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ABSTRACT 

An electrolytic process for the product ion of potassium or sodium bromate  
using a pure  lead peroxide  anode has been operated successfully. A concen- 
t ra ted bromate  solution was electrolyzed continuously at a cathode of stainless 
steel wi th  an anodic current  density of 20 amp/d in  2 at 70~ current  efficiency, 
about 90%; anode consumption about 50-60 m g / K  amp-hr.  Pure  crystal l ine 
bromate  could be obtained by cooling the cell effluent at room temperature .  

A m o n g  a lka l i  m e t a l  ha logena tes ,  only  ch lora tes  
h a v e  been  p roduced  c o m m e r c i a l l y  in J a p a n  by  the  
e l ec t ro ly t i c  process.  N e w  uses for  b r o m a t e  b r o u g h t  
about  its e l ec t ro ly t i c  p roduc t ion ,  a l t h o u g h  in m u c h  
sma l l e r  amoun t s  t han  chlora te .  A n e w  e lec t ro ly t i c  
process  us ing  a lead  p e r o x i d e  anode  is desc r ibed  
here .  

Anode for Electrolytic Production of Bromate 
Elec t ro ly t i c  p r o d u c t i o n  of  b r o m a t e  is usua l ly  ca r -  

r i ed  out  a t  a g r a p h i t e  anode.  H o w e v e r ,  the  use of 
g raph i t e  has  u n f a v o r a b l e  effects. I t  spal ls  d u r i n g  
electrolysis ,  f o r m i n g  a m u d  w h i c h  m a k e s  con t inu -  
ous ope ra t ion  difficult. Also, the  final p r o d u c t  be -  
comes s l igh t ly  y e l l o w  1 and can be decolor ized  only  
w i t h  difficulty.  These  two  facts  a re  the  m a i n  r e a -  
sons for  the  sea rch  for  a be t t e r  ma te r i a l .  

A b r i e f  i nves t i ga t i on  showed  tha t  the  l ead  p e r -  
ox ide  e lec t rode  m a n u f a c t u r e d  by  a process  r e p o r t e d  
ea r l i e r  (2) was  the  most  p rac t i ca l  choice  for  an 
anode  ma te r i a l .  

A compac t  lead  p e r o x i d e  l a y e r  is depos i ted  e lec-  
t r o ly t i c a l l y  f r o m  n e u t r a l  lead  n i t r a t e  so lu t ion  upon  
the  i nne r  su r face  of  an  i ron  cy l inde r  w h i c h  acts as 
an anode.  An  e x a m p l e  of  the  ope ra t i ng  condi t ions  is 
shown  in T a b l e  I. Appara tus ,  used  is shown  in  Fig.  1. 

D u r i n g  e lect rolysis ,  the  ac id i ty  of the  e l ec t ro ly t e  

Table I. Operating conditions 

Electrolyte:  21-22% lead ni t ra te  solution. 
Anode: iron cyl inder  wi th  surface polished inside; 

length 500 mm, ID 204 mm, thickness 8 ram, 
weight  20.6 kg, avai lable surface area 32 dm ~. 

Cathode: copper rod (diameter  25 mm)  
Current :  172 amp 
Current  density, anodic: 5.4 amp/dm" 
Voltage: 7.4 v 
Temp: 50~ 
Flow rate  of electrolyte:  4 to 5 l / ra in  
Time: 66 hr  

1 This coloration has been considered hitherto to be due to the 
presence of chromate added to the cell (I). By the use of a lead 
peroxide anode instead of graphite, colorless crystals were obtained 
as shown here. 
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g r a d u a l l y  inc reased  and the  concen t r a t i on  of  Pb  § 
dec reased  accord ing  to the  fo l lowing  react ion .  

2Pb(NO~)~ + 2H~O-~ PbO~ + Pb  + 4HNO~ 

The  change  of these  two  was  found  to g ive  a b r i t -  
t le  depos i t  of lead  p e r o x i d e  wh ich  could  not  be cut  
for  f in ishing or  not  used for  an anode  of t h e  elec-  
t rolysis .  Moreove r ,  sudden  c h a n g e  of pH  due  to 
d i rec t  n e u t r a l i z a t i o n  of acid in t he  e l ec t ro ly t i c  b a t h  
g a v e  a deposi t  consis t ing of he t e rogeneous  l ayers  
wh ich  was  also br i t t le .  There fo re ,  the  pH and  the  
concen t r a t i on  of Pb § should  be  m a i n t a i n e d  as con-  
s tan t  as poss ib le  d u r i n g  e lect rolysis .  This was  ac-  
compl i shed  by  f lowing the  e l e c t r o l y t e  at  cons tan t  
r a t e  and  neu t r a l i z i ng  the  inc reas ing  ac id i ty  wi th  
P b ( O H ) ~  by us ing  the  a p p a r a t u s  shown in Fig.  1. 

The  e lec t ro lys is  was  conduc ted  un t i l  t he  th ickness  
of t he  deposi t  r e ached  about  8 ram. Each  end of the  
m o t h e r  cy l inde r  75 m m  in l eng th  was  cut  off; t hen  
by  cu t t ing  the  i ron  pa r t  of t he  cy l inde r  l eng thwise ,  a 
lead  pe rox ide  cy l inde r  of  su i t ab le  s t r eng th  and com-  
pac tness  as we l l  as of a smoo th  ou te r  su r face  was  

~ 7 

"t 

: i 
Fig. 1. Apparatus for etectrodepositing lead peroxide foyer. 

1, Iron cylinder; 2, lead peroxide layer deposited; 3, electrolytic 
bath; 4, neutralization tank; 5, settling tank; 6, pump for recycling 
electrolyte; 7, preheating tank. 
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obta ined  (d iameter ,  200 m m ;  length ,  350 r am) .  The  
lead perox ide  cy l inder  was separa ted  into twe lve  
par t s  by  cu t t ing  i t  aga in  lengthwise .  Each pa r t  of 
the lead perox ide  thus  ob ta ined  has the  shape of a 
r e c t a n g u l a r  piece shown  in  Fig. 2. Its d imens ions  
are as follows: length ,  350 ram; width ,  50 ram; 
thickness,  7-9 mm.  

Important Factors in Electrochemical Formation 
of Bromate 

Anodic  reac t ions  in  b r o m a t e  fo rma t ion  m a y  be 
r ep resen ted  as follows. 

2Br- - -  2e ~ Br~ (I)  

Br~ + OH--~ HBrO + Br- ( I I)  

Br~ + 2OH--* BrO- + Br- + H~O (I I I )  

2HBrO + B r O - ~  BrO- + 2HBr (IV) 

These react ions  are s imi la r  to those in  chlora te  
format ion ,  bu t  some differences are seen b e t w e e n  
the  two cases. Reac t ion  ( I V ) i s  abou t  100 t imes  
faster  t h a n  tha t  in  chlora te  fo rma t ion  according to 
K r e t z s c h m a r  (3).  On the  o ther  hand ,  react ions  ( I I )  
and  ( I I I )  seems to occur imper fec t ly  as compared  
wi th  those in  chlora te  f o rma t ion  by  compar ing  the  
hydro lys i s  cons tan t  of Br  wi th  tha t  of CI~ (4) .  5 
Therefore,  in  the case of b romate ,  it  m a y  be p re fe r -  
able  to m a i n t a i n  the  pH of the  e lec t ro ly te  s l ight ly  
a lka l ine  in  order  to favor  these reac t ions  and  thus  
ob ta in  high c u r r e n t  efficiency. This condi t ion  can 
be a t t a ined  easi ly  by  us ing  a n e u t r a l  or s l ight ly  
a lka l i ne  so lu t ion  of b r o m i d e  at the s tar t  of the  elec- 
trolysis.  Efforts to keep the pH in  the des i rab le  
r ange  is no t  necessa ry  except  to avoid d i scharge  of 
h y d r o x y l  ion. 

React ions  (II)  and  ( I I I )  m a y  also be accelera ted  
by  high t empe ra tu r e ,  which  has a f avorab le  effect 
on cu r r en t  efficiency. W h e n  reac t ions  (II)  and  ( I I I )  
are  sti l l  slow and  imper fec t  as compared  w i th  reac-  
t ion  ( I ) ,  the  c u r r e n t  concen t r a t i on  and  cu r r en t  den -  
s i ty  m a y  have  a m a r k e d  inf luence on the  c u r r e n t  
efficiency. P r e l i m i n a r y  e x p e r i m e n t s  showed tha t  
h igh  c u r r e n t  concen t r a t i on  and  also h igh  c u r r e n t  
dens i ty  [for  example ,  50 amp/1  to 100 amp/1  (13- 
28 a m p / d m  ~) ] had no u n f a v o r a b l e  effect on the  cu r -  
r en t  efficiency. This faci l i ta tes  des ign of the  cell and  
also the  d e t e r m i n a t i o n  of the ope ra t ing  condi t ions.  

e T h i s  w a s  c o n f i r m e d  b y  t h e  f a c t  t h a t  b r o m i n e  s e p a r a t e d  a t  t h e  
b o t t o m  of  t h e  ce l l  w h e n  t h e  i n i t i a l  p H  of t h e  e l e c t r o l y t e  w a s  less  
t h a n  8 a n d  t h e  c i r c u l a t i o n  of t h e  e l e c t r o l y t e  w a s  ine f f i c i en t .  

Fig. 2. Lead peroxide anode 
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Cell Design 
The cell des ign  depends  on the  use of ve r t i ca l  

lead perox ide  anodes  of r e c t a n g u l a r  shape  and  
s ta inless  steel cathodes.  A d i a g r a m  of the  b r o m a t e  
cell cons t ruc t ion  is shown in  Fig. 3. 

The cell body  is cons t ruc ted  of a sheet  i ron  rec-  
t a n g u l a r  t a n k  900 m m  long x 500 m m  wide x 400 m m  
high. Al l  ins ide  surfaces  of the  body  a re  l ined  w i th  
concrete.  Cell v o l u m e  was  d e t e r m i n e d  so as to keep 
the  cell  t e m p e r a t u r e  as cons tan t  as poss ib le  by  b a l -  
anc ing  the  i n t e r n a l  hea t ing  w i t h  n a t u r a l  cooling. 
Three  sheets of ha rd  v i n y l  chloride p o l y m e r  res ted 
side by  side on top of the  cell and  covered it  en -  
t i re ly .  The  cen t ra l  cover  suppor ted  10 anodes  and  
20 cathodes.  These were  a r r a n g e d  in  6 rows r u n n i n g  
the  l eng th  of the  cover. D o w n  the  midd le  were  two 
rows of 5 anodes,  and  on e i ther  side was  a row of 5 
cathodes.  In  each cell a l l  anodes and  all  cathodes 
were  in  para l le l .  

The  lead perox ide  anodes  were  50 m m  wide,  7-8 
m m  thick,  and  350 m m  long, and  ex t end  abou t  55 
m m  above t h e  cover. The  s ta inless  steel  cathodes  
(Aves ta  832-SV) were  35 m m  wide,  2.5 m m  thick,  
and  400 m m  long. The d is tance  f rom an  anode  to the  
nea res t  cathode was  about  13 mm.  

H y d r o g e n  d ischarged  at the  cathodes caused suf-  
ficient c i rcu la t ion  of the cell l iquor.  I t  was  ven t ed  
t h r ough  the roof f rom each cell. 

Batch Experiments 

The cell was  opera ted  ba tchwise  wi th  90-95 1 of 
po ta s s ium b r omi de  solut ion.  To decrease anode  loss, 
the  t e m p e r a t u r e  was kept  as cons tan t  as possible.  
The pH was not  cont ro l led  and  reached  a m a x i m u m  
of abou t  10 w h e n  a s l ight ly  a lka l ine  so lu t ion  (less 
t h a n  pH 9) of b r omi de  was  used at the  s ta r t  of the  

I~ 900 ~I 

11t 

Fig. 3. Sanwa bromate cell. Dimension: length, 900 mm; width, 
500 ram; height, 400 mm. Anode: lead peroxide bar; length, 350 
ram; width, 50 mm; thickness, 7-9 mm. Cathode: stainless steel 
bar; length, 4.00 mm; width, 35 mm; thickness, 2.5 mm. Capacity: 95 I. 
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Table II. Operating conditions 

July  1957 

R u n  No. 

S t a r t i n g  e l ec t ro ly t e  
Cel l  A m o u n t  of 

K B r  KBrO3 Vol, I n i t i a l  C u r r e n t ,  vo l t age ,  Temp ,  T ime ,  cu r r en t ,  
g/1 g/1 1 p H  a m p  v ~ h r  m i n  1000 a m p - h r  

1 186 4 95 8.3 494 4.0 69 47 10 23.28 
2 173 6 90 8.9 506 3.9* 66 44 00 22.27 
3 229 9 95 6.9 500 3.8 67 56 40 28.3s 
4 232 9 95 8.9 500 3.7 66 56 40 28.33 
5 233 9 95 9.2 500 4.0 70 56 40 28.33 

* V o l t a g e  r e ached  a b o u t  4.6  v a t  the  e nd  of  the  e lec t ro lys i s .  

Results 

Conversion 
K B r 0 3  p r o d u c e d  K B r  of  b ro -  

C rys t a l  I n  u n c o n -  m i d e  to  C u r r e n t  
R u n  ob ta ined ,  so lu t ion ,  To ta l  ve r t ed ,  b r o m a t e ,  efficiency,  
No. k g  k g  k g  k g  % % 

1 17.3 5.6 22.9 1.0 94.2 94.6 
2 15.7 5.4 21.1 0.4 97.4 91.3 
3 22.7 3.9 26.6 2.7 87.4 90.5 
4 22.7 4.4 27.1 2.4 88.9 92.2 
5 24.0 3.1 27.1 3.0 86.7 92.2 

electrolysis .  Al l  e lectrolyses  were  conduc ted  at an  
anodic  c u r r e n t  dens i ty  of 20 a m p / d m  3. Ope ra t i ng  
condi t ions  and  resul t s  a re  g iven  in  Tab le  II. 

Two r u n s  were  made  to d e t e r m i n e  w h a t  losses 
the  anode  migh t  sus ta in  (Tab le  I I I ) .  

Lead pe rox ide  losses ave raged  53-56 mg/1000  
a m p - h r  and  also 57-60 g / t o n  of product .  I t  i n d i -  
cated tha t  the loss a m o u n t e d  to abou t  2.2-2.6% of 
the or ig ina l  we igh t  af ter  the anode  has been  used 
for one year .  Lead could no t  be  detec ted  in  the  
product ,  the  e lectrolyte ,  or  in  a b lack  deposi t  which  
developed on the cathode.  Lead was found  in  the 
sl ight  a m o u n t  of m u d  on the bo t tom of the  cell. 

An Example of Commercial Production 
On a commerc ia l  scale, 24 cells were  connec ted  in  

series to m a k e  a c i rcu i t  of 90 v and  500 amp.  The 
cell sys tem was d iv ided  in to  two so lu t ion  series of 
12 cells each. E lec t ro ly te  was in t roduced  in to  the 

Table III. Operating conditions 

Electrolyte: 180-220 g/1 KBr, 15-25 g/1 KBrO,, 
2 g/1 K2Cr30~, 
pH 9-10 (dur ing electrolysis) 

Temp, 70~176 
A m o u n t  

A n o d i c  of  c u r r e n t  
A m -  c u r r e n t  pe r  o n e  

p e r a g e  dens i ty ,  anode ,  
C u r r e n t ,  p e r  one  a m p /  T i m e ,  1000 

R u n  No. a m p  anode  d m  2 h r  a m p - h r  

Cell 1 (I0 anodes) 600 60 30 2970 178 
Cell 2 (15 anodes) 750 50 20 6170 308 

Results 

W e i g h t  of  anode* 
b e f o r e  a f t e r  L o s s  
elec-  elec-  p e r  p e r  t on  

t ro lys i s ,  t ro lys i s ,  Loss,  1000 a m p - h r  KBrO3 
R u n  No. g g g m g  g 

Cell 1 1146.5 1136.5 10.0 56.2 60 
Cell 2 1043.6 1027.2 16.4 53.3 57 

* Cel l  1, m e a n  v a l u e  of 4 anodes ;  cell  2, m e a n  v a l u e  of  10 anodes .  

cell by  means  of a glass t ube  th rough  the  cover  at  
one end  and  was  d i scharged  by  the same means  
t h r ough  the cover at  the  opposite end.  The  flow 
m a i n t a i n e d  good c i rcula t ion.  

A po ta s s ium b romide  so lu t ion  (pH 8-9) ,  con t a in -  
ing a p p r o x i m a t e l y  210-220 g/1 KBr,  19-24 g/1 
KBrO~, and  2 g/1 K2Cr,OT: was fed f rom a cons tan t  
head  t a n k  in to  the  cells. The concen t r a t i on  of b ro -  
mide  was ad jus ted  so as to p r e v e n t  c rys ta l l i za t ion  
of b r oma t e  d u r i n g  electrolysis .  In  a s ingle  pass 
t h rough  the cell, about  140 g/1 of b romide  was  con- 
ve r t ed  to bromate .  The composi t ion  of cell effluent 
was a p p r o x i m a t e l y  270 g/1 KBrO~ and  90 g / l  KBr.  
Resul t s  ob t a ined  are s u m m a r i z e d  in  Tab le  IV. 

Cell  effluent was a v e r y  clear  so lu t ion  due  to the 
inso lub i l i ty  of the  anode,  and  f i l t ra t ion was not  
necessary.  Af te r  electrolysis ,  the  e lec t ro ly te  was 
cooled to 20~176  wi th  c i r cu la t ing  water .  Abou t  
87% po tass ium b r o m a t e  c rys ta l l i zed  out. A lmos t  all  
of the r e m a i n i n g  po tas s ium b r o m a t e  in  the  mo the r  
l iquor  can  be crys ta l l ized  b y  add ing  a su i tab le  
a m o u n t  of po tass ium b r omi de  to r e t u r n  the  elec-  
t ro ly te  to the  or ig ina l  concen t r a t i on  for a ne w  cycle 
in  the b r oma t e  cells. By this  method,  97% of the  
b r o m a t e  p roduced  can be crys ta l l ized o u t  w i thou t  
evapora t ion .  

Po tas s ium b r oma t e  crys ta l  thus  p roduced  has ex-  
ce l lent  p u r i t y  w i t hou t  recrys ta l l i za t ion .  Fo l lowing  

Table IV. Charecteristics of bromate production 

Current :  510-550 amp 
Voltage: 1st cell 3.8 v, 2nd cell 3.7 v, 

other cells 3.5 v in 12 cells 
Current  density, anodic: 20-22 a m p / d m  2 
Temperature:  65~176 ( ls t  to 4th cells, less than  

60~ 
pH: alkaline, less than  about 10 
Rate of flow: 32 1/hr 
Curren t  efficiency: 90-92% 
Energy consumption: 3.84 kwhr  (d.c .) /kg KBrO~ 
Cell feed: 210-220 g/1 KBr, 19-24 g/1 KBrO~ 
Cell effluent: 260-280 g/1 KBrO~, 80-100 g/1 KBr 



Vol. 104, No. 7 E L E C T R O L Y T I C  P R O D U C T I O N  O F  B R O M A T E S  451 

are the chemical  specifications of the  f inal  p roduc t  
c u r r e n t l y  be ing  produced:  colorless crystal ,  KBrO,  
assay, 99.2-99.5% ~ b r o m i d e  as KBr,  0.05-0.1% ; f ree 
acid, 0.35 cc 1/50N N a O H / 5  g KBrO,,  m a x ;  to ta l  
n i t rogen ,  0.002% max ;  sulfate ,  0.005% max ;  he a vy  
metals ,  0.0005% max ;  iron,  0.0025% max.  

Manuscript  received Apri l  30, 1956. This l~aper was 
prepared for del ivery before the San Francisco Meet- 
ing, Apri l  29 to May 3, 1956. 

Any discussion of this paper will  appear in a Dis- 
cussion Section to be published in the June  1958 
JOURNAL. 
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High Temperature Oxidation of High Purity 
and 1050~ 

Nickel between 750 ~ 

Earl A. Gulbransen and Kenneth F. Andrew 

Research Laboratories, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 

ABSTRACT 

Kinet ic  studies on the oxidation of nickel using the vacuum microbalance 
method have been extended to I050~ in order to determine the conditions and 
mechanisms of breakdown of the metal  in oxidation. Below 900~ Ni oxidizes 
in the normal  m a n n e r  and the rate data fit in well  with exper imental  rate 
re la t ionship already established. At 900~ and higher, parabolic rate law 
plots of the data show increasing values of the constant  with time. At  1000~ 
and higher, the oxide cracks away from the metal.  It  is suggested that  Ni fails 
in protective oxidation due to a loss of adhesion at the oxide metal  interface. 

A n u m b e r  of s tudies  have  been  repor ted  on the  
ox ida t ion  of pu re  Ni. These s tudies  were  r ev iewed  
in  an  ear l ie r  paper  (1) .  In  recen t  years  precise 
da ta  have  been  ob ta ined  on the  k ine t ics  of the  oxi -  
da t ion  of pu re  Ni at t e m p e r a t u r e s  up  to 900~ 
Moore (2) ,  us ing  a vo lume t r i c  method,  s tud ied  the  
reac t ion  over  the  t e m p e r a t u r e  r ange  400~176  
whi le  G u l b r a n s e n  and  A n d r e w  (1),  us ing  a sens i t ive  
weigh t  ga in  method,  s tudied  the reac t ion  over  the  
t e m p e r a t u r e  r ange  400~176 Cons ide r ing  the  
differences in  me thod  and  metal ,  good ag re e me n t  
was  found.  In  bo th  s tudies  the parabol ic  ra te  law 
was used to cor re la te  the  e x p e r i m e n t a l  data.  Us ing  
the classical ra te  theo ry  of oxidat ion,  G u l b r a n s e n  
and  A n d r e w  (1) proposed a m e c h a n i s m  of reac t ion  
based on the diffusion of Ni ions t h rough  cat ion 
vacancies .  

This pape r  ex tends  the ear l ie r  work  to 1050~ 
Two objec t ives  were  of pa r t i cu l a r  in teres t .  Firs t ,  to 
compare  ox ida t ion  ra te  da ta  wi th  t r ace r  s tudies  (3) 
on the  diffusion of Ni ions t h rough  n icke l  oxide  and,  
second, to d e t e r m i n e  the  condi t ions  for t r ans i t i on  in  
the m e c h a n i s m  of oxidat ion.  Studies  on severa l  o ther  
meta l s  (4) have  shown  tha t  at some oxide th ickness  
t r a n s i t i o n  occurs f rom a slow pro tec t ive  oxide f o r m a -  
t ion  to a more  rap id  nonpro tec t ive  t ype  of oxide 
format ion .  If this  t r ans i t i on  p h e n o m e n a  is found  to 
occur for all  meta l s  and  alloys, we  a re  dea l ing  w i th  
a ques t ion  of great  t echn ica l  impor tance .  

Failure of metals in protective oxidation.--The 
use of meta l s  and  al loys at h igh t e m p e r a t u r e  in  m a n y  
appl ica t ions  depends  on the  fact tha t  the  oxide film 
l imi ts  to a ce r ta in  ex t en t  the  ra te  of oxidat ion.  I n  
the  pro tec t ive  r ange  of reac t ion  the  ra t e  of oxi -  

da t ion  decreases as the oxide film thickens .  How-  
ever,  at  some t e m p e r a t u r e ,  t ime,  and  oxygen  pres -  
sure,  or film thickness ,  the  ra te  of ox ida t ion  u n d e r -  
goes a t r ans i t i on  to a more  rap id  reac t ion  in  which  
the  ra te  of reac t ion  does not  depend  on the  oxide 
thickness.  This  p h e n o m e n a  has been  t e r m e d  "ca tas-  
t rophic  reac t ion ,"  " b r e a k a w a y  corrosion,"  " t rans i -  
t ion  reac t ion ,"  etc., d e pe nd i ng  on the  degree  of 
change  in  the reac t ion  kinet ics .  The change  in  
k ine t ics  is r e f e r r ed  to he re  as " fa i lu re  in  pro tec t ive  
ox ida t ion" ;  the film or scale is no longer  r a t e  con-  
t rol l ing.  The fo l lowing phys ica l  and  chemica l  fac-  
tors have  been  re la ted  to the onset  of t r a n s i t i o n  in  
the k inet ics  of the  reac t ion:  (a)  vo la t i l i za t ion  of the  
oxide;  (b)  vo la t i l i za t ion  of the meta l ;  (c) phase 
t r a n s f o r m a t i o n s  in  the  oxide;  (d)  phase  t r a n s f o r m a -  
t ions in  the  me ta l ;  (e) m e l t i n g  of the  oxide;  (f) 
loss of adhes ion  of the  oxide to the meta l ;  (g) com- 
bus t ion .  

Apparatus and Method 
Kine t i c  m e a s u r e m e n t s  we re  made  us ing  a v a c u u m  

mic roba l ance  me thod  which  has been  descr ibed (5) .  
However ,  to ex t end  the  r ange  of the method,  a low 
sens i t iv i ty  ba l ance  was  used as wel l  as spec imens  of 
sma l l e r  area.  In  this  .way  film th icknesses  of 2000 

g / c m  ~ weigh t  ga in  could be  measured .  In  t e rms  of 
film th ickness  for NiO, this  we igh t  ga in  is of the  
order  of 126,000A. The mic roba l ance  had  a sens i -  
t i v i t y  of 4 .75/d iv is ion  of 0.001 cm. 

Samples  w e r e  p r epa red  f rom high p u r i t y  n icke l  
s t r ip  pu rchased  f rom Johnson,  Ma they  a nd  Com-  
pany ,  London,  a nd  had  no meta l l i c  impur i t i e s  in  
excess of 0.0005 %. Spec imens  were  ab raded  th rough  


