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Phosphonic acids are effective chelating agents. They bind strongly to metal ions. Phosphonic acids have also been widely used as
corrosion inhibitors along with various metal ions as Zn2+.  The corrosion of various metals such as mild steel, copper, and aluminium have
been prevented by phosphonic acids.  Phosphonic acids exhibit good corrosion inhibition efficiency in acid medium, alkaline medium, and
neutral medium.  They can be used along with other inhibitors such as calcium gluconate, sodium molybdate, and trisodium citrate.
Phosphonic acids show synergistic effects with these inhibitors.  Various surface analysis techniques such as FTIR spectra, SEM, AFM,
and EDAX have been used to analyze the nature of protective film formed on metal surface.  Usually, the protective film consists of Fe2+-
phosphonic acid complex along with Zn(OH)2 if Zn2+ is used.  When phosphonic acids are used to prevent corrosion of iron, the adsorption
process obeys Langmuir adsorption isotherm. 
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Introduction 

Phosphonic acids have been widely used as corrosion 
inhibitors1-77.  Phosphonates or phosphonic acids are organic 
compounds containing R-PO(OH)2 or R-PO(OR)2 groups.  
Phosphonates are effective chelating agents that bind tightly 
to di- and trivalent metal ions, preventing them from 
forming insoluble precipitates (scale) and suppressing their 
catalytic properties.  They are stable under harsh conditions. 
Phosphonates have a very strong interaction with surfaces, 
which results in a significant removal in technical and 
natural systems.  Due to this strong adsorption, little or no 
remobilization of metals is expected.  The hydrophobicity 
increased as the length of the alkyl group attached to the 
phosphonate head increases.  Phosphonic acids tended to 
make tiles stain resistant, even after cleaning.  On copper 
and steel, the phosphonic acids only slightly increased 
hydrophobicity.  On the glass, the phosphonates bonded 
fairly poorly to the surface and slightly increased 
hydrophobicity.   

Overall, all substances coated with the phosphonate SAM 
showed increased hydrophobicity76.  The adsorptive and 
inhibitive properties of some phosphonic acids have been 
studied in neutral aqueous solutions and to some extent in 
acidic solutions. 

Structure of Phosphonic Acid 

 
 

Commonly Used Organic Phosphonic Acids in 
Corrosion Inhibition 

  ATMP:  amino trimethylene phosphonic acid. 

EDTMP:  ethylene diamine tetra methylene 
phosphonic acid. 

HEDP:  1-hydroxy ethylidene-1, 1-diphosphonic  

acid. 

DTPMP:  diethylene triamine penta methylene  

phosphonic acid. 

Occurrence in Nature 

The first naturally-occurring phosphonate, 2-amino-
ethylphosphonic acid was identified in 1959 in plants and 
many animals, where it is localized in membranes.  
Phosphonates are quite common among different organisms 
from prokaryotes to eubacteria and fungi, mollusks, insects, 
and others. They were first reported in natural soils by 
Newman and Tate (1980). 

Properties and Uses 
 

Phosphonic acids have been used in metabolic regulation 
and in the development of potential drugs against several 
metabolic disorders. The great potential of these compounds 
in   biological   applications  resulted   in   an   intense  effort 
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directed to the development of efficient synthetic methods 
for their preparation, with particular attention to stereo-
selective synthesis. Phosphonic acids are also used as 
corrosion inhibitors in concrete, coatings, rubber blends, 
anti-freeze coolants, ship ballest compartments, preservation 
of organic products, coal slurries, etc77. Phosphonic acids 
are also good complexing agents.  Among other phosphonic 
acids, diethylene triamine penta methylene phosphonic acids 
in particular can be used as scale and corrosion inhibitor in 
circulating cool water system and boiler water, and 
especially good in alkali circulating cool water system 
without additional pH regulation.  It can also be used as 
scale and corrosion inhibitor in oilfield refill water, cool 
water and boiler water with high concentration of barium 
carbonate. It can also be used as peroxide stabilizer, 
chelating agent in weaving and dyeing industry, pigment 
dispersant, microelement's carrying agent in fertilizer and 
concrete modifier. In addition, DTPMPA is used in 
papermaking, electroplating, acid cleaning and cosmetics.  
Various phosphonic derivatives are widely used chemicals 
for corrosion inhibition in neutral aqueous solutions.  
Phosphonic acids find wide application in the corrosion 
protection of various metals in different environment. 

 

Review and Discussion 

The use of phosphonic acids as corrosion inhibitors are 
discussed in the following section. 

Metals 

Phosphonic acids have been used to control  the corrosion 
of various metals such as mild steel1-6, brass7,30, copper34,39,44, 
aluminium23,61, stainless steel24,57,58,68, sol-gel film on 
aluminium41, Armco iron18,72, and zinc16. 

Medium 

The inhibition efficiency of phosphonic acids in 
controlling corrosion of metals in various environments has 
been investigated. Acidic medium1,9,32,48,68,72,74, alkaline 
medium2,4,5,11-13,15,16,18, and neutral medium3,6-8,14,17,19-21 have 
been used for this purpose. 

 

Inhibitor 

Phosphonic acids have been used alone or in combination 
with other inhibitors such as Zn2+2,5,8,14,15,18, CTAB3,21,34,46, 
calcium gluconate6, tungstate11, ascorbate12, silicate20,25, 
sodium molybdate21,29,31,53, and trisodium citrate37. 

Methods 

Various methods have been used to evaluate the inhibition 
efficiency of phosphonic acids.  Weight-loss method2-7, 
Electrochemical studies (polarization and AC impedance)1-4, 

6-12, FTIR spectra2,8,10-13, UV-visible reflectance spectra2,14,24, 
XPS5,11-13 and surface analysis by SEM11,20,24,25, AFM63, and 
EDX7,21,25,30. 

Findings 

Using phosphonic acids as inhibitor, above studies have 
been conducted and following findings were reported: 

Isotherm:  Generally, the adsorption of phosphonic acids 
on metal surface obey Langmuir adsorption isotherm as 
supported by the studies of Laamari et al, Touir et al, and 
Amar et al1,3,4,26; and Temkin isotherm as supported by 
Karakus et al32.  Adsorption of phosphonic acids on metals 
like iron, carbon steel obey adsorption isotherm. 

Type of inhibitor:  Phosphonic acids have been used as 
mixed inhibitor1, 8, 9, 11, 12 and anodic inhibitor2, 10, 14, 30. 

Nature of protective film:  The protective films formed on 
metal surface when phosphonic acids are used as corrosion 
inhibitors have been analyzed by FTIR, UV, SEM, AFM, 
and XPS.  It is observed that the protective films consists of 
Fe2+ inhibitor complex is formed on anodic sites of the metal 
surface and Zn(OH)2 formed on the cathodic sites of the 
metal surface2, 10, 12. 

The use of various phosphonic acids as corrosion 
inhibitors are summarized in Table 1 above. 
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