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(57)  A  method  and  an  apparatus  for  on-line  moni- 
toring  the  quality  of  a  purified  metal  sulphate 
solution  is  disclosed.  The  method  comprises 
the  steps  of  depositing  metal  from  the  purified 
metal  sulphate  solution  onto  a  working  elec- 
trode  submerged  in  the  solution  by  passing 
constant  current  through  the  solution  at  a  cur- 
rent  density  in  the  range  of  25  to  1  50  mA/cm2  for 
a  predetermined  time  interval,  dissolving  the 
metal  deposited  on  the  working  electrode  by 
reversing  the  polarity  of  the  potential  applied 
between  the  working  electrode  and  a  counter 
electrode  so  as  to  pass  a  reverse  current  of  the 
same  current  density  through  the  solution  until 
all  zinc  is  removed  from  the  working  electrode 
as  sensed  by  a  sudden  change  in  electrode 
potential,  deriving  the  quality  index  of  the  solu- 
tion  by  calculating  the  ratio  of  the  dissolution 
time  over  the  deposition  time,  and  restoring  the 
surface  of  the  counter  electrode  by  effecting  the 
dissolution  of  the  metal  deposited  on  the  count- 
er  electrode  at  the  end  of  each  measurement. 
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This  invention  relates  to  on-line  monitoring  the 
quality  of  a  purified  metal  sulphate  solution,  more 
particularly  the  quality  of  a  purified  zinc  sulphate  sol- 
ution  used  for  the  electrolytic  production  of  zinc. 

A  complex  multi-stage  purification  is  used  in  the 
zinc  industry  to  ensure  that  the  concentration  of  all 
detrimental  impurities,  specifically  cobalt,  antimony, 
iron,  cadmium  and  copper,  are  maintained  below  cer- 
tain  limits.  Fluctuations,  however,  occur.  Analytical 
methods  may  be  used  to  monitor  the  impurity  levels 
but  the  contributions  due  to  synergistic  effects  and 
organic  additives  would  be  excluded.  The  use  of  qual- 
ity  meters  based  on  the  principle  of  Faraday's  law  of 
electromechanical  equivalence  has  also  been  report- 
ed  in  the  literature  as  illustrated  in  the  following  arti- 
cles: 

-  A.P.  Saunders,  I.  Philip  and  J.  P.  Martin,  "An  au- 
tomated  instrument  for  the  determination  of 
the  effects  of  impurities  on  the  cathodic  cur- 
rent  efficiency  during  the  electrowinning  of 
Zinc",  Report  No.  T6C4,  Natn.  Inst,  for  Metal- 
lurgy,  Johannesburg; 

-  A.W.  Bryson,  "A  solution  quality  analyser  for 
zinc  sulphate  electrolyte",  Report  No.  T6C1, 
Natn.  Inst,  for  Metallurgy,  Johannesburg. 

However,  these  sensors  are  not  well  suited  for 
on-line  monitoring  of  the  quality  of  the  zinc  sulphate 
solution  because  they  are  not  equipped  with  means 
for  restoring  the  surface  of  the  electrodes  at  the  end 
of  each  measurement. 

It  is  the  object  of  the  present  invention  to  provide 
a  method  and  an  apparatus  which  allow  complete  dis- 
solution  of  zinc  deposited  at  the  end  of  each  measure- 
ment  so  as  to  provide  a  clean  electrode  surface  which 
is  required  for  accurately  sensing  the  effect  of  detri- 
mental  impurities  during  subsequent  measurements. 

The  method  in  accordance  with  the  present  in- 
vention  comprises  the  steps  of  depositing  metal  from 
a  purified  metal  sulphate  solution  onto  a  working 
electrode  submerged  into  the  solution  by  passing 
constant  current  through  the  solution  at  a  current 
density  in  the  range  of  25  to  1  50  mA/cm2  for  a  prede- 
termined  time  interval,  dissolving  the  metal  deposit- 
ed  on  the  working  electrode  by  reversing  the  polarity 
of  the  potential  applied  between  the  working  elec- 
trode  and  a  counter  electrode  so  as  to  pass  a  reverse 
current  of  the  same  current  density  through  the  sol- 
ution  until  all  the  metal  deposited  on  the  working  elec- 
trode  is  removed  as  sensed  by  a  sudden  change  in 
electrode  potential,  and  restoring  the  surface  of  the 
counter  electrode  by  effecting  the  dissolution  of  all 
the  metal  deposited  on  the  counter  electrode  at  the 
end  of  each  measurement. 

Dissolution  of  the  metal  deposited  on  the  counter 
electrode  is  preferably  done  galvanically  although  it 
could  be  done  electrochemically  or  chemically. 

The  metal  sulphate  solution  is  preferably  a  zinc 
sulphate  solution  used  for  the  electrolytic  production 

of  zinc. 
Ultrasonic  energy  is  preferably  applied  to  the 

electrodes  for  cleaning  the  electrodes  from  loosely 
adhering  material  after  some  use  and  for  ensuring  ho- 

5  mogeneous  composition  of  the  solution. 
Sensing  of  the  electrode  potential  at  the  end  of 

the  dissolution  time  may  be  done  by  means  of  a  suit- 
able  voltage  level  detector  connected  between  the 
electrodes,  or  by  means  of  a  reference  electrode  sub- 

10  merged  into  the  solution  while  being  electrically  con- 
nected  to  the  counter  electrode. 

The  apparatus  in  accordance  with  the  present  in- 
vention  comprises  a  cell  containing  a  purified  metal 
sulphate  solution,  a  working  electrode  and  a  counter 

15  electrode  submerged  into  the  solution,  means  for  ap- 
plying  a  potential  between  the  working  and  counter 
electrodes  such  as  to  pass  a  constant  current  at  a 
current  density  in  the  range  of  25  to  150  mA/cm2 
through  the  solution  to  deposit  metal  from  the  purified 

20  metal  sulphate  solution  onto  the  working  electrode  for 
a  predetermined  time  interval,  means  for  reversing 
the  potential  applied  between  the  working  and  coun- 
ter  electrodes  so  as  to  pass  a  reverse  current  of  the 
same  current  density  through  the  solution  until  all  the 

25  metal  is  removed  from  the  working  electrode  as 
sensed  by  a  sudden  change  in  electrode  potential, 
the  quality  index  being  derived  from  the  ratio  of  the 
dissolution  time  overthe  deposition  time,  and  means 
for  introducing  a  third  electrode  into  the  solution  at 

30  the  end  of  the  test  to  remove  any  metal  deposited  on 
the  counter  electrode  at  the  end  of  each  measure- 
ment  so  as  to  leave  the  counter  electrode  chemically 
clean  and  ready  for  the  next  test. 

The  electrodes  are  preferably  made  of  graphite. 
35  Other  electrically  stable  materials  such  as  Al,  Pb-Ag 

(7%),  platinized  titanium  or  conductive  ceramics,  may 
also  be  used. 

The  third  electrode  is  made  of  a  low  hydrogen 
overvoltage  material,  specifically  noble  metal,  e.g. 

40  platinum  or  a  valve  metal  covered  with  a  noble  metal 
e.g.  platinized  titanium.  This  feature  differentiates 
the  instrument  of  the  present  invention  from  prior  in- 
struments  that  were  based  upon  Faraday's  law  of 
electrochemical  equivalence.  Zinc  deposited  on  the 

45  counter  electrode  during  the  dissolution  from  the 
working  electrode  at  the  end  of  the  test  would  not  be 
systematically  removed  without  running  into  other 
complications.  Combined  with  the  proper  choice  of 
electrode  material,  the  galvanic  removal  of  zinc,  apart 

so  from  being  many  times  faster  than  the  anodic  remov- 
al,  leaves  the  counter  electrode  chemically  clean  and 
ready  for  the  next  test. 

The  invention  will  now  be  disclosed,  by  way  of  ex- 
ample,  with  reference  to  the  accompanying  drawing 

55  which  illustrates  a  schematic  diagram  of  the  quality 
meter  in  accordance  with  the  invention. 

Referring  to  the  drawing,  a  sample  of  zinc  sul- 
phate  solution  is  placed  in  an  electrolytic  cell  10.  Gen- 
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erally  speaking,  a  constant  current  is  passed  through 
the  sample  solution,  first  in  one  direction  and  then  the 
other.  The  ratio  of  the  times  of  the  two  current  flow 
directions  is  used  to  calculate  the  quality  index  of  the 
sample  solution. 

The  constant  current  is  provided  by  a  power 
source  and  control  system  12.  Such  constant  current 
is  passed  through  the  sample  solution  via  working 
electrode  14  and  counter  electrode  16.  Current  is 
passed  through  the  cell  for  a  predetermined  time  per- 
iod  of,  for  example,  1  00  sec  and  during  that  time  zinc 
is  deposited  on  the  working  electrode  14.  The  current 
is  then  reversed  by  a  polarity  reversing  relay  18  op- 
erated  by  the  power  source  and  control  system  12. 
The  time  taken  to  dissolve  the  zinc  deposited  on  the 
working  electrode  is  sensed  by  means  of  a  suitable 
voltage  level  sensor  connected  between  the  electro- 
des,  or  by  means  of  a  reference  electrode  19  sub- 
merged  into  the  solution. 

The  quality  index  is  calculated  as  the  ratio  of  the 
current  time  periods  in  the  two  directions.  If  the  time 
in  one  direction  (deposition)  is  100  sec,  then  the  qual- 
ity  index  percentage  is  numerically  equal  to  the  time 
in  seconds  for  the  reverse  (dissolution)  direction. 

During  the  test,  the  temperature  of  the  cell  is  pre- 
ferably  maintained  at  about  60°C  by  placing  the  cell 
in  a  water  bath  20  which  is  thermostatically  control- 
led.  Other  means  of  controlling  the  temperature  of  the 
sample  may  also  be  used. 

Once  the  test  is  terminated,  the  electrodes  are 
cleaned  to  remove  any  metal  deposited  on  them  in 
preparation  for  the  following  test  since  as,  mention- 
ned  previously,  the  apparatus  in  accordance  with  the 
present  invention,  is  designed  for  on-line  operation. 
In  accordance  with  the  present  invention,  a  low  hydro- 
gen-overvoltage  metal  electrode  22,  such  as  platin- 
ized  titanium,  is  submerged  into  the  solution  by 
means  of  any  suitable  actuator  23  to  galvanically  re- 
move  any  zinc  remaining  on  the  counter  electrode. 
When  a  water  bath  is  used  to  maintain  the  tempera- 
ture  of  the  sample,  an  ultrasonic  transmitter  24  oper- 
ated  by  the  power  source  and  control  system  12  may 
be  used  to  help  cleaning  the  electrodes.  In  such  a 
case  the  electrolytic  cell  must  be  made  of  a  material 
transparent  to  ultrasonic  waves. 

Claims 

1.  A  method  for  on-line  monitoring  the  quality  of  a 
purified  metal  sulphate  solution,  comprising  the 
steps  of: 

a)  depositing  metal  from  the  purified  metal 
sulphate  solution  onto  a  working  electrode 
submerged  in  the  solution  by  passing  con- 
stant  current  through  the  solution  at  a  current 
density  in  the  range  of  25  to  1  50  mA/cm2  for 
a  predetermined  time  interval; 

b)  dissolving  the  metal  deposited  on  the  work- 
ing  electrode  by  reversing  the  polarity  of  the 
potential  applied  between  the  working  elec- 
trode  and  a  counter  electrode  so  as  to  pass  a 

5  reverse  current  of  the  same  current  density 
through  the  solution  until  all  zinc  is  removed 
from  the  working  electrode  as  sensed  by  a 
sudden  change  in  electrode  potential; 
c)  deriving  the  quality  index  of  the  solution  by 

10  calculating  the  ratio  of  the  dissolution  time 
over  the  deposition  time;  and 
d)  restoring  the  surface  of  the  counter  elec- 
trode  by  effecting  the  dissolution  of  the  metal 
deposited  on  the  counter  electrode  at  the  end 

15  of  each  measurement. 

2.  A  method  as  defined  in  claim  1,  wherein  dissolu- 
tion  of  the  metal  deposited  on  the  counter  elec- 
trode  is  done  galvanically,  electrochemically  or 

20  chemically. 

3.  A  method  as  defined  in  claim  1,  wherein  the  metal 
sulphate  solution  is  a  zinc  sulphate  solution  used 
for  the  electrolytic  production  of  zinc. 

25 
4.  A  method  as  defined  in  claim  1  ,  wherein  the  elec- 

trodes  are  made  of  graphite  or  other  electro- 
chemically  stable  materials. 

30  5.  Amethod  as  defined  in  claim  1,  wherein  ultrason- 
ic  energy  is  applied  to  the  electrodes  for  cleaning 
the  surface  from  loosely  adhering  material  and 
for  ensuring  homogeneous  composition  of  the 
solution. 

35 
6.  Amethod  as  defined  in  claim  1,  wherein  sensing 

of  the  electrode  potential  is  done  by  measuring 
the  potential  across  the  electrodes  or  by  using  a 
reference  electrode  submerged  into  the  solution. 

40 
7.  An  apparatus  for  on-line  monitoring  the  quality  of 

a  purified  metal  sulphate  solution  comprising: 
a)  a  cell  containing  a  purified  metal  sulphate 
solution; 

45  b)  a  working  electrode  and  a  counter  elec- 
trode  submerged  into  the  solution; 
c)  means  for  applying  a  potential  between  the 
working  and  counter  electrodes  such  as  to 
pass  a  constant  current  at  a  current  density  in 

so  the  range  of  25  to  1  50  mA/cm2  through  the  sol- 
ution  to  deposit  metal  from  the  purified  metal 
sulphate  solution  onto  the  working  electrode 
for  a  predetermined  time  interval; 
d)  means  for  reversing  the  polarity  of  the  con- 

55  stant  current  applied  between  the  working 
and  counter  electrodes  so  as  to  pass  a  re- 
verse  current  of  the  same  density  through  the 
solution  until  all  the  metal  is  removed  from  the 

3 
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working  electrode  as  sensed  by  a  sudden 
change  in  electrode  potential,  the  quality  in- 
dex  being  derived  from  the  ratio  of  the  disso- 
lution  time  over  the  deposition  time;  and 
e)  means  for  introducing  a  third  electrode  into  5 
the  solution  at  the  end  of  the  test  to  remove 
any  metal  deposited  on  the  counter  electrode 
at  the  end  of  each  measurement  so  as  to 
leave  the  counter  electrode  chemically  clean 
and  ready  for  the  next  test.  10 

8.  An  apparatus  as  defined  in  claim  7,  wherein  the 
electrodes  are  made  of  graphite  or  other  electro- 
chemically  stable  materials. 

15 
9.  An  apparatus  as  defined  in  claim  7,  wherein  the 

cell  is  located  in  a  water  bath  which  is  maintained 
at  a  temperature  of  about  60°C. 

10.  An  apparatus  as  defined  in  claim  9,  wherein  the  20 
cell  is  made  of  a  material  transparent  to  ultrason- 
ic  waves  and  further  comprising  an  ultrasonic 
transmitter  submerged  in  the  water  bath  for  ap- 
plying  ultrasonic  energy  to  the  electrodes  in  the 
cell  to  clean  the  electrodes.  25 
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FIG.  1 
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