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(57) ABSTRACT 

The invention provides a method for depositing a stable 
anti-corrosive metal oxide and/or metal hydroxide layer onto 
a metal surface. The invention further provides a stable 
anti-corrosive coating layer on a metal object, Which layer 
comprises metal oxide and/or metal hydroxide. 
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METHOD FOR DEPOSITING ANTI-CORROSIVE 
COATING ONTO METAL SURFACE 

FIELD OF THE INVENTION 

[0001] The invention provides a method for depositing a 
stable anti-corrosive metal oxide and/or metal hydroxide 
layer onto a metal surface. The invention further provides a 
stable anti-corrosive coating layer on a metal object, Which 
layer comprises metal oxide and/or metal hydroxide. 

BACKGROUND OF THE INVENTION 

[0002] Every year about 5% of iron products WorldWide 
are being replaced due to corrosion. Various coating meth 
ods are used to reduce the corrosion damage, most of Which 
methods are based on applying paints. The corrosion pro 
tective element in paints is generally an anti-corrosive 
pigment (a corrosion inhibitor) based on chromates. These 
pigments usually include heavy metals salts, Which hinder 
the corrosion of the metal surface. Zinc compounds such as 
Zinc phosphate and Zinc chromate are currently Widely used 
as anti-corrosive pigments. Zinc is a heavy metal element 
and is considered to be toxic at certain concentrations. Due 
to the groWing aWareness of the environmental damage 
associated With heavy metal products, there is an industrial 
need for effective anti-corrosive coating methods based on 
non heavy metals, non-toxic agents. 

SUMMARY OF THE INVENTION 

[0003] In one embodiment, this invention provides a 
method for depositing a stable anti-corrosive metal oxide 
and/ or metal hydroxide layer onto a metal surface including 
the step of contacting the metal surface With a mixture 
including, inter alia, a phosphoric acid and/or an inorganic 
phosphate and a metal oxide and/or a metal hydroxide, 
thereby depositing the metal oxide and/ or the metal hydrox 
ide layer onto the metal surface. 

[0004] In another embodiment, this invention provides a 
method for depositing a stable anti-corrosive metal oxide 
and/ or metal hydroxide layer onto a metal surface including 
the step of contacting the metal surface With a mixture 
including, inter alia, an organic amine, a phosphoric acid 
and/or an inorganic phosphate and a metal oxide and/or a 
metal hydroxide, thereby depositing the metal oxide and/or 
the metal hydroxide layer onto the metal surface. 

[0005] Furthermore, in another embodiment, this inven 
tion provides a stable anti-corrosive coating layer on a metal 
object, Which layer comprises metal oxide and/or metal 
hydroxide Whereby the layer is obtained by contacting the 
surface of the object With a mixture including, inter alia, a 
phosphoric acid and/or an inorganic phosphate and a metal 
oxide and/or a metal hydroxide. 

[0006] In another embodiment, this invention provides a 
stable anti-corrosive coating layer on a metal object, Which 
layer comprises metal oxide and/or metal hydroxide 
Whereby the layer is obtained by contacting the surface of 
the object With a mixture including, inter alia, an organic 
amine, a phosphoric acid and/or an inorganic phosphate and 
a metal oxide and/ or a metal hydroxide. 

BRIEF DESCRIPTION OF THE FIGURES 

[0007] FIG. 1 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe reference sample, according to embodiments 
of the invention; 
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[0008] FIG. 2 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe sample after 14 days in NaCl 5%, according 
to embodiments of the invention; 

[0009] FIG. 3 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe sample after 14 days in NaCl 5%+ZnP 3%, 
according to embodiments of the invention; 

[0010] FIG. 4 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe sample after 14 days in NaCl 5%+ZnCr 3%, 
according to embodiments of the invention; 

[0011] FIG. 5 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe sample after 14 days in NaCl 5%+E 3%, 
according to embodiments of the invention; 

[0012] FIG. 6 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of a Fe sample after 14 days in NaCl 5%+M 3%, 
according to embodiments of the invention; 

[0013] FIG. 7 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of an aluminum reference sample, according to 
embodiments of the invention; 

[0014] FIG. 8 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of an aluminum sample after 14 days in NaCl 
5%+ZnP 3%, according to embodiments of the invention; 

[0015] FIG. 9 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of an aluminum sample after 14 days in NaCl 
5%+ZnCr 3%, according to embodiments of the invention; 

[0016] FIG. 10 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of an aluminum sample after 14 days in NaCl 5%+E 
3%, according to embodiments of the invention; 

[0017] FIG. 11 shoWs an Auger spectrum (left); a depth 
pro?le chart (middle); and an element concentration table 
(right) of an aluminum sample after 14 days in NaCl 5%+M 
3%, according to embodiments of the invention; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] In one embodiment, this invention provides a 
method for depositing a stable anti-corrosive metal oxide 
and/or metal hydroxide layer onto a metal surface including 
the step of contacting the metal surface With a mixture 
including, inter alia, a phosphoric acid and/or an inorganic 
phosphate and a metal oxide and/or a metal hydroxide, 
thereby depositing the metal oxide and/or the metal hydrox 
ide layer onto the metal surface. 

[0019] In another embodiment, this invention provides a 
method for depositing a stable anti-corrosive metal oxide 
and/or metal hydroxide layer onto a metal surface including 
the step of contacting the metal surface With a mixture 
including, inter alia, an organic amine, a phosphoric acid 
and/or an inorganic phosphate and a metal oxide and/or a 
metal hydroxide, thereby depositing the metal oxide and/or 
the metal hydroxide layer onto the metal surface. 
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[0020] Furthermore, in another embodiment, this inven 
tion provides a stable anti-corrosive coating layer on a metal 
object, Which layer comprises metal oxide and/or metal 
hydroxide Whereby the layer is obtained by contacting the 
surface of the object With a mixture including, inter alia, a 
phosphoric acid and/or an inorganic phosphate and a metal 
oxide and/or a metal hydroxide. 

[0021] In another embodiment, this invention provides a 
stable anti-corrosive coating layer on a metal object, Which 
layer comprises metal oxide and/or metal hydroxide 
Whereby the layer is obtained by contacting the surface of 
the object With a mixture including, inter alia, an organic 
amine, a phosphoric acid and/or an inorganic phosphate and 
a metal oxide and/ or a metal hydroxide. 

[0022] In one embodiment of the invention, the organic 
amine and the phosphoric acid and/ or inorganic phosphate 
may react to form an organic phosphate. 

[0023] In one embodiment of the invention, the organic 
phosphate may react With the metal oxide and/or metal 
hydroxide to form oxiaminophosphate. In another embodi 
ment, the oxiaminophosphate is an oxiaminophosphate of a 
metal. In another embodiment, the metal magnesium. 

[0024] In one embodiment of the invention, the mixture 
may include, inter alia, l-5% of oxiaminophosphate. In 
another embodiment, the mixture may include, inter alia, 
l-3% of oxiaminophosphate. In another embodiment, the 
mixture may include, inter alia, 3-5% of oxiaminophos 
phate. In another embodiment, the mixture may include, 
inter alia, 3% of oxiaminophosphate. 

[0025] In another embodiment of the invention, the 
oxiaminophosphate is obtained by adding phosphoric acid 
and/or inorganic phosphate (4-20%) to Water (60-80%) 
containing an organic amine (2-l0%) and then adding metal 
oxide and/or metal hydroxide (6-25%). In another embodi 
ment, 4-10% of phosphoric acid and/or inorganic phosphate 
are added to Water. In another embodiment, 5-15% of 
phosphoric acid and/or inorganic phosphate are added to 
Water. In another embodiment, the Water contains 2-5% of 
organic amine. In another embodiment, the Water contains 
3-7% of organic amine. In another embodiment, 6-10% of 
metal oxide and/or metal hydroxide are added to the Water. 
In another embodiment, 10- l 5% of metal oxide and/or metal 
hydroxide are added to the Water. In another embodiment, 
15-25% of metal oxide and/or metal hydroxide are added to 
the Water. 

[0026] In one embodiment of the invention, the organic 
amine may be, inter alia, a quaternary amine. In another 
embodiment, the organic amine may be, inter alia, morpho 
line, dicyclohexylamine, ethanolamine, an aliphatic amine, 
an aromatic amine, melamine, hexamethylentetramine, pen 
tamethylentetramine or any combination thereof. In another 
embodiment, the ethanolamine may be mono, di or tri 
ethanolamine, or any combination thereof. 

[0027] In one embodiment of the invention, the compound 
selected from the group consisting of a metal oxide and a 
metal hydroxide may be formed in solution by adding a base 
to a metal salt solution. 

[0028] In one embodiment of the invention, the metal of 
the metal oxide and/or metal hydroxide may be, inter alia, 
magnesium, calcium, iron, Zinc, molybdenum, aluminum or 
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any combination thereof. In another embodiment, the metal 
may be, inter alia, magnesium. In another embodiment, the 
metal oxide may be, inter alia, MgO. In another embodi 
ment, the metal hydroxide may be, inter alia, Mg(OH)2. 

[0029] In one embodiment of the invention, the mixture 
may be, inter alia, a solution, emulsion suspension or slurry. 
In another embodiment, the mixture may be, inter alia, an 
aqueous mixture. 

[0030] In one embodiment of the invention, the thickness 
of the layer may be betWeen l-l00 nm (nanometer). In 
another embodiment, the thickness of the layer may be 
betWeen 5-60 nm. In another embodiment, the thickness of 
the layer may be betWeen 10-50 nm. In another embodiment, 
the thickness of the layer may be betWeen 10-20 nm. 

[0031] In one embodiment of the invention, the mixture 
may further include, inter alia, surface active agent, anti 
corrosive agents, bactericides, colorants, or a combination 
thereof. 

[0032] In one embodiment of the invention, the metal 
surface may include, inter alia, iron, magnesium, aluminum 
or any combination thereof. In another embodiment, the 
metal object may include, inter alia, iron, magnesium, 
aluminum or any combination thereof. In another embodi 
ment, the metal object may be, inter alia, a metal plate or a 
metal sheet. 

EXPERIMENTAL SECTION 

[0033] Surface analysis Was performed using Auger Elec 
tron Spectroscopy (AES) on samples of steel and aluminum 
that Were treated With solutions of 5% NaCl. 

EXAMPLE 1 

Steel Samples 

[0034] Samples of steel Were immersed in solutions of 5% 
NaCl With or Without corrosion inhibitors for a period of tWo 
Weeks and Were then removed and Washed With treated 
Water. Surface analysis Was performed using Auger electron 
spectroscopy. 

Sample 1: Reference Sample 

[0035] No NaCl treatment Was performed prior to analy 
sis. 

[0036] Iron oxide, silicon (2.65%), Na (7.56%) and carbon 
(9.76%), Were detected on the surface area. The thickness of 
the oxide layer Was approximately 7 nm (FIG. 1). 

Sample 2: 

[0037] NaCl treatment, no corrosion inhibitors Were added 
to NaCl solution. 

[0038] Iron oxide, Cl (0.71%), carbon (2.82%), Were 
detected on the surface area. The thickness of the oxide layer 
Was over 50 nm (FIG. 2). 

Sample 3: 

[0039] NaCl treatment, ZnP 3% Wt Were added to NaCl 
solution. 

[0040] Iron oxide, Cl (0.5%) and carbon (10.8%) and Na 
(5.96%), Were detected on the surface area. No phosphorous 
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and Zinc Were detected on the surface area. Oxygen Were 
detected up to a depth of 90 nm, indicating corrosion (FIG. 
3). 
Sample 4: 

[0041] NaCl treatment, ZnCr 3% Wt Were added to NaCl 
solution. 

[0042] Chromium oxide, Zn (38.08%), carbon (3.54%) 
and Cl (9.86%), Were detected on the surface area. The 
thickness of the chromium and Zinc oxide layer Was approxi 
mately 20 nm (FIG. 4). 

Sample 5: 

[0043] NaCl treatment, E 3% Wt Were added to NaCl 
solution. 

[0044] Unexpected results shoWed a magnesium oxide 
layer (Mg conc.=21.26%) having a thickness of approxi 
mately 15 nm and loW amounts (relative to sample 2) of iron 
oxide layer having a thickness of approximately 8 nm. In 
addition, phosphorous (6.71%), carbon (7.57%) and Cl 
(2.17%), Were detected on the surface area (FIG. 5). 

[0045] “E”, as referred to herein represents an oxyamino 
phosphate of magnesium Which Was prepared by adding 
phosphoric acid (4-20%) to Water (60-80%) containing 
monoethanol amine (2-10%) and then adding MgO (6-25%). 

Sample 6: 

[0046] NaCl treatment, M 3% Wt Were added to NaCl 
solution. 

[0047] Unexpected results shoWed a magnesium oxide 
layer (Mg conc.=12.19%) having a thickness of approxi 
mately 12 nm and loW amounts (relative to sample 2) of iron 
oxide layer having a thickness of approximately 7 nm. In 
addition, phosphorous (7.99%), carbon (9.79%), Na (2.30%) 
and Cl (1.37%), Were detected on the surface area (FIG. 6). 

[0048] “M”, as referred to herein represents an oxyami 
nophosphate of magnesium Which Was prepared by adding 
phosphoric acid (4-20%) to Water (60-80%) containing 
melamine (2-10%) and then adding MgO (6-25%). 

EXAMPLE 2 

Aluminum Samples 

[0049] Samples of aluminum Were immersed in solutions 
of 5% NaCl With or Without corrosion inhibitors for a period 
of tWo Weeks and Were then removed and Washed With 
treated Water. Surface analysis Was performed using Auger 
electron spectroscopy. 

Sample 7: Reference Sample 

[0050] No NaCl treatment Was performed prior to analy 
sis. 

[0051] Aluminum (29.5%), phosphorous (about 2%), car 
bon (about 14%) and oxygen (about 54%) Were detected on 
the surface area. The depth pro?le shoWs a layer of alumi 
num oxide and/or hydroxide on the surface area having a 
thickness of approximately 8 nm having a distinctive border 
With the aluminum (FIG. 7). 
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Sample 8: 

[0052] NaCl treatment, ZnP 3% Wt Were added to NaCl 
solution. 

[0053] Aluminum (about 10%), silicon (about 7%), phos 
phorous (about 6%), Cl (about 0.7%), oxygen (about 66%) 
and Zinc (about 3%) Were detected on the surface area. The 
depth pro?le shoWs a layer of aluminum oxide and/or 
hydroxide on the surface area having a thickness of over 30 
nm having no distinctive border With the aluminum. The 
results shoW that corrosion of the aluminum Was formed. 
Zinc Was found through a 2 nm depth from the surface area 
and phosphorous Was found through a 6 nm depth from the 
surface area, shoWing that the ZnP does not provide a 
suf?cient protection to the surface area. (FIG. 8) 

Sample 9: 

[0054] NaCl treatment, ZnCr 3% Wt Were added to NaCl 
solution. 

[0055] Aluminum (about 6.5%), phosphorous (about 4%), 
carbon (about 13%), Cl (about 2%), oxygen (about 56%), 
chromium (about 13%), and Zinc (about 4%) Were detected 
on the surface area. The depth pro?le shoWs a layer of 
aluminum oxide and/ or hydroxide on the surface area having 
a thickness of approximately 12 nm having a distinctive 
border With the aluminum. Zinc Was found through a 2 nm 
depth from the surface area and phosphorous Was found 
through a 5 nm depth from the surface area. Even though 
13% of chromium is present on the surface area, its con 
centration at a depth of 2 nm is about 1%. The results shoW 
that a 2 nm layer of chromate Was formed (FIG. 9) 

Sample 10: 

[0056] NaCl treatment, E 3% Wt Were added to NaCl 
solution. 

[0057] Aluminum (about 0.7%), phosphorous (about 
10%), carbon (about 2%), Cl (about 0.3%), oxygen (about 
49%) and magnesium (about 38%) Were detected on the 
surface area. The depth pro?le and the surface analysis shoW 
that tWo layers Were formed: one layer comprising oxidiZed 
aluminum, oxidiZed magnesium and phosphorous, the thick 
ness of Which layer is approximately 15 nm; and a second 
layer comprised of aluminum oxide of about 15 micron 
depth from the surface area (FIG. 10). 

Sample 11: 

[0058] NaCl treatment, M 3% Wt Were added to NaCl 
solution. 

[0059] Aluminum (about 24%), phosphorous (about 
14%), carbon (about 10%), Cl (about 0.4%), oxygen (about 
45%) and magnesium (about 5%) Were detected on the 
surface area. The depth pro?le that a layer of aluminum 
oxide, Which comprises also magnesium and phosphorous is 
formed on the surface area. Phosphorous Was found through 
a 5 nm depth from the surface area. The overall thickness of 
the oxide layer is approximately 15 nm (FIG. 11). 

[0060] It Will be appreciated that the present invention is 
not limited by What has been described hereinabove and that 
numerous modi?cations, all of Which fall Within the scope of 
the present invention, exist. Rather the scope of the inven 
tion is de?ned by the claims that folloW: 
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What We claim is: 
1. A method for depositing a stable anti-corrosive metal 

oxide and/or metal hydroxide layer onto a metal surface 
comprising the step of: 

contacting said metal surface With a mixture comprising: 

an organic amine; 

a phosphoric acid and/or an inorganic phosphate; and 

a metal oxide and/ or a metal hydroxide, 

thereby depositing said metal oxide and/or said metal 
hydroxide layer onto said metal surface. 

2. The method according to claim 1, Wherein said organic 
amine and said phosphoric acid and/or said inorganic phos 
phate react to form an organic phosphate. 

3. The method according to claim 2, Wherein said organic 
phosphate reacts With said metal oxide and/or said metal 
hydroxide to form oxiaminophosphate. 

4. The method according to claim 1, Wherein said organic 
amine is a quaternary amine. 

5. The method according to claim 1, Wherein said organic 
amine is morpholine, dicyclohexylamine, ethanolamine, an 
aliphatic amine, an aromatic amine, melamine, hexameth 
ylentetramine, pentamethylentetramine or any combination 
thereof. 

6. The method according to claim 5, Wherein said etha 
nolamine is a mono, di or tri ethanolamine or any combi 
nation thereof. 

7. The method according to claim 1, Wherein said metal 
oxide and/or said metal hydroxide is formed in solution by 
adding a base to a metal salt solution. 

8. The method according to claim 1, Wherein said metal 
of said metal oxide and/or said metal hydroxide is magne 
sium, calcium, iron, Zinc, molybdenum, aluminum or any 
combination thereof. 

9. The method according to claim 8, Wherein said metal 
is magnesium. 

10. The method according to claim 1, Wherein said metal 
oxide is MgO. 

11. The method according to claim 1, Wherein said metal 
hydroxide is Mg(OH)2. 

12. The method according to claim 1, Wherein said 
mixture is a solution, emulsion suspension or slurry. 

13. The method according to claim 12, Wherein said 
mixture is an aqueous mixture. 

14. The method according to claim 1, Wherein the thick 
ness of said layer is betWeen l-l00 nm. 

15. The method according to claim 1, Wherein the thick 
ness of said layer is betWeen 5-60 nm. 

16. The method according to claim 1, Wherein said metal 
surface comprises iron, magnesium, aluminum or any com 
bination thereof. 

17. The method according to claim 1, Wherein said 
mixture further comprising surface active agent, anti-corro 
sive agents, bactericides, colorants, or a combination 
thereof. 
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18. A stable anti-corrosive coating layer on a metal object, 
Which layer comprises metal oxide and/or metal hydroxide 
Whereby said layer is obtained by contacting the surface of 
said object With a mixture comprising: 

an organic amine; 

a phosphoric acid and/or an inorganic phosphate; and 

a metal oxide and/or a metal hydroxide. 
19. The coating according to claim 18, Wherein said 

organic amine and said phosphoric acid and/or said inor 
ganic phosphate react to form an organic phosphate. 

20. The coating according to claim 19, Wherein said 
organic phosphate reacts With said metal oxide and/or said 
metal hydroxide to form oxiaminophosphate. 

21. The coating according to claim 18, Wherein said 
organic amine is a quaternary amine. 

22. The coating according to claim 18, Wherein said 
organic amine is morpholine, dicyclohexylamine, ethanola 
mine, an aliphatic amine, an aromatic amine, melamine, 
hexamethylentetramine, pentamethylentetramine or any 
combination thereof. 

23. The method according to claim 22, Wherein said 
ethanolamine is a mono, di or tri ethanolamine or any 
combination thereof. 

24. The coating according to claim 18, Wherein said metal 
oxide and/or said metal hydroxide is formed in solution by 
adding a base to a metal salt solution. 

25. The coating according to claim 18, Wherein said metal 
of said metal oxide and/or said metal hydroxide is magne 
sium, calcium, iron, Zinc, molybdenum, aluminum or any 
combination thereof. 

26. The coating according to claim 25, Wherein said metal 
is magnesium. 

27. The coating according to claim 18, Wherein said metal 
oxide is MgO. 

28. The coating according to claim 18, Wherein said metal 
hydroxide is Mg(OH)2. 

29. The coating according to claim 18, Wherein said 
mixture is a solution, emulsion suspension or slurry. 

30. The coating according to claim 29, Wherein said 
mixture is an aqueous mixture. 

31. The coating according to claim 18, Wherein the 
thickness of said layer is betWeen l-l00 nm. 

32. The coating according to claim 18, Wherein the 
thickness of said layer is betWeen 5-60 nm. 

33. The coating according to claim 18, Wherein said metal 
object comprises iron, magnesium, aluminum or any com 
bination thereof. 

34. The coating according to claim 18, Wherein said 
mixture further comprising surface active agent, anti-corro 
sive agents, bactericides, colorants, or a combination 
thereof. 

35. The coating according to claim 18, Wherein said metal 
object is a metal plate or a metal sheet. 

* * * * * 


