c t o r y  b r i ck s ,  and 
f lushed with argon.  T e m p e r a t u r e s  w e r e  m e a s u r e d  
with a P t -10  pe t  Rh the rmocoup le  loca ted  outs ide the 
graphi te  c r u c i b l e .  

The c y l i n d r i c a l  p la t inum anode was made f rom 
shee t  30 by 40 by 0.08 m m ,  and it  was n o r m a l l y  lo -  
cated 2 cm f r o m  the bot tom of the tube. Th is  posi t ion 
was a c o m p r o m i s e .  If i t  was p laced  much lower  the re  
was  ev idence  that  oxygen was escap ing  f r o m  the bo t -  
tom of the tube; if it was  p laced  much h igher  lower  
va lues  w e r e  obtained for  the content  of d i s so lved  
me ta l ,  p r e s u m a b l y  because  the gas bubbles  w e r e  no 
longer  r each ing  the bot tom and some  me ta l  was r e -  
maining unoxidized.  Th is  is  d i s c u s s e d  fu r t he r  below. 
The top of the cen t r a l  tube was connected  to a g l a s s  
s y s t e m  in which the evo lved  oxygen could be co l l ec t ed  
ove r  wa te r .  The  vo lume of the g lass  tubes was kept  
s m a l l  in o rde r  to m i n i m i z e  b lanks .  

A cons tan t  d i r e c t  c u r r e n t  was obtained f r o m  a H a r -  
r i s o n  6200B power  supply,  and was m e a s u r e d  by d e -  
t e r m i n i n g  the potent ia l  drop a c r o s s  a sui table  r e s i s t o r .  

The c ryo l i t e  used was hand-p icked  na tu ra l  m a t e r i a l  
f r o m  Green land ,  the a lumina  was  a low-soda  type (A1- 
can C-75) ,  a luminum f luor ide  was d i s t i l l ed  at high 
t e m p e r a t u r e ,  and other  m a t e r i a l s  w e r e  r e a g e n t  g rade .  

When the e l e c t r o l y t e  was me l t ed ,  a tungsten rod  was 
i n s e r t e d  into the c e n t r a l  tube to m e a s u r e  the depth of 
the me l t .  Af te r  this m e a s u r e m e n t  the g l a s s  p a r t  was 
a t tached to the top and argon was le t  in to push the 
s u r f a c e  of the m e l t  ins ide  the tube down to the bo t -  
tom.  Bubbling was avoided s ince  d i s so lved  a lumin ium 
has a high vapor  p r e s s u r e  and is  eas i ly  los t  f r o m  the 
me l t .  The  s y s t e m  was kept  for at l e a s t  1.5 hr  af ter  
me l t ing  to allow equ i l i b r i um to be r e a c h e d .  

To s t a r t  a run  the a rgon in le t  was c lo sed  and oxy-  
gen out let  was opened so that  the m e l t  came  up into 
the a lumina  tube.  Then the c u r r e n t ,  usual ly  1.006A, 
was s t a r t ed .  If unusual ly  l a rge  quant i t i es  of d i s so lved  
m e t a l  w e r e  p r e s e n t  a h igher  c u r r e n t  was n e c e s s a r y  or  
gene ra t ion  of oxygen was insuf f ic ien t ly  fas t  to p r e v e n t  
the p r e s s u r e  in the tube dropping below a t m o s p h e r i c  
as r e a c t i o n  took p lace ;  this  sucked f r e s h  m e l t  in f r o m  
outs ide br ing ing  with it  m o r e  d i s s o l v e d  m e t a l  and 
leading to e r r o n e o u s  r e s u l t s .  Readings  of gas vo lume 
w e r e  made at i n t e r v a l s  of about 1 min for  8 to 9 min .  

Af te r  a run the c u r r e n t  was s topped,  the oxygen out-  
le t  was c lo sed ,  and argon was le t  in to push out the 
m e l t  in the a lumina  tube.  Then the s y s t e m  was kept  
fo r  about 20 rain to be s a tu ra t ed  again .  At the end of 
a s e r i e s  of runs  the depth of me t t  was r e m e a s u r e d ,  
and s a m p l e s  w e r e  taken for  ana lys i s  for  NaF/A1F3 
r a t i o  and the content  of any add i t ives .  

In some  e a s e s  the e l e c t r o m o t i v e  f o r c e  be tween the 
e l e c t r o d e s  was m e a s u r e d .  N o r m a l l y  va lues  around 2.1 
to 2.2 v w e r e  found, indicat ing that  oxygen was indeed 
being evo lved ,  but occas iona l ly  much lower  va lues  
w e r e  encoun te red .  T h e s e  indica ted  that  ca rbon  dust  
had got into the c e n t r a l  c o m p a r t m e n t ,  and r e s u l t s  
f r o m  such runs  w e r e  r e j e c t e d .  

Al l  the usua l  c o r r e c t i o n s  for  vapor  p r e s s u r e  of 
w a t e r ,  and so for th ,  w e r e  applied to the m e a s u r e d  gas  
v o l u m e s .  
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Fig. 2--Volume of oxygen generated as a function of time 
after starting the current. 
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RESULTS 

Fig .  2 shows the r e s u l t s  obtained f r o m  a typical  run.  
Af te r  the f i r s t  two min the vo lume  of oxygen gene ra t ed  
b e c a m e  a l inear  function of t ime ,  and ex t rapo la t ion  
back to z e r o  t ime gave the amount  of oxygen consumed 
by the d i s so lved  a luminum p r e s e n t .  The  l a t t e r  was 
ca lcu la ted  as wt pct  A1 with dens i t i e s  of the me l t s  d e -  
r i ved  f r o m  the l i t e r a t u r e .  6-1~ The c u r r e n t  e f f i c iency  
af te r  the d i s so lved  a luminum was des t royed  was d e -  
r i v e d  f r o m  the s lope of the s t r a igh t  l ine .  E x p e r i m e n t s  
with aqueous  CuSO4 solut ion gave an apparen t  c u r r e n t  
e f f i c iency  of 97.42 ~ 0.47 (s tandard  e r r o r )  pct .  The 
d i s c r e p a n c y  was a s sum ed  to l ie  in the gas m e a s u r e -  
ment  s y s t e m ,  and a c o r r e c t i o n  was made to al l  r e s u l t s  
with c r y o l i t e .  The  va l id i ty  of the c o r r e c t i o n  was con-  
f i r m e d  by leav ing  some  s a m p l e s  in the inner  tube for  
10 to 20 min af te r  the end of a run ,  and then r e s t a r t i n g  
the c u r r e n t  as if i t  w e r e  a new run.  The e f f i c i enc i e s  
thus found w e r e  100.1 ~ 2.4 (s tandard  deviat ion)  pct ,  
and the i n t e r cep t s  on these  blank s a m p l e s  c o r r e s p o n d e d  
to 0.0012 + 0.0020 wt pc t  A1. 

F ig .  3 shows the approach  to equ i l i b r ium in two 
s e p a r a t e  runs .  F o r  t i m e s  longer  than 1.5 h the va lues  
within any one run have b e c o m e  subs tan t ia l ly  cons tant .  

Tab le  I shows the r e s u l t s .  A total  of 270 m e a s u r e -  
ments  were  made but those obtained s u c c e s s i v e l y  in 
any one run have been a v e r a g e d .  

An in i t ia l  r e g r e s s i o n  ana lys i s  was c a r r i e d  out to 
e x p r e s s  log (solubil i ty)  as a function of 1/T (in K), 
r a t i o ,  p e r c e n t a g e  of add i t ives ,  and the height  of the 
anode.  In th is  way it  was found that r e s u l t s  with the 
anode 3 cm above the bot tom needed to be mul t ip l ied  
by 1.40 to b r ing  them into l ine with those obtained 2 
cm above the bo t tom,  which is  r e g a r d e d  as the opt i -  
mum pos i t ion .  Th i s  c o r r e c t i o n  has been appl ied sub -  
sequen t ly .  The  f inal  r e g r e s s i o n  ana lys i s  was  clone in 
a l inea r  f o r m  so that  solubi l i ty  in wt pct  A1 was e x -  
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p r e s s e d  as a function of t emperature ,  rat io ,  and 
amounts  of addi t ives .  The equation generated was: 

S = - 0.2877 + 0~ (ratio) + 2.992 • 10 -4 (temp. ~ 

- 0 .00192 (% CaF2) - 0 .00174 (% Li3A1F6) 

- 0 .00288 (% NaC1) 

Th i s  equation has a standard deviat ion of • 0.017 wt 
pct  A1, and g ive s  a so lubi l i ty  of 0.052 wt pct  at 1000~ 
with a NaF/A1F3 wt ratio of 1.5 and no addit ives .  The 
ranges  covered  were  rat io  0.8 to 2.3,  temperature  
969 ~ to 1054~ CaF2 up to 14 pct,  Li3A1F6 up to 20 pct 
and NaC1 up to 10 pct.  There  was  no s igni f icant  v a r i a -  
tion of so lubi l i ty  with K3A1F6 content in the range 0 to 
38 pct,  or MgF2 content up to 10 pct. I tw i l l  be r e a l i z e d  
that this  equation appl ies  to me l t s  saturated with a lu-  
mina.  

DISC USSION 

It has been a s s u m e d  impl i c i t l y  in this  work that the 
def ic i t  of oxygen measured  arose  from react ion with 
d i s so lved  meta l .  An a l ternat ive  poss ib i l i t y  would be 
that oxygen i t s e l f  i s  so luble  in cryo l i t e .  However ,  if  
this  were  the c a s e ,  the m e a s u r e d  so lub i l i t i e s  would be 
independent of the act iv i ty  of a luminum (see  below) 
and would d e c r e a s e  with increas ing  t emperature ,  both 
contrary to exper i ence .  

The chief  uncerta inty  is  the quest ion of whether the 
m e l t s  were  r e a l l y  saturated with d i s so lved  meta l .  Un-  
fortunately there i s  no way of being sure  e i ther  one 
way or the other.  An ana lys i s  of var iance  shows that 
the variat ion between runs was  much higher than the 
var iat ion  within runs; this  i m p l i e s  that the analyt ica l  
method i t se l f  was reproducible  and that the observed  
var iat ion  of meta l  content f rom one run to another 
was genuine.  There  would therefore  appear to be s o m e  
factor not under proper control .  On the other hand, if 
one a s s u m e s  that poss ib le  lack of saturat ion a r i s e s  
from los s  of vapor (Na and A1F) from the surface  of 
the me l t ,  even in the ex treme  ease  where  l o s s  b e -  
c o m e s  so rapid that the surface  concentrat ion of d i s -  
so lved  meta l  drops to z e r o  one would not expect  the 
average  concentrat ion to be l e s s  than haLf saturated.  
This  is  because  the area of a luminum exposed i s  ap- 
prox imate ly  equal to the area of l iquid in contact  with 
the vapor,  and the rate of d i s so lut ion  should be rapid.  
In any c a s e ,  it i s  hard to see  that the concentrat ion at 
the upper surface  could drop to zero;  the apparatus 
was  fitted with a lid which ,  whi le  not t ightly s ea l ed ,  
m u s t  have s e v e r e l y  re s t r i c t ed  c irculat ion  of gas b e -  
tween ins ide  and outs ide .  It i s  noteworthy that Haupin, ~ 
working in a cruc ib le  without a l id,  nonethe le s s  found 
so lub i l i t i e s  (by hydrogen evolution) of 0.1 wt pet A1 at 
980~ 

F i g s .  4 and 5 show the re s u l t s  as a function of t e m -  
perature  and rat io .  They are much lower than those 
obtained by m e a s u r e m e n t s  of l o s s  of weight  of a lu-  
m in ium,  3'4 and are somewhat  lower than those  of 
Thonstad.  2 The var iat ion  with ratio is  para l l e l  to that 
found by Thonstad,  but in the opposite d irect ion to that 
found by Zhurin 11 and Mashovets  and SvobodaJ 2 The ir  
m e a s u r e m e n t s  were  made by gas evolut ion from s a m -  
p les  equi l ibrated in graphite c r u c i b l e s ,  without ap- 
parently  any ana lys i s  of the gas .  It i s  now known that 

under those c i r c u m s t a n c e s  A14C3 i s  d i s s o l v e d  in the 
m e l t  and y ie lds  CH4. Since the solubility of A14Ca d e -  
c r e a s e s  as the rat io  i s  r a i s e d  ~ it  i s  m o s t  probable 

Table I. Solubility of Aluminum in Cryolite Melts 

NaF/A1F 3 Solubility, 
Temp, ~ Wt Ratio Additive Wt Pct Wt Pct A1 Note 

1001 2.20 none 0.066 * 
1003 1.46 0.034 * 
1048 1.39 0.I 17 * 
981 1.47 0.070 * 

1000 1.38 0.064 * 
980 1.33 0.051 * 

1051 1.37 0,075 * 
997 1.00 0.019 * 

1002 1.25 0,057 * 
997 1.53 0.043 * 
999 0.80 0,028 * 

1001 1.80 0.029 * 
997 1.42 0.027 * 
999 1,47 0,053 * 
997 1.47 0.045 

1000 1.45 0,054 
1002 1.39 0.044 
999 1,43 0.085 

1052 1.38 0.043 
1051 1.32 0.049 
1002 1.44 0.030 
1000 1.47 0.041 
999 1.47 0,065 

11300 1.47 0.051 
1003 1.00 0.013 

1000 1.47 CaF2 4.5 0,028 

1001 1.46 4.5 0.064 
999 1.46 4.5 0.044 
999 1.49 9.0 0.046 

1000 1.45 9.0 0.014 
1002 1.48 9.0 0.036 
969 1.50 9.3 0.035 

1047 1.46 13.6 0.044 
1052 1.50 13.6 0.029 

lO00 1.45 LirA1F 6 17.2 0.023 
999 1.47 17.2 0.018 

1000 1,50 18.3 0.020 
1000 1.45 10.2 0,023 
998 1.45 10.1 0.043 

1000 1.49 9.5 0.033 

1000 1.43 KaA1F~ 15.7 0.031 
1001 1.42 15,6 0.033 
1001 1.42 16.3 0.027 
1001 1.36 8.6 0.074 
1001 1,47 8.6 0.062 
1000 1.43 8,3 0.061 

999 1.42 37.0 0.039 
1000 1.42 37,5 0.054 
999 1.41 36.8 0,055 

1000 1.50 16.9 0.070 

1000 1.50 NaCI 9.9 0,014 
999 1.50 9.8 0,014 

1000 1.50 4.9 0.021 
999 1.49 4.7 0.036 

1000 1.49 4.8 0.022 
999 1,48 9.7 0,016 

1000 1.50 14.0 0,024 
1000 1.49 14.0 0.027 
1000 1.47 3.0 0,062 
999 1,49 9,3 0,0 t 8 

1001 1.35 MgF: 9.3 0.047 
1001 1.36 9.4 0,069 
1001 1.37 9,6 0,054 

*These runs were made with the anode 3 cm above the bottom, and conse- 
quently the solubilities given have been multiplied by 1.40. See text. 
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Fig, 4--Variation of solubility with temperature. (a) This 
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that this is what was being m e a s u r e d .  In fact ,  if one 
takes the r e s u l t s  of Mashovets  and Svoboda and r e -  
ca lcu la tes  them in t e r m s  of A14C3 they a re  close to 
the so lub i l i t i e s  r epor ted  by Dewing. ~ Fig .  6 shows the 
va r i a t i on  of solubi l i ty  with act ivi ty  of a luminum.  A1- 
Cu al loys were  used,  and act ivi ty  coeff ic ients  were  
taken f rom Wi lde r /3  The solubi l i ty  s e e m s  to be p r o -  
por t iona l  to act ivi ty  within the r a the r  low p rec i s ion  
obta inable  at  such low me ta l  concen t ra t ions .  If the 
me ta l  were  d isso lv ing  as sodium,  one would expect a 
slope of ~- ~ s ince  the act ivi ty  of sodium genera ted  by 
the reac t ion  

A1 + 3NaF = A1F3 + 3Na 

is  p ropor t iona l  to (aA1) ~/3. 
Both Haupin ~ and Thons tad  2 have found in their  work 

with quenched samples  that some of the hydrogen is  
evolved on reac t ion  with water  or alcohol,  while the 
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Fig. 6 - - V a r i a t i o n  of solubility with activity of aluminum. 

r e s t  r e q u i r e s  r eac t ion  with caust ic  soda or hydro-  
chlor ic  acid.  They i n t e r p r e t  the two r e a c t i ons  as c o r -  
responding  to sodium and a luminum respec t ive ly .  If 
this is c o r r e c t ,  and if the quenching has p r e s e r v e d  a 
s ta te  of a f fa i rs  exis t ing  in the or ig ina l  mel t ,  one would 
expect a plot of solubility against aNa to give a straight 
line not passing through the origin. Activities are now 
available from concentration cell measurements,'4 and 
Fig. 7 shows such a plot. The line representing the 
present results is derived from the regression equa- 
tion above and is straight. Thonstad's results appear 
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Fig. 7 - -Var ia t ion  of solubi l i ty  with act ivi ty  of sodium. 

to l i e  on a s l i g h t  c u r v e .  N e i t h e r  l i n e  p a s s e s  t h r o u g h  
t h e  o r i g i n .  Q u a l i t a t i v e l y  a t  l e a s t  t h e  r e s u l t s  a r e  c o n -  
s i s t e n t  w i t h  the  h y p o t h e s i s ,  b u t  d i f f i c u l t i e s  a r i s e .  
F i r s t l y ,  if  t h e  s o l u b i l i t y  i s  p a r t l y  a s  s o d i u m ,  the  l i n e  
in  F i g .  6 s h o u l d  n o t  b e  a s  s t e e p  a s  i t  i s .  S e c o n d l y ,  
w h a t  i s  t he  c h e m i c a l  f o r m  of the  p a r t  s u p p o s e d  to b e  
d i s s o l v e d  a s  a l u m i n u m ?  T h i s  q u e s t i o n  a l s o  a r i s e s  if  
one  a c c e p t s  t he  e v i d e n c e  of F i g .  6 ,  and  a s s u m e s  t h a t  
a l l  t he  d i s s o l v e d  m e t a l  i s  p r e s e n t  a s  a l u m i n u m .  

S o l u t i o n  a s  A1F o r  A1 § c a n  b e  r u l e d  ou t .  I t  wou ld  
g i v e  a s l o p e  of ~- in  F i g .  6,  and  i t  w o u l d  v a r y  in  t he  
o p p o s i t e  d i r e c t i o n  w i t h  c h a n g e  in  r a t i o .  S o l u t i o n  a s  
e s s e n t i a l l y  i n e r t  a l u m i n u m  a t o m s  i s  a l s o  n o t  p o s s i -  
b l e - t h e  s o l u b i l i t y  i s  of t he  o r d e r  of 109 h i g h e r  t h a n  
w o u l d  b e  e x p e c t e d  on t h a t  bas is .~S 

One  p o s s i b i l i t y  i s  t h a t  t he  p a r t  d i s s o l v e d  as  a l u -  
m i n u m  i s  e s s e n t i a l l y  c o l l o i d a l .  A n  a n a l a g o u s  s i t u a t i o n  
h a s  b e e n  f o u n d  b y  R i c h a r d s o n  and  B i l l i n g t o n  ~6 w h e n  
c o p p e r  d i s s o l v e s  in  s i l i c a t e  m e l t s - - t h e r e  i s  a g e n u i n e  

s o l u b i l i t y ,  b u t  w h e n  the  a c t i v i t y  of c o p p e r  i s  c l o s e  to  
u n i t y  d i s p e r s i o n s  a r e  f o r m e d .  R e d u c i n g  a Cu to 0 .7  o r  
l o w e r  p r e v e n t s  t h e m  f o r m i n g .  In  o u r  c a s e  the  d a t a  a r e  
n o t  s u f f i c i e n t l y  p r e c i s e  to  t e l l  w h e t h e r  o r  no t  t h e r e  i s  
a s u d d e n  d r o p  in  s o l u b i l i t y  on f i r s t  r e d u c i n g  t he  a c t i v -  
i ty  b e l o w  u n i t y ,  f o l l o w e d  by  a d e p e n d e n c e  on (aA1)  1/3. 
H o w e v e r ,  t he  h y p o t h e s i s  d o e s  h a v e  a n u m b e r  of a t t r a c -  
t i o n s .  I t  wou ld  b e  c o n s i s t e n t  w i t h  F i g .  7, i t  wou ld  a c -  
c o u n t  f o r  t he  e a s y  c h e m i c a l  d i s t i n c t i o n  in  q u e n c h e d  
s a m p l e s  b e t w e e n  m e t a l  r e a c t i n g  w i t h  w a t e r  and  t h a t  
r e a c t i n g  on ly  w i t h  HC1, a n d ,  s i n c e  c o l l o i d a l  d i s p e r -  
s i o n s  a r e  i n h e r e n t l y  u n r e p r o d u c i b l e ,  i t  m i g h t  w e l l  a c -  
c o u n t  f o r  the  l a r g e  s c a t t e r  in  the  r e s u l t s .  
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