
J »  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (R)  Publication  number  :  0  639   657   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

@  mt.  ci.6:  C23F  11/02,  B65D  8 1 / 2 6  (21)  Application  number  :  94202936.4 

(22)  Date  of  filing  :  22.04.92 

This  application  was  filed  on  11  -  10  -  1994  as  a 
divisional  application  to  the  application 
mentioned  under  INID  code  60. 

72)  Inventor  :  Miksic,  Boris  A. 
21  Evergreen  Road 
North  Oaks,  Minnesota  55110  (US) 
Inventor  :  Tarvin,  Michael 
2855  Rice  Street,  No.  1023 
Roseville,  Minnesota  55113  (US) 

74)  Representative  :  MacGregor,  Gordon  et  al 
ERIC  POTTER  &  CLARKSON 
St.  Mary's  Court 
St.  Mary's  Gate 
Nottingham,  NG1  1LE  (GB) 

(43)  Date  of  publication  of  application  : 
22.02.95  Bulletin  95/08 

(60)  Publication  number  of  the  earlier  application  in 
accordance  with  Art.  76  EPC  :  0  566  789 

(S)  Designated  Contracting  States  : 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  MC  NL 
PTSE 

©  Applicant  :  CORTEC  CORPORATION 
4119  White  Bear  Parkway 
St.  Paul,  Minnesota  55110  (US) 

(54)  Vapor  phase  corrosion  inhibitor  material. 

(57)  A  method  of  inhibiting  the  corrosion  of  an  item,  using  a  vapor  phase  corrosion  inhibitor  formulation 
comprising  finely  divided  anhydrous  amine  molybdate  having  the  structural  formula  : 

H ,  

Rt  -  N  -  R2 M o O 4  

wherein  either  (i)  R̂   is  either  a  2-ethylhexyl  radical,  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon 
atoms,  and  wherein  R2  is  either  hydrogen  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon  atoms,  or 
(ii)  R̂   and  R2  are  2-ethylhexyl  radicals.  The  formulation  has  a  vapor  pressure  which  contributes  to  an 
ongoing  availability  of  anti-corrosion  protection.  The  formulation  can  be  extruded  with  polyolefin  films, 
and  can  be  used  in  laminates. 
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The  present  invention  relates  to  a  method  of  inhibiting  the  corrosion  of  an  item  by  using  an  anhydrous  amine 
molybdate  as  a  vapor  phase  corrosion  inhibitor. 

In  commerce  and  industry  today,  the  useful  life  of  corrodible  items  may  be  extended  and/or  preserved  by 
providing  corrosion  inhibitors  which  protect  the  corrodible  item  from  the  adverse  effects  of  its  ambient  envir- 

5  onment.  Corrosion  inhibitors,  particularly  vapor  phase  corrosion  inhibitors,  have  been  found  useful  in  protect- 
ing  certain  corrodible  items  against  reaction  with  elements  or  compounds  which  may  be  found  within  their  en- 
vironment,  and  thereby  losing  their  effectiveness,  reducing  their  useful  life,  or  otherwise  diminishing  their  val- 
ue.  Such  protection  is  typically  needed  during  times  of  packaging,  handling,  shipment,  or  during  end  use.  Ele- 
ments  or  compounds  which  are  normally  of  primary  concern  are  gases  such  as  oxygen,  water  vapor,  sulf  ides, 

w  carbon  dioxide,  and  the  like.  The  formulations  of  the  present  invention  find  particular  application  in  the  prep- 
aration  of  packaging  material,  particularly  through  in-situ  extrusion  of  the  material  with  such  films,  with  the 
films  thereafter  forming  an  envelope  or  other  enclosure  about  the  article  being  protected.  These  films  may 
also  be  employed  as  a  member  of  a  multi-layer  laminate  including  a  metallized  film  having  good  tear  resistant 
properties  such  as  stress-oriented  polyethylene  terephthalate  containing  a  vapor  deposited  film  or  layer  of  met- 

is  allic  aluminum.  Such  films  are  commercially  available  and  are  commonly  designated  as  "aluminized"  films. 
Among  the  common  indications  of  corrosion  manifested  in  useful  metallic  articles  are  oxidation,  pitting, 

tarnishing,  mottling,  or  discoloration  of  the  surfaces  of  these  items.  These  manifestations  occur  in  the  articles, 
particularly  when  exposed  to  oxygen  and  in  either  gaseous  or  liquid  phase.  Additionally,  sulf  ides  may  present 
corrosion  or  tarnishing  problems  as  well.  Inasmuch  as  both  oxygen  and  water,  including  water  vapor,  occur 

20  normally  and  are  available  in  nature,  it  is  normally  necessary  to  take  precautions  against  corrosion  when  pack- 
aging  metallic  items  for  shipment,  or  when  subjecting  such  items  to  normal  use.  Metals  which  are  frequently 
found  to  be  susceptible  to  corrosion  under  normal  atmospheric  and  ambient  conditions  are  iron,  steel,  copper, 
brass,  aluminum,  silver,  and  alloys  of  these  metals.  Care  must  frequently  be  taken  to  protect  articles  fabricated 
from  both  ferrous  and  non-ferrous  metals,  eg.  aluminium,  copper  and  brass,  even  when  their  surfaces  have 

25  been  treated  so  as  to  be  provided  with  sacrificial  or  aesthetic  coatings  of  zinc  or  cadmium  on  their  surfaces. 
Such  sacrificial  or  aesthetic  coatings  are,  or  course,  in  wide  use,  but  restrictions  of  use  of  these  materials  may 
appear  from  time  to  time  due  to  their  potential  contribution  to  pollution  or  the  like.  Accordingly,  means  must 
be  provided  to  find  alternate  techniques  for  the  protection  and/or  preservation  of  metallic  articles. 

In  the  past,  it  has  been  known  to  provide  a  package  or  other  enclosure  which  includes  one  or  more  inhibiting 
30  compounds  along  with  the  corrodible  item  or  items  to  be  protected.  Additionally,  articles  have  been  protected 

by  means  of  utilization  of  protective  coatings  in  the  form  of  solids,  liquids,  greases,  or  pastes,  however  such 
coatings  tend  to  be  temporary  in  nature  and  further  present  certain  disadvantages  to  normal  handling  and  pack- 
aging.  Furthermore,  removal  of  such  protective  coatings  may  present  problems  either  due  to  incomplete  re- 
moval,  or  the  costs  of  such  removal. 

35  Solid  phase  and  liquid  phase  compounds  have  been  used  in  the  past  to  provide  a  source  of  vapor  phase 
corrosion  inhibitors.  These  materials  typically  undergo  either  evaporation  or  sublimation  so  as  to  provide  the 
substantially  constant  availability  of  the  inhibitors.  In  other  words,  vapor  phase  corrosion  inhibitors  typically 
emit  vapors  which  protect  corrodible  surfaces  through  the  deposition  or  condensation  of  a  protective  film  or 
coating  upon  the  surface.  In  order  to  be  assured  that  a  constant  supply  of  inhibitor  be  present,  adequate  quan- 

40  tities  of  the  solid  phase  or  liquid  phase  corrosion  inhibiting  compounds  must  be  provided,  with  the  corrosion 
inhibiting  compounds  being  released  at  or  adjacent  the  location  where  needed. 

Typical  corrosion  inhibiting  articles  and  materials  used  in  the  past  are  disclosed  in  Miksic  et  al  U.S.  Patent 
No.  4,051  ,066  and  Miksic  et  al  U.S.  Patent  No.  4,275,835. 

US-A-4,298,657  discloses  a  corrosion  inhibitor  that  is  deposited,  painted  or  sprayed  on  an  item  which  is 
45  to  be  protected  from  corrosion.  The  inhibitor  includes  sodium  molybdate. 

EP-A-0,01  5,496  discloses  the  use  of  an  amine  molybdate  as  a  smoke  retardant. 
JP-A-60071799  discloses  a  rust-proofing  paper  including  a  volatile  rustproof  ing  agent  in  the  form  of  am- 

monium  molybdate. 
None  of  the  above  documents  relates  to  the  use  of  an  amine  molybdate  as  a  vapor  phase  corrosion  in- 

50  hibitor. 
The  present  invention  relates  to  a  method  of  inhibiting  corrosion  of  an  item,  as  set  out  in  claim  1.  The  pre- 

characterising  part  of  claim  1  is  based  on  JP-A-60071799,  and  the  distinguishing  features  of  the  present  in- 
vention  are  set  out  in  the  characterising  part  of  claim  1  . 

The  present  invention  also  relates  to  the  use  of  an  amine  molybdate  in  the  manufacture  of  an  inhibitor  for 
55  the  purpose  of  vapor  phase  corrosion  inhibition. 

In  one  embodiment,  the  inhibitor  may  be  extruded  with  a  film  material  such  as  an  olef  inicf  ilm,  polyethylene, 
or  the  like,  and  placed  within  the  confines  of  an  enclosure  housing  the  item  being  protected.  Alternatively,  the 
inhibitor  may  be  placed  within  packages  containing  items  which  are  to  be  protected  from  corrosion.  Anhydrous 
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mixtures  of  an  amine  molybdate  along  with  sodium  nitrite  and  benzotriazole  are  preferred  for  these  applica- 
tions,  with  this  mixture  further  being  preferably  extruded  into  polyethylene  film  at  a  rate  of  from  between  about 
2  percent  and  3  percent  by  weight. 

Film  materials  extruded  with  the  inhibitor  may  in  one  embodiment,  in  turn,  by  laminated  to  a  second  met- 
5  allized  film,  such  as,  for  example,  metallized  polyethylene  terephthalate.  The  combined  laminate  provides  a 

means  to  reduce  and/or  eliminate  static  build-up  in  or  along  the  film,  and  accordingly  improves  the  properties 
of  the  film  when  employed  as  an  enclosure. 

When  a  laminate  is  formed  in  which  one  layer  comprises  a  heat  sealable  film  such  as  polyethylene  with 
the  inhibitor  extruded  in-situ,  and  with  a  second  layer  being  a  material  such  as  metallized  stress-oriented  poly- 

w  ethylene  terephthalate,  a  desirable  combination  of  properties  are  achieved.  Specifically,  the  polyethylene  film 
layer  retains  its  conventional  heat  sealing  properties,  while  the  stress-oriented  polyethylene  terephthalate  pro- 
vides  a  tear-resistant  property.  The  metallized  layer  is  utilized  to  reduce  and/or  eliminate  static  build-up  thereby 
further  enhancing  the  properties  and  qualities  of  the  laminate.  Stress-oriented  polyethylene  terephthalate  is 
normally  biaxially  oriented,  and  is,  of  course,  commercially  available. 

15  The  inhibitor  is  particularly  useful  in  providing  protection  to  both  ferrous  and  non-ferrous  metals,  including 
such  non-ferrous  metals  as  aluminum,  copper  and  brass. 

Additionally,  the  vapor  phase  corrosion  inhibitor  produces  little,  if  any,  visible  residue.  The  lack  of  residue 
enhances  the  utility  of  the  inhibitor  inasmuch  as  little,  if  any,  mechanical  or  electrical  problems  result  from  the 
continuous  use  of  this  inhibitor. 

20  The  inhibitor  is  particularly  well  adapted  to  be  employed  as  an  extrudate  with  films  fabricated  from  aliphatic 
hydrocarbon  such  as  polyethylene  and  polypropylene.  In  one  embodiment,  the  inhibitor  is  utilized  for  retention 
and/or  packaging  within  modestly  porous  envelopes  or  other  enclosures  formed  of  plastic  film  or  plastic  foam. 
Typically,  those  certain  enclosures  disclosed  and  claimed  in  the  Miksic  et  al  U.S.  Patents  4,051,066  and 
4,275,835,  as  identified  hereinabove,  are  well  adapted  for  use  with  the  inhibitor. 

25  In  accordance  with  a  preferred  embodiment,  the  vapor  phase  corrosion  inhibitor  comprises  an  anhydrous 
amine-molybdate  having  the  general  structural  formula: 

H2 
30  | 

R,  -  N  -  Rj  M o O 4  

35 
wherein  either,  (i)  R̂   is  either  a  2-ethylhexyl  radical  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon  atoms, 
and  wherein  R2  is  either  hydrogen  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon  atoms,  or  (ii)  R̂   and  R2 
and  2-ethylhexyl  radicals.  The  preferred  amine  molybdates  are  derived  from  the  group  consisting  of  dicyclo- 
hexylamine,  2-ethylhexylamine,  and  cyclohexylamine.  Such  molybdates  are  readily  synthesized  and  can  be 

40  prepared  in  anhydrous  form  without  requiring  unusual  processing  or  handling  problems. 
Other  objects  of  the  present  invention  will  become  apparent  to  those  skilled  in  the  art  upon  a  study  of  the 

following  specification,  appended  claims,  and  accompanying  drawings. 

IN  THE  DRAWING 
45 

The  figure  is  a  cross-sectional  view  of  a  typical  laminate  prepared  in  accordance  with  the  present  invention, 
with  the  center  or  metallized  layer  being  shown  in  somewhat  exaggerated  form  due  to  limitations  of  drafts- 
manship. 

50  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

In  accordance  with  the  preferred  embodiment,  a  particularly  useful  vapor  phase  corrosion  inhibitor  for  ex- 
truded  polyethylene  film  includes  a  mixture  of  anhydrous  amine  molybdates,  together  with  sodium  nitrite  and 
benzotriazole. 

55  While  there  are  various  techniques  that  may  be  employed  for  providing  the  appropriate  extrudate  including, 
for  example,  polyethylene  and  a  vapor  phase  corrosion  inhibitor  of  the  type  described  herein,  one  particular 
technique  has  been  found  to  be  particularly  useful.  Specifically,  the  formation  is  formed  and  rendered  as  uni- 
form  as  possible,  and  passed  through  the  barrel  of  a  conventional  extruder  to  form  a  master  batch.  The  resultant 
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master  batch  is  then  chopped  and  rendered  into  pellet  form.  These  pellets  are,  in  turn,  extruded  as  the  film 
containing  a  vapor  phase  corrosion  inhibitor  of  the  type  described. 

In  order  to  describe  alternate  materials  useful  in  connection  with  the  present  invention,  the  synthesis  of 
three  amine-molybdate  compounds  will  be  described  hereinbelow,  it  being  understood  that  each  resultant  com- 
pound  possesses  appropriate  physical  and  chemical  properties  in  its  anhydrous  form  so  as  to  be  highly  useful 
in  connection  with  the  various  aspects  of  the  present  invention. 

The  aliphatic  amines  employed  are  from  the  group  consisting  of  dicyclohexylamine,  2-ethylhexylamine, 
and  cyclohexylamine,  it  being  understood  that  other  al  iphatic  amines  within  this  general  category  may  be  found 
useful  as  well. 

AMINE-MOLYBDATE  "A" 

Pursuant  to  this  embodiment,  dicyclohexylamine  having  a  molecular  weight  of  181.36  and  the  empirical 
formula  C12H23N  is  employed.  The  method  and  procedure  set  forth  in  Example  I  hereinbelow  is  followed. 

EXAMPLE  I 

A  formulation  is  prepared  with  the  following  components: 

10 

15 

Component  Percent  by  Weight 

Dicyclohexylamine  10% 

Phosphoric  acid  4% 

Water  36% 

Aqueous  solution  of  ammonium  molybdate  (20%)  50% 

20 

25 

The  20%  ammonium  molybdate  solution  is  prepared  by  adding  pure  molybdenum  trioxide  to  a  5%  aqueous 
solution  of  ammonium  hydroxide.  The  pH  of  the  resulting  solution  is  normally  in  the  range  of  7.5  to  8.5.  The 
dicyclohexylamine,  phosphoric  acid  and  water  are  mixed  together  to  form  a  neutral  to  slightly  alkaline  solution, 
the  pH  being  in  the  range  of  7.5  to  8.5.  The  20%  aqueous  solution  of  ammonium  molybdate  is  then  added.  The 
reaction  that  occurs  is  a  simple  displacement  reaction  in  which  a  white  powdery  precipitate  is  formed  upon 
addition  of  the  ammonium  molybdate  solution.  Following  the  completion  of  the  reaction,  the  mixture  is  cooled 
to  approximately  60°R,  after  which  the  precipitate  is  filtered,  washed,  and  dried  until  the  anhydrous  form  is 
obtained.  The  anhydrous  finished  product  is  a  fine  white  powder  having  the  following  structural  formula: 

30 

35 

H2 
I 

R,  -  N  -  R2 

40 

M o O 4  

45 

wherein  R̂   and  R2  are  cyclohexyl  radicals. 

AMINE-MOLYBDATE  "B" 

Pursuant  to  this  embodiment,  2-ethylhexylamine  having  a  molecular  weight  of  129.2  and  the  empirical  for- 
mula  C8N19N  is  employed.  The  method  and  procedure  set  forth  in  Example  II  hereinbelow  is  followed. 

EXAMPLE  II 

A  formulation  is  prepared  with  the  following  components: 

50 

55 
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C o m p o n e n t  

2 -e thy lhexy lamine  

Phosphoric  acid 

Percent  by  W e i g h t  

5 %  

2 . 5 %  

Wate r  

Aqueous  solution  of  a m m o n i u m  

molybdate  (20%) 

67 .5% 
10 

2 5 %  

The  20%  ammonium  molybdate  solution  is  prepared  as  set  forth  in  Example  I  hereinabove.  The  2-ethyl- 
hexylamine,  phosphoric  acid  and  water  are  mixed  together  to  form  a  neutral  to  slightly  alkaline  solution,  the 
pH  being  in  the  range  of  7.5  to  8.5.  The  20%  aqueous  solution  of  ammonium  molybdate  is  then  added.  The 
reaction  that  occurs  is  a  simple  displacement  reaction  in  which  a  white  powdery  precipitate  is  formed  upon 
addition  of  the  ammonium  molybdate  solution.  Following  the  completion  of  the  reaction,  the  mixture  is  cooled 
to  approximately  60°R,  after  which  the  precipitate  is  filtered,  washed,  and  dried  until  the  anhydrous  form  is 
obtained.  The  anhydrous  finished  product  is  a  find  white  powder  having  the  following  structural  formula: 

15 

20 

H,  
25 

R,  -  N  -  R2 M o O 4  

30 

wherein  R̂   is  a  2-ethylhexyl  radical  and  R2  is  hydrogen. 

AMINE-MOLYBDATE  "C" 

Pursuant  to  this  embodiment,  cyclohexylamine  is  employed  in  the  preparation  of  cyclohexylamine-molyb- 
date.  Cyclohexylamine  having  a  molecular  weight  of  99.17  and  the  empirical  formula  CeHnNh  ̂ is  employed. 
The  method  and  procedure  set  forth  in  Example  III  hereinbelow  is  followed. 

EXAMPLE  III 

A  formulation  is  prepared  with  the  following  components: 

35 

40 

Component  Percent  by  Weight 

Cyclohexylamine  20% 

Molybdenum  trioxide  (pure)  13% 

Water  67% 

45 

50 
The  water,  molybdenum  trioxide  and  cyclohexylamine  are  mixed  together  all  at  once.  While  mixing,  the 

solution  is  heated  to  approximately  175°F.  When  the  solution  becomes  clear,  the  mixture  is  cooled  to  60°- 
70°CF.,  whereupon  a  grey-white  precipitate  forms.  The  precipitate  is  filtered,  washed  and  dried  until  the  an- 
hydrous  form  is  obtained.  The  anhydrous  finished  product  is  a  white  crystalline  powder  with  the  following  struc- 
tural  formula: 55 
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r   h2  - i  
I 

Ri  -  N  -  R2  M o O 4  
5 

2 

wherein  R̂   is  a  cyclohexyl  radical  and  wherein  R2  is  hydrogen. 
10 

GENERAL  COMMENTARY 

The  amine-molybdates  as  set  forth  above  are,  of  course,  employed  in  the  anhydrous  form.  It  has  been 
found  that  such  molybdates,  when  employed  in  the  anhydrous  form,  will  be  readily  incorporated  into  olefinic 

15  films  such  as  polyethylene  and  polypropylene.  Effective  mixtures  of  the  amine-molybdates  are  normally  for- 
mulated  utilizing  70%  by  weight  anhydrous  amine-molybdate  of  the  type  shown  in  Examples  A,  B  and  C  above, 
25%  sodium  nitrate  and  5%  benzotriazole. 

In  accordance  with  the  examples,  the  aliphatic  amine  may  be  present  in  an  amount  ranging  from  between 
about  5%  and  20%.  In  the  interests  of  completeness  of  the  reaction  involved,  it  has  been  found  that  approxi- 

20  mately  10%  by  weight  of  the  aliphatic  amine  produces  a  desirable  end  product.  The  reactions  involved  occur 
quite  rapidly  and  have  been  found  to  go  substantially  to  completion  at  room  temperature. 

While  dicyclohexylamine,  2-ethylhexylamine,  and  cyclohexylamine  have  been  indicated  as  the  most  de- 
sirable  materials,  it  will,  of  course,  be  appreciated  that  certain  conditions  of  end  use  along  with  certain  other 
considerations  and  parameters  may  dictate  that  somewhat  smaller  aliphatic  chain  lengths  be  employed.  For 

25  example,  use  of  the  material  in  somewhat  cooler  environments  may  render  it  desirable  to  utilize  materials  hav- 
ing  a  somewhat  shorter  chain  length  in  order  to  achieve  an  appropriate  degree  of  sublimation  while  exposed 
to  ambience.  Other  considerations  may  indicate  utilization  of  such  shorter  chain  lengths,  as  well. 

As  has  been  indicated  hereinabove,  and  with  attention  being  directed  to  the  figure  of  the  drawing,  the  vapor 
phase  corrosion  inhibitors  are  well  adapted  for  extrusion  with  resinous  film  material  typically  employed  in  the 

30  packaging  industry.  When  employed  as  a  member  or  layer  of  a  laminate,  and  with  continued  attention  being 
directed  to  the  drawing,  the  film  generally  designated  1  0  includes  a  first  layer  of  plastic  film  1  1  having  a  metallic 
or  metallizing  layer  12  deposited  thereon.  Layer  13  of  laminate  10  is  impregnated  with  the  inhibitor  with  the 
solid  particles  being  introduced  into  the  film  through  co-extrusion  techniques.  For  example,  the  amine- 
molybdate  of  Example  I  is  prepared,  and  introduced  as  a  fine  white  powder  into  conventional  polyethylene  film. 

35  This  impregnated  film  is,  in  turn,  laminated  to  the  metallized  layer  12  of  film  11  so  as  to  form  the  composite. 
Laminating  techniques  for  such  films  are,  of  course,  well  known  in  the  art.  Metallized  films  of  biaxially  oriented 
polyethylene  terephthalate  are  readily  bonded  to  and  laminated  with  polyethylene  films  of  the  type  shown  at 
13. 

The  vapor  phase  corrosion  inhibitor  compounds  are  also  well  adapted  for  retention  and/or  packaging  within 
40  modestly  porous  envelopes  or  other  enclosures.  These  envelopes  may  be  formed  of  plastic  film  or  plastic  foam, 

or  alternatively,  may  be  fabricated  from  cellulosic  products  such  as  paper  or  the  like.  The  addition  to  being 
retained  and/or  packaged  within  envelopes  or  enclosures,  the  material  may  be  placed  upon  or  within  an  ap- 
propriate  substrate  formed  of  either  synthetic  resin  or  cellulosic  materials.  Typical  examples  of  useful  material 
include  polyethylene,  polypropylene,  paper,  and  the  like.  When  paper  is  employed,  it  is  preferred  that  the  drying 

45  operation  be  undertaken  so  as  to  provide  reasonably  anhydrous  amine-molybdate  materials.  As  a  still  further 
alternative,  the  vapor  phase  corrosion  inhibitors  may  be  extruded  or  co-extruded  with  synthetic  resin  materials 
such  as,  for  example,  polyethylene,  polypropylene,  or  the  like.  Conventional  extrusion  or  co-extrusion  techni- 
ques  may  be  employed  in  this  regard. 

50 
Claims 

1.  A  method  of  inhibiting  the  corrosion  of  an  item,  comprising  using  a  molybdate  compound  as  a  vapor  phase 
corrosion  inhibitor,  characterised  in  that  the  molybdate  compound  is  a  substantially  anhydrous  amine  mo- 

55  lybdate. 

2.  The  method  of  claim  1,  wherein  the  amine  molybdate  is  in  powder  form  and  has  the  structural  formula: 
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H2 
I 

Rt  -  N  -  R2 M o O 4  

wherein  either  (i)  R̂   is  either  a  2-ethylhexyl  radical,  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon 
atoms,  and  wherein  R2  is  either  hydrogen  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon  atoms,  or  (ii) 
Ri  and  R2  are  2-ethylhexyl  radicals. 

3.  The  method  as  defined  in  claim  2  wherein  R2  is  a  cyclohexyl  radical. 

10 

15 
4.  The  method  of  claim  1,2  or  3,  including  enclosing  the  item  and  vapor  phase  corrosion  inhibitor  in  a  porous 

modestly  permeable  envelope. 

5.  The  method  of  claim  1,  2  or  3,  including  supporting  the  vapor  phase  corrosion  inhibitor  on  a  substrate 
comprising  an  aliphatic  hydrocarbon  film  selected  from  the  group  consisting  of  polyethylene  and  polypro- 
pylene,  by  retaining  said  anhydrous  amine  molybdate  within  said  substrate  through  extrusion  of  the  said 
anhydrous  amine  molybdate  with  the  film  formation;  and  forming  the  film  into  an  enclosure  enclosing  said 
item. 

6.  The  method  of  claim  5,  including  extruding  the  amine  molybdate  into  said  film  at  a  proportion  of  between 
25  2%  and  3%  by  weight. 

7.  The  method  of  claim  5  or  6,  including  forming  a  laminate  consisting  of  the  first  film  (13)  and  a  second  film 
layer  (11)  bonded  to  a  central  metallic  layer  (12)  to  form  a  composite  structure,  wherein  said  second  film 
(11)  comprises  a  layer  of  biaxially  stress-oriented  polyethylene  terephthalate;  and  forming  the  laminate 

30  into  said  enclosure. 

8.  The  method  of  claim  7,  including  depositing  said  central  metallic  layer  (12)  upon  the  surface  of  said  poly- 
ethylene  terephthalate  film,  the  metallic  layer  (12)  being  a  film  of  aluminum. 

35  9.  Use  of  an  amine  molybdate  in  the  manufacture  of  an  inhibitor  for  the  purpose  of  vapor  phase  corrosion 
inhibition. 

10.  The  use  as  in  claim  9,  wherein  the  amine  molybdate  is  in  powder  form  and  has  the  structural  formula: 

20 

25 

30 

H,  - ,  40 

R,  -  N  -  R2 M o O 4  

45 

wherein  either  (i)  R̂   is  either  a  2-ethylhexyl  radical,  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon 
atoms,  and  wherein  R2  is  either  hydrogen  or  an  aliphatic  hydrocarbon  having  up  to  7  carbon  atoms,  or  (ii) 
Ri  and  R2  are  2-ethylhexyl  radicals. 

11.  The  use  as  in  claim  10,  wherein  R2  is  a  cyclohexyl  radical. 

50 

55 
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