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j u n c t i o n  s t ruc tu re  d u r i n g  processing.  Bond ing  agents  
of pu re  A1 or A1-Si eutect ic  were  appl ied  to the  Mo 
sheet  by  ro l l ing  accompanied  by  a subs t an t i a l  t h i ck -  
ness r educ t ion  to p romote  the  fo rma t ion  of a tomic 
bonds  b e t w e e n  n e w l y  fo rmed  A1-Mo interfaces .  The 
Si b o n d i n g  t e m p e r a t u r e  cycle m u s t  be car r ied  out  in  
e i ther  an  ine r t  or r educ ing  a tmosphere .  The m a x i -  
m u m  t e m p e r a t u r e  is l imi t ed  by  the  reac t ion  of A1 
wi th  the  Mo, and  the  cooling ra te  is l imi t ed  by  the 
necess i ty  for r e l i ev ing  stresses in  the  b imeta l l i c  
s t ruc tu re  w i thou t  i n d u c i n g  f rac ture .  W h e n  Si is 
added to the  A1 b o n d i n g  mate r ia l ,  cons ide rab ly  
more  s t r i ngen t  a l loy ing  condi t ions  m u s t  be  used to 
ob ta in  a sa t i s fac tory  bond.  
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ABSTRACT 

Two consecutive steps in the electrolytic reduct ion of cyanamide have 
different natures  from the viewpoint  of organic electrode process. The first 
step is catalytic and the second step is voltage-controlled. Therefore, the most 
active cathode for one step may not be the most effective for another. Tin was 
an effective cathode for the over-al l  reduct ion process. 

In  the course of the reduction of formamidine  to methylamine  and ammonia,  
the existence of methylenediamine  as second intermediate  was verified. 

On the e lect rolyt ic  r educ t ion  of c y a n a m i d e  the  
i sola t ion  of f o r m a m i d i n e  as i n t e r m e d i a t e  an d  the 
conf i rmat ion  of m e t h y l a m i n e  and  a m m o n i a  as f inal  
p roducts  was  repor ted  ( I ) .  I n  the  p resen t  work,  the  
effect of ca thode  ma te r i a l s  and  o ther  e lect rolyt ic  
condi t ions  on the y ie ld  of each p roduc t  was studied.  
Also, the r educ t ion  of f o r m a m i d i n e  at  va r ious  ca th-  
odes was inves t iga ted  in  order  to c lar i fy  the  o v e r - a l l  
r educ t ion  mechan i sm.  The resul ts  are repor ted  here  
a long wi th  some u n u s u a l  p h e n o m e n a  observed  in  
the course of this s tudy.  

Experimental 
The appa ra tu s  used was  the  same as t ha t  a l r eady  

descr ibed (1) .  However ,  the cell was  covered in  
order  to measu re  the  H evolut ion.  

Crys ta l l ine  c y a n a m i d e  was  f resh ly  p r epa red  f rom 
commerc ia l  ca lc ium c y a n a m i d e  by  an  improved  

p rocedure  (2) ,  and  its p u r i t y  was d e t e r m i n e d  by  
the  usua l  me thod  (as s i lver  c y a n a m i d e )  before  use. 

F o r m a m i d i n e  sul fa te  was  p r epa red  by  the  ca t a :  
lyt ic  r educ t ion  of c y a n a m i d e  w i th  Pd  ca ta lys t  (3) ,  
mp  156~176 

Separation of the reduction products of cyan- 
amide.--The separa t ion  of each p roduc t  was  car r ied  
out  more  r ig id ly  t h a n  p rev ious ly  (1) .  

Af t e r  reduct ion ,  the  ca tholy te  ( abou t  110-120 cc) 
was  neu t r a l i zed  w i th  a smal l  a m o u n t  of H~SO~ (or 
NHs) and  d i lu ted  to 200 cc; 10 cc was used as the  
d e t e r m i n a t i o n  of u n c o n v e r t e d  cyanamide .  The re -  
m a i n i n g  pa r t  was  evapora ted  to d ryness  at  50 ~ 
60~ u n d e r  d imin i shed  p ressure  a nd  the  res idue  
was  dr ied  for 24 h r  in  a v a c u u m - d e s i c c a t o r  over  
P205. This  was  ex t rac ted  twice w i th  50 cc i sopropyl  
alcohol to r emove  u n c o n v e r t e d  cyanamide .  The  res-  
idue  was  aga in  ex t rac ted  twice  w i th  50 cc absolu te  
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methanol .  The final  res idue  was dr ied  at  100~ and  
weighed  ( a m m o n i u m  su l fa te ) .  

The  m e t h a n o l  ex t rac t  1 was evapora ted  to d ryness  
and  the  res idue  was  dissolved in  100 cc water .  Then,  
a su i tab le  a m o u n t  of picric  acid (2% excess based 
on conver ted  c y a n a m i d e )  was added to it, the  m i x -  
tu re  was w a r m e d  to m a k e  a clear  solut ion,  a nd  a l -  
lowed to cool overn ight .  The  prec ip i ta te  was f i l tered 
off, washed  wi th  50 cc water ,  and  dried.  T h e n  it was 
purif ied by  ex t r ac t ion  wi th  abso lu te  e ther  to r e -  
move  free picric acid, d r ied  a t  100~ and  weighed  
( f o r m a m i d i n e  p ic ra te ) .  So lub i l i ty  correc t ion  was 
applied.  

Af te r  r e m o v i n g  the  dissolved picric acid by  acidi -  
f ication wi th  HC1 and  ex t rac t ion  w i th  ether,  the 
f i l t ra te  was  concen t ra t ed  to 100 cc. The  concen t ra t e  
of i sopropyl  alcohol ex t rac t  was  added  to it, a nd  the  
m i x t u r e  was  poured  in to  a K j e l d a h l  flask and  
hea ted  w i th  20 g NaOH/50  cc wa te r  solut ion.  
M e t h y l a m i n e  was  dis t i l led  into N-HC1 and  the re -  
su l t ing  so lu t ion  (100 cc) was evapora ted  to d r y -  
ness and  a l lowed to s t and  in  a v a c u u m  desiccator  
over  P:O~ overn ight .  The  res idue  was ex t rac ted  
twice wi th  50 cc b u t a n o l  a t  50~ The b u t a n o l  ex-  
t rac t  was  concen t ra t ed  to 10 cc and  a l lowed to s t and  
in  an  ice box. M e t h y l a m i n e  hydroch lo r ide  crys ta ls  
which  separa ted  out  were  f i l tered off, d r ied  at  
100~ and  weighed.  Some m e t h y l a m i n e  hydroch lo -  
r ide  was recovered  f rom the  m i x t u r e  of the f i l t rate  
and  the  wash.  

D e t e r m i n a t i o n  was no t  car r ied  out  for n o n n i t r o -  
geneous  hydro ly t i c  p roducts  of i n t e r m e d i a t e  com- 
pounds ,  such as formic  acid and  fo rmaldehyde .  

Separation oi the reduction products of ~ormami- 
dine.---After reduct ion ,  the ca tho ly te  (110-120 cc) 
was  neu t r a l i z ed  w i th  a smal l  a m o u n t  of H2SO, (or 
NH~), evapora ted  to d ryness  a t  50~176  u n d e r  
d imin i shed  pressure ,  and  the  r e s idue  was dr ied  for 
24 hr  in  a v a c u u m  desiccator  over  P~O5. This  was  
ref luxed twice  w i th  50 cc abso lu te  me thano l ,  and  
the inso lub le  res idue  was f i l tered off f rom the  hot  
solut ion.  The  res idue  was  dr ied  at 100~ and  
weighed  ( a m m o n i u m  su l fa te ) .  

The  m e t h a n o l  ex t rac t  was  w o r k e d  up  to separa te  
u n c o n v e r t e d  f o r m a m i d i n e  as p icra te  and  then  to 
collect  m e t h y l a m i n e  hydroch lo r ide  j u s t  as in  the 
separa t ion  of the  r educ t ion  products  of cyanamide .  
However ,  i n  the  case, 25 g picric  acid was  added  
wi th  50 cc w a t e r  to 100 cc aqueous  so lu t ion  m a d e  
f rom the  evapora t i on  res idue  of the  m e t h a n o l  ex-  
t r ac t  for the  sepa ra t ion  of u n c o n v e r t e d  f o r m a m i -  
dine. 

As for n o n n i t r o g e n e o u s  hydro ly t i c  p roducts  of 
s t a r t ing  m a t e r i a l  and  the  i n t e r m e d i a t e  product ,  the  
d e t e r m i n a t i o n  of f o rma ldehyde  wi th  formic  acid 
was car r ied  out  in  some cases as descr ibed la ter .  

Results and Discussion 

Reduction of Cyanamide 

The y ie ld  of each r educ t ion  p roduc t  at va r ious  
cathode ma te r i a l s  is shown  in  Table  I. 

1 I n  t h e  ease o~ t h e  r e d u c t i o n  a t  Pd ,  t he  m e t h a n o l  ex t r ac t  was  
c o n c e n t r a t e d  and  a l l o w e d  to  cool to  g i v e  f o r m a m i d i n e  su l fa te .  A f t e r  
s e p a r a t i n g  these  crys ta ls ,  t h e  f i l t ra te  wa s  d i l u t e d  to 100 cc w i t h  
w a t e r  a n d  w o r k e d  u p  by  t he  s ame  p rocedure .  
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A n o d e :  P t ;  a n o l y t e :  60 ee 5% I-I~SO~; e a t h o l y t e :  10.9 g c y a n a m i d e  
( p u r i t y :  96-98%) i n  i0{~ ee 8% (NHD~SOd. p H  range a d j u s t e d  a t  
2-7 by a d d i n g  s m a l l  a m o u n t  of HeSO4 d u r i n g  t he  e lec t ro lys i s ;  t e m p :  
12~ c u r r e n t  d e n s i t y :  5 amp /d in2 ;  a m o u n t  of c u r r e n t :  38 
a m p - h r  (6 f a r a d a y s / m o l e )  

Yie ld  
C y a n a m i d e  F o r m a m i d i n e  M e t h y l a m i n e  

R u n  c o n v e r t e d  p i c r a t e  HC1 (NHa) 2SO~ 
No. C a t h o d e  g % g % g % g 

1 Sn 5.1 
2, Pb 1.9 

3 Hg 2.8 

4 Cu 3.1 
5 Pd black 8.7 

on Pd. 

53 4.1 13 0.7 9 2.7 
20 near ly  - -  0.2 7 0.9 

zero 
30 near ly  - -  near ly  - -  1.0 

zero zero 
32 0.30 1.5 0 - -  0.8 
90 sulfate* 52 0 - -  3.7 

8.3 
~p ic ra t e  

7.0 

* Of t he  to ta l  y i e l d  of f o r m a m i d i n e ,  8.3 g was  o b t a i n e d  as su l f a t e  
and  7.0 g was  o b t a i n e d  as p icra te .  

The r educ t ion  of c y a n a m i d e  occurred  at a l l  ca th -  
odes used (1) .  I t  was  conf i rmed tha t  Sn  was  an  
effective cathode m a t e r i a l  for ove r - a l l  r educ t ion  
process. Pb  a nd  Hg, which  have  a h igh  H ove rvo l t -  
age, were  no t  so effective in  this  reduct ion .  Espe-  
c ia l ly  at  Hg, m e t h y l a m i n e  was scarcely  ob ta ined  
and  a m m o n i a  was the  on ly  n i t rogeneous  product .  
It  was  not iced  tha t  f o r m a m i d i n e  was no t  ob ta ined  
at  these  two cathodes.  This  is due  to the  effect ive-  
ness of these  cathodes on the  r educ t ion  of f o r m a m i -  
d ine  as descr ibed below. Cu, a low H overvo l tage  
metal ,  was also an  act ive cathode l eav ing  a smal l  
a m o u n t  of f o r m a m i d i n e  as product .  Pd  b lack  ca th-  
ode was  seen to be ve ry  effective for the fo rma t ion  
of fo rmamid ine .  However ,  at  Pd, m e t h y l a m i n e  
could no t  be  ob ta ined  at  all. 

Current efficiency at various cathodes.--Since 
severa l  p roducts  were  ob ta ined  in  the  r e duc t i on  of 
cyanamide ,  H evo lu t ion  at the  cathodes was  meas -  
u r ed  to observe  the  differences in  c u r r e n t  efficiency 
of the  cathodes (except  Hg2). The m e a s u r e m e n t  
was ca r r i ed  out  a t  i n t e rva l s  of severa l  m i n u t e s  t i l l  
the  theore t ica l  a m o u n t  of c u r r e n t  (6 f a r a d a y s /  
mole)  was  passed. Resul t s  a re  shown in  Fig.  1. 

P a l l a d i u m  was the  most  effective f rom the v i ew-  
po in t  of c u r r e n t  efficiency. However ,  even  at Pd, the  
efficiency decreased m a r k e d l y  w i th  t i me ?  At  Sn, the  
efficiency was no t  so h igh  at  the  beg inn ing ,  b u t  it 
was m a i n t a i n e d  at  about  the  same level.  At  Pb, the  
efficiency once reached  to the same level  as at Sn  
bu t  it decreased g rea t ly  af ter  2 h r  ~ and  came down  
to zero af ter  6 hr. At  Cu, the  efficiency was  ve ry  
low and  it  reached to zero at  the end. These ob-  
se rva t ions  coincided wel l  w i th  the  resul t s  in  Tab le  I. 

Influence of pH and current density on current 
efficiency at t in cathode.--The in f luence  of pH and  
c u r r e n t  dens i ty  on c u r r e n t  efficiency was  t h e n  ex -  
a m i n e d  at the Sn  cathode for a typ ica l  run .  Resul t s  
are  shown in  Fig. 2. 

2 A t  Hg,  accu ra t e  m e a s u r e m e n t  was  di f f icul t  due  to  t h e  f o r m a t i o n  
of a m m o n i u m  a m a l g a m .  

Th is  m i g h t  be  due  to  po i sonous  ac t ion  of  c y a n a m i d e  on t he  
ea t a ly t e  a c t i v i t y  of Pal. 

4 I t  m a y  be poss ib le  t h a t  t h i s  is  due  to the  f o r m a t i o n  of a n  in -  
so lub l e  f i lm on  t he  ca thode  surface ,  r e s u l t i n g  f r o m  t h e  a c t i o n  of  
c y a n a m i d c  w i t h  lead.  
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Fig. 1. Current eff ic iency at various cathodes (reduction of 
cyonomide): 1, Pd; 2, Sn; 3, Pb; 4, Cu; conditions: same as 
in Table I. 
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pH CUrrent d e n s i t y  (amp/d~2) 

Fig. 2. Ef fect  o f  pH and cur rent  densi ty  on cur rent  e f f i -  
ciency at Sn (reduction of  cyonamide); conditions: some as 
in Table 1. 

The change  of pH f rom 1 to 8 had  no effect on the  
c u r r e n t  efficiency. As for the inf luence  of cu r r e n t  
densi ty,  the  efficiency had a t e n d e n c y  to decrease 
s l ight ly  wi th  inc reas ing  c u r r e n t  dens i ty  f rom 1 to 
5 a m p / d i n  ~. 

Reduction of Formamidine 

The yie ld  of each r educ t ion  p roduc t  at va r ious  
cathode ma te r i a l s  is shown  in  Tab le  II. 

C o n t r a r y  to cyanamide ,  the r educ t ion  of fo rm-  
amid ine  was found  to occur on ly  at  cathodes h a v -  
ing  a h igh H overvo l t age  such as Sn, Pb,  or Hg. The 
yie ld  of m e t h y l a m i n e  based on f o r m a m i d i n e  con-  
ve r ted  was  the highest  at Sn, a l though  it was r e l a -  
t ive ly  small .  A large a m o u n t  of a m m o n i a  was  
fo rmed  at eve ry  cathode.  Especia l ly  at  Hg, the  
larges t  a m o u n t  of a m m o n i a  was  ob ta ined  wi th  a 
v e r y  smal l  a m o u n t  of m e t h y l a m i n e .  I t  was i n t e r -  
es t ing  to no te  tha t  a fa i r ly  la rge  a m o u n t  (40%)  of 

Table II 

A n o d e :  Pt ;  a n o l y t e :  60 cc 5% HeSO,; e a t h o l y t e :  10.0 g f o r m a m i d i n e  
su l f a t e  in  100 cc w a t e r  (a lmos t  n e u t r a l ) ,  p H  r a n g e  a d j u s t e d  a t  2-7* 
by  a d d i n g  s m a l l  a m o u n t  of H~SO4 d u r i n g  the  e lec t ro lys i s ;  t e m p :  
12~176 c u r r e n t  d e n s i t y :  5 a m p / d m  'z 

Yie ld  
A m o u n t  F o r m a m i d i n e  M e t h y l a m i n e  

R u n  of c u r r e n t  u n c o n v e r t e d  HC1 (NHD 2SO~ 
No. Ca thode  a m p - h r  % g % g R e m a r k s  

1 Sn 57.5 43 0.8 18 6.2 
2 Pb 57.5t 0 1.1 15 9.0 
3 Hg 17.3 0 0.1 2 11.0 

4 Cu 11.5 65 0 - -  3.6 
5 Pd 11.5 76 0 - -  1.4 

U r o -  

t ropine 
obtained 

* I t  is w e l l  k n o w n  t h a t  f o r m a m i d i n e  is h y d r o l y z e d  v e r y  eas i ly  to 
g ive  a m m o n i a  and  f o r m i c  acid,  e spec ia l ly  in  a l k a l i n e  m e d i u m .  

t I n  the  case of Pb,  t h i s  a m o u n t  was  m o r e  t h a n  e n o u g h  to  con-  
v e r t  a l l  of the  f o r m a m i d i n e .  

h e x a m e t h y l e n e t e t r a m i n e  was found  in  the p roduc t  
at Hg? This is a charac ter i s t ic  of a m e r c u r y  ca th-  
ode and  led us to suppose t ha t  m e t h y l e n e d i a m i n e  
was fo rmed  in  the  course of this  reduct ion .  

At  Pd, which  has the  greates t  ac t iv i ty  t oward  the  
r educ t ion  of c y a n a m i d e  to fo rmamid ine ,  no  r educ -  
t ion  products  were  ob ta ined  which  showed its in -  
ac t iv i ty  toward  fo rmamid ine .  At  Cu, no r educ t ion  
products  were  also ob ta ined  as wel l  as at Pd, bu t  
the a m o u n t  of a m m o n i a  fo rmed  by  hydro lys i s  was  
somewha t  la rger  t h a n  tha t  a t  Pd. 

Current efficiency at various cathodes.--Hydro- 
gen evo lu t ion  at  the cathodes (except  Hg) ~ was 
m e a s u r e d  to observe  the differences in  c u r r e n t  
efficiency of the  cathodes on the r educ t ion  of fo rm-  
amidine .  The v a r i a t i o n  of pH of the  ca tho ly te  was 
m e a s u r e d  by  pH test  pape r  at the  same t ime  be -  
cause it  had  a grea t  inf luence  on c u r r e n t  efficiency. 
The m e a s u r e m e n t  was car r ied  out at i n t e rva l s  of 
severa l  m i n u t e s  t i l l  the  theore t ica l  a m o u n t  of cu r -  
r en t  (4 f r s / m o l e )  was passed. Resul ts  are shown 
in  Fig. 3, 

Lead showed a h igh c u r r e n t  efficiency at  the start ,  
bu t  it decreased w i th  t ime  and  reached a smal l  
va lue  at the e n d /  On the o ther  hand,  at Sn, a 
modera t e  efficiency was m a i n t a i n e d ,  as in  the  re -  
duc t ion  of cyanamide .  A t  Pd, at which  the efficiency 
was the highest  in  the  r educ t ion  of cyanamide ,  a 
definite H absorp t ion  due to the  r educ t ion  was  not  
observed.  At  Cu, p rac t i ca l ly  zero efficiency was  re -  
corded af ter  1 hr. These  observa t ions  coincided wel l  
wi th  the resul ts  in  Tab le  II. 

Influence of pH on current efficiency:~--Using a 
t in  cathode, the inf luence  of pH on c u r r e n t  efficiency 
was s tudied  w h e n  ~ 17 a m p - h r  had  passed (Fig. 4).  

It  was found  tha t  the  c u r r e n t  efficiency g rea t ly  
decreased below pH 2. This was  also observed  at 

5 The  e l ec t ro ly t e  close to t he  ca thode  m i g h t  be  a m m o n i a c a l  a f t e r  
a m m o n i a  had  been  f o r m e d  by  r e d u c t i o n  or  by  hydro lys i s .  

6 A t  Hg,  accu ra t e  m e a s u r e m e n t  was  i m p o s s i b l e  due  to t he  f o r m a -  
t i on  of a m m o n i u m  a m a l g a m ,  b u t  H e v o l u t i o n  cou ld  sca rce ly  be 
o b s e r v e d  d u r i n g  the  r educ t ion .  

v Th i s  m a y  be due  to the  d i s a p p e a r a n c e  of f o r m a m i d i n e .  I t  m a y  
be poss ib le  t h a t  t he  d e c o m p o s i t i o n  of f o r m a m i d i n e  is affected by 
c u r r e n t  t h r o u g h  i ts  d i scharge .  

s The  in f luence  of  c u r r e n t  dens i t y  cou ld  no t  be  m e a s u r e d  due  to 
t he  v a r i a t i o n  of p H  w i t h  the  v a r i a t i o n  of c u r r e n t  dens i ty �9  

9 A t  a b o u t  t h i s  t ime ,  the  v a r i a t i o n  of  p i t  w i t h  c u r r e n t  was  
r e l a t i v e l y  smal l .  
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Fig. 3. Current efficiency at various cathodes (reduction 
of formamidine): 1, Pb; 2, Sn; 3, Pd; 4, Cu; conditions: same 
as in Table 11. 

ac t ive  ca thodes  o the r  t h a n  Sn, as s h o w n  in Fig .  3, 
and  was  a c h a r a c t e r i s t i c  of f o r m a m i d i n e  r educ t ion .  
T h i s  is t he  r ea son  of g r e a t  i r r e g u l a r i t i e s  in c u r r e n t  
e f f i c i ency- t ime  curves  in Fig.  3. 

Formation oS Formaldehyde by Reduction of 
Formamidine; Indirect Confirmation oS 
Methylenediamine as the Intermediate 

In  the  p r e c e d i n g  pape r ,  i t  was  p o i n t e d  out  t h a t  
in the  course  of the  r e d u c t i o n  of c y a n a m i d e  at  Sn, 
f o r m a m i d i n e - - t h e  i n t e r m e d i a t e - - w a s  no t  on ly  r e -  
d u c e d  to m e t h y l a m i n e  and  a m m o n i a ,  b u t  h y d r o -  
l yzed  to a m m o n i a  a n d  fo rmic  acid.  I n  t h a t  case,  t h e  
f o r m a t i o n  of f o r m a l d e h y d e  was  v e r y  s m a l l  and  
b a r e l y  conf i rmed.  H o w e v e r ,  as d e s c r i b e d  above,  the  
r e d u c t i o n  of f o r m a m i d i n e  at  H g  gave  a l a r g e  
a m o u n t  of h e x a m e t h y l e n e t e t r a m i n e  as fo l lows.  

Ten  g r a m s  of f o r m a m i d i n e  su l f a t e  was  r e d u c e d  
a t  Hg  u n d e r  t he  s a m e  cond i t ions  as  in  T a b l e  II .  
A f t e r  13.8 a m p - h r  passed ,  t h e  c a t h o l y t e  was  w o r k e d  
up  acco rd ing  to the  p r o c e d u r e  d e s c r i b e d  a b o v e  to 
t he  m e t h a n o l  e x t r a c t i o n ;  8.8 g a m m o n i u m  su l fa t e  
was  ob ta ined .  The  m e t h a n o l  e x t r a c t  1~ was  t h e n  con-  
c e n t r a t e d  to 30 cc u n d e r  d i m i n i s h e d  p r e s s u r e  and  
a l l o w e d  to s t a n d  u n t i l  i t  r e a c h e d  to r o o m  t e m p e r a -  
tu re .  Some  c rys t a l s  w e r e  s e p a r a t e d  (0.40 g ) .  The  
f i l t r a te  was  aga in  e v a p o r a t e d  to d r y n e s s  to g ive  
f u r t h e r  c rops  of t he  s ame  c rys ta l s .  The  c o m b i n e d  
c r y s t a l s  w e r e  pu r i f i ed  f r o m  m e t h a n o l  b y  d i l u t i o n  of 
a m e t h a n o l i c  so lu t ion  w i t h  e ther ,  y i e l d  1.0 g. The  
c h a r a c t e r i s t i c  HgCI~ c o m p o u n d  was  t hen  p r e p a r e d ,  
m p  225~176 dec. 

lo W h e n  t h e  m e t h a n o l  e x t r a c t  w a s  a l l o w e d  t o  c o o l ,  a s m a l l  a m o u n t  
o f  b r i l l i a n t  c r y s t a l s  w e r e  s e p a r a t e d .  T h i s  w a s  f i l t e r e d  off,  w a s h e d  
w i t h  m e t h a n o l ,  a n d  d r i e d  i n  a d e s i c c a t o r .  Y i e l d  0 .02  g,  m p  2 1 5 ~  
p i e r a t e  m p  1 8 5 ~ 1 7 6  T h e  i d e n t i f i c a t i o n  o f  t h i s  c o m p o u n d  h a s  n o t  
y e t  b e e n  carr i ed  o u t .  

15 
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Fig. 4. Effect of pH on current efficiency at Sn (reduction 
of formamidine); conditions: Same as in Table II. 

The  i so la t ion  of h e x a m e t h y l e n e t e t r a m i n e  sug-  
ges ted  the  f o r m a t i o n  of f o r m a l d e h y d e  in t he  c a t h o -  
lyre .  Moreove r ,  a s m a l l  a m o u n t  of f o r m a l d e h y d e  
was  also r e c o v e r e d  w i t h  fo rmic  ac id  f r o m  the  r e -  
duc t ion  p r o d u c t  a t  Pb.  This  m a y  be due  e i t h e r  (a )  
to t he  h y d r o l y s i s  of m e t h y l e n e d i a m i n e  w h i c h  m a y  
be  the  i n t e r m e d i a t e  f rom f o r m a m i d i n e  to m e t h y l -  
a m i n e  and  a m m o n i a  or  (b )  to the  r e d u c t i o n  of 
fo rmic  ac id  f o r m e d  b y  the  h y d r o l y s i s  of f o r m a m i -  
d ine  i tself .  The  r e d u c t i o n  of fo rmic  ac id  [ c a t h o l y t e :  
6.8 g a m m o n i u m  f o r m a t e  in 100 cc 5% (NH,)~SO,;  
o t h e r  cond i t ions :  t he  s ame  as in T a b l e  I I ]  was  then  
c a r r i e d  out  a t  p H  2-7 at  Sn and  at  Hg. H y d r o g e n  
was  e vo lve d  q u a n t i t a t i v e l y  and  no p r o d u c t s  w e r e  
o b t a i n e d  a f t e r  11.6 a m p - h r  of c u r r e n t  w a s  passed .  

I t  m a y  be  seen, the re fo re ,  t h a t  f o r m a l d e h y d e  was  
f o r m e d  b y  the  h y d r o l y s i s  of m e t h y l e n e d i a m i n e .  To 
conf i rm it, m e t h y l e n e d i a m i n e  was  p r e p a r e d  b y  the  
p r o c e d u r e  of K n u d s e n  (4)  and  t h e  h y d r o l y s i s  and  
the  r e d u c t i o n  of i t  w e r e  c a r r i e d  out.  

M e t h y l e n e d i a m i n e  2HC1, need l e  c r y s t a l  

Anal .  Ca l c ' d  for  CH,N~CL: N, 23.9; C1, 59.6 

F o u n d :  N, 24.0; C1, 60.9 

2.3081 g s a m p l e  in 100 cc w a t e r  ac id i f ied  w i th  2 
cc HC1 was  s u b j e c t e d  to d i s t i l l a t ion .  0.567 g, 98% 
f o r m a l d e h y d e  '~ was  f o u n d  in t he  d i s t i l l a t e  (50 cc)  
b y  the  Na~SO, me thod .  0.648 g, 98% NH,  was  r e -  
cove red  f rom the  r e s idue  as usua l .  

This  i n d i c a t e d  the  q u a n t i t a t i v e  f o r m a t i o n  of 
f o r m a l d e h y d e  and  a m m o n i a  b y  h y d r o l y s i s  as we l l  
as the  a u t h e n t i c i t y  of the  sample .  

Then  the  e l e c t ro ly t i c  r e d u c t i o n  of m e t h y l e n e d i -  
a m i n e  was  c a r r i e d  out  a t  Sn  to conf i rm the  f o r m a -  
t ion  of  m e t h y l a m i n e .  

A f t e r  r educ t ion ,  t he  c a t h o l y t e  (140 cc)  was  ac id i -  
fied w i t h  HC1 and  s u b j e c t e d  to d i s t i l l a t i o n  to  g ive  
120 cc d i s t i l l a t e .  F u r t h e r  d i s t i l l a t i on  of the  r e s idue  
w i t h  30 cc w a t e r  and  3 cc HC1 gave  30 cc second  
d i s t i l l a t e .  F o r m a l d e h y d e  in  t he  c o m b i n e d  d i s t i l l a t e  
was  d e t e r m i n e d  b y  Na~SO, me thod .  The  d i s t i l l a t i o n  
r e s idue  was  d i l u t e d  w i t h  w a t e r  and  e v a p o r a t e d  to 

11 I d e n t i f i e d  a s  d i m e d o n  d e r i v a t i v e ,  m p  1 8 7 ~ 1 7 6  
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Table III 

Anode: Pt  
Anolyte:  60 cc 5% H=SO, 
Catholyte: 5.95 g methylenediamine  2HC1, 8.0 g NH,C1, 

80 cc CH~OH, 50 cc H=O (init ial  pH 1.2). pH* ad- 
justed at 1-7 by adding a small  amount  of HC1. 

Temp: 6~176 
Current  density:  3 a m p / d m  ~ 
Amount  of current :  7 amp-hr% 
Results: Pure  methylamine  HC1 obtained: 0.56 g, 18% 

(based on methylenediamine  used) mp 210~ 
picrate mp 200~ methylguanid ine  picrate was then 
prepared, mp 198~ Formaldehyde (resulted from 
unconver ted methylenediamine  and its hydrolytic 
product) :  0.84 g, 56%. 

* I n  t h e  r e d u c t i o n  of m e t h y l e n e d i a m i n e ,  k e e p i n g  p H  in  a d e s i r -  
a b l e  r a n g e  w a s  v e r y  easy  as c o m p a r e d  w i t h  t h a t  i n  c y a n a m i d e  o r  
f o r m a m i d i n e  r e d u c t i o n .  

t T h e  e l e c t r o l y s i s  w a s  c o n d u c t e d  u n t i l  h y d r o g e n  b e g a n  to e v o l v e  
q u a n t i t a t i v e l y .  

dryness .  The solid, a f ter  d r y i n g  ove rn igh t  in  a vac-  
u u m - d e s i c c a t o r  over  P~O,, was ex t rac ted  w i th  50 cc 
hot bu tano l .  F r o m  the  extract ,  m e t h y l a m i n e  h y d r o -  
chlor ide was collected by  w o r k i n g  up  as descr ibed  
above and  weighed.  

Resul ts  are shown  in  Tab le  III.  
5.95 g m e t h y l e n e d i a m i n e  2HC1 was also reduced  

at Hg and  at Pb  u n d e r  condi t ions  s imi la r  to those in  
Tab le  III. A l though  the  efficiency was  smal le r  t h a n  
tha t  at Sn, the r educ t ion  occurred  to give 0.1 g and  
0.15 g m e t h y l a m i n e  hydroch lo r ide  af ter  6.12 a m p - h r  
and  2.68 a m p - h r  of c u r r e n t  was passed, respec-  
t i v e l y 7  

These resul t s  migh t  be proofs for ex is t ing  m e t h -  
y l e n e d i a m i n e  as the i n t e r m e d i a t e  of the r educ t ion  
of f o rmamid ine .  

Polarographic Measurement ~3 
P o l a r o g r a p h i c  m e a s u r e m e n t  w a s  c a r r i e d  o u t  f o r  

cyanamide  and  f o r m a m i d i n e  in order  to exp la in  the  
resul ts  ob ta ined  by  macroe lec t ro lys i s  more  clearly.  

12 I n  t h e s e  cases ,  f o r m a l d e h y d e  cou ld  n o t  he  o b t a i n e d  f r o m  t h e  
p r o d u c t .  A t  p r e s e n t ,  t h i s  i s  a p r o b l e m  w e  s t i l l  c a n  n o t  u n d e r s t a n d .  

13 T h i s  w a s  carr ied  ou t  b y  T.  S e k i n e  in  o u r  l a b o r a t o r y .  
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Fig. 5 Polarogroms of cyanamide. Concentrat ion of cyana- 
mide: 1, 1.2 m o l e / I ;  2, 2.4 X 10 -1 m a l e / l ;  3, 4.8 X 10 -2 
m o l e / l ;  4, 9.5 • 10 -~ m o l e / l ;  5, 1.9 X 10 -'~ m o l e / l ;  6, 0 
(supporting electrolyte). Supporting electrolyte: 7.456 g 
KCI/1 Sorensen's phosphate buffer solution (pH 6.75); sensi- 
t iv i ty  of galvanometer:  6.58 X 10 -s a m p / m m ;  dropping mer- 
cury electrode: m ~ 1.67 mg/sec, t ~ 2.55 sec (m 2/3 t ~/6 = 
1.65), h --~ 72 cm. 

o 

4 ( ~ ) ~  ///// 
i (~) "'Jr TM 

(s) 
(6) 

"0.4 -0.8 -1.2 -1.6 -~.0 

E in volts (vs. S.C.E.) 

Fig. 6. Polarograms of formamidine sulfate. Concentra- 
tion of formamidine: 1, 3.5 m o l e / l ;  2, 1.2 m o l e / l ;  3, 2.4 
X 10 - 1 m o l e / l ;  4, 4.8 X 10 -2 m o l e / l ;  5, 9.5 X 10-Zmole/1;  
6, 1.9 X 10 -~ m o l e / l ;  7, 0 (supporting electrolyte). Support- 
ing electrolyte: 7.456 g KCI/1 Sorensen's phosphate buffer 
solution (pH 6.75); sensit ivity of galvanometer:  6.58 X 10 -s 
o m p / m m ;  dropping mercury electrode: m ~ 1.67 mg/sec, 
t ~ 2.55 sec (m 2/~ t 1/~ = 1.65), h = 72 am. 

Pola rograms  for c y a n a m i d e  and  f o r m a m i d i n e  
sul fa te  are shown  in  Fig. 5 a nd  Fig.  6. 

C y a n a m i d e :  No dis t inc t  wave  was detec ted  pr ior  
to h y d r o g e n  discharge wave.  The shift  of H wave  to 
a more  posi t ive po ten t i a l  wi th  inc reas ing  concen-  
t r a t ion  of c ya na mi de  was observed.  

F o r m a m i d i n e  sulfa te :  No wave  was detec ted  up  
to the  concen t r a t i on  of 10 -'~ M in Sorensen  buffer  
(pH 6.75). However ,  in  1M solution,  a w a v e  ap-  
peared  at E 1/~, --1.20 v (vs. S.C.E.).  This  is p r o b a b l y  
due to the  r educ t ion  of undissoc ia ted  molecule  of 
fo rmamid ine ,  because  this  wave  d i sappeared  at  pI-I 
2.2 even  in 1M solutions.  1" The shift  of H wave  to a 
more  posi t ive po ten t i a l  w i th  inc reas ing  concen t r a -  
t ion of f o r m a m i d i n e  was also observed.  

Nature of Two Successive Reductions of Cyanamide 
By c ombi n i ng  the resul t s  of these studies,  it  is 

seen tha t  two successive reduc t ions  of c y a n a m i d e  
have  different  na t u r e s  f rom the  v i e w po i n t  of elec- 
t rochemica l  reduct ion .  Tha t  is, the  first step r educ -  
t ion  is an  excep t iona l ly  slow process and  affected 
by  the use of ca thode m a t e r i a l  h a v i n g  ca ta ly t ic  ac-  
t ion. On the  other  hand,  the  second step r educ t ion  
m a y  be a vo l t age -con t ro l l ed  one a nd  affected by  the  
use of cathode m a t e r i a l  h a v i n g  a h igh H over -  
voltage.  Thus  the most  act ive cathode for one step 
m a y  not  be the most  effective for another .  For  the 
ove r - a l l  r educ t ion  process, Sn  was the  on ly  effective 
cathode m a t e r i a l  a mong  the  cathodes used. This 
m a y  be a p r ob l e m in  e lec t ro -o rgan ic  reduct ion .  

Moreover ,  the  second step r educ t ion  was  g rea t ly  
inf luenced by  pH. This is the reason  for the neces-  
s i ty of a d j u s t i ng  the  pH b e t w e e n  2-7 in  order  to 
ca r ry  out  the r educ t ion  of c y a n a m i d e  to the f inal  
state. 

These ga ined suppor t  f rom the  resul t s  of po la ro-  
graphic  m e a s u r e m e n t .  

Conclusions 
1. The r educ t ion  of c y a n a m i d e  occurred  at Pd  

smooth ly  to give f o r m a m i d i n e  in  a fa ir  yield.  T in  

1~ T h i s  a c c o u n t e d  fo r  no  o c c u r r e n c e  of m a c r o r e d u c t i o n  b e l o w  ~ H  2. 
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seems to have  a mediocre  ac t iv i ty  t oward  this  r e -  
duct ion,  bu t  the  r educ t ion  could proceed beyond  
the f o r m a m i d i n e  level  to m e t h y l a m i n e  and  a m -  
monia .  Lead and  m e r c u r y  were  not  so effective for 
this  reduct ion .  

2. The reduc t ion  of fo rmamid ine ,  on the  other  
hand,  was  effected by  the  use of cathodes h a v i n g  a 
h igh H overvol tage,  such as Sn, Pb,  Hg. 

3. For  the over -aU reduc t ion  process, Sn  was the  
on ly  effective cathode m a t e r i a l  among  the  cathodes 
used  in  this  s tudy.  

4. The  fo rma t ion  of a l a rge  a m o u n t  of fo rma l -  
dehyde  at Hg suggested the exis tence  of m e t h y l e n e -  
d i amine  as second in t e rmed ia t e .  This  was f u r t he r  
suppor ted  b y  the  fact tha t  m e t h y l e n e d i a m i n e  gave 
m e t h y l a m i n e  by  the  reduc t ion  at Sn and  other  ca th-  
odes. The comple te  m e c h a n i s m  is as follows. 

2H 2H 
NI-I~CN ~ NH2. C H = N H  - > 

2H 
NH2. CH=. NH~ > NH~ -F CHsNH~ 

603 

Main  side reac t ions  are 

2H~O 
NH,,. C H = N H  > 2NH, + HCOOH 

H20 
NH~. CH~. NH= ------> 2NH, + HCHO 

Low yield  of the  final p roducts  was seen to be 
due to the hydro lys i s  of two i n t e r m e d i a t e  com-  
pounds .  

Manuscript  received Oct. 24, 1957. This paper was 
prepared for del ivery before the Buffalo Meeting, 
Oct. 6-10, 1957. 

Any  discussion of this paper will  appear in a Discus- 
sion Section to be published in the June  1959 JOURNAL. 
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The Measurement of Magnetic Fields in Aluminum 
Reduction Furnaces 
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ABSTRACT 

The efficient operation of a luminum reduction furnaces of capacities greater 
than about  50 KA is affected by electromagnetic forces acting in the molten 
bath. Measurement  of the magnetic fields which give rise to these forces is 
made difficult because of the high tempera ture  and corrosive na tu re  of the 
molten bath. A technique is described which overcomes these difficulties. 
Results are given of measurements  made in the baths of furnaces operating 
at 100 KA with  different conductor layouts. It  is shown how conductor layout  
design affects the magnetic  characteristics of the furnace. 

E lec t romagne t i c  forces ac t ing  in  the  mo l t en  bath ,  
i.e., both  me ta l  and  electrolyte ,  of an  a l u m i n u m  
reduc t ion  fu rnace  are k n o w n  to affect the  p e r f o r m -  
ance of the  fu rnace  and  reduce  its c u r r e n t  efficiency 
(1, 2). P a r t i c u l a r l y  is this so in  la rge  fu rnaces  oper-  
a t ing  at  cu r r en t s  above 50 KA. Briefly, the i r  effect 
is to set the  b a t h  in  mo t ion  and  displace the  m o l t e n  
me ta l  layer ,  thus  upse t t i ng  those s table  condi t ions  
which  are k n o w n  to be essent ia l  for efficient opera -  
t ion.  The  forces can be d iv ided  in to  two m a i n  ca te-  
gories: those tha t  arise f rom the  in t e rac t ion  be -  
tween  the  ver t ica l  componen t  of the c u r r e n t  and  
the  hor izon ta l  c o m p o n e n t  of the  magne t i c  fields in  
the  bath ,  and  those tha t  arise f rom the  i n t e r ac t i on  
b e t w e e n  the hor izon ta l  componen t  of the c u r r e n t  in  
the  m o l t e n  m e t a l  and  the  ve r t i ca i  a n d  hor i zon ta i  
componen t s  of the magne t i c  fields. To reduce  the 
effect of e lec t romagne t ic  forces it  is necessary  to r e -  
duce  as m u c h  as possible and  m a k e  su i t ab ly  s y m -  
met r i ca l  the  magne t i c  fields in  the ba th  and  to r e -  

duce the  hor izon ta l  c o m p o n e n t  of the  c u r r e n t  in  the  
me ta l  layer.  The magne t i c  fields can be reduced  and  
made  su i t ab ly  s y m m e t r i c a l  by  var ious  a r r a n g e m e n t s  
of b u s b a r s  a nd  b y  m a g n e t i c  shie lding,  such as the  
methods  devised by  E l e k t r oke mi sk  (3 ,4 ) .  S imi l -  
arly,  the hor izon ta l  c ompone n t  of the  c u r r e n t  in  the 
m o l t e n  me t a l  l aye r  can  be r educed  by  var ious  de-  
signs of c u r r e n t  feed and  col lect ion such  as, for i n -  
stance,  the  methods  of c u r r e n t  col lect ion devised by  
T h a y e r  (5) or E l e k t r o k e m i s k  (6) .  

A n  exact  ca lcu la t ion  of the  magne t i c  fields i n  the  
ba th  of a fu rnace  is m a d e  e x t r e m e l y  difficult by  
s a tu r a t i on  a nd  t e m p e r a t u r e  effects in  the  steel  par t s  
of a fu rnace  and  steel s t ruc tu res  close to it. For  this  
reason,  a des ign based on ca lcu la t ions  a lone  m a y  
fa l l  far  shor t  of ach iev ing  m i n i m u m  magne t i c  fields 
in  the  bath.  The use of scale models  such as de-  
scr ibed by BSckman  (7) overcomes m a n y  of the 
difficulties. However  h a v i n g  la id  down  an  exper i -  
m e n t a l  fu rnace  in  the  f u r n a c e r o o m  to a des ign 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 130.203.136.75Downloaded on 2016-09-16 to IP 

http://ecsdl.org/site/terms_use

