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Industrial  process  to  obtain  powdered  zinc. 

©  The  invention  is  referred  to  an  industrial  process 
to  manufacture  zinc  powder  using  nitrogen  as  a 
fractioning  mean,  in  an  injyection  between  10  and  40 
atmospheres  into  a  duct  where  the  zinc  drops  by 
overflow  at  a  temperature  kept  just  below  the  boiling 
temperature,  with  the  contributiuon  of  an  oxidant  gas 
measured  to  produce  a  5%  of  surface  oxidation, 
fractioning  the  mixture  zinc-nitrogen  with  tangential 
or  radial  nozzles,  keeping  the  zinc  temperature  and 
afterwards  cooling  it  with  nitrogen  at  low  temperature 
and  pressure,  in  order  to  extract  finally  the  zinc 
powder  and  to  recycle  the  nitrogen  which  is  cooled, 
re-delivered,  filtrated,  and  re-compressed  and  re- 
heated  in  a  continuous  cycle  and  a  closed-circuit. 
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PURPOSE  OF  THE  INVENTION 

The  purpose  of  the  invention  is  a  process  to 
manufacture  fine  powdered  zinc  to  be  used  in  the 
industry  characterized  in  that  an  inert  gas  is  used 
as  an  atomizer  gas,  with  a  continuous  reclycling, 
making  the  most  of  the  energy  without  any  aggres- 
sion  to  the  environment. 

BACKGROUNG  OF  THE  INVENTION 

Zinc  powder  is  usually  used  in  the  chemical 
industry  as  a  reducing  agent,  as  a  catalyst,  and  in 
the  antirust  paint  manufacture.  Its  consumption  in 
the  EEC  is  continuously  increasing,  being  actually 
estimated  in  eight  to  ten  tons  monthly.  Antirust  or 
anticorrosive  paints  are  traditionally  manufactured 
in  base  of  zinc  oxide  and  zinc  chromate.  However, 
these  paints  are  not  useful  should  the  surface  has 
any  scrape,  abrasion  or  fissure  that  would  be 
enough  to  raise  the  paint  cover.  On  the  contrary, 
paints  with  pure  zinc  don't  suffer  the  same  con- 
sequences  because  the  zinc  creates  a  concentric 
area  with  a  positive  ion  acting  against  the  rust  and, 
consecuently,  the  fissures  will  not  let  defenceless 
the  surface  since  the  chemical  and  the  ion  effects 
continue  protecting  it. 

So,  it  is  not  surprising  that  the  demand  of  the 
market  results  in  a  production  increasing  and  in  a 
development  of  the  manufacturing  process  in  order 
to  find  higher  efficiency  and  a  better  shape  and 
size  quality. 

STATE  OF  THE  ART 

Fine  powdered  zinc  manufacture  processes  are 
actually  two: 
BY  DESTILLATION,  evaporating  zinc  or  any  zinc 
alloy  in  a  retort,  passing  this  gas  to  a  chamber 
without  oxygen  and  sharply  condensering  it  in  pow- 
der  at  300  °  C.  Condensation  at  higher  tempera- 
tures  -at  about  410°C-  will  result  liquid. 

Zinc  powder  is  collected  in  a  continuous  way 
or  at  intervals  of  time  according  to  the  condenser 
and  furnace  characteristics. 

This  process,  known  since  early  this  century 
and  still  in  use  in  advanced  countries,  has  the 
following  troubles:  energy,  manpower  and  equip- 
ment  high  costs;  low  production;  contaminant  slags 
and  self-combustion  risk.  There  is  no  bibliography 
related  to  it. 

BY  ATOMIZING,  introducing  molten  zinc  and 
air  compressed  at  12  atmospheres  into  an  atom- 
izer. 

The  powdered  zinc  manufactured  in  this  way 
has  irregular  shape  and  size,  a  low  commercial 
value,  and  it  is  only  used  to  manufacture  elec- 
trolityc  zinc  to  precipitate  harmful  ions. 

The  trouble  of  this  process  is  that  it  is  carried 
out  at  low  temperatures  to  avoid  any  ignition  risk 
and  consecuently  the  molten  zinc  particles  ex- 
panded  into  the  air  are  cooled  and  solidified  into 

5  particles  of  big  size  with  irregular  shape. 
In  the  50's,  John  Wiley  &  Sons,  a  New  York 

publishing  house,  published  a  book  called  "NON- 
FERROUS  PRODUCTION  METALLURGY"  by  John 
L.  Bray,  being  published  in  Spain  in  1962  by 

io  Ediciones  Interciencia  calling  it  "Metalurgia  Extrac- 
tiva  de  los  Metales  No  Ferreos".  On  page  153, 
there  is  a  short  paragraph  and  a  diagram  dedicated 
to  the  description  of  this  process  with  compressed 
air.  Recently,  simulating  tests  starting  from  metals 

75  with  very  low  melting  points  have  been  carried  out, 
but  their  data  -related  to  lead,  bismuth  or  tin  at  a 
temperature  of  71  °  C-  are  not  transferable  to  met- 
als  with  higher  melting  points  such  as,  for  example, 
the  zinc  at  400  °C. 

20 
DESCRIPTION  OF  THE  INVENTION 

The  invention  proposes  a  process  starting  from 
the  atomizing  principle,  with  an  inert  gas,  specifi- 

25  cally  the  nitrogen,  and  with  the  zinc  kept  at  a 
temperature  higher  than  the  melting  point.  This 
results  in  a  dispersion  of  Zn  and  N,  with  the  liquid 
particles  having  spherical  shape  due  to  the  effect 
of  the  surface  tension. 

30  The  atomized  is  solidified  in  a  second  area  at 
low  pressure  and  at  a  temperature  below  the  melt- 
ing  point.  The  nitrogene-zinc  mixture  is  cooled  in  a 
third  area  at  a  handling  temperature. 

The  nitrogen  is  separated  from  the  powdered 
35  zinc  and  the  cooled  gas  is  urged  into  a  turbine  at  a 

low  pressure  to  drive  it  in  part  to  the  second  and 
third  areas  and  in  part  to  the  compressor  and  to 
the  heater  to  be  again  delivered  to  the  molten  zinc 
dispersion  area. 

40  When  it  has  been  said  that  the  nitrogen  is 
cooled,  that  is  to  say  that  its  temperature  is 
dropped  below  the  zinc  melting  point  in  such  a  way 
to  be  possible  the  solification  of  the  zinc  dispersed 
in  the  zinc  initial  injection  and  being  later  cooled  to 

45  a  handling  temperature. 
When  the  recovered  nitrogen  is  moved  at  low 

pressure  and  temperature,  a  part  of  it  is  filtrated 
and  re-compressed  to  be  again  used  in  the  initial 
cycle,  in  such  a  way  that  it  could  be  said  that  the 

50  nitrogen  is  always  circulating  in  a  closed-circuit.  By 
the  other  hand,  since  the  process  is  carried  out  in  a 
continuous  and  automatic  facility,  it  has  a  high 
efficiency,  minimum  manpower  costs,  and  there  is 
not  any  aggression  to  the  environment. 

55  One  of  the  most  important  advantages  of  the 
process  of  this  invention  is  the  starting  material. 
The  electrolytic  zinc,  for  example,  is  produced  in 
big  quantities,  avoiding  in  this  way  the  troubles  of 
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other  processes,  such  as  the  destination,  that  uses 
hard  zinc,  which  is  not  so  easy  to  supply,  has  a 
lower  efficiency,  and  also  avoiding  the  production 
of  iron,  copper  or  lead  slags,  harmful  for  the  envi- 
ronment. 

DESCRIPTION  OF  AN  EXAMPLE  OF  PREFERRED 
REALIZATION 

A  zinc  ingot  is  introduced  into  a  melting  fur- 
nace  -induction  resistance  furnace,  graphite  cru- 
cible  furnace,  etc-by  a  tackle  operated  by  a  con- 
stant  advance  reducing  motor  in  order  to  obtain  a 
constant  increase  of  the  molten  zinc  at  500  °  C. 

The  constant  increasing  of  the  molten  zinc 
produces  an  overflow  of  molten  mass  which  is 
driven  by  gravity  towards  an  adjustable  tempera- 
ture  furnace,  similar  to  the  melting  furnace,  which 
increases  the  temperature  just  below  the  zinc  boil- 
ing  point  (910).  This  furnace  is  also  provided  with 
overflow  means  to  drive  the  molten  zinc  to  a 
syphon  keeping  there  the  slags,  keeping  in  this  ay 
a  perfect  isoltation  from  the  environment. 

The  syphon  is  also  provided  with  overflow 
means  concentrically  arranged  around  a  nozzle  de- 
livering  nitrogen  at  a  pressure  between  10  and  40 
atmospheres  and  at  a  temperature  similar  to  that  of 
the  melting  product  (600-800  °C);  the  said  syphon 
is  heat  resistant  and  its  ends  are  provided  with 
three  or  more  tangencial  or  radial  delivering  noz- 
zles  that  disperse  and  divide  the  liquid  mass  into 
little  particles. 

The  atomizing  container  is  provided  with  a  plu- 
rality  of  low  pressure  radial  inyectors  (50-100  m/m 
of  water  column)  which  solidify  the  atomized  at  a 
lower  level,  whilst  in  a  third  area,  at  the  same 
temperature  and  pressure,  the  nitrogen  is  being 
continuously  introduced,  letting  the  zinc  powder  at 
a  handling  temperature. 

It  is  important  for  the  exit  gases  of  the  furnaces 
to  abate  their  temperature  to  an  exchanger  in  order 
to  drive  the  nitrogen  directly,  or  with  termic  assis- 
tance,  to  a  temperature  close  to  the  zinc  boiling 
point. 

It  is  also  importante  to  indicate  -being  this 
fundamental  for  the  development  of  the  invention- 
that  the  nitrogen  inyection  feeding  the  delivering 
nozzle  receives  an  oxygen  contribution  or  atmo- 
sphere  air  in  order  to  produce  a  maximum  of  5%  of 
surface  oxidation  in  the  peruphery  of  the  particles 
to  avoid  the  bond  by  contact  of  the  zinc  liquid 
particles. 

It  is  also  important  to  state  that  in  the  ducts  of 
the  overflow  means  there  is  an  inert  atmosphere, 
such  as  the  nitrogen,  in  order  to  mantain  the  zinc 
product  without  any  enviromental  aggression. 

Once  the  zinc  powder  has  been  cooled,  a 
collector,  which  chamber  forms  a  frame  with  the 

atomizer,  receives  the  solid  particles,  dropping  a 
part  of  them  by  an  exit  aperture  while  the  other 
part  is  drawn  by  a  cyclone  that,  by  centrifugaliza- 
tion,  separates  the  solid  from  the  nitrogen,  passing 

5  this  nitrogen  to  a  cooler  and  from  there  urging  it 
again  by  a  low  pressure  duct  to  a  pipe  that  ramifies 
by  a  part  towards  a  filter,  from  where,  once 
cleaned,  is  compressed,  afterwards  heated  and  fi- 
nally  inyected  again,  while  by  the  other  part  it  is 

io  driven,  once  cooled,  to  the  second  and  third  areas. 

DESCRIPTION  OF  THE  DRAWINGS 

The  figure  of  the  drawings  shows  an  industrial 
is  facility  destined  to  the  manufacture  of  zinc  accord- 

ing  to  the  described  example  of  preferred  realiza- 
tion,  noting  that  the  example  and  the  drawing  have 
only  an  illustrative  character  in  respect  to  the  in- 
vention  and  consecuently  they  do  not  limit  their 

20  practical  application. 
According  to  the  diagram,  a  zinc  ignot  2  is 

introduced  into  the  melting  furnace  1  -graphite  cru- 
cible  furnace,  electrical  induction  or  resistance  fur- 
nace.  The  furnace  has  molten  zinc  at  500  °  C  of 

25  temperature  adding  zinc  nearly  to  its  overflow;  at 
this  moment,  in  a  constant  and  progressive  way, 
the  ingot  2  is  introduced  hung  from  a  chain  3 
operated  by  a  tackle,  a  differential  or  any  other 
operating  device  with  remote  control  and  provided 

30  with  its  own  mechanical  means,  as  for  example  a 
reducing  motor. 

As  the  ingot  2  is  introduced  into  the  furnace  1  , 
the  liquid  (the  molten  zinc)  overflows  by  the  duct  4, 
which  has  inside  an  inert  atmosphere,  towards  the 

35  adjusting  temperature  furnace  5  with  similar 
charactersitics  as  the  furnace  1  but  with  its  operat- 
ing  temperature  higher  than  that  of  furnace  be- 
cause  it  is  increased  just  below  910  °C,  which  is 
the  boiling  temperature  of  the  zinc.  The  adjusting 

40  temperature  furnace  5  is  provided  with  a  duct  6  of 
the  overflow  means  with  an  inside  inert  atmo- 
sphere;  the  duct  6  which  ends  in  a  syphon  7  is 
provided  with  a  chamber  8  for  slag  retention  and 
with  overflow  means  9  for  the  pouring  of  the  zinc 

45  by  a  central  duct  10  where  a  pipe  11  delivers 
nitrogen  coming  from  a  heater  12  which  received 
temperature  from  the  gasses  emited  by  the  fur- 
naces.  These  gasses  act  in  a  heat  exchanger  that 
forms  part  of  the  condenser,  and  once  these  gas- 

50  ses  are  cold  they  are  neutralized  before  their  exit 
to  the  environment.  All  this  part  which  is  com- 
plementary  to  the  process  has  not  been  shown  in 
order  to  simplify  the  diagram  and  to  make  easier 
its  understanding. 

55  It  is  important  to  stand  out  that  the  duct  13, 
which  ends  in  the  pipe  11  of  the  heater  12  that 
receives  nitrogen  at  pressure  coming  from  the 
compressor  14,  incorporates  an  inyector  15  of  air 

3 



5 EP  0  497  074  A1 6 

or  oxygene  from  a  resource  16.  This  contribution  of 
air  or  oxigene  is  fundamental  for  the  development 
of  the  process  as  it  will  be  stated. 

At  the  opening  of  the  central  duct  10  there  are 
delivering  nozzles  17  which  are  radially  or  tangen- 
tially  arranged  and  that  execute  a  disperssion  of 
the  liquid  mass  into  little  particles. 

The  oxigene  or  atmospheric  air  provided  into 
the  duct  13  is  regulated  in  order  to  producto  in  the 
zinc  a  maximum  of  5%  of  oxidation,  an  oxidation 
that  flows  to  the  external  part  of  the  particle  rusting 
it  in  its  surface  in  such  a  way  that  the  particles  of 
zinc  will  not  bond  by  contact. 

Tha  zinc  dropping  by  the  central  duct  of  the 
overflow  means  has  a  temperature  below  the  910 
°  C  and  the  nitrogen  delivered  by  the  pipe  1  1  has  a 
similar  temperature.  Given  that  this  temperature  is 
higher  than  the  melting  temperature,  the  dividing  of 
zinc  forms  particles  that  by  means  of  surface  ten- 
sion  adopts  an  spheryc  shape.  The  temperature 
and  the  inyection  pressure  (10  to  40  atmospheres) 
is  mantained  in  the  inyectors  17  and  the  mass 
divided  in  a  nitrogen  atmosphere  is  cooled  in  a 
second  and  a  third  level  by  low  pressure  inyectors 
18,  for  example  between  50  and  150  mm  of  water 
column.  The  nozzles  18  inyect  nitrogen  at  a  low 
temperature  (the  closest  possible  to  the  environ- 
ment  temperature)  in  such  a  way  that  the  zinc 
powder  is  at  a  handling  temperature. 

The  atomizing  container  or  chamber  19  ends 
into  a  collector  20  with  a  separator  21  and  with  an 
exit  by  gravity  22.  The  lower  part  of  the  chamber 
19,  identified  as  19-A  must  be  considered  as  a 
solidification  chamber  of  the  zinc. 

The  heaviest  zinc  powder  particles,  about  30% 
of  the  total,  drop  by  the  exit  aperture  22  and  the 
rest  -zinc  plus  nitrogen-  is  absorbed  by  a  cyclon  23 
which  by  a  part  expels  the  zinc  powder  by  cen- 
trifugalitation  through  the  exit  24  and  by  the  other 
part  delivers  the  nitrogen  to  a  cooler  25  from  where 
it  is  partially  redelivered  by  a  low  pressure  pipe  26 
(100-300mm  of  water  column)  in  part  to  the  noz- 
zles  18  and  in  part  to  a  filter  27  from  where  it  is 
taken  by  the  compressor  14.  The  advantage  of  the 
invention  is  not  based  in  the  use  of  an  inert  gas  but 
in  the  fact  that  the  dividing  is  done  at  a  limit 
temeprature  just  below  the  boiling  temperature,  and 
this  principle  is  valid  for  any  other  metal  or  for  any 
zinc  alloy. 

Another  advantage  of  the  invention  is  the  par- 
tial  oxidation  of  the  divided  particle,  avoiding  them 
to  bond  each  to  the  other,  being  this  a  guaranty  of 
the  success  of  the  process  and  the  particle  size 
between  1  .5  and  5.5  microns. 

And  another  advantage  of  the  invention  in  the 
fast  cooling  of  the  particles  once  they  are  perfectly 
sphecycally  formed. 

Claims 

1.  A  process  to  manufacture  powdered  zinc,  that 
being  of  the  atomized  type  and  using  an  inert 

5  gas  to  impel  and  to  divide,  is  characterized  in 
that  the  zinc  is  kept  during  the  fractionation  at 
a  limit  temeprature  below  the  boiling  tempera- 
ture  and  in  the  inert  gas  it  is  inyected  an 
oxidant  gas  in  controlled  measurements  to  pro- 

io  duce  a  5%  maximum  surface  oxidation  in  the 
powder  particles,  being  the  inert  gas  at  a  tem- 
perature  the  closest  possible  to  the  molten 
zinc  and  being  cooled  after  the  formation  of 
the  particles  that  acquire  a  spheryc  shape  due 

is  to  the  surface  tension. 

2.  A  procees  claimed  as  the  previous  claim,  char- 
acterized  in  that,  at  the  exit  of  the  duct  where 
the  zinc  is  urged  with  the  nitrogen  +  oxidant, 

20  there  are  inyectors-fractioners  of  the  zinc-nitro- 
gen  mixture  with  a  temperature  and  pressure 
similar  to  those  of  the  nitrogen  urging  the  zinc, 
being  this  temperature  close  to  the  limit  below 
the  boiling  temperature  during  the  time  of  frac- 

25  tionating  of  the  zinc,  being  the  zinc  powder 
formed  by  the  inyection  at  low  pressure  cooled 
at  a  handling  temperature  with  cold  nitrogen  in 
one  or  two  steps. 
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