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Summary: Humidity plays an important part in the atmospheric corrosion of metals. It also has a 

significant influence on the curing of coatings. An understanding of humidity and related factors 

such as dew point are essential for the corrosion engineer and coating specifier and applicator. This 

paper looks at humidity, its definition and the methods of measurement. It also covers its 

relationship to temperature and dew point, and how these affect the probability of condensation 

and corrosion. The paper concludes with a look at variations in relative humidity at various sites 

around Australia, and how they vary throughout the year. 
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1 INTRODUCTION 

1.1 Effect of Humidity on Corrosion 

Humidity has long been known to play a major part in the atmospheric corrosion of metals. Under humid conditions, a metal 

will corrode at a much greater rate than under dry conditions. This is because moisture in the air reacts with oxygen at cathodic 

sites to take up the electrons produced by a corroding metal at anodic sites. If there is no moisture, then this reaction cannot 

occur, and corrosion ceases. In the 1930s, Vernon (i) was the first to investigate quantitatively the effects of humidity on 

corrosion of metals, and his results, such as those shown in Figure 1, are widely quoted to this day.  

 

Figure 1: Effect of relative humidity and various contaminants on the rusting of iron (i) 

This graph shows the increase in the rate of corrosion of steel with increase in humidity. Contaminants such as sulphur dioxide, 

ammonium sulphate (a common contaminant from burning coal in steam trains) and soot greatly increase the amount of 

corrosion and, in their presence, there is a certain minimum humidity below which corrosion does not occur. This minimum 
relative humidity is around 80 per cent, and this figure has been widely quoted as that required for corrosion, even under 

conditions such as marine environments that were not investigated by Vernon. It is interesting to note from his work that, in 

clear air under the conditions of his experiments, corrosion is very low, and there is no critical figure below which corrosion 
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does not occur. However, as will be shown later, this figure of 80 per cent is important, and provides a good indicator of 

corrosion. In most natural conditions, when the humidity is below this figure, corrosion is minimal but is significant above this 

figure. Certainly, clean steel surfaces, such as freshly blast-cleaned steel, should not be exposed to high humidity air if they are 

to remain free from rust.  

1.2 Effect of Humidity on Coatings 

In addition to its effect on corrosion, humidity is also important in selection and application of protective coatings. The latest 

version of AS/NZS 2312 (ii) will have a table showing the required and optimum temperature and humidity conditions for the 

application of various generic coating types. The essential details of the humidity requirement are shown in Table 1. For most 

common solvent-borne single and two-pack coatings, such as chlorinated rubbers and two-pack epoxies, there is a maximum 

relative humidity given of 85 per cent. If such coatings are applied in more humid conditions, not only is there a strong 

likelihood of flash rusting of the substrate, but the moisture can interfere with the curing, causing blushing, blooming or similar 

problems. No minimum relative humidity figure is given for these coating types, although very dry conditions could probably 

interfere with the curing, causing a skin to form. Other coating types have different humidity requirements. Water-borne 

coatings prefer a lower humidity than their solvent-borne equivalents as it is more difficult to evaporate water than solvent 

from a paint film under high humidity conditions. However, if it is too dry, then the surface will cure leaving the lower coating 
layers uncured. Also under such conditions, water-based coatings may dry so rapidly that the coating does not get a chance to 

properly coalesce and a form continuous film or, worse, cracking or crazing may result. Moisture-cured coatings, such as 

solvent-borne inorganic zincs and moisture-cured urethanes, require absorption of moisture (or, for the inorganic zinc, now 

believed to require high humidity to ensure the water formed by initial condensation reactions during curing does not escape 

before curing reactions can be completed). In such cases, there is a lower humidity level below which there is insufficient 

moisture to allow reactions to proceed. There is no real upper limit to the humidity, although the surface must not be damp. 

Polysiloxane also requires some moisture during the curing process, although less than for a true moisture-cured coating. 

Clearly, the specifier and applicator must be aware of humidity requirements when selecting and applying all coating types. 

Table 1: Allowable Relative Humidity (RH) Conditions for Application of Coatings 

Coating Type(s) Allowable RH (%) Optimum RH (%) 

Solvent-borne single- and two-pack coatings: eg. 
Alkyds, chlorinated rubbers, epoxies, 
polyurethanes.  

<85 <85 

Water-borne coatings: eg, Water-borne inorganic 
zinc, acrylic latex. 

25-85 20-50 

Moisture-cured coatings: eg. solvent-borne 
inorganic zinc, moisture cured urethanes. 

>40 70-90 

Polysiloxane >20 50-85 

Another problem with coating application related to humidity is that solvent evaporation can lower surface temperatures. 

Whenever a solvent evaporates, it takes heat out of the surface it has been applied to, causing its temperature to decrease. 

Coatings with a high solvent content, such as chlorinated rubbers, can lower the temperature of a steel surface causing it to 

drop below the dew point if the humidity is high. As a result condensation can form. This is particularly serious with thin plate. 

2 HUMIDITY 
Humidity clearly not only plays an important role in the corrosion of steel, but can also greatly influence selection and 

application of protective coatings. An understanding of humidity is therefore of great importance to the corrosion engineer. 

This section looks a definition of humidity and its relationship to other measurements relating to moisture in the air. 

Relative humidity is a measure of the amount of moisture contained in the air. At any given temperature, the air can only 

dissolve a certain amount of moisture. Usually, the air contains less moisture than this maximum amount and the moisture 

content of the air is expressed as a percentage of the maximum moisture it can contain at that temperature. However, as the 

maximum moisture content of the air increases as temperature increases, and decreases as temperature decreases, relative 

humidity can change in an enclosed environment simply by altering temperature, without any change to the actual amount of 

moisture present in the air. In an enclosed environment, relative humidity increases as it gets colder and relative humidity 

decreases as it gets warmer. For outside environments, the actual moisture content of the air may change, but generally similar 

trends take place. 

When the amount of moisture in the air is low, we say the air is dry. This will occur when the wind blows from the dry land; in 

Adelaide or Melbourne, for example from the north, and in Perth when the wind blows from the east. Unlike temperature, we 

can only detect such effects indirectly, such as static when we comb our hair or by experiencing chapped lips. The washing 

seems to be dry before you put it on the line. On the other hand, if the air is damp after passing over the ocean, it carries far 

more water vapour. Long straight hair goes limp and naturally curly hair becomes frizzy. We would notice a greater tendency 
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to sweat and for natural fibres such as towels and wet clothes to remain damp for long periods of time. Bowlers can swing a 

cricket ball better in humid weather. If the temperature is high and the air humid, we have difficulty perspiring to cool 

ourselves, which is why tropical regions are uncomfortable during the wet season. While it is not as noticeable as temperature, 

humidity can obviously have important effects on our day-to-day life. 

Humidity can be measured in a two main ways. The measurement of the actual mass of moisture in the air in grams per cubic 

metre or similar units, is known as the absolute humidity. This can also be determined by measuring the partial pressure 

exerted by the water vapour in the air. Common usage, however, uses a more complex measurement known as relative 

humidity. This is the percentage ratio of the amount of water vapour to the maximum amount of water vapour which could be 

held in the same volume of air at that temperature. That is, relative humidity (RH) is given by: 

  ACTUAL MOISTURE CONTENT OF THE AIR x 100 

 RH = ———————————————————————————————————————————— 

  MAX MOISTURE CONTENT OF THE AIR AT THAT TEMP 

When the air contains all the water vapour it can hold (without deposition as mist or rain) it is said to be saturated for that 

temperature and the relative humidity is 100 per cent. If it contains half the possible water vapour at a given temperature, the 

relative humidity is 50 per cent. Adding further moisture to saturated air will cause condensation on a surface or form a fog. By 
raising the temperature of saturated air, we can increase the amount of water vapour which the air can contain, and by lowering 

the temperature, some of the water will become visible as mist, although the air will still remain saturated.  

As temperature rises, the amount of water which can be retained by or dissolved in the air rapidly increases. This is shown in 

Figure 2 which shows the change in the solubility of water vapour in air with temperature. For example, air at saturation (100% 

relative humidity) at 30 degrees C holds three times as much water vapour as air at 10 degrees C. This explains why relative 

humidity increases as the temperature decreases while the actual amount of water vapour stays the same. In fact, the vapour 

content of the air does not vary by much throughout the day, and relative humidity is largely inversely proportional to 

temperature.  

 

Figure 2: Amount of moisture in the air as a function of temperature, at various levels of saturation. 

3 MEASUREMENT OF HUMIDITY 
Determination of absolute humidity is lengthy and somewhat complicated. It is usually done by allowing certain chemicals to 

absorb the moisture and determine their increase in weight. However, there is usually little need to measure absolute humidity. 

There are a number of ways to determine relative humidity. Any instrument used to measure relative humidity is called a 
hygrometer. 

The earliest and simplest forms of hygrometers used the effect of humidity on natural fibres to measure humidity. Leonardo da 

Vinci used a ball of wool, which became heavier as it absorbed moisture, in his hygrometer. Relative humidity can be 

measured by determining its effect on a properly treated human or horse hair. When a human hair is moved from an 

environment of 100 per cent relative humidity to one of 0 per cent humidity, it will shrink by about 2.5 per cent of its length. A 

hair hygrometer contains a hair connected to a recording needle and can provide a continuous record of the relative humidity. 

The apparatus usually used to measure relative humidity is the wet bulb thermometer which is a modification of an ordinary 

thermometer. This has the bulb enclosed loosely with cloth which is always kept moist. This is placed side-by-side with an 

ordinary dry bulb thermometer which measures the air temperature. Evaporation of the water from the wet bulb covering cools 

the bulb. If the air is saturated or close to saturation, the cooling effect is very slight, whereas if the air is dry and far from 

saturation, the cooling effect is considerable. By comparing the wet and dry bulbs, and by consulting a special table or graph, 
the relative humidity can be determined. The two thermometers are usually spun in the air to allow water evaporation and 

obtain accurate and reproducible wet and dry readings. Such a unit is known as a whirling hygrometer or sling psychrometer 
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(see Figure 3(a)). Determination of the humidity of atmospheric air by means of wet- and dry-bulb temperature readings is 

covered by standards ASTM E377 (iii) and ISO 4677-2(iv). 

Electronic humidity gauges are common these days (see Figure 3(b)) and are usually relatively cheap and easy to use. These 

have a sensor, usually containing a thin polymer film that absorbs or releases water vapour as the relative humidity of the 

ambient air rises or drops. As the relative humidity changes the dielectric properties of the film change and so the capacitance 

of the sensor changes. The electronics of the instrument measure the capacitance of the sensor, and the air temperature, and 

convert the readings into a humidity reading. They have a major disadvantage that they can quickly become unreliable, in 

particular at high humidity levels. They are usually good when new, but they can quickly deteriorate under harsh conditions 

and changing humidity. They can also be very slow in reacting to large changes in humidity. Electronic gauges should be 
calibrated regularly, but against another type, not another electronic gauge.  

Relative humidity is not a very precise parameter because of instrumental limitations, and the fact that humidity can vary over 

relatively small distances. The best methods are only accurate within ±2 per cent of the true figure, and field work will be less 

precise than this. It is probably best to quote relative humidity to the nearest 5 per cent. 

  

(a) (b) 

Figure 3: Measuring relative humidity using a (a) sling psychrometer, (b) electronic unit. 

 

4 DEW AND DEW POINT 
Dew or condensation is formed when a surface is cooled below the temperature of the surrounding air and moisture is 

deposited on the surface. Natural radiation at night, for example, cools the ground many degrees below the temperature of the 

air above. Some objects, such as blades of grass or thin steel sections expose a large surface area and are rapidly chilled, 

exhibiting a deposit of dew. If the temperature of the cooled objects falls below freezing point, the dew is frozen and frost 

results. Why do materials often get colder than surrounding air? Solid objects lose heat through radiation to the night sky. The 
night sky is essentially at absolute zero, and radiative heat flow depends on the temperature difference between the object and 

its surroundings. Once the sun goes down, radiative heat loss rapidly cools any solid objects, causing them to become cooler 

than the air. The amount of cooling depends on the mass and type of the material, amount of wind, orientation and many other 

factors. Even colour is important. The item must be facing the night sky. For example, a car under a carport will not collect 

dew, while one nearby in the driveway will. It is impossible to determine the temperature drop, but is can be up to 10 degrees 

C or more for steel sections on a still night. Three to five degrees is common, but the drop is less than a degree under windy or 

cloudy conditions. During the day, objects absorb radiant heat from the sun and tend to be hotter than surrounding air.  

The temperature at which dew or condensation forms is the dew point temperature. For dew to form, a surface must be below 

the dew point temperature. Figure 4 shows the required difference between the temperature of a material and the air for dew to 

condense as a function of relative humidity. When the relative humidity is very high, only a small amount of cooling is 

necessary, while when the air is dry, many tens of degrees cooling are required for condensation to form. The magnitude of the 

drop in temperature also depends on air temperature, but the effect is relatively minor except at low humidity figures. If the 
temperature of the material and the air are the same, then even at a very high humidity level, condensation will not occur. High 

humidity cannot cause water to condense on a clean surface unless there is a temperature difference, except at saturation.  

Figure 4 also shows that the lower the relative humidity, the further the dew point is from the air temperature. For example, at 

around 20°C, the dew point is 5 degrees below the air temperature when the relative humidity is 75 per cent and about 10 

degrees below air temperature when the relative humidity is 50 per cent. The humidity inside buildings is often around these 

figures and it would be unusual to have objects so far below the dew point indoors, but bringing cold objects from outside into 

a warm room will often result in condensation. 
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Figure 4: Temperature difference to cause condensation as a function of relative humidity. 

Dew point temperature not only tells us the temperature at which condensation will form but is also a measure of humidity. As 

described earlier, if relative humidity changes it can be because of temperature change or the amount of the moisture in the air 
changes. However, unlike relative humidity, if dew point increases, it is only because the amount of moisture increases. So 

dew point is strictly a measure of absolute humidity or the amount of moisture in the air.  

This understanding of dew point and condensation can help explain corrosion mechanisms and problems with paint 

application. Corrosion will obviously occur when dew forms on a steel surface. Although the water is very pure, dew is 

saturated with oxygen and very corrosive. Unlike rain, the dew is in a thin film allowing ready access of the oxygen, and 

because it remain stagnant it does not wash salt and other contaminants off the surface, as rain tends to do. Dew is also very 

destructive to paint films. Its purity and relatively long dwell time allows it to permeate through the coating to the substrate, 

causing blistering and loss of adhesion. It will also readily damage a freshly applied paint film. Blasting and painting 

operations therefore must not take place unless the surface temperature is higher than the dew point. To allow for a margin of 

error in measurement of surface temperature and relative humidity and local variations, most standards require that the surface 

should be 3° Celsius above the dew point. In some cases, more stringent conditions are applied. For the first coating on 
concrete, for example, the safe temperature may be required to be 9°C above the dew point, to allow for the porous nature of 

concrete. On the other hand, moisture tolerant coatings can be applied over a damp surface so the safe temperature is not as 
critical.   

More information on the probability of condensation and a table for determining dew point are given in ISO 8502-4 (v). 

5 RELATIONSHIP BETWEEN HUMIDITY, TEMPERATURE AND DEW POINT 
Humidity changes during the day largely depending on temperature. It is therefore difficult to look at the effect of humidity, 

without looking at its relationship with air and surface temperature and dew point. Figure 5 shows a hypothetical example of 

how relative humidity, air temperature and steel temperature can change over a day. During the evening and early morning air 

temperature is low and relative humidity is high. The dew point is just below the air temperature. As mentioned above, dew 

point only changes if the amount of moisture in the air changes. When the sun comes out, air temperature rises and relative 

humidity falls. As the day cools down, these then reverse. As mentioned above, the temperature of steel will depend on many 

factors such as mass, orientation, wind and cannot be predicted from atmospheric conditions. However, generally it will be 

colder than the air during the evening and warmer than the air during the day. The most likely time for condensation is the 
early morning. 
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Figure 5: Temperature and Relative Humidity changes during a day. 

 

Such observations with regard to temperatures, humidity and corrosion have been observed by Haynie and Styles (vi) at a test 

site in North Carolina, USA. Figure 6 shows the changes in a number of parameters over seven days, with general trends of air 

temperature, steel temperature, relative humidity and dew point following the hypothetical example above. However, this 

actual work also shows when corrosion of the steel was taking place (right hand axis). 
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Figure 6: Environmental changes over seven days in North Carolina (vi). 

This site is well inland and away from pollution so corrosion is due only to moisture condensing from the atmosphere, with 

industrial pollution or marine salts of little or no consequence. It was observed that corrosion was occurring when the steel 

temperature was near or below the dew point. This chart also shows that corrosion is occurring when the relative humidity is 

above about 80 per cent. This empirical observation is not based on any actual chemical process that occurs at this level of 

relative humidity, but the combination of factors in actual environments correlates well to this level of humidity. As relative 

humidity is much easier to measure and monitor than determining the time a steel surface is below dew point, time a surface is 

above a figure of 80 per cent or so is often taken as an indicator of corrosion. The chart also indicates when rain was present on 

the surface, showing corrosion when raining, but also when dry, demonstrating that rain is a poor indicator of corrosion. 

6 RELATIVE HUMIDITY IN AUSTRALIA 
It is clear that relative humidity is of importance in corrosion and coatings. It is of value then to see its level at various sites 

around Australia and how it changes, both throughout the day and the year. These figures and charts have been obtained from 

the Australian Bureau of Meteorology web site (vii), where other figures for humidity (as well as other climatic factors in 

Australia) can be obtained. 

Initially, we will look at daily and yearly changes in one site. As temperature changes throughout a day and the time of the 

year, so will relative humidity. Figure 7 shows such a variation for Melbourne. As shown in a previous section, humidity is 

inversely proportional to temperature. It reaches a minimum when temperatures are highest; in the afternoon in mid summer. It 

reaches its maximum when temperatures are lowest, in the early morning in mid-winter.  
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Figure 7: Variation of relative humidity in Melbourne with time of day and month. 

When trying to determine the behaviour at other sites, trends, if not actual figures, can be estimated from a knowledge of 

temperature behaviour. On the coast, and on islands, where the temperature range will be small, there will be smaller variation 

in maximum and minimum relative humidity. Where the temperature range is large, such as in the centre of the continent 

during winter, there will be a big difference between the maximum and minimum values. However, there is only limited data 
available regarding maximum and minimum humidity figures at various sites around Australia. The readings have been taken 

manually over the years, and often on a voluntary basis. Therefore, we only have significant figures that can be taken during a 

normal working day. These are at 9am, which is roughly the average for the day, and 3pm, which is roughly the minimum for 

the day. Maximum humidity figures, which are of most use in corrosion and coatings work, generally are not available. 

However, from the average and minimum figures is should be possible to roughly estimate a maximum figure as somewhat 

greater than the average, perhaps by a figure of a magnitude close to that which the minimum is below the average. However, 

figures above the low nineties are unlikely . 

If we look at changes in average relative humidity over the year in major centres in Australia, there are three main general 

types of behaviour, although there are areas of overlap between these. Figure 8 shows 9am and 3pm average humidity figure 

for southern Australian cities and Alice Springs. Along the southern coast of the country, including Perth, Adelaide, Melbourne 

and Hobart, average humidity reaches a maximum of about 80% in July in the middle of winter. In summer, average humidity 
is lower, and there are differences depending on city. In Perth the average humidity in January will be around 50%, while in 

Hobart it will be 60%. Adelaide and Melbourne will be between these two. Moving inland from the southern coast will not 

change the general behaviour, although the average humidity will drop somewhat, because of the drier air. For example, in 

Alice Springs, the July average humidity is around 65%, while the January average is around 40%. Canberra also shows the 

same behaviour, although average figures are higher (around 65% in summer and 85% in winter). If we assume that maximum 

humidity is 10 to 20 per cent higher than the average, then clearly conditions are ideal for corrosion to take place, and 

unsuitable for application of most types of coatings (figures of greater than 80%) during the colder part of the day during the 

winter months in these areas. These conditions would be acceptable for curing of moisture-cured coatings, as long as 

temperatures are acceptable. In the summer months, the probability of humidities greater than 80% are far less, and corrosion 

is unlikely to be a problem and conditions should be acceptable for application of conventional coatings. However, clear still 

nights could see large temperature drops overnight leading to dew point conditions, even if the humidity is relatively low 

during the day. There is always the problem of predicting individual days behaviour from average figures.  
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Figure  8: Humidity at 9am (o) and 3pm (n) in southern Australian cities and Alice Springs. 

Figure 9 shows humidity values in Darwin, Mt Isa and centres along the east coast. The second main type of behaviour is in the 

tropical north, where behaviour is opposite to that in the south. The maximum humidity is in February/March, when the 

monsoon hits, and minimum in July. In Darwin, for example, average humidity is around 80% in January, falling to 60% in 

July. Similar behaviour would be expected in other northern locations. So corrosion will be greatest, and conditions for 

applying coatings least favourable, in the ‘summer’ months. There should be few problems with moisture-cured coatings. 

Moving inland, the same behaviour operates, although humidity is less. Moving far enough inland, some influence is seen from 

southern weather patterns. In Mt Isa, for example, the average is only 30 to 60% over the whole year, with the highest figures 

seen in both February and June. 

The third main type of behaviour is found down the east coast. Here, damp winds blow onshore almost all year and the 

humidity remain fairly constant. In Thursday island at the top of Cape York, there is little change throughout the year and 

figures are consistently high. The average is between 60 and 75% in Townsville, Brisbane and Sydney, with the higher figures 
in the first half of the year and the lower figures in the second half of the year. Compared to the rest of the country, however, 

there is little variation in the average. There will be high probability of high humidities all year round, with the problems they 

cause with corrosion and coatings. There should be little difficulty curing moisture-cured coatings.  
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Figure 9: Humidity at 9am (o) and 3pm (n) in Darwin, Mt Isa and eastern-coast Australian cities. 
In summary, the region of lowest humidity is in the centre of the continent all year round, being over central Northern Territory 

in the (southern) winter and central Australia in the summer. Over northern Australia, highest values of relative humidity occur 

during January (the wet season) but in the southern part of the continent, highest values occur during July (the winter rainy 

season). High humidity is found right around the coast. However, high humidity is also associated with low temperatures and, 

in fact, the region of highest humidity in Australia is in the coldest part of Australia, around Mt Kosciusko, just south of 

Canberra, where the relative humidity is over 75 per cent for much of the year. So both moisture from proximity to the ocean 

and temperature are important in determining the level of relative humidity.  

7 CONCLUSIONS 
Relative humidity can have a significant effect on corrosion of metals and on specification and application of protective paint 

coatings. Relative humidity is a measure of the amount of moisture in the air, but as it is relative to the maximum amount of 

moisture that will dissolve in the air at the given temperature, it also depends on temperature. Condensation or dew forms 

when a surface cools below the dew point, which in turn depends on relative humidity. When relative humidity is high, dew or 

condensation can form with on a surface that has only a small drop in temperature below the air temperature. Metals corrode 

when a surface reaches dew point, but this condition is roughly equal to relative humidity figures above about 80 per cent. 

Such humidity levels are also undesirable for application of most paint coatings. Highest humidity figures are found at night 

and in the early morning and in the winter in southern sites in Australia, and during the wet season in the northern tropics. 

Along the eastern coast, humidity is more constant, and can reach high levels at any time of the year. 
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