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The  present  invention  relates  to  a  method  of 
acid  pickling  metallic  material  having  an  iron 
content  of  at  least  about  80  per  cent  by  weight, 
while  simultaneously  inhibiting  exposed  metal 
surfaces  against  acid  attack.  The  invention  also 
relates  to  a  pickling  composition  for  carrying  out 
the  method  containing  phosphoric  acid  and  one 
or  both  of  the  mineral  acids  hydrochloric  acid 
and  sulphuric  acid  and  having  a  total  acid  con- 
centration  0 .5 -2   mol/I. 

Iron  and  steel  works  and  manufacturing  in- 
dustries  use  acid  pickling  processes  in  the  sur- 
face  treatment  of  articles  of  iron,  steel  and  other 
iron  alloys.  In  the  steel  industry,  pickling  is  pri- 
marily  carried  out  to  remove  scale  and  other 
oxide  and  hydroxide  layers  which  have  formed 
on  the  metal  surfaces  of  the  articles  during  pro- 
duction.  These  layers  are  formed  primarily  when 
the  articles  are  treated  thermally,  e.g.  when  an- 
nealed  and  subsequently  rolled. 

In  the  manufacturing  industry,  pickling  pro- 
cesses  are  applied  for  the  purpose  of  removing 
rust  and  other  impurities  from  the  surface  of  the 
material.  Rust  is  formed  during  the  transpor- 
tation,  storage  and  handling  of  the  metal 
articles,  these  articles  comprising  finished 
goods  from  the  steel  industry  or  intermediate 
products  from  other  metal  working  industries, 
e.g.  from  sub-contractors.  The  impurities  origi- 
nate  from  the  same  sources  and  may  comprise, 
for  instance,  welding,  soldering  or  brazing 
residues  and  handprint,  although  they  may  also 
be  in  the  form  of  oil  coatings  and  the  like  from 
processing  operations  or  oil  which  has  been 
purposely  applied  to  protect  the  material 
against  corrosion. 

In  the  steel  industry  the  acid  solution  used  to 
pickle  non-alloyed  steels  or  low-alloy  steels 
(carbon  steel)  is  mostly  a  sulphuric  acid  solution 
or  a  hydrochloric  acid  solution.  When  pickling 
stainless  steel  and  other  difficultly  worked 
grades  of  material,  the  acid  solution  used  is 
mostly  a  nitric  acid  solution  or  a  hydrofluoric 
acid  solution,  or  a  mixture  of  these  two  acids. 

The  acid  used  for  pickling  purposes  in  the 
manufacturing  industry  is  predominantly  sul- 
phuric  acid,  although  hydrochloric  acid,  nitric 
acid  and  hydrofluoric  acid  may  also  be  used 
when  considered  an  advantage  in  view  of  pre- 
vailing  circumstances. 

Although  in  principle  phosphoric  acid  can  be 
considered  equivalent  to  sulphuric  acid  and 
hydrochloric  acid  when  pickling  steel,  it  has  a 
limited  use  because  of  longer  pickling  times  and 
higher  costs,  since  it  is  necessary  to  provide 
some  form  of  regeneration  equipment  if  the  pro- 
cess  is  to  be  economically  viable. 

Phosphating  -   a  chemical  pre-treatment 
process  in  which  there  is  preferably  used 
solutions  whose  major  component  is  either  iron 
phosphate  or  zinc  phosphate  -   is  often  used, 
however,  to  obtain  a  short  time  corrosion  pro- 
tection  prior  to  finally  treating  an  article,  and  to 

provide  better  adhesion  surfaces  for  paints  and 
varnishes  applied  to  the  article,  thereby  to  im- 
prove  the  anti-rust  properties  of  the  finished 
surfaces. 

When  pickling  articles  of  non-alloyed  or  low- 
alloyed  steel  which  are  heavily  coated  with 
scale,  the  scale  is  first  partially  dissolved  while 
the  major  part  is  removed  mechanically,  by  the 
generation  of  hydrogen  gas  in  the  pores  and 
cavities  of  the  scale.  Subsequent  to  this  re- 
moval  of  the  scale,  the  exposed  surfaces  of  the 
base  metal  of  the  article  will  be  attacked  by  the 
acid,  and  if  the  pickling  process  is  not  stopped 
at  just  the  right  time  excessive  material  will  be 
lost  without  any  advantage  being  gained. 

The  following  values  of  acid  concentration 
and  bath  temperature  are  normal  in  conven- 
tional  pickling  processes 

Corresponding  conditions  when  using  phos- 
phoric  acid  -   which  is  seldom  used  on  a  tech- 
nical  scale,  however  -   are  0 .5 -3   mol/I  sol- 
ution  and  2 0 - 9 0 ° C .  

To  obtain  complete  removal  of  scale  in  rolling 
mills,  a  pickling  time  of  about  one  minute  is  nor- 
mally  required. 

In  the  case  of  pickling  processes  for  the  re- 
moval  of  rust,  the  rust  and  other  impurities  are 
progressively  dissolved  on  the  surface  of  the 
steel,  and  the  conditions  required  are  slightly 
different  to  those  required  when  de-scaling. 
Normal  concentrations  and  temperatures  are 
shown  in  the  following  table. 

The  pickling  time  for  removing  rust  is  nor- 
mally  from  5  to  20  minutes. 

A  common  feature  of  all  pickling  processes, 
however,  is  that  as  soon  as  the  base  metal  is  ex- 
posed,  it  is  attacked  by  the  acid  and  dissolves, 
resulting  in  an  unnecessary  loss  of  metal.  To 
avoid  this  there  is  normally  added  an  organic  in- 
hibitor,  which  is  adsorbed  on  the  exposed  sur- 
faces  of  the  metal  to  block  the  same,  thereby 
protecting  said  surfaces  against  acid  attack. 

As  beforementioned,  phorphoric'  acid  is  sel- 



dom  used  in  pickling  solution  on  a  technical 
commercial  scale,  because  of  the  aforesaid 
reasons.  It  has  been  proposed,  however,  to  use 
phosphoric  acid  primarily  for  special  pickling 
processes,  for  intensified  pickling  processes  and 
for  pickling  special  metals,  where  the  disadvan- 
tages  associated  with  the  use  of  phosphoric 
acid  as  a  pickling  agent  can  be  accepted  in  view 
of  the  special  application.  Thus,  S U - A -  
152603  teaches  the  use  of  an  acid  pickling 
solution  comprising  a  mixture  of  phosphoric 
acid  and  hydrochloric  acid  for  the  precision- 
pickling  of  iron  metals,  whereat  the  phosphoric 
acid  content  is  50  per  cent  by  weight  or  more  of 
the  total  acid  content.  It  is  proposed  to  recover 
the  phosphoric  acid  content  with  the  use  of  ion- 
exchanging  resins,  which  is,  of  course,  a  very 
expensive  method. 

U S - A - 1   279 331  (Gravell)  suggests  the 
use  of  a  mixture  of  phosphoric  acid  and  sul- 
phuric  acid  when  pickling  iron  and  steel.  In  this 
case,  the  phosphoric  acid  content  is  more  than 
50  mole  per  cent  by  weight  of  the  total  acid 
content.  The  stated  purpose  of  the  phosphoric 
acid  addition  is  to  avoid  subsequent  attack  by 
rust.  The  F R - A - 2 2 0 8 0 0 6   also  proposes  a 
pickling  solution  containing  phosphoric  acid  to- 
gether  with  hydrochloric  acid  and  sulphuric 
acid,  whereat  contents  of  1 - 9 9   mole  per  cent 
by  weight  phosphoric  acid,  5 - 9 9   mole  per 
cent  by  weight  sulphuric  acid,  and  5 - 9 9   mole 
per  cent  by  weight  hydrochloric  acid  are 
proposed  as  a  pickling  agent  for  stainless  steel, 
and  particularly  as  an  agent  to  passivate  such 
steels.  Also  J P - A -   No.  5 3 - 1 3 8 9 2 8   dis- 
closes  stainless  steel  pickling  compositions  con- 
taining  phosphoric  acid. 

The  admixture  of  minor  quantities  of  phos- 
phoric  acid  with  pure  or  mixed  concentrated 
mineral  acids,  such  as  sulphuric  acid,  hydro- 
chloric  acid  and  nitric  acid,  has  also  been  pro- 
posed.  The  phosphoric  acid  is  said  to  have  a 
passivating  effect  on  the  acid,  and  its  use  is  pro- 
posed  in  connection  with  acids  which  remain  in 
contact  with  metal  surfaces  over  very  long 
periods  of  time.  The  method  can  be  considered 
as  a  phosphating  method  in  situ.  In  a  method  for 
pickling  soft  carbon  steel,  it  is  proposed  in 
DE-B-1 169251  that  the  steel  is  treated  with 
a  solution  containing  sulphuric  acid  and/or 
phosphoric  acid  and  hydrogen  peroxide.  The 
phosphoric  acid  content  is  said  to  be  8 0 - 9 5  
per  cent  by  weight  of  the  total  acid  content. 

Phosphoric  acid  additions  as  pickling  agents 
are  also  proposed  in  G B - A - 8 5 4 5 8 8 ,   where- 
at  the  pickling  agent,  which  may  be  in  liquid  or 
paste  form,  also  includes  sulphuric  acid,  hydro- 
chloric  acid,  oxalic  acid  or  an  oxalic  acid  salt,  a 
chromium  salt  and  a  wetting  agent.  The  method 
is  considered  particularly  suitable  for  cleaning 
metal  surfaces  which  are  to  be  painted.  In  such 
applications  factors  concerning  pickling  times 
and  the  dissolving  of  metals  are  not  important 
and  have  not  been  discussed  in  the  publication. 

According  to  D E - B - 1 1 8 5 0 3 7 ,   the  use  of 

a  phosphoric  acid  pickling  bath  provides  no  sig- 
nificant  phosphating  effect  on  the  surfaces  of 
the  metal  being  treated,  due  to  the  high  con- 
tent  of  free  acid  required  for  the  pickling  pro- 
cess.  It  is  also  maintained  that  phosphating 
methods  or  anti-rust  methods  using  phosphoric 
acid  and/or  phosphate  baths  cannot  be  used  for 
pickling  purposes,  because  of  the  small  content 
of  free  acid  in  the  bath.  To  improve  these  con- 
ditions,  the  said  publication  proposes  that  one 
or  more  borophosphoric  acid  compounds  be 
added  to  the  bath.  An  addition  of  0 - 6 0   per 
cent  by  volume  phosphoric  acid  to  hydrochloric 
acid  for  chemically  polishing  stainless  steel  is 
proposed  in  GB-A-1 140856.   In  U S - A -  
2  337  062,  which  relates  to  the  chemical  treat- 
ment  of  metals  and  in  particular  of  stainless 
steel,  there  is  proposed  a  pickling  solution  con- 
taining  a  mixture  of  sulphuric  acid,  nitric  acid 
and  hydrofluoric  acid,  whereat  it  is  mentioned 
that  phosphoric  acid  can  replace  the  sulphuric 
acid,  either  in  full  or  in  part,  with  only  a  "slight 
worsening  effect"  on  the  effectiveness  of  the 
solution.  According  to  another  method  pro- 
posed  in  U S - A - 3   438  799  there  is  used  a 
pickling  solution  containing  a  mineral  acid  mix- 
ture  having  a  phosphoric  acid  content  which  is 
approximately  three  times  as  large  as  the  hydro- 
chloric  acid  content  calculated  in  mole  per  cent. 

Certain  specific  mixtures  of  phosphoric  acid 
and  hydrochloric  acid  are  suggested  by 
U S - A - 2   559  445  (Lotz)  in  order  to  avoid  pit- 
ting  when  scale  pickling  steel.  Lotz,  however, 
discloses  use  of  a  relative  high  content  of  phos- 
phoric  acid  for  obtaining  optimal  results,  i.e.  20 
per  cent  by  volume  of  an  85  per  cent  by  weight 
acid  in  the  mixture. 

According  to  F R - A - 1 2 3 6 2 6 8   a  mixture  of 
hydrochloric  acid,  phosphoric  acid  and  sodium 
borate  can  be  used  for  rapidly  pickling  iron 
metals.  The  pickling  time,  however,  is  relatively 
long  and  the  phosphoric  acid  addition  relatively 
high.  In  C H - A - 1 3 4 6 3 2   it  has  also  been  pro- 
posed  to  use  phosphoric  acid  as  a  pickling  agent 
at  elevated  temperatures  and  pressures,  in  order 
to  achieve  satisfactory  pickling  times  and  re- 
sults.  Thus,  the  use  of  phosphoric  acid  as  a  pick- 
ling  agent,  either  alone  or  in  combination  with 
other  pickling  acids,  is  well  known  to  the  art.  It 
will  be  noted  however,  that  in  all  cases  the  acid 
has  been  used  despite  those  problems  which  it 
can  cause.  Thus,  the  use  of  phosphoric  acid  as  a 
pickling  agent  can  be  considered  known  in  ex- 
treme  cases  as  an  extreme  measure,  where  ex- 
treme  requirements  are  placed  on  the  appear- 
ance  of  the  surfaces  of  a  workpiece  subsequent 
to  pickling  and  treating  the  same,  and  where  a 
residual  protective  surface  is  required  (phos- 
phating  effect). 

Afanasev  and  Malaysheva  (J.  Appl.  Chem. 
USSR  Vol.  37  No. 4  (1964)  p.  9 0 3 - 9 0 8   and 
Vol.  41  No. 3  (1968)  p.  5 2 3 - 5 2 7   and  Chem. 
Abstracts  Vol.  67  (1967)  p.  7 3 8 5 - 8   and  Vol. 
65  (1966)  Abstr.  No.  10218e)  have  investi- 
gated  acid  mixtures  of  two  and  three  com- 



ponents  containing  phosphoric  acid  for  formu- 
lating  an  acid  pickling  paste.  The  optional  total 
acid  concentration  was  found  to  be  above  5 
mol/I,  that  is  for  more  than  would  be  actual  for 
acid  pickling  solutions. 

When  carrying  out  a  pickling  operation  in 
practice,  it  is  important  that  the  correct  pickling 
time  is  chosen.  If  the  time  chosen  is  too  short, 
the  result  may  be  an  incompletely  cleansed  sur- 
face,  which  may  provide  a  product  of  poorer 
quality  and  render  the  surface  more  liable  to 
corrosion  later  on.  When  the  pickling  time 
chosen  is,  on  the  other  hand,  too  long,  the 
amount  of  acid  and  steel  consumed  is  greater 
than  necessary.  Moreover,  in  this  latter  case  the 
structure  of  the  steel  surfaces  becomes  coarser, 
the  useful  lifetime  of  the  bath  decreases,  and 
the  load  on  the  surroundings  resulting  from  the 
vapours  given  off  from  the  bath  increases. 

Thus,  it  would  be  an  advantage  if  the  pick- 
ling  process  could  be  made  less  sensitive  to 
variations  in  pickling  times.  By  controlling  the 
process,  it  would  be  possible  to  utilize  the  acid 
more  effectively,  to  reduce  the  energy  con- 
sumed,  to  produce  a  product  of  more  uniform 
quality,  and  to  reduce  the  number  of  interrup- 
tions  in  production  caused  by  bath  changes. 

When  pickling  articles  in  sulphuric  acid,  and 
also  in  other  mineral  acids,  the  pickling  process 
can  be  divided  into  two  stages.  In  the  first  stage, 
a  major  part  of  the  scale  present  on  the  sur- 
faces  of  the  articles  is  quickly  dissolved.  The  re- 
mainder  of  the  scale  is  dissolved  in  the  second 
stage,  while  the  dominating  part  of  the  process 
is  an  attack  on  the  cleansed  metal  surfaces  ex- 
posed  by  the  removal  of  the  scale. 

The  two  stages  in  the  pickling  process  can  be 
separated  specifically,  if  the  decrease  in  weight 
per  unit  of  time  is  determined  as  a  function  of 
the  pickling  time.  During  the  second  stage,  it  is 
also  possible  to  observe  the  generation  of 
hydrogen  gas  in  a  quantity  corresponding  to  the 
amount  of  pure  metal  dissolved. 

It  is  well  known  to  one  skilled  in  this  art  that 
pickling  is  effected  more  rapidly  if  there  is  al- 
ready  a  quantity  of  iron(II)  ions  present  in  the 
bath  when  the  pickling  process  is  started.  Thus, 
the  presence  of  Fe2+  ions  increases  the  rate  of 
dissolution  of  both  the  scale  and  the  pure  metal. 

When  pickling  an  article  in  hydrochloric  acid, 
it  is  not  possible  to  work  with  as  high  tempera- 
tures  as  when  sulphuric  acid  is  used,  since  the 
partial  pressure  of  hydrogen  chloride  gas  in  air 
above  the  surface  of  the  bath  is  high,  which  re- 
sults  in  the  removal  of  vapours,  which  is  both 
expensive  and  troublesome  to  the  working  en- 
vironment.  Moreover,  equipment  and  apparatus 
in  the  vicinity  of  the  bath  are  subjected  to 
damage  by  corrosion. 

In  practice,  pickling  processes  using  hydro- 
chloric  acid  are  effected  at  lower  temperatures 
than  those  using  sulphuric  acid.  Under  com- 
parable  conditions,  scale  and  pure  metal  are  dis- 
solved  more  rapidly  than  in  sulphuric  acid.  The 
pickling  rate  in  a  hydrochloric  bath  is  very  high, 

especially  when  Fe2+  ions  are  already  found  in 
the  bath  at  the  commencement  of  the  process. 

One  great  difficulty  in  acid  pickling  pro- 
cesses,  particularly  when  using  hydrochloric 
acid,  is  to  control  the  process  in  a  manner  such 
as  to  keep  the  amount  of  material  lost  through 
acid  attack  on  the  exposed  metal  surfaces  low. 
A  further  difficulty  is  that  caused  by  the  hydro- 
gen  gas  generated  as  the  metal  is  dissolved. 
Among  other  things,  this  formation  of  hydro- 
gen  gas  causes  small  droplets  of  liquid  from  the 
bath  to  fly  around  in  the  surroundings. 

As  beforementioned,  it  has  been  suggested 
to  reduce  the  acid  attack  on  the  pure  metal  sur- 
faces,  by  using  an  organic  inhibitor.  It  is  how- 
ever  very  doubtful  whether  such  inhibitors  are 
effective  in  the  way  as  has  been  suggested  and 
it  is  in  practice  almost  impossible  to  control  the 
pickling  process  in  this  way.  Consequently,  in 
the  majority  of  cases  there  is  chosen  in  practice 
longer  pickling  times  and  excessive  pickling, 
whereat  it  is  impossible  to  avoid  metal  losses, 
with  subsequent  difficulties  in  recovery  and 
deposition. 

As  when  pickling  in  hydrochloric  acid  or  sul- 
phuric  acid,  the  pickling  process  when  using 
phosphoric  acid  can  be  separated  into  two  dis- 
tinct  stages.  Dissolution  of  the  major  part  of  the 
scale  takes  place  more  slowly  than  in  sulphuric 
acid,  even  though  the  process  is  carried  out  at 
high  temperatures. 

The  said  second  stage  of  the  process  is  also 
effected  much  more  slowly  in  phosphoric  acid, 
which  can  be  attributed  to  the  formation  of  iron 
phosphate  on  the  exposed  metal  surfaces. 
Phosphoric  acid  differs  advantageously  from 
both  sulphuric  acid  and  hydrochloric  acid  in  this 
way. 

A  prime  object  of  the  present  invention  is  to 
provide  a  method  of  overcoming  the  aforemen- 
tioned  disadvantages  while  substantially  fulfill- 
ing  the  aforeindicated  desiderata.  It  has  been 
found  possible  to  achieve  this  object  by  using  a 
pickling  bath  comprising  novel,  specific  combi- 
nations  of  pickling  acids. 

Another  object  of  the  invention  is  to  provide 
a  method  in  which  the  oxide  layer,  in  the  form  of 
scale  on  rust,  partially  or  completely  covering 
the  surfaces  of  the  article,  is  rapidly  dissolved. 

A  further  object  of  the  invention  is  to  reduce 
the  extent  to  which  metal  is  undesirably  dis- 
solved  with  extensive  pickling  times.  This  can  be 
achieved  by  blocking  the  pure  metal  surfaces 
against  the  attack  of  hydrogen  ions  in  the  acid 
solution. 

Yet  another  object  is  to  facilitate  further  sur- 
face  treatment  of  the  articles  in  conjunction 
with  the  pickling  process,  so  that  said  surfaces 
can,  for  example,  be  pre-treated  before  apply- 
ing  thereto,  e.g.  a  coating  of  paint  or  varnish,  or 
some  other  layer  forming  organic  substance. 

It  has  now  been  surprisingly  found  that  the 
aforementioned  objects  can  be  realized  in  an  ef- 
ficient  and  simple  manner,  whereat  there  is  thus 
obtained  a  combined  rapid  dissolution  of  the 



scale  and  slow  attack  on  exposed  metal  sur- 
faces,  by  applying  the  present  invention,  which 
relates  to  a  method  and  an  improved  pickling 
agent  for  pickling  articles  of  iron  and  iron  alloys 
of  before  mentioned  kind.  Thus,  the  method  of 
the  invention  is  characterized  in  that  said  ma- 
terial  is  brought  into  contact  with  an  aqueous 
solution  containing  phosphoric  acid  and  one  or 
both  of  the  mineral  acids  hydrochloric  acid  and 
sulphuric  acid,  whereat  the  amount  of  phos- 
phoric  acid  in  the  solution  is  adjusted  to  at  least 
0.1  mol/I  and  at  most  1  mol/I,  and  the  total  acid 
concentration  is  0 . 5 - 2   mol/I.  The  agent  for 
carrying  out  the  method  is  characterized  in  that 
it  includes,  as  an  inhibitor,  phosphoric  acid  in  an 
amount  of  at  least  0.01  mol/I  and  at  most  1 
mol/I. 

The  lower  limit  for  the  phosphoric  acid  con- 
tent  in  the  pickling  solution  is  0.01  mol/I.  If  the 
content  is  not  maintained  in  the  solution  a  sub- 
stantial  greater  attack  on  the  base  metal  will 
occur,  which  is  not  desirable.  When  the  phos- 
phoric  acid  content  exceeds  1  mol/I  the  scale 
dissolution  on  the  other  hand  will  be  so  slow 
that  the  pickling  time  would  have  to  be  ex- 
tended  to  an  essential  extent.  This  will  de- 
crease  the  pickling  capacity  and  thus  also  the 
pickling  economy.  It  is  also  essential  in  the 
method  that  the  total  acid  concentration  is  con- 
trolled  to  be  within  the  range  of  0 . 5 - 2   mol/I.  A 
lower  total  acid  concentration  will  also  give  un- 
acceptable  long  pickling  times  which  results  in 
serious  disadvantages  of  beforementioned  type. 
On  the  other  hand  acid  concentrations  above  4 
mol/I  are  not  particularly  interesting,  since  the 
pickling  operation  will  be  difficult  to  control 
owing  to  the  fact  that  too  rapid  reactions  will 
occur.  Additionally,  the  consumption  of  acid  will 
be  unacceptably  high  unless  an  expensive  acid 
regenerating  operation  is  introduced. 

Thus,  when  pickling  an  article  in  a  mixture  of 
sulphuric  acid  and  phosphoric  acid,  the  major 
part  of  the  scale  is  dissolved  at  approximately 
the  same  rate  as  when  pickling  in  solely  sul- 
phuric  acid,  whereat  the  percentage  of  phos- 
phoric  acid  is  below  20  mole  per  cent  of  the 
total  acid  present.  When  the  amount  of  phos- 
phoric  acid  added  exceeds  this  value,  the  pick- 
ling  rate,  and  thus  also  the  pickling  effect  of  the 
solution,  is  successively  decreased. 

The  addition  of  phosphoric  acid  to  the  sul- 
phuric  acid  inhibits  the  ability  of  the  sulphuric 
acid  to  dissolve  metal.  This  inhibiting  effect  in- 
creases  successively  with  increasing  amounts  of 
phosphoric  acid,  up  to  an  amount  of  20  mole 
per  cent  of  the  total  amount  of  acid  present,  at 
which  level  said  inhibition  would  appear  to  be 
complete.  In  practice,  this  inhibition  is  ob- 
served  by  the  fact  that  the  amount  of  hydrogen 
gas  generated  decreases.  Thus,  when  using 
additions  of  phosphoric  acid,  only  very  small 
amounts  of  hydrogen  gas  are  generated  as 
compared  with  the  use  of  pure  sulphuric  acid, 
where  the  generation  of  hydrogen  gas  is  very 
high. 

When  pickling  in  a  mixture  of  hydrochloric 
acid  and  phosphoric  acid,  the  conditions  are 
similar  to  those  when  pickling  in  a  mixture  of 
sulphuric  acid  and  phosphoric  acid.  The  scale  is 
dissolved  very  rapidly,  when  the  phosphoric  acid 
concentration  is  between  5  and  25  mole  per 
cent  of  the  total  acid  present.  The  pickling  rate 
decreases  successively  with  an  increase  of  the 
phosphoric  acid  content  above  this  range.  In- 
hibition  also  begins  immediately  in  the  case  of 
hydrochloric  acid,  when  minor  quantities  of 
phosphoric  acid  are  present,  and  increases  suc- 
cessively  until  a  phosphoric  acid  content  of 
about  10  mole  per  cent  of  the  total  amount  of 
acid  present  is  reached.  The  presence  of  iron(II) 
ions  in  the  pickling  agent  has  a  positive  action 
on  the  inhibiting  effect  of  phosphoric  acid.  Thus, 
when  iron(II)  ions  are  present,  less  phosphoric 
acid  is  required  to  achieve  the  same  inhibiting 
effect  as  that  achieved  in  the  absence  of  said 
ions. 

The  invention  will  now  be  further  illustrated 
with  reference  to  a  number  of  examples  and 
with  reference  to  the  accompanying  drawings, 
which  illustrate  the  pickling  of  articles  using  the 
novel  pickling  agent  of  the  invention  and  known 
pickling  agents.  Throughout  the  examples  and 
drawings  M  has  been  used  for  designating  mole 
per  litre  (mol/I). 

Example  1 
In  one  experiment,  three  parallel  pickling 

tests  were  carried  out,  by  immersing  sheets  of 
carbon  steel  covered  with  scale  in  aqueous 
solutions  which  in  the  first  test  contained  2.0  M 
sulphuric  acid,  in  the  second  test  2.0  M  phos- 
phoric  acid,  and  in  the  third  test  0.4  M  phos- 
phoric  acid  and  1.6  M  sulphuric  acid.  Different 
sample  pieces  were  pickled  for  differing  lengths 
of  time,  thereby  enabling  the  decrease  in  weight 
to  be  studied  as  a  function  of  time.  The  experi- 
ment  was  carried  out  at  a  temperature  of  70°C. 
The  result  is  shown  in  Figure  1,  from  which  it 
can  be  seen  that  the  acid  mixture,  similar  to  the 
pure  sulphuric  acid,  rapidly  dissolved  the  scale, 
but  -   similar  to  the  pure  phosphoric  acid  -  
with  considerably  less  dissolution  of  the  base 
material. 

Example  2 
In  another  experiment  three  parallel  pickling 

tests  were  carried  out  in  a  manner  similar  to 
that  recited  in  Example  1,  but  with  the  excep- 
tion  that  there  was  added  iron(II)  sulphate  such 
that  the  concentration  of  Fell  ions  at  the  be- 
ginning  of  the  pickling  process  was  35  g/I.  The 
result  is  illustrated  in  Figure  2,  which  shows  that 
the  scale  was  dissolved  by  the  acid  mixture  as 
rapid  as  by  the  pure  sulphuric  acid.  Similar  to 
the  phosphoric  acid,  however,  much  less  base 
material  was  dissolved  by  the  acid  mixture. 

Example  3 
In  a  similar  experiment,  a  series  of  parallel 

pickling  tests  were  carried  out  in  aqueous 



solutions  containing  mixtures  of  sulphuric  acid 
and  phosphoric  acid  of  varying  composition, 
having  a  total  acid  content  of  2  M.  All  tests 
were  made  at  a  temperature  of  70°C.  The  rate 
at  which  the  scale  and  metal  dissolved  was 
measured  during  the  tests. 

The  results,  which  are  given  in  the  table 
below  and  which  are  illustrated  by  Figure  3, 
show  that  the  rate  at  which  scale  is  dissolved 
remains  unchanged  when  the  phosphoric  acid  is 
increased  from  0  to  0.4  M,  which  corresponds 
to  20  mole  percent  of  the  total  acid  present,  but 
decreases  when  the  increase  exceeds  this 
range.  The  rate  at  which  metal  is  dissolved  is 
low  and  remains  unchanged  when  the  phos- 
phoric  acid  content  is  at  least  0.4  M,  i.e.  20 
mole  per  cent  of  the  total  acid  present.  The  rate 
at  which  the  metal  dissolves  increases,  how- 
ever,  when  the  phosphoric  acid  content  falls 
below  this  value. 

Example  4 
In  a  similar  experiment  a  series  of  parallel 

pickling  tests  were  carried  out  in  a  manner  simi- 
lar  to  Example  3,  but  with  an  addition  of  iron(II) 
sulphate  such  that  the  concentration  of  Fe2+ 
ions  at  the  commencement  of  the  pickling 
period  was  35  g/I.  The  rate  at  which  scale  and 
metal  were  dissolved  was  measured  in  the 
tests.  The  results  are  given  in  the  table  below 
and  illustrated  by  Figure  4. 

The  results  from  this  experiment  show  that 
the  presence  of  iron(II)  ions  affects  the  dis- 
solution  rate  of  the  metal  as  a  function  of  mole 
percent  phosphoric  acid,  such  that  a  smaller 
quantity  of  phosphoric  acid  is  required  for  the 
same  inhibiting  effect  as  in  the  case  when  no 
iron(II)  ions  are  present.  Thus,  the  amount  of 
phosphoric  acid  required  to  achieve  maximum 
inhibition  of  the  dissolution  of  the  metal  is  only 
about  5 - 1 0   mole  per  cent.  It  is  also  evident 
that  a  phosphoric  acid  content  above  0.01  M 
must  be  present  to  achieve  required  low  metal 
dissolving  rate. 

Example  5 
In  a  similar  experiment,  three  parallel  tests 

were  carried  out  in  aqueous  solutions  contain- 
ing  in  the  first  test  2.0  M  hydrochloric  acid;  in 
the  second  test  2.0  M  phosphoric  acid;  and  in 
the  third  test  a  mixture  of  0.2  M  phosphoric  acid 
and  1.8  M  hydrochloric  acid.  Each  of  the  tests 
was  carried  out  at  a  temperature  of  70°C.  The 
result  is  illustrated  by  Figure  5,  which  shows 
that  the  acid  mixture,  similar  to  the  pure  hydro- 
chloric  acid  caused  the  scale  to  dissolve  rapidly, 
but  that,  as  with  the  pure  phosphoric  acid,  far 
less  base  material  was  dissolved. 



Example 6 
In  a  similar  experiment,  a  series  of  parallel 

pickling  tests  were  conducted  in  aqueous 
solutions  containing  mixtures  of  hydrochloric 
acid  and  phosphoric  acid  of  varying  compo- 
sition  but  all  having  a  total  acid  content  of  2  M. 
All  the  tests  were  carried  out  at  a  temperature 
of  70°C.  The  rate  at  which  scale  and  metal 
were  dissolved  was  measured  in  the  tests.  The 
result  is  given  in  the  following  table,  which 
shows  that  the  rate  at  which  scale  is  dissolved 
depends  upon  the  amount  of  phosphoric  acid 
present.  When  the  phosphoric  acid  content, 
however,  lies  between  0  and  0.5  M,  corre- 
sponding  to  between  0  and  25  mole  per  cent  of 
the  total  acid  present,  the  rate  of  dissolution  is 
of  the  same  order  as  that  obtained  with  2  M  sul- 
phuric  acid  at  the  same  temperature.  A  further 
increase  will  decrease  the  rate  of  dissolution. 
The  rate  at  which  the  metal  is  dissolved  is  low 
and  remains  unchanged  when  the  phosphoric 
acid  content  is  at  least  0.2  M,  corresponding  to 
10  mole  per  cent  of  the  total  acid  present. 
When  the  phosphoric  acid  content  falls  below 
this  level,  the  rate  at  which  the  metal  dissolves 
increases. 

1.  A  method  of  acid  pickling  metallic  ma- 
terials  having  an  iron  content  of  at  least  about 
80  per  cent  by  weight  while  simultaneously  in- 
hibiting  exposed  metal  surfaces  against  dis- 
solution  by  acid  attack,  characterized  in  that 
said  material  is  brought  into  contact  with  an 
aqueous  solution  containing  phosphoric  acid 
and  one  or  both  of  the  mineral  acids  hydro- 
chloric  acid  and  sulphuric  acid,  whereby  the 
amount  of  phosphoric  acid  in  a  phosphoric  acid- 
hydrochloric  acid  system  is  0.01  mol/I  to  0.5 
mol/I  and  is  between  5  and  25  mole  per  cent  of 
the  total  acid  present,  and  the  amount  of  phos- 
phoric  acid  in  a  phosphoric  acid-sulphuric  acid 
system  is  0.01  mol/I  to  0.5  mol/I  and  is  up  to 
20  mole  per  cent  of  the  total  acid  present, 
whereby  the  total  acid  concentration  is  0 . 5 - 2  
mol/I. 

2.  A  pickling  agent  for  carrying  out  the 
method  according  to  claim  1,  including  one  or 
both  of  the  mineral  acids  hydrochloric  acid  and 
sulphuric  acid  and  having  a  total  acid  concen- 
tration  of  about  0 . 5 -2   mol/I,  characterized  in 
that  the  pickling  agent  includes,  as  an  inhibitor, 
phosphoric  acid  in  an  amount  of  at  least  0.01 
mol/I  to  0.5  mol/I,  whereby  in  a  phosphoric 
acid-hydrochloric  acid  system  the  phosphoric 
acid  is  between  5  and  25  mole  per  cent  of  the 
total  acid  concentration  present,  and  whereby  in 
a  phosphoric  acid-sulphuric  acid  system  the 
phosphoric  acid  is  up  to  20  mole  per  cent  of  the 
total  acid  concentration. 

3.  A  pickling  agent  according  to  claim  2, 
characterized  in  that  it  also  contains  iron(II) 
ions. 

1.  Verfahren  zum  Säurebeizen  metallischer 
Materialien  mit  einem  Eisengehalt  von  wenig- 
stens  etwa  80  Gewichts-%  unter  gleichzeiti- 
gem  Schutz  der  dem  Säureangriff  ausgesetzten 
Metalloberflächen  gegen  Auflösung,  dadurch 
gekennzeichnet,  daß  das  Material  in  Berührung 
mit  einer  wäßrigen  Lösung  gebracht  wird,  die 
Phosphorsäure  und  eine  oder  beide  der  Mineral- 
säuren  Chlorwasserstoffsäure  und  Schwefel- 
säure  enthält,  wobei  die  Phosphorsäuremenge 
in  einem  Phosphorsäure-Chlorwasserstoff- 
säure-System  0,01  Mol/l  bis  0,5  Mol/I  ist  und 
zwischen  5  und  25  Mol-%  der  gesamten  vor- 
handenen  Säure  liegt  und  die  Phosphorsäure- 
menge  in  einem  Phosphorsäure-Schwefel- 
säure-System  0,01  Mol/I  bis  0,5  Mol/1  ist  und 
bis  zu  20  Mol-%  der  gesamten  vorhandenen 
Säure  ausmacht,  wobei  die  Gesamtsäurekon- 
zentration  0,5  bis  2  Mol/I  beträgt. 

2.  Beizmittel  zur  Durchführung  des  Verfah- 
rens  nach  Anspruch  1,  enthaltend  eine  oder 
beide  der  Mineralsäuren  Chlorwasserstoffsäure 
und  Schwefelsäure  und  mit  einer  Gesamt- 
säurekonzentration  von  etwa  0,5  bis  2  Mol/l, 
dadurch  gekennzeichnet,  daß  das  Beizmittel  als 
einen  Inhibitor  Phosphorsäure  in  einer  Menge 
von  wenigstens  0,01  Mol/I  bis  0,5  Mol/I  ent- 
hält,  wobei  in  einem  Phosphorsäure-Chlor- 
wasserstoffsäure-System  die  Phosphorsäure 
zwischen  5  und  25  Mol-%  der  gesamten  vor- 
handenen  Säurekonzentration  liegt  und  wobei 
in  einem  Phosphorsäure-Schwefelsäure-Sy- 
stem  die  Phosphorsäure  bis  zu  20  Mol-°/  der 
Gesamtsäurekonzentration  ausmacht. 

3.  Beizmittel  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  daß  es  auch  Eisen(II)-lonen  ent- 
hält. 

1.  Procédé  de  décapage  par  acide  de 
matières  métalliques  ayant  une  teneur  en  fer 
d'au  moins  environ  80%  en  poids,  tout  en  inhi- 
bant  en  même  temps  une  dissolution  pro- 
voquée  par  l'attaque  d'acide  des  surfaces  métal- 



liques  mises  à  nu,  caractérisé  en  ce  qu'une  telle 
matière  est  amenée  en  contact  avec  une  solu- 
tion  aqueuse  contenant  de  l'acide  phospho- 
rique  et  un  ou  les  deux  acides  minéraux  formés 
par  l'acide  chlorhydrique  et  l'acide  sulfurique,  de 
manière  que  la  quantité  d'acide  phophorique 
dans  un  système  d'acide  phosphorique  et 
d'acide  chlorhydrique  soit  de  0,1  mole/I  à  0,05 
mol/I  et  soit  comprise  entre  5  et  20  moles  %  du 
total  d'acide  présent,  et  de  manière  que  la  quan- 
tité  d'acide  phosphorique  dans  un  système 
d'acide  phosphorique  et  d'acide  sulphurique  soit 
comprise  entre  0,01  mole/I  et  0,5  mol/I  et  aille 
jusqu'à  20  moles  %  du  total  d'acide  présent,  la 
concentration  totale  en  acide  étant  ainsi  de  0,5 
à  2  moles/I. 

2.  Agent  de  décapage  pour  la  mise  en  oeuvre 
du  procédé  suivant  la  revendication  1,  compre- 

nant  un  ou  les  deux  acides  minéraux  formés  par 
l'acide  chlorhydrique  et  l'acide  sulfurique  et 
ayant  une  concentration  totale  en  acide  d'en- 
viron  0,5  à  2  moles/I,  caractérisé  en  ce  qu'il 
comprend,  comme  inhibiteur,  de  l'acide  phos- 
phorique  en  une  quantité  d'au  moins  0,01  à  0,5 
mole/I,  de  sorte  que,  dans  un  système  d'acide 
phosphorique  et  d'acide  chlorhydrique,  l'acide 
phosphorique  soit  présent  à  raison  de  5  à  20 
moles%  de  la  concentration  totale  d'acide  pré- 
sent,  et  de  manière  que,  dans  un  système 
d'acide  phosphorique  et  d'acide  sulfurique, 
l'acide  phosphorique  soit  présent  en  une  quan- 
tité  allant  jusqu'à  20  moles  %  de  la  concentra- 
tion  totale  en  acide. 

3.  Agent  de  décapage  suivant  la  revendica- 
tion  2,  caractérisé  en  ce  qu'il  contient  égale- 
ment  des  ions  de  fer  (II). 
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