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Description 

This  invention  relates  to  a  method  of  inhibiting  the  corrosion  of  metal  surfaces,  particularly  iron  and 
iron  alloys  and  more  particularly  low  carbon  steel,  in  contact  with  an  aqueous  system,  such  as  a  cooling 

5  water  or  related  water-handling  system,  and  of  preventing  the  precipitation  in  such  systems  of  scale- 
forming  calcium  salts,  particularly  calcium  phosphate. 

Aqueous  systems,  such  as  cooling  water  and  related  water-handling  systems,  include  cooling  towers 
and  associated  pumps,  heat  exchangers  and  pipelines,  heating  systems,  gas  scrubbing  systems  and  oth- 
er  similar  systems.  Problems  commonly  encountered  in  these  water  handling  systems  include  not  only  the 

10  electrochemical  corrosion  of  iron  and  iron  alloys  in  contact  with  the  circulating  water  but  also  the  precipi- 
tation  of  potentially  scale-forming  calcium  salts.  These  two  processes  are,  in  fact,  very  closely  related 
because  methods  of  chemical  treatment  intended  to  control  one  of  these  problems  often  aggravate  the 
difficulty  caused  by  the  other. 

For  many  years,  the  most  common  method  of  controlling  corrosion  in  cooling  water  and  related  water- 
15  handling  systems  was  to  treat  the  water  with  hexavalent  chromium  salts,  such  as  sodium  chromate.  At  the 

same  time,  scaling  due  to  slightly  soluble  calcium  salts  was  prevented  by  treating  the  water  with  mineral 
acids,  such  as  sulfuric  acid,  to  keep  the  pH  low  enough  to  prevent  the  precipitation  of  the  scale-forming 
calcium  salts.  Improvements  in  this  technology  over  the  years  included  the  use  of  zinc  salts  and  phos- 
phates  in  combination  with  the  chromates,  which  could  provide  good  corrosion  control  at  reduced  chro- 

20  mate  concentrations.  However,  because  of  environmental  concerns  over  the  discharge  of  even  small 
amounts  of  hexavalent  chromium  in  cooling  water  effluents,  new  methods  continued  to  be  sought  that 
would  provide  total  corrosion  inhibition  without  the  use  of  hexavalent  chromium. 

Some  of  the  ways  that  this  has  been  achieved  include  the  use  of  various  combinations  of  zinc  salts, 
phosphates,  polyphosphates,  and  organic  phosphonic  acid  derivatives  and  their  salts.  However,  all  of 

25  these  methods  in  the  prior  art  have  certain  disadvantages,  such  as  requiring  close  control  of  the  pH  to 
keep  it  within  a  very  narrow  range  or  using  special  additives  or  dispersants  to  prevent  the  precipitation 
of  scale-forming  salts  like  calcium  phosphate. 

One  commonly  used  method  of  cooling  water  treatment  is  described  by  Geiaer  and  May  in  US  Patent 
4,305,568.  In  the  Geiaer  and  May  patent,  it  is  said  at  col.  10,  begining  at  line  9,  that  the  aqueous  medium 

30  must  have  a  pH  of  5.5  and  above  and  must  also  contain  calcium  ion  concentrations,  preferably  about  15 
parts  per  million.  The  compositions  disclosed  in  the  Geiaer  and  May  patent  contain  a  water-soluble  ortho- 
phosphate,  a  water-soluble  polymer  composed  primarily  of  moieties  derived  from  acrylic  acid  and  moie- 
ties  derived  from  an  hydroxy  lower  alkyl  acrylate.  Water-soluble  organo-phosphonic  acid  derivatives 
may  also  be  included. 

35  In  the  Geiaer  and  May  method,  as  practiced,  relatively  high  concentrations  of  the  orthophosphate  are 
maintained  in  the  circulating  water  to  inhibit  corrosion  by  passivating  ferrous  alloy  surfaces  in  contact 
with  the  water,  and  the  formation  of  calcium  phosphate  scale  is  inhibited  by  the  simultaneous  use  of  the 
copolymers  of  acrylic  acid  and  hydroxyalkyl  acrylates.  The  latter  copolymers  were  reported  by  Godlews- 
ki  in  U.S.  Patent  4,029,577  to  be  effective  antiprecipitants  for  calcium  phosphate.  The  main  disadvan- 

40  tages  of  the  method  of  Geiaer  and  May  in  practice  are  that  it  requires  the  use  of  relatively  high  concen- 
trations  of  orthophosphate  and  careful  control  of  the  calcium  concentration  in  the  system.  Such  require- 
ments  complicate  trouble-free  control  of  the  system. 

Another  type  of  method  of  corrosion  control  that  avoids  the  problem  of  calcium  phosphate  deposition 
involves  the  use  of  what  is  known  in  the  art  as  "all  organic"  corrosion  inhibitors.  Technology  of  this  type 

45  is  described  in  U.S.  Patents  4,317,744  and  4,406,811.  In  this  type  of  method,  corrosion  control  is  ob- 
tained  by  using  organic  phosphonic  acids  (or  blends  of  phosphonic  acids)  along  with  aromatic  azoles  and 
various  water-soluble  polymers  (polyacrylic  acid,  polymethacrylic  acid).  No  calcium  phosphate  precipita- 
tion  can  occur  because  no  orthophosphate  is  present  in  the  treatment.  However  in  practice,  methods  of 
this  type  give  limited  corrosion  protection  and  require  relatively  large  amounts  of  inhibitor,  and  thus 

50  have  limited  economic  feasibility. 
Despite  the  limitations  of  the  existing  "all  organic"  inhibitors,  organic  phosphonic  acids  and  phospho- 

nates  have  been  found  effective  as  corrosion  inhibitor  components  when  used  in  combination  with  other 
substances.  The  evolution  of  phosphonic  acid  corrosion  control  technology  began  with  the  direct  appli- 
cation  of  phosphonic  acids  or  their  water-soluble  salts  as  corrosion  inhibitors.  The  disadvantages  of 

55  this  technology  were  twofold.  First,  the  phosphonic  acids  or  phosphonates  commonly  available  required 
very  high  feedrates  to  obtain  acceptable  corrosion  inhibition.  In  addition,  localized  corrosion,  known  in 
the  art  as  "pitting",  could  result  from  insufficient  passivation  due  to  poor  film  formation  when  the  phos- 
phonic  acids  were  used  alone. 

This  problem  was  recognized  by  Carter  (US  Patent  3,837,803)  who  overcame  it  by  utilizing  orthophos- 
60  phate  with  a  water-soluble  organo-phosphonic  acid  compound  selected  from  a  wide  range  of  phosphonic 

acids.  However,  Carter  acknowledged  two  significant  restrictions  in  the  use  of  his  method.  First,  as  ex- 
plained  at  column  3,  beginning  at  line  4,  the  cooling  water  has  to  contain  at  least  50  ppm  of  calcium  ion  to 
allow  the  use  of  this  method  without  the  supplemental  addition  of  a  metal  cation  of  the  group  zinc,  nickel, 
cobalt,  cadmium  or  chromium.  The  undesirable  evironmental  impact  of  these  heavy  metal  cations  is  signif- 

65  icant,  and,  as  Carter  pointed  out,  governmental  regulations  often  require  that  they  be  avoided  in  effiu- 
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ents.  In  the  teachings  of  Carter  at  column  3,  one  way  of  getting  around  the  use  of  these  metal  cations,  at 
least  in  systems  containing  more  than  4  ppm  of  calcium,  is  to  maintain  system  pH  in  the  range  of  8.5  to  9.0 
However,  as  pointed  out  by  Carter  at  column  3,  lines  34-37,  this  high  pH  can  lead  to  the  delignification  of 
cooling  tower  wood  and  may  require  the  supplemental  feed  of  alkali,  both  of  which  are  undesirable. 

5  A  second  major  drawback  of  the  method  of  Carter  is  his  statement  at  col.  3,  lines  60-65,  that  it  is  desir- 
able  to  use  very  tight  pH  controls  when  calcium  concentrations  exceed  80  ppm.  Specifically,  Carter  sug- 
gests  a  pH  between  7.1  and  7.5  when  calcium  ion  concentration  exceeds  this  level.  This  is  a  very  signifi- 
cant  disadvantage  in  almost  all  systems  because  calcium  levels  often  vary  over  broader  ranges  than  50 
to  80  ppm.  Carter  requires  one  narrow  pH  range  for  calcium  concentrations  below  50  ppm  and  suggests 

10  a  different  but  still  narrow  pH  range  for  calcium  concentrations  above  80  ppm.  Also,  when  calcium  is 
above  80  ppm,  the  suggested  restriction  of  pH  to  the  7.1-7.5  range  is  difficult  to  maintain  on  a  consistent 
basis  in  most  practical  operating  cooling  water  systems. 

Other  combinations  of  phosphonic  acids  and  inorganic  compounds  are  also  mentioned  in  the  prior  art. 
Polyphosphates  and  polyacrylic  acids  were  combined  with  phosphonic  acids  by  Gaupp  (US  Patent 

15  3,992,318).  Polyphosphates  and  polymaleic  anhydride  or  polymaleic  acid  were  combined  with  phosphonic 
acids  by  Sexsmith  (US  Patent  4,105,581).  However,  because  polyphosphates  revert  in  tirrie  to  orthophos- 
phates,  it  is  believed  that,  in  practice,  these  methods  also  cause  problems  with  calcium  phosphate  precip- 
itation. 

We  have  now  found  that  use  of  a  certain  combination  of  phosphonic  acids  (or  their  water-soluble 
20  salts)  along  with  orthophosphate,  preferably  in  low  concentrations,  will  provide  good  corrosion  inhibition 

and  simultaneously  inhibit  the  precipitation  of  insoluble  calcium  salts  and  especially  calcium  phosphate. 
The  present  invention,  moreover,  is  effective  in  both  high  and  low  pH  waters  and  in  waters  with  either 
low  or  high  concentrations  of  calcium.  Thus  the  present  invention  provides  a  method  and  composition 
which  can  be  effective  over  a  wider  range  of  water  conditions  than  are  the  methods  of  the  prior  art  and 

25  without  the  negative  impact  on  the  environment  of  some  of  the  prior  methods. 
According  to  the  present  invention  there  is  provided  a  method  of  controlling  corrosion  of  a  metal  sur- 

face  in  contact  with  an  aqueous  system  by  incorporating  into  the  aqueous  system  a  source  of  orthophos- 
phate  ion  characterised  in  that  corrosion  of  the  metal  surfaces  in  contact  with  the  aqueous  system  is 
controlled  while  simultaneously  inhibiting  the  precipitation  of  insoluble  calcium  salts  by  incorporation  into 

30  the  aqueous  system  of  effective  amounts  of  (1)  1,2-diaminocyclohexanetetrakis(methylene  phosphonic 
acid)  or  a  salt  thereof;  (2)  2-methyl-1  ,5-pentane  diaminetetrakis(methylene  phosphonic  acid)  or  a  salt 
thereof;  and  (3)  1  ,6-hexanediaminetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof. 

The  present  invention  further  provides  a  composition  for  controlling  corrosion  of  a  metal  surface  in 
contact  with  an  aqueous  system  whilst  simultaneously  inhibiting  the  precipitation  of  insoluble  calcium 

35  salts  characterised  in  that  the  composition  comprises  a  source  of  orthophosphate  ion  and  (1  )  1  ,2-diamino- 
cyclohexanetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof;  (2)  2-methyl-1  ,5-pentanediaminetet- 
rakis(methylene  phosphonic  acid)  or  a  salt  thereof;  and  (3)  1,6-hexanediaminetetrakis(methylene  phos- 
phonic  acid)  or  a  salt  thereof. 

The  present  invention  still  further  provides  a  composition  for  inhibiting  the  precipitation  of  insoluble 
40  calcium  salts  in  aqueous  systems  containing  a  source  of  orthophosphate  ion  characterised  in  that  the 

composition  comprises  (1)  1,2-diaminocyclohexanetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof; 
(2)  2-methyl-1  ,5-pentanediaminetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof;  and  (3)  1  ,6-hexan- 
ediaminetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof. 

Low  concentrations  of  orthophosphate  can  advantageously  be  used  in  the  present  invention,  which 
45  reduces  the  chance  of  calcium  phosphate  scale  formation.  In  addition,  the  combination  of  phosphonic  ac- 

ids  utilized  in  the  present  invention  is  effective  both  as  a  corrosion  inhibitor  and  as  an  antiprecipitant  for 
inhibiting  the  precipitation  of  calcium  phosphate  and  other  insoluble  calcium  salts.  Unlike  the  method  of 
Carter  as  taught  in  U.S.  Patent  3,837,803,  the  present  invention,  utilizing  a  source  of  orthophosphate 
ion  and  the  mixture  of  methylene  phosphonic  acids  described  above,  does  not  require  close  control  of 

50  the  pH  or  the  supplemental  addition  of  heavy  metal  cations.  Unlike  the  method  of  Geiaer  and  May,  as  well 
as  that  of  Carter,  the  present  invention  does  not  require  close  control  of  the  calcium  concentration. 

The  metal  surface  on  which  corrosion  is  to  be  controlled  may  be  an  iron  or  iron  alloy  surface,  prefera- 
bly  a  ferrous  alloy.  More  preferably,  the  metal  surface  is  a  low  carbon  steel  surface.  Preferably,  the 
aqueous  system  is  a  cooling  water  system. 

55  The  organic  phosphonic  acids  utilized  in  this  invention  may  be  manufactured  from  the  corresonding  di- 
amines.  These  diamines  all  have  6  carbon  atoms  in  their  structures  and  include  1  ,2-diaminocyclohexane, 
2-methyl-1  ,5-pentanediamine  and  1  ,6-hexanediamine,  all  of  which  are  commercially  available.  The  phos- 
phonic  acid  derivatives  are  produced  through  the  following  phosphonomethylation  reaction: 

60 

65 
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N[CH2P(0)  (OH)2l2 

+  4HCH0  +  4H3P03  ->  R 
5 

NH, N[CH2P(0)  (OH)2]2 

where  R  represents  the  C6  radicals  of  the  diamines  listed  above.  Hydrochloric  acid  is  usually  added  to 
10  the  reaction  mixture  to  suppress  the  oxidation  of  phosphite  to  phosphate.  As  recited  above,  the  phos- 

phonic  acids  may  be  used  in  salt  form.  Preferred  salts  include  the  sodium,  potassium  and  ammonium  salts 
of  these  acids,  which  salts  may  be  formed  by  partially  or  completely  neutralizing  the  acids  with  sodium  hy- 
droxide,  potassium  hydroxide  or  ammonium  hydroxide  respectively. 

According  to  the  present  invention,  a  mixture  of  the  methylene  phosphonic  acids  and/or  their  salts  is 
15  used  in  combination  with  a  source  of  orthophosphate  ion  to  treat  the  water  in  aqueous  systems.  The 

amount  of  phosphonic  acid  mixture  (1  00%  basis)  added  to  the  water  should  generally  be  in  the  range  of  1 
to  100  parts  per  million  (ppm),  preferably  from  3  to  100  ppm,  more  preferably  from  3  to  50  ppm,  most  pref- 
erably  from  9  to  15  ppm,  based  on  the  total  weight  of  water  in  the  system.  The  amount  of  orthophosphate 
compound  added  should  generally  be  sufficient  to  provide  0.5  to  50  ppm  orthophosphate  as  PO4,  prefer- 

20  ably  from  1  to  9  ppm,  more  preferably  from  3  to  5.2  ppm,  based  on  the  total  weight  of  water  in  the  system. 
The  weight  ratio  of  the  orthophosphate  ion  to  the  phosphonic  acid  mixture  is  generally  1  :200  to  50:1  , 

preferably  0.1  :1  to  10.1,  more  preferably  1  :2.4  to  1  :3.3. 
Sources  of  orthophosphate  ion  suitable  for  use  in  this  invention  including,  for  example,  phosphoric  ac- 

id  (orthophosphoric  acid),  sodium  orthophosphates,  potassium  orthophosphates,  lithium  orthophos- 
25  phates,  ammonium  orthophosphates,  organic  amine  salts  of  phosphoric  acids  and  the  organic  orthophos- 

phates  set  forth  in  U.S.  Patent  3,510,436.  Examples  of  lithium,  sodium,  potassium  and  ammonium  ortho- 
phosphates  include,  e.g.  lithium  diphosphate,  trisodium  orthophosphate,  disodium  orthophosphate, 
monosodium  orthophosphate,  hemisodium  orthophosphate,  tripotassium  orthophosphate,  dipotassium  or- 
thophosphate,  monopotassium  orthophophate,  triammonium  orthophosphate,  diammonium  orthophos- 

30  phates  and  monoammonium  orthophosphate. 
The  methylene  phosphonic  acid  mixture  and  the  source  of  orthophosphate  ion  can  be  added  separately 

and  individually  to  the  water  system  to  be  treated,  but  it  is  preferable  to  mix  all  of  these  materials  prior  to 
addition  to  the  water.  If  necessary,  the  combined  mixture  can  be  diluted  with  water  and/or  stabilized  by 
the  addition  of  adjuvants  to  keep  the  mixture  from  separating  prior  to  its  addition  to  the  water  system  to 

35  be  treated.  Other  compatible  water  treatment  components,  such  as  e.g.  biocides,  antifoulants  and  dis- 
persants,  can  also  be  added  to  the  mixture  if  desired. 

In  a  preferred  embodiment  of  the  invention,  the  methylene  phosphonic  acid  mixture  produced  as  de- 
scribed  above  is  analyzed  for  both  total  phosphonic  acids  and  total  inorganic  phosphate  and  then  phos- 
phoric  acid  is  added  to  the  mixture  until  the  concentration  of  orthophosphate  (as  PO4)  reaches  the  de- 

40  sired  ratio  to  the  total  weight  of  methylene  phosphonic  acids  in  the  mixture.  This  mixture  can  then  be  dilut- 
ed  with  water  to  any  convenient  use  concentration.  The  mixture  can  also  be  formulated  with  other  types 
of  water  treatment  compounds. 

The  following  non-limiting  examples  serve  to  illustrate  the  present  invention: 
In  determining  the  corrosion  inhibition  provided  by  the  compositions  and  methods  of  our  invention  one 

45  of  the  techniques  used  was  the  Spinning  Disk  Test  Method,  a  testing  procedure  that  is  widely  employed, 
with  many  variations,  in  evaluating  the  effectiveness  of  corrosion  inhibitors  for  cooling  water  treatment. 
In  the  Spinning  Disk  Test  Method,  a  plastic  disk  is  attached  to  the  end  of  a  plastic  stirrer  shaft.  Metal 
test  coupons  are  mounted  vertically  on  this  disk,  usually  two  coupons  per  test.  The  shaft  is  fastened 
vertically  in  a  stirrer  motor  chuck  and  the  disk  and  attached  coupons  are  immersed  in  water  contained  in 

50  a  4-litre  plastic  cylindrical  tank,  which  is  surrounded  by  a  constant  temperature  bath. 
The  water  volume  in  the  cylindrical  tank  is  maintained  at  a  level  that  will  keep  the  disk  and  coupons  cov- 

ered  when  the  stirrer  is  started  and  the  disk  is  rotated.  The  rotation  speed  of  the  disk  is  controlled  at  100 
rpm  so  that  erosion  and  velocity  effects  are  kept  equal  in  all  tests.  The  water  is  automatically  replen- 
ished  from  a  reservoir,  with  the  addition  being  controlled  with  a  timer  and  solenoid  valve,  at  the  rate  of 

55  60  milliliters  of  water  added  every  30  minutes.  Excess  water  overflows  through  a  special  outlet  to  a 
drain.  The  cylindrical  tank  is  kept  covered  except  for  the  hole  for  the  stirrer  shaft  to  minimize  evapora- 
tion  losses. 

The  composition  of  the  water  is  controlled  to  simulate  the  water  conditions  in  typical  cooling  water  and 
other  water-handling  systems.  The  inhibitor  being  tested  is  added  to  this  water  in  an  appropriate  concen- 

60  tration.  For  control  purposes,  tests  are  run  in  water  with  the  same  composition  to  which  no  inhibitor  has 
been  added. 

The  metal  coupons  are  cleaned  and  weighed  on  an  analytical  balance  before  and  after  exposure  to  the 
water.  As  a  rule,  the  exposure  time  is  at  least  five  days  (120  hours).  The  corrosion  rate  is  calculated 
from  the  loss  in  weight  of  the  coupons,  the  exposed  area  of  the  coupons,  the  density  of  the  metal,  and 

65  the  time  of  exposure.  The  rate  is  expressed  as  mils  (of  thickness)  lost  per  year  (mpy).  The  percent  inhibi- 
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tion  of  corrosion  obtained  with  a  given  concentration  of  an  inhibitor  is  calculated  Trom  tne  corrosion  rate 
with  this  concentration  of  inhibitor  added  to  the  water  compared  to  the  corrosion  rate  in  the  same  water 
containing  no  inhibitor,  using  the  following  formula: 

5  %  C o r r o s i o n   I n h i b i t i o n   = 

(rapy  C o r r o s i o n   w/o  I n h i b i t o r   -  mpy  C o r r o s i o n   w i t h  

I n h i b i t o r )   x  1 0 0  
o 

(mpy  C o r r o s i o n   w/o  I n h i b i t o r )  

15  Another  method  used  in  evaluating  corrosion  inhibition  efficacy  involved  treating  the  water  in  a  Con- 
tinuous  Circulation  Test  Loop  with  the  corrosion  inhibitors  to  be  tested.  The  Test  Loop  system  consists 
of  a  100-gallon  reservoir,  a  circulation  pump,  a  flow  control  valve,  a  rotameter,  pipelines  in  which  corro- 
sion  test  coupons  are  mounted  and  instruments  for  controlling  the  temperature  and  pH  and  monitoring 
other  system  variables  such  as  the  dissolved  oxygen  level.  The  water  is  pumped  from  the  reservoir  at  a 

20  controlled  rate  through  the  pipeline  containing  the  test  coupons  and  then  back  to  the  reservoir.  The  cor- 
rosion  rate  in  this  system  is  determined  by  the  weight  loss  of  the  test  coupons  and  the  calculation  of  the 
percent  corrosion  inhibition  is  done  in  the  same  way  as  described  for  the  Spinning  Disk  Test  Method. 

EXAMPLE  1 
25 

A  1  -litre,  3-neck  glass  reaction  flask  was  fitted  with  an  agitator,  a  reflux  condenser  and  a  thermometer 
and  placed  in  a  cooling  water  bath  to  which  ice  could  be  added  as  needed  to  control  the  temperature  of 
the  contents  of  the  flask.  To  this  flask  were  charged  234.3  g  of  70%  phosphorous  acid.  To  the  acid  were 
added,  slowly  to  avoid  overheating,  57.5  g  of  a  mixture  of  diamines  composed  of  approximately  equimolar 

30  amounts  of  1  ,6-diaminocyclohexane,  2-methyl-1  ,5-pentanediamine  and  1  -6-hexanediamine.  The  tempera- 
ture  was  controlled  during  the  reaction  to  keep  it  below  70°C  and  the  mixture  was  stirred  continuously. 
After  the  diamines  were  added,  98.6g  of  concentrated  (37.5%)  hydrochloric  acid  were  added  to  the  reac- 
tion  flask  and  the  mixture  was  heated  to  90-95°C. 

Next,  174.3  g  of  a  37%  formaldehyde  solution  were  added  slowly  to  the  reaction  mixture  over  a  period 
35  of  1-3/4  hours.  The  mixture  was  stirred  and  maintained  at  90-95°C  for  an  additional  2  hours.  The  mixture 

was  allowed  to  cool  to  25°C  before  being  analyzed  for  its  total  phosphonic  acid  content  and  orthophos- 
phate  content.  The  reation  yielded  560  g  of  solution  containing  35.8%  by  weight  of  C6  diamine  tet- 
rakis(methylene  phosphonic  acid)  mixture,  based  on  an  average  molecular  weight  of  492,  and  0.15%  or- 
thophosphate  as  PO4.  This  solution  was  used  as  the  source  of  the  phosphonic  acids  in  the  tests  de- 

40  scribed  in  the  following  examples. 

EXAMPLE  2 

A  combination  of  orthophosphate  with  the  phosphonic  acids  prepared  as  described  in  Example  1  was 
45  tested  as  a  corrosion  inhibitor  using  the  Spinning  Disk  Test  Method  previously  described.  The  source  of 

the  orthophosphate  ions  was  phosphoric  acid,  which  was  blended  with  the  phosphonic  acids  prior  to  addi- 
tion  to  the  water.  The  synthetic  cooling  water  ion  concentrations,  test  conditions  and  results  of  this  eval- 
uation  are  shown  in  Table  1.  The  concentrations  of  phosphonic  acids  and  orthophosphate  are  expressed 
as  the  amounts  of  active  ingredients  present  in  the  water.  The  results  show  that  very  low  concentrations 

50  of  a  corrosion  inhibitor  according  to  the  present  invention  provide  excellent  corrosion  protection  to  mild 
steel  in  a  high  calcium,  high  pH  water  with  a  composition  typical  of  a  large  number  of  practical  operating 
cooling  water  systems.  A  concentration  of  the  corrosion  inhibitor  equivalent  to  14.6  mg/L  (ppm)  of  the  di- 
amine  phosphonic  acids  and  4.6  mg/L  orthophosphate  as  PO4,  provided  96.2%  corrosion  inhibition,  and 
a  concentration  equivalent  to  9.7  mg/L  of  the  phosphonic  acids  and  3.0  mg/L  PO4  provided  over  93% 

55  corrosion  inhibition. 

60 

65 



EP  0  242  229  B1 

Table  1 
ton  Concentrations: 
Calcium  as  Ca++ 
Magnesium  as  Mg++ 
Bicarbonate  ion  as  HCOaT 
Chloride  ion  as  Cl~ 
Sulfate  as  SC*-  
Test  Conditions: 
pH 
Temperature 
Rotational  Speed 
Duration  of  Test 
Test  coupons: 
Test  Results: 
Phosphonic  Acids,  mg/L 
0  (Control) 
14.6 
9.7 
4.9 

PO4,  mg/L 
0 
4.6 
3.0 
1.5 

80  mg/L  (ppm) 
60  mg/L 
125  mg/L 
300  mg/L 
300  mg/L 

8.0 
40°C 
100  rpm 
144  hours 
c-1  01  0  low  carbon  steel 

Corrosion  Rate,  mpy 
47.9 
1.9 
3.2 
7.6 

EXAMPLE  3 

To  demonstrate  the  effectiveness  of  the  corrosion  inhibitors  of  the  invention  in  a  low  calcium,  low  pH 
system,  a  composition  containing  the  phosphonic  acids  and  phosphate  was  tested  in  the  Continuous  Cir- 
culation  Test  Loop  described  previously.  In  the  Test  Loop,  an  automatic  controller  kept  the  pH  at  a  fixed 
value  throughout  the  period  of  the  test.  The  composition  tested  again  used  the  phosphonic  acids  pre- 
pared  as  described  in  Example  1  to  which  was  added  phosphoric  acid  as  the  orthophosphate  source.  The 
synthetic  cooling  water  ion  concentrations,  test  conditions,  and  results  of  this  evaluation  are  shown  in 
Table  2.  These  results  clearly  demonstrate  that  excellent  inhibition  of  corrosion  can  be  obtained  in  this 
rather  corrosive  water  with  a  relatively  low  concentration  of  a  corrosion  inhibitor  according  to  the  inven- 
tion.  The  corrosion  rate  of  mild  steel  was  reduced  from  63  mpy  to  2.8  mpy,  which  is  equivalent  to  95.6% 
corrosion  inhibition. 

Table  2 
Ion  Concentrations: 
Calcium  as  Ca++  1  0  mg/L  (ppm) 
Magnesium  as  Mg++  60  mg/L 
Bicarbonate  ion  as  HCO3"  125  mg/L 
Chloride  ion  as  Cl~  300  mg/L 
Sulfate  as  SO4""  300  mg/L 
Test  Conditions: 
pH  7.0 
Temperature  40°C 
Water  velocity  (over  coupons)  3.6  ft/sec 
Duration  of  Test  1  43  hours 
Test  coupons:  c-1  01  0  low  carbon  steel 
Test  Results: 
Phosphonic  Acids,  mg/L  PC^mg/L  Corrosion  Rate,  mpy 
0  (Control)  0  63.0 
32.5  11.5  2.8 

10  mg/L  (ppm) 
60  mg/L 
125  mg/L 
300  mg/L 
300  mg/L 

7.0 
40°C 
3.6  ft/sec 
143  hours 
c-1  010  low  carbon  steel 

Corrosion  Rate,  mpy 
63.0 
2.8 
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EXAMPLE  4 

The  effectiveness  of  the  combination  of  phosphonic  acids  of  the  invention  in  preventing  the  precipita- 
tion  of  calcium  phosphate  was  demonstrated  by  an  antiprecipitation  test.  The  combination  of  phosphonic 

5  acids  prepared  as  described  in  Example  1,  designated  Composition  A,  was  used  for  these  tests.  For  com- 
parison,  similar  tests  were  run  with  two  other  individual  phosphonic  acids  that  are  widely  used  in  the 
treatment  of  cooling  water.  These  are  aminotris(methylene  phosphonic  acid),  commonly  called  AMP,  and 
1-hydroxyethylidene1,1-diphosphonic  acid,  commonly  called  HEDP.  Calcium  phosphate  precipitation  inhi- 
bition  was  measured  by  adding  a  calcium  chloride  solution  and  a  disodium  hydrogen  phosphate  solution  in 

10  amounts  that  provided  1  60  mg/L  calcium  ion  as  Ca  and  approximately  1  0  mg/L  phosphate  ion  as  PO4.  The 
appropriate  amount  of  phosphonic  acid  inhibitor  was  added  and  the  solution  pH  was  adjusted  to  8.5.  The 
treated  sample  was  capped  and  placed  in  an  oven  at  50°C  for  24  hours.  After  removal  from  the  oven,  a 
portion  of  the  supernatant  liquid  from  each  bottle  was  taken,  filtered  through  a  0.45  micrometer  pore 
size  filter  to  remove  any  precipitated  calcium  phosphate  and  analyzed  for  orthophosphate.  As  a 

15  "Blank",  a  sample  was  prepared  in  the  same  way  except  that  the  pH  was  not  adjusted  to  the  alkaline  side 
but  kept  on  the  acid  side  so  that  no  precipitation  would  occur.  The  percent  inhibition  of  precipitation  was 
calculated  from  the  amount  of  phosphate  added  (blank)  and  the  difference  between  the  amount  of  phos- 
phate  in  solution  in  samples  without  inhibitor  (Control)  compared  to  those  with  inhibitor,  using  the  follow- 
ing  formula: 

20  %  Inhibition 

=  (mg/L  P04  w i t h   I n h i b i t o r   -  mg/L  P04  in  C o n t r o l )   x  1 0 0  

25  
(mg/L  P04  in  b l a n k   -  mg/L  P04  in  C o n t r o l )  

The  results  of  these  antiprecipitation  tests,  which  are  shown  in  Table  3,  clearly  demonstrate  that  the 
30  combination  of  phosphonic  acids  of  the  present  invention  provides  significantly  greater  inhibition  of  the 

formation  of  insoluble  calcium  phosphate  than  do  AMP  or  HEDP.  Inhibitor  concentrations  in  Table  3 
show  the  amount  of  active  ingredient  present. 

35 

40 

45 

Table  3 
Test  Inhibitor  Concn.  P04insoln.  Inhibition 
No.  mg/L  mg/L  % 
1  Control  (no  inhibitor)  -  1.1 

Blank  -  9.7 
Composition  A  3.0  8.3  83.7 
Composition  A  5.0  8.3  83.7 

2  Control  -  1.7 
Blank  -  9.5 
HEDP  3.0  5.7  51.3 
HEDP  5.0  6.1  60.3 

3  Control  -  0.9 
Blank  -  9.8 
AMP  3.0  7.0  68.5 
AMP  5.0  6.2  59.6 

55  EXAMPLE  5 

To  demonstrate  the  effectiveness  of  the  corrosion  inhibitors  of  the  invention  in  preventing  deposit 
formation  as  well  as  controlling  corrosion,  a  composition  containing  the  phosphonic  acids  and  phosphate 
was  tested  in  the  Continuous  Circulation  Test  Loop  described  previously.  A  high  calcium,  high  pH  water 

60  was  used  because  this  is  the  type  of  water  in  which  deposits  are  more  likely  to  form.  The  composition 
tested  again  used  the  phosphonic  acids  prepared  as  described  in  Example  1  to  which  was  added  phos- 
phoric  acid  as  the  orthophosphate  ion  source.  The  pH  was  automatically  controlled  during  the  test  cycle 
to  keep  it  on  the  alkaline,  deposit-forming  side.  The  synthetic  cooling  water  ion  concentrations,  test  con- 
ditions  and  the  results  of  this  test  are  shown  in  Table  4.  The  amount  of  corrosion  inhibitor  added  to  the 

65 

7 



EP  0  242  229  B1 

10 

15 

20 

25 

30 

water  provided  12.5  mg/L  of  the  phosphonic  acids  and  5.2  mg/L  of  PO4.  In  addition  to  checking  the  corro- 
sion  inhibition  in  this  test,  the  heating  elements  in  the  Test  Loop  system  were  also  checked  for  deposition 
of  calcium  phosphate  or  other  deposits.  No  measurable  deposits  were  formed  even  though,  as  men- 
tioned  previously,  the  water  had  a  relatively  high  concentration  of  calcium  salts  and  high  pH.  Therefore 
the  results  of  this  test  show  that  not  only  did  this  composition  provide  good  corrosion  protection  (96.2% 
inhibition),  it  also  prevented  the  formation  of  scale  on  heated  surfaces  in  what  is  usually  a  deposit-form- 
ing  water. 

Table  4 
Ion  Concentrations: 
Calcium  as  Ca++ 
Magnesium  as  Mg++ 
Bicarbonate  ion  as  HCO3" 
Chloride  ion  as  Ci~ 
Sulfate  as  S O f  
Test  Conditions: 
PH 
Temperature 
Water  velocity  (past  coupons) 
Duration  of  Test 
Test  coupons: 
Test  Results: 

Control  (no  inhibitor) 
with  corrosion  inhibitor 

80  mg/L  (ppm) 
60  mg/L 
125  mg/L 
300  mg/L 
300  mg/L 

8.3 
40°C 
3.6  ft/sec 
143  hours 
c-1  01  0  tow  carbon  steel 

Corrosion  Rate,  mpy 
49.7 
1.9 

No  measurable  deposits  on  heating  elements 

35 

40 

45 

50 

55 

60 

65 

Claims 

1  .  A  method  of  controlling  corrosion  of  a  metal  surface  in  contact  with  an  aqueous  system  by  incorpo- 
rating  into  the  aqueous  system  a  source  of  orthophosphate  ion  characterised  in  that  corrosion  of  the 
metal  surface  in  contact  with  the  aqueous  system  is  controlled  while  simultaneously  inhibiting  the  precipi- 
tation  of  insoluble  calcium  salts  by  incorporation  into  the  aqueous  system  of  effective  amounts  of  (1)  1,2- 
diaminocyclohexanetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof;  (2)  2-methyl-1  ,5-pentanedia- 
minetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof;  and  (3)  1  ,6-hexanediaminetetrakis(methylene- 
phosphonic  acid)  or  a  salt  thereof. 

2.  A  method  according  to  claim  1  wherein  component  (1),  component  (2)  and  component  (3)  each  com- 
prises  20  to  40  weight  percent  of  the  total  weight  of  the  three  components. 

3.  A  method  according  to  claim  1  or  claim  2  wherein  the  weight  ratio  of  orthophosphate  ion  to  total  meth- 
ylene  phosphonic  acid  content  is  from  about  1  :200  to  50:1  . 

4.  A  method  according  to  claim  3  wherein  the  weight  ratio  of  orthophosphate  ion  to  total  methylene 
phosphonic  acid  content  is  from  0.1  :1  to  1  0:1  . 

5.  A  method  according  to  any  preceding  claim  wherein  the  source  of  orthophosphate  ion  is  incorporat- 
ed  into  the  aqueous  system  in  an  amount  that  provides  a  concentration  by  weight  of  0.5  to  50  parts  of  or- 
thophosphate  as  PO4  per  million  parts  of  water. 

6.  A  method  according  to  claim  5  wherein  the  source  of  orthophosphate  ion  is  incorporated  into  the 
aqueous  system  in  an  amount  that  provides  a  concentration  by  weight  of  1  to  9  parts  of  orthophosphate 
as  PO4  per  million  parts  of  water. 

7.  A  method  according  to  any  preceding  claim  wherein  the  methylene  phosphonic  acid  components  are 
incorporated  into  the  aqueous  system  in  an  amount  to  give  a  total  methylene  phosphonic  acid  concentra- 
tion  by  weight  of  1  to  100  parts  per  million  parts  of  water. 

8.  A  method  according  to  claim  7  wherein  the  methylene  phosphonic  acid  components  are  incorporated 
into  the  aqueous  system  in  an  amount  to  give  a  total  methylene  phosphonic  acid  concentration  by  weight 
of  9  to  15  parts  per  million  parts  of  water. 

9.  A  method  acording  to  any  preceding  claim  wherein  the  source  of  orthophosphate  ion  is  orthophos- 
phoric  acid,  sodium  orthophosphate,  or  potassium  orthophosphate. 

10.  A  method  according  to  any  preceding  claim  wherein  the  aqueous  system  is  a  cooling  water  system. 

8 
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11.  A  composition  for  controlling  corrosion  of  a  metal  surface  in  contact  witn  an  aqueous  system  wnusi 
simultaneously  inhibiting  the  precipitation  of  insoluble  calcium  salts  characterised  in  that  the  composition 
comprises  a  source  of  orthophosphate  ion  and  (1)  1,2-diaminocyclohexanetetrakis(methylene  phosphonic 
acid)  or  a  salt  thereof;  (2)  2-methyl-1,5-pentanediaminetetrakis(methylene  phosphonic  acid)  or  a  salt 

5  thereof;  (3)  1  ,6-hexanediaminetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof. 
12.  A  composition  according  to  claim  11  wherein  the  weight  ratio  of  orthophosphate  ion  to  total  methy- 

lene  phosphonic  acid  content  is  from  about  1  :200  to  50:1  . 
13.  A  composition  according  to  claim  12  wherein  the  weight  ratio  of  orthophosphate  ion  to  total  methy- 

lene  phosphonic  acid  content  is  0.1  :1  to  10:1  . 
!0  14.  A  composition  for  inhibiting  the  precipitation  of  insoluble  calcium  salts  in  aqueous  systems  contain- 

ing  a  source  of  orthophosphate  ion  characterised  in  that  the  composition  comprises  (1)  1  ,2-diaminocy- 
clohexanetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof;  (2)  2-methyl-1  ,5-pentanediaminetet- 
rakis(methylene  phosphonic  acid)  or  a  salt  thereof; 
and  (3)  1  ,6-hexanediaminetetrakis(methylene  phosphonic  acid)  or  a  salt  thereof. 

1  5  15.  A  composition  according  to  any  one  of  claims  1  1  to  14  wherein  the  component  (1),  component  (2)  and 
component  (3)  each  comprises  20  to  40  weight  percent  of  the  total  weight  of  the  three  components. 

Revendications 

»o  1  .  Precede  pour  inhiber  la  corrosion  d'une  surface  metallique  au  contact  d'un  systeme  aqueux  par  in- 
corporation  dans  le  systeme  aqueux  d'une  source  d'ion  orthophosphate,  caracterisS  en  ce  que  la  corro- 
sion  de  la  surface  m&allique  au  contact  du  systeme  aqueux  est  inhibee  en  meme  temps  qu'est  inhibee  la 
precipitation  de  sels  insolubles  de  calcium  par  I'incorporation  dans  le  systeme  aqueux  de  quantites  effi- 
caces  (1)  d'acide  1,2-diaminocyclohexanetetrakis(m<§thylene  phosphonique)  ou  d'un  sel  de  cet  acide;  (2) 

25  d'acide  2-m§thyl-1,5-pentanediaminetetrakis(methylene-phosphonique)  ou  d'un  sel  de  cet  acide;  et  (3) 
d'acide  1,6-hexanediaminetetrakis(methylene  phosphonique)  ou  d'un  sel  de  cet  acide. 

2.  Precede  suivant  la  revendication  1,  dans  iequel  le  composant  (1),  le  composant  (2)  et  le  composant 
(3)  constituent  chacun  20  a  40%  en  poids  du  poids  total  des  trois  composants. 

3.  Precede  suivant  la  revendication  1  ou  la  revendication  2,  dans  Iequel  le  rapport  en  poids  de  I'ion  or- 
30  thophosphate  a  la  teneur  totale  en  acides  methylene-phosphoniques  va  d'environ  1  :200  a  50:1  . 

4.  Precede  suivant  la  revendication  3,  dans  Iequel  le  rapport  en  poids  de  Hon  orthophosphate  a  la  te- 
neur  totale  en  acides  m&hylene-phosphoniques  va  de  0,1  :1  a  1  0:1  . 

5.  Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  Iequel  la  source  d'ion  or- 
thophosphate  est  incorporee  dans  le  systeme  aqueux  en  une  quantite  qui  apporte  une  concentration  en 

35  poids  de  0,5  a  50  parties  d'orthophosphate  sous  forme  de  PO4  par  million  de  parties  d'eau. 
6.  Precede  suivant  la  revendication  5,  dans  Iequel  la  source  d'ion  orthophosphate  est  incorporee 

dans  le  systeme  aqueux  en  une  quantite  qui  apporte  une  concentration  en  poids  de  1  a  9  parties  d'ortho- 
phosphate  sous  forme  de  PO4  par  million  de  parties  d'eau. 

7.  Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  Iequel  les  composants 
40  acide  m6thylene-phosphonique  sont  incorpores  dans  le  systeme  aqueux  en  une  quantite"  apportant  une 

concentration  totale  en  acides  methylene-phosphoniques,  en  poids,  de  1  a  100  parties  par  million  de  par- 
ties  d'eau. 

8.  Precede  suivant  la  revendication  7,  dans  Iequel  les  composants  acide  methylene-phosphonique 
sont  incorpords  dans  le  systeme  aqueux  en  une  quantite  apportant  une  concentration  totale  en  acides 

45  melhylene-phosphoniques,  en  poids,  de  9  a  1  5  parties  par  million  de  parties  d'eau. 
9.  Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  Iequel  la  source  d'ion  or- 

thophosphate  consiste  en  acide  orthophosphorique,  orthophosphate  de  sodium  ou  orthophosphate  de 
potassium. 

10.  Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  Iequel  le  systeme  aqueux 
50  est  un  systeme  d'eau  de  refroidissement. 

11.  Composition  destinee  a  inhiber  la  corrosion  de  la  surface  de  metaux  au  contact  d'un  systeme 
aqueux  et  a  inhiber  simultanement  la  precipitation  de  sels  insolubles  de  calcium,  caracterisee  en  ce  qu'el- 
le  comprend  une  source  d'ion  orthophosphate  et  (1)  de  I'acide  1,2-diaminocyclohexanet6trakis(methylene 
phosphonique)  ou  un  sel  de  cet  acide;  (2)  de  I'acide  2-mithyl-1,5-pentanediaminetetrakis(methylene  phos- 

55  phonique)  ou  un  sel  de  cet  acide;  (3)  de  I'acide  1  ,6-hexanediaminet&rakis(methylene  phosphonique)  ou  un 
ssl  ds  est  3cid© 

12.  Composition  suivant  la  revendication  11,  dans  laquelle  le  rapport  en  poids  de  I'ion  orthophosphate  a 
la  teneur  totale  en  acides  methylene-phosphoniques  va  d'environ  1  :200  a  50:1  . 

13.  Composition  suivant  la  revendication  12,  dans  laquelle  le  rapport  en  poids  de  I'ion  orthophosphate  a 
60  la  teneur  totale  en  acides  methylene-phosphoniques  va  de  0,1  :1  a  1  0:1  . 

14.  Composition  pour  inhiber  la  precipitation  de  sels  insolubles  de  calcium  dans  des  systemes  aqueux 
contenant  une  source  d'ion  orthophosphate,  caracterisee  en  ce  qu'elle  comprend  (1)  de  I'acide  1,2-diami- 
nocyclohexanetetrakis(methylene  phosphonique)  ou  un  sel  de  cet  acide;  (2)  de  I'acide  2-m6thyl-1  ,5-pen- 
tanediaminetetrakis(methylene  phosphonique)  ou  un  sel  de  cet  acide;  et  (3)  de  I'acide  1  ,6-hexanediamine- 

65  tetrakis(methylene  phosphonique)  ou  un  sel  de  cet  acide. 

9 
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15.  Composition  suivant  I'une  quelconque  des  revendications  11  a  14,  dans  laquelle  le  composant  (1),  le 
composant  (2)  et  le  composant  (3)  constituent  chacun  20  a  40%  du  poids  total  des  trois  composants. 

Patentanspriiche 
5 

1  .  Verfahren  zur  Inhibierung  der  Korrosion  einer  Metalloberflache,  die  in  Beriihrung  mit  einem  waBri- 
gen  System  steht,  durch  Einbringen  einer  Orthophosphationenquelle  in  das  waBrige  System,  dadurch  ge- 
kennzeichnet,  daB  die  Korrosion  der  Metalloberflache,  die  in  Beriihrung  mit  dem  waBrigen  System  steht, 
unter  gleichzeitiger  Inhibierung  der  Ausfallung  unldslicher  Calciumsalze  dadurch  inhibiert  wird,  daG  in 

10  das  waBrige  System  wirksame  Mengen  an  (1)  1,2-Diaminocyclohexantetrakis(methylenphosphonsaure) 
oder  eines  Salzes  hiervon;  (2)  2-Methyl-1,5-pentandiamintetrakis(methylenphosphonsaure)  oder  eines 
Saizes  hiervon;  und  (3)  1  ,6-Hexandiamintetrakis(methylenphosphonsaure)  oder  eines  Salzes  hiervon 
eingebracht  werden. 

2.  Verfahren  nach  Anspruch  1,  wobei  Komponente  (1),  Komponente  (2)  und  Komponente  (3)  jeweils  20 
15  bis  40  Gew.-%  des  Gesamtgewichts  der  drei  Komponenten  ausmachen. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  das  Gewichtsverhaltnis  an  Orthophosphation  zum  Ge- 
samtgehalt  an  Methylenphosphonsaure  etwa  1  :200  bis  50:1  betragt. 

4.  Verfahren  nach  Anspruch  3,  wobei  das  Gewichtsverhaltnis  von  Orthophosphation  zum  Gesamtge- 
haltan  Methylenphosphonsaure  0,1:1  bis  10:1  betragt. 

20  5.  Verfahren  nach  mindestens  einem  der  vorangehenden  Anspruche,  wobei  die  Orthophosphationen- 
quelle  in  das  waBrige  System  in  einer  Menge  eingebracht  wird,  die  eine  Konzentration,  bezogen  auf  das 
Gewicht  von  0,5  bis  50  Teilen  Orthophosphat,  als  PO4  pro  Million  Teile  Wasser  ergibt. 

6.  Verfahren  nach  Anspruch  5,  wobei  die  Orthophosphationenquelle  in  das  waBrige  System  in  einer 
Menge  eingebracht  wird,  die  eine  Konzentration,  bezogen  auf  das  Gewicht,  von  1  bis  9  Teile  Ortho- 

25  phosphat,  als  PO4,  pro  Million  Teile  Wasser  ergibt. 
7.  Verfahren  nach  mindestens  einem  der  vorangehenden  Anspruche,  wobei  die  Methylenphosphon- 

saure-Komponenten  in  das  waBrige  System  in  einer  Menge  eingebracht  werden,  die  eine  Gesamtkonzen- 
tration,  bezogen  auf  das  Gewicht,  an  Methylenphosphonsaure  von  1  bis  100  Teilen  pro  Million  Teile  Was- 
ser  ergibt. 

30  8.  Verfahren  nach  Anspruch  7,  wobei  die  Methylenphosphonsaure-Komponenten  in  das  waBrige  Sy- 
stem  in  einer  Menge  eingebracht  werden,  die  eine  Gesamtkonzentration,  bezogen  auf  das  Gewicht,  an 
Methylenphosphonsaure  von  9  bis  15  Teilen  pro  Million  Teile  Wasser  ergibt. 

9.  Verfahren  nach  mindestens  einem  der  vorangehenden  Anspruche,  wobei  die  Orthophosphationen- 
quelle  Orthophosphorsaure,  Natriumorthophosphat  oder  Kaliumorthophosphat  ist. 

35  10.  Verfahren  nach  mindestens  einem  der  vorangehenden  Anspruche,  wobei  das  waBrige  System  ein 
Kuhlwassersystem  ist. 

1  1  .  Zusammensetzung  zur  Inhibierung  der  Korrosion  einer  Metalloberflache,  die  in  Beriihrung  mit  ei- 
nem  waBrigen  System  steht,  unter  gleichzeitiger  Inhibierung  der  Ausfallung  unloslicher  Calciumsalze, 
dadurch  gekennzeichnet,  daB  die  Zusammensetzung  eine  Orthophosphationenquelle  und  (1)  1,2-Dia- 

40  minocyclohexantetrakis(methylenphosphonsaure)  oder  ein  Salz  hiervon;  (2)  2-Methyl-1  ,5-pentandiamin- 
tetrakis(methylenphosphonsaure)  oder  ein  Salz  hiervon;  (3)  1  ,6-Hexandiamintetrakis(methylenphosphon- 
saure)  oder  ein  Salz  hiervon  umfaBt. 

12.  Zusammensetzung  nach  Anspruch  11,  wobei  das  Gewichtsverhaltnis  von  Orthophosphation  zum 
Gesamtgehalt  an  Methylenphosphonsaure  etwa  1  :200  bis  50:1  betragt. 

45  13.  Zusammensetzung  nach  Anspruch  12,  wobei  das  Gewichtsverhaltnis  von  Orthophosphation  zum 
Gesamtgehalt  an  Methylenphosphonsaure  0,1:1  bis  10:1  betragt. 

14.  Zusammensetzung  zur  Inhibierung  der  Ausfallung  unloslicher  Calciumsalze  in  waBrigen  Systemen, 
enthaltend  eine  Orthophosphationenquelle,  dadurch  gekennzeichnet,  daB  die  Zusammensetzung 

(1)  1,2-Diaminocyclohexantetrakis(methylenphosphonsaure)  oder  ein  Salz  hiervon;  (2)  2-Methyl-1  ,5- 
50  pentandiamintetrakis(methylenphosphonsaure)  oder  ein  Salz  hiervon;  und  (3)  1  ,6-Hexandiamintetra- 

kis(methylenphosphonsaure)  oder  ein  Salz  hiervon  umfaBt. 
15.  Zusammensetzung  nach  mindestens  einem  der  Anspruche  1  1  bis  14,  wobei  die  Komponente  (1),  Kom- 

ponente  (2)  und  Komponente  (3)  jeweils  20  bis  40  Gew.-%  des  Gesamtgewichts  der  drei  Komponenten 
ausmacht. 

55 
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