
MATERIALS AND MARINE ENVIRONMENTS 
(from Swain (1996) and Schultz (1997)) 

Materials used in marine environments are subject to chemical, physical, and biological 

deterioration.  These factors make materials selection, design, and protection critical to the 

effective and safe functioning of a structure, vessel, or component for its design life.  An 

understanding of the marine environment and its impact on materials is, therefore, essential to 

anyone working in these areas. 

 

Seawater Composition 

Seawater is a complex solution of inorganic, organic, and biological components.  These can 

interact with materials to cause corrosion and to degrade their properties. 

 

Inorganic Components 

The typical composition of sea water is shown below, but it must be remembered that in tropical 

waters higher salinities may be experienced. And, in coastal waters, the complete spectrum from 

fresh to sea water is found.  One must also account for temperature differences, redox potential, 

and physical activity. 

CHEMICAL COMPOSITION OF SEAWATER, 19ppt Chlorinity 

Salinity (ppt) = 0.03 + 1.805 Cl- 

Anions g/kg of water Cation g/kg of water 

Chloride 19.35 Sodium 10.76 

Sulfate 2.70 Magnesium 1.29 

Bicarbonate 0.14 Calcium 0.41 

Bromide 0.067 Potassium 0.39 

Borate 0.0044 Strontium 0.0079 

Fluoride 0.0014   

 

Swain, G.W.  (1996)  “OCE-4518 Protection of Marine Materials Class Notes”, Florida Institute of Technology. 

Schultz, M.P.  (1997)  “OCE-4518 Protection of Marine Materials Class Notes”, Florida Institute of Technology. 
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Specific Conductance of Seawater 

The specific conductance of seawater relates to its ability to conduct electricity.  This has 

implications to corrosion rates and cathodic protection. Specific conductance is a function of 

temperature and chlorinity.  Resistance is the reciprocal of conductance. 

Table of the Specific Conductance of Seawater (Ω-1cm-1) 

Chlorinity, ppt Temperature, oC 

 0 5 10 15 20 30 

1 0.001839 0.002134 0.002439 0.002763 0.003091 0.003431 

2 0.003556 0.004125 0.004714 0.005338 0.005971 0.006628 

3 0.005187 0.006016 0.006872 0.007778 0.008702 0.009658 

4 0.006758 0.007845 0.008958 0.010133 0.011337 0.012583 

5 0.008327 0.009653 0.011019 0.012459 0.013939 0.015471 

6 0.009878 0.011444 0.013063 0.014758 0.016512 0.018324 

7 0.011404 0.013203 0.015069 0.017015 0.019035 0.021121 

8 0.012905 0.014934 0.017042 0.019235 0.021514 0.023868 

9 0.014388 0.016641 0.018986 0.021423 0.023957 0.026573 

10 0.015852 0.018329 0.020906 0.023584 0.026367 0.029242 

11 0.017304 0.020000 0.022804 0.025722 0.028749 0.031879 

12 0.018741 0.021655 0.024684 0.027841 0.031109 0.034489 

13 0.020167 0.023297 0.026548 0.029940 0.033447 0.037075 

14 0.021585 0.024929 0.028397 0.032024 0.035765 0.039638 

15 0.022993 0.026548 0.030231 0.034090 0.038065 0.042180 

16 0.024393 0.028156 0.032050 0.036138 0.040345 0.044701 

17 0.025783 0.029753 0.033855 0.038168 0.042606 0.047201 

18 0.027162 0.031336 0.035644 0.040176 0.044844 0.049677 

19 0.028530 0.032903 0.037415 0.042158 0.047058 0.052127 

20 0.029885 0.034454 0.039167 0.044114 0.049248 0.054551 

21 0.031227 0.035989 0.040900 0.046044 0.051414 0.056949 

22 0.032556 0.037508 0.042614 0.047948 0.053556 0.059321 
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Dissolved Gases 

All gases present in the atmosphere are also found in seawater.  They are, however, at a lower 

partial pressure due to their limited solubility in seawater.  In general the only gases normally 

considered are nitrogen (because of its overwhelming percentage) and oxygen and carbon 

dioxide because of their importance in corrosion.  Other gases, such as ammonia, hydrogen 

sulfide, and hydrogen also have important implications to materials performance. 

Solubility of Oxygen in Seawater 
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Seawater pH 

The pH of surface waters typically is in the range 7.8 to 8.4.  This value is maintained by the 

effect of the carbonate equilibria and the presence of cations; Ca, Mg, Na, & K. 

 

The addition of CO2, a decrease in temperature or an increase in pressure will cause the pH to 

fall. 

 

The removal of CO2, an increase in temperature, or a decrease in pressure will cause the pH to 

rise. 

 

Seawater pH effects the corrosion rates of metals, and alters the calcareous deposits formed at 

metals cathodes. 

 

Seawater Temperature 

The surface water temperatures varies from about -1.8 C at the poles to 30 C at the equator.  The 

water in the deep ocean has a more constant temperature of about 4 C except where thermal vents 

are active in the seabed.  Higher temperatures will be found at heat exchangers and desalination 

plants 

 

An increase in temperature increases seawater conductivity and decreases oxygen concentration.  

This effects corrosion rates.  Increases in temperature also  reduces the mechanical properties of 

thermoplastics. 

 

A decrease in temperature may cause materials to become brittle and many failures of steel 

structures have been attributed to brittle fracture a low temperature. 
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Typical Profiles of Oxygen, Temperature, and Salinity in the Ocean.
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Organic Matter and Biology 

 

Organic matter and marine organisms are generally more abundant in coastal areas.  Their impact 

on materials may be due to biodegradation, microbial induced corrosion (MIC), wood boring, or 

biofouling.  Their impact to the design life and operational efficiencies of structures is often 

underestimated, and materials selection or biological control may be necessary. 

 

Penetration of Water by Visible Light. 

This limits the Depth to which Plant Life can Grow 
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The Size and Shape of Typical Fouling Organisms 
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The Physical Environment 

 

Materials used in ocean engineering have to withstand the physical conditions imposed on them 

by wind, waves and currents.  These cause loading, stress, fatigue, scour, abrasion, and impact 

damage. 

 

Beaufort Wind Scale and Sea State 
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Wind, Wave and Current Effects on Offshore Structures 
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CLASSIFICATION OF MARINE ENVIRONMENTS 
 

For engineering and corrosion control purposes the marine environment may be divided into the 

following regions; atmospheric zone, splash zone, tidal zone, submerged zone, and mud or 

sediment line.  These environments have been described with respect to their effect on steel. 
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CORROSION FACTORS FOR CARBON STEEL IN MARINE 

ENVIRONMENTS 
 

Atmospheric Corrosion 

 

Atmospheres may broadly be divided into rural, industrial and marine.  The most corrosive are 

the marine environments and if augmented by industrial pollution (acid rain) then severe 

corrosion will occur.  A good local example is the problems associated with the HCl produced by 

the solid rocket boosters from the shuttle launch at Cape Canaveral.  This has played havoc with 

corrosion of the steel rocket gantries which traditionally used zinc as a coating to protect the steel 

from the marine environment.  The zinc is now dissolved by the acid fall-out. 

 

Typical atmospheric corrosion rates for various locations 
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Splash Zone Corrosion 

This is considered to be the most corrosive of all marine environments.  Field data provides the 

following guidelines for different environments. 

 

 Condition   Years Exposure   Rate, mpy 

 Quiet     5     20 

 Moderate    5     37 

 Rough     4     55 

 

Immersed Corrosion 

The factors affecting the corrosion of steel in the immersed condition are shown below 
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