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Exc e s s  heat evo l u t i on was measured on N i , Au , Ag 
and S n  in aqueous K2C0 3 , Na2C0 3 , Na2 S0 4  and L i 2 S04 
so l u t i on s  unde r galvano s t at i c  e l e c t r o lys i s  c o nd i t ions . 
S t e ady evo l u t i on o f  exce s s  heat i n  various 
e l ect�od e / e l e c t rolyte systems , but not i n  N i /Na2C0 3 , 
N i / Na2 S04 and N i / L i 2 S04 , was o b s e rved f o r  at l e a s t  
several d a y s  o f  o b s e rvat i o n . T h e  l arge s t  exc e s s  heat 
o b s e rved was 9 0 7  mW o n  Sn in K2S04 . 

I nt roduc t i o n  

M i l l s  and Kne i z ys reported a produ c t i on o f  1 3 0 mW 
exc e s s  h e at in N i / K2 C0 3 - H 2 0  s y s t e m  [ 1 ] . Later , Bu sh 
reported 3 1 0  - 580 mW i n  the same system and c l a imed the 
detect i o n  of Ca of the amount that may c o r r e s pond to the 
amount of exc e s s  energy [ 2 ] .  The p r e s e nt s tudy is aimed 
at the reproduc t i on of the i r  re sul t s  on N i , and further 
to i nve s t i g ate s im i l ar po s s ib i l i t i e s  on several other 
me tal e l e c t rodes . The reason i ng of t h i s  ext ens ion i s  
that the unde rpo t e nt i a l  depo s i t i o n  ( upd ) o f  al kal i 
me t a l s  i s  known to o c c u r  unde r h i g h  c atho d i c  po l ar i z a 
t i on [ 3 ] .  

Expe r imental 

The e l e c t ro l yt i c  c e l l  used was a 3 0 0  ml Pyrex g l a s s  
ve s s e l  w i t h a 5 cm t h i c k  s i l i c o n  rubbe r s toppe r equipped 
w i  th the t e s t  e l e c t rode , count e r  and re f e rence e l e c 
t rode s , a thermocoup l e , i n l e t  and out l e t  g l a s s  tubes for 
H2 g as and a heate r .  The c e l l  was p l ac e d  i n  an a i r  
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the rmo s t at ma i n t a i ned at 2 5 ± 1 
°

C .  The t e s t  e l e c trode s 
used were p l a t e s  o f  var i ou s  metal s ( N i , Au , Ag , Sn , 
etc ) . Surface o f  t h e s e  e l e c t rode s was abraded w i th 
emery papers and then r i n s e d  w i th e thyl alcohol and 
M i l l i -Q water in a u l t r ason i c  bath . The coun t e r  e l e c 
t rode was a p l at i num net . The r e f e rence e l e c t rode was 
of a rhod ium w i re . The heat e r  used for the c e l l con
s t ant me asurement is a n i c hrome wi re ( 1 .  6 Q ) covered 
w i th a t e f l on tube ( 2 mm d i am . ) .  

The c e l l  c o n s t ant was measured by app l y i n g  a cur
rent t o  the heate r u s ing 1 0 0 ml 0 . 5  M K2C03 s o l u t i o n  
und e r  s t i rr i ng w i t h  a f l ow o f  H 2  g a s  ( several m l  p e r  
m i n . ) .  The e l e c t r o l y t e  s o lut i o n  w a s  1 0 0  m l  o f  0 . 5  M 
aqueous K2C0 3 , Na2C0 3 and L i 2 S04 ' 
The e l e c t r o lys i s  was conduct e d  g alvano s t at i c a l l y  u s ua l l y  
f o r  2 0 hour s  by pas s i ng a c on s t ant current o f  1 . 0  A and 
the v a r i a t i o n s  o f  i nput po tent i a l  and the tempe rature 
r i se were mon i t o re d  by a pen r e c o rd e r .  

Resu l t s  and D i s c u s s i o n  

F i gure 1 shows typ i cal var i a t i o ns o f  t h e  solut i on 
tempe rature w i th po l ar i z at i on t i me obtained on a N i  
e l e c t rode i n  K2C0 3 and N a 2 C0 3 s o lu t i ons . The t ime 
var i at i ons of i nput potent i al are also shown i n  th i s  
f i gure . I t  can b e  s e e n  f rom t h i s  f i gure that the in
c rease i n  tempe rature i n  K2 C03 is 1 - 1 . 3 °C l arger than 
i n  Na2C03 in s p i t e  of t he f ac t  that the l eve l s  o f  input 

u 
o 
....... 

1 2  

I- 8 <l 

4 

o 

5 

2 

_->---:3----___ -1 4  4 

3 
t / h  

6 

> ....... 3 w 

2 

Fi g . 1  Va r i a tions o f  input pote n t i a l  and s o l u tion 
temperature w i t h  po l a r i z a tion t ime . 
( 1  ) , ( 4 )  in O . sM Na 2 C03 , ( 2 ) , ( 3 ) in 0 . 5  M 

K2 C03 ' 
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pow e r  are i n  the oppo s i te o rde r . The d i  f fe rence was 
e s s ent i al l y  unchanged d u r i n g  the po l a r i zat i o n  o v e r  
s e v e r a l  days . Th i s  r e s u l t  i nd i c a t e s t hat a not i c e a b l e  
amount o f  e xc e s s  heat i s  p roduced i n  N i / K 2 C03 s y s t em . 

The rate o f  e x c e s s  heat e v o l u t i o n  Re x  was d e t e r 
m i ne d  quant i ta t i v e l y  from t h e  s h i f t  o f  s o l u t i o n  t e mpe ra
ture I:!. T and t h e  appl i e d  e l ec t r o l ys i s  powe r Rapp in t he 
f o l l ow i ng way . The energy balance e quat i o n  fo r t he c e l l  
i n  a s t eady- s t a t e  i s  

( 1 )  

whe re Rrx i s  t he rate o f  heat r e moved by the end o t h e rm i c  
reac t i o n  H 2 0  -+ H 2  + 1 / 2 °2 , wh i c h  i s  equal t o  t he p roduc t 
o f  the t h e rmone u t r a l  pot e nt i a l  ( 1 . 4 8 V f o r  H 2 0 ) and the 
po l a r i zat i o n  c urrent I ,  and RL is t h e  the rmal l o s s  rate . 
The l a t t e r , when a s te ad y - s t a t e  i s  reached , i s  g i ven by 

RL = I:!. T / k  ( 2 ) 

from Eqns . ( l )  and ( 2 ) and u s i ng Rapp = E I  whe re E i s  the 
t o t al c e l l  v o l t a g e , we have 

Rex = I:!. T / k  - ( E  - 1 . 4 8 )  I ( 3 ) 

A pre l i m i nary heat measurement was f i rs t  p e r f o rmed 
i n  t he e l e c t r o l y s i s  on Au in 1M H 2 S04 s o l u t i on to c h e c k  
t he pre c i s i o n  o f  o u r  me thod . P rac t i c al l y  no exc e s s  heat 
was o b t a i ned i n  t h i s  s y s t em dur i ng 2 0 hou r s  of o b s e rva
t i o n . On the o t h e r  hand , s i gn i f i c ant mag n i t ud e s  o f  
e xc e s s  heat were o b s e rved o n  N i , Au , A g  and S n  i n  K2 C03 , 
Na2C03 , Na2 S04 and L i 2 S04 s o l u t i on s , except fo r 
N i /Na 2 C03 , N i / Na2 S04 and N i / L i 2 S04 , as l i s t ed i n  Tab l e  1 
t o g e th e r  w i th the data o f  c e l l  potent i al and s o lu t i on 
t empe rature s h i f t . The e xc e s s  heat e v o l u t i o n  was 
a l m o s t  s t eady , but a s l i ght t endency t o  i nc rease on 
prol onged t ime of po l a r i zat i o n  was n o t e d . The l ar g e s t  
e xc e s s  h e a t  e v o l u t i on w a s  o b s e rved on S n  e l e c t rode ; the 
value reached a f t e r  65 hours of p o l ar i z a t i o n was 9 0 7  mW , 
as c o mpared w i th t he i nput powe r o f  ( 4 . 9 5 - 1 . 4 8 )  x 1 
= 3 . 4 7 W .  The mag n i tude o f  the exc e s s  heat evo l u t i on 
i nc re a s e s  in the o rd e r  Ag < N i  < Au < Sn . I t  was n o t e 
w o r thy that the e x c e s s  h e a t  was not i c eable a l s o  i n  
Na2C03 and L i 2 S04 f o r  Au , Ag and Sn . 

The t o t a l  summed-up amount o f  t he exc e s s  energy 
evo lved during the e l e c t ro l y s i s  is t o o  l ar g e  t o  be 
re garded as the heat of any c hem i c a l  reac t i o n . F o r  
i ns t anc e , t he t o t a l  e x c e e s  h e a t  e v o l ved i n  the e l ec t r o 
l ys i s  on the Sn e l e c t rode f o r  6 5  hou r s  o f  po l a r i z at i o n  
w a s  evaluated t o  b e  1 7 6 kJ . Even i f  o ne suppo s e s  that 
all the amount of Sn ( 1  g ) of the e l e c t rode was reacted 
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w i  th c e r t a i n  spec i e s  in the s y s t e m  ( wh i c h  i s  
c a s e ) ,  the heat produced w ou l d  a t  m o s t  be 9 . 3 
Sn ( OH ) 4 )  w h i c h  i s  t o o  sma l l  an amount to acc ount 
exc e s s  heat o b s e rved . 

not the 
kJ ( f o r  
f o r  the 

Ta b l e  1 Ra t e  of e x c e s s  h e a t  evo l u t i o n  o n  v a r i o u s  
m e t a l  e l ec t ro� e s  -

e l e c t rode s o l u t io n  E l'lT Rex 
( V )  ( 0 C )  ( ml'i ) 

N i  K 2 C0 3 4 . 1 2 0 . 7 5 2 0 8  
N i  K 2 C0 3 3 . 8 8 1 . 2 6 3 8 7  
N i  N a 2 C0 3 3 . 9 4 0 . 0 2 6 
N i  Na 2 S 0 4 4 . 1 7  0 . 0 1 0 
N i  L i 2 S 0 4 4 . 5 0 0 . 0 1  0 
Au K 2 C0 3 4 . 3 4  1 . 7 1  5 2 4  
Au Na 2 C0 3 4 . 8 5 1 . 8 3 5 6 5  
Au L i 2 S0 4 4 . 6 0 1 .  6 4  5 0 3 
Ag K 2 C0 3 4 . 1 2 1 . 0 7  3 2 8 
Ag L i 2 S 0 4 5 . 1 0  0 . 3 1 9 5  
S n  K 2 C0 3 5 . . 0 4  2 . 3 1 7 0 8  
S n *  K 2 C03 4 . 9 5 2 . 9 6 9 0 7  
S n  ._ Na 2 C0 3 5 . 0 7 0 . 7 3 2 2 4 

* e l e c tr o l y z ed f or 6 5  hou r s .  

The e xc e s s  heat e v o l u t i on o b s erved in many systems 
o th e r  than N i / N a 2 C0 3 , N i / N a 2 S04 and N i / L i 2 S04 may 
s u g g e s t  the f o l l ow i ng nuc l ear r e ac t i on s . 

1 9 K3 9 + I P I � 2 0 C a4 0 + 8 . 3 MeV 

1 1 Na2 3 + 1 P 1 � 1 2 M g 2 4  + 1 1  MeV 

3 L i  6 + 1 P 1 � 2He 4 + 2H e 3 + 2 . 3 MeV 

( II )  

I II I )  

The e xc e s s  h e a t  evo l ut i on on N i  was obse rved o n l y  i n  
K2C03 ' On Ag and S n , i t  was l ar g e r  i n  K2 C0 3 than i n  
Na2C0 3 o r  L i 2 S04 s o l u t i ons . O n  Au , n o  l arge d i f fe rence 
was o b s e rved between these e l e c t ro l yt e s . The s e  r e su l t s  
may sug g e s t  t hat a l l  t he reac t i on s  ( I ) , ( I I ) and ( III ) 
o c c u r  i n  g e n e ral , but the degree o f  the p r o gr e s s  o f  each 
reac t i on depends o n  the nature of the e l e c t rode mat e r i 
al , s u r face and bu l k  c o n d i  t i o n s  o f  t he e l e c t rod e , ad 
s o rbed o r  upd spec i e s , e t c . 
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