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Abstract 

Tubular heating elements are used for intelligent heating applications in different industries. 

Today, moisture is a major problem, which causes bad electrical insualtion of the heating 

elements. To prevent this a sealing is a necessity. Today, the sealing process takes place in 

latter stages of production, increasing the risk of mosiutre penetration. Studying the effect of 

mositure on electrical insualtion properties of heating elements could improve the 

understadning of such, which is crucial in order to optimize the production. Investigation and 

evaluation of new sealing materials is another aspect that can be useful for optimizing tubular 

heating elements. The studies made in this project were able to provide a better understanding 

of how mosiutre affect electrical insulation of heating elements while also contributing useful 

knowledge regarding sealing materials.  

Keywords: Heating element, sealing, moisture, MgO, Mg(OH)2, hydration, electrical conductivity, electrical resistance.  

 

1. Introduction 

Tubular heating elements produced are used for intelligent 

heating in automotive, medical and household industries. 

When active, the heating element transfers heat from an 

electric current without the risk of current leakge due to 

electrical insualtion from magnesium oxide (MgO). MgO is 

used as an electric insulator due to its low electric 

conductivity (10-16-10-17 S/m) [1-3]. MgO is hygroscopic and 

forms Mg(OH)2 in the presence of water [3-7]. Mg(OH)2, 

also hygroscopic,  can bind water along particle surfaces and 

in grain boundaries. This enables ion exchange between the 

surface and the interior of the Mg(OH)2 particles, which 

increases the electrical conductivity of the Mg(OH)2 [2, 3, 7, 

8]. This makes moisture penetration a major problem and 

necessitates insulation from humid environments. To prevent 

moisture penetration a sealing is used. Today, the sealing 

process takes place in late stages of production as several 

production steps may harm the sealing. This increases the 

risk of moisture penetration in production and drying 

operations are necessary to keep the heating elements free 

from moisture. 

 

Sealing materials used vary depending on the operating 

environment of the heating element. Many sealing materials 

require curing, which takes both time and sometimes also the 

access of heat [9, 10]. Commonly used sealing materials 

today are silicone, polyurethane (PU) and epoxy. The latter 

two possess great adhesion to metal while also being 

impermeable to moisture. Silicone is often used in hot 

environments where the high temperature can often be a 

problem for other sealing materials. [10-13]. A problem 

when working PU and Epoxy is toxicity as both can cause 

allergic reactions [14, 15].  

There is a major interest in improving production and the 

sealing of tubular heating elements. UV curing and film 

spraying are methods with potential to improve todays 

production [14-16], while glass ceramics and different 

polymers could work as suitable sealing materials [17-20]. 

This paper reports the study of electrical insulation of tubular 

heating elements when exposed to humid environments, as 

well as studies on curable adhesives as potential sealing 

materials. The main objective is to evaluate how electrical 

insulation of heating elements is affected by the presence of 

moisture while also investigating different adhesives as 

suitable sealing materials. 
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2. Materials and methods 

2.1 Preparation of samples 

Samples for testing were tubular heating elements (600x8.5 

mm), provided by Backer AB. The heating elements 

consisted of a resistance wire and a tube (mantle) in stainless 

steel, which was filled with MgO powder. After filling, the 

heating elements were rolled, which compacted the MgO 

powder into a porous MgO solid, which became the electrical 

insulator of the finished heating element samples. The 

samples were annealed at 1080 °C in inert atmosphere (no 

oxygen). This completely removed any moisture from the 

samples. After annealing, samples were placed inside a dry 

stock at 25 ° in 30 % relative humidity (6 g H2O / m3 air) or 

inside a climate chamber. If sealed, the samples where bent 

(U shaped) and sealing material was applied, in both ends, in 

an amount where it covered the MgO surface. Curing was 

done by thermal curing or UV-curing. If thermally cured, an 

insulating pearl was placed above the sealing material to 

increase electrical creeping distance. A schematic of a 

heating element end (with insulating pearl) can be seen in 

Figure 1.   

 

Figure 1: Schematic of a tubular heating element end. 

2.2 Adhesives for testing 

Different sealing materials were used to investigate different 

properties such as sealing ability, adhesion to metal and 

curing time. Three sealing materials were provided by 

Backer AB, 1 PU and 2 Epoxy. Also three adhesives were 

procured from APM Technica, 1 Acrylate and 2 Epoxy. The 

material properties of the adhesives are summarized in Table 

1.  

 

 

 

 

Table 1: Critical parameters for adhesives selected for this project. 

Adhesive Material 
Curing 

type 

Temperature 

range (°C) 

PU 

403 
Polyurethane Thermal -50, +120 

Araldite D Epoxy Thermal -50, +120 

Ecobond 

144A 
Epoxy Thermal -50, +200 

Unocol 

818 
Acrylate UV 

-40, +110 

NOA 

81 
Epoxy UV 

-40, +110 

NEA 

121 
Epoxy UV 

-40, +110 

2.3 Conditions of exposure to moist air and resistivity 

measurements 

Testing was made through measurement of electrical 

resistance inside a dry stock (25 °, 30 % relative humidity). 

After annealing, samples were placed inside the dry stock or 

inside a climate chamber (CC), in both cases no sealing was 

used. The time and conditions inside the climate chamber can 

be seen in Table 2 and after exposure to moist air inside the 

climate chamber, samples were placed in the dry stock. 

Electrical resistance was measured using a FLUKE 1507 

insulation tester. The measurement started when samples 

were removed from the climate chamber or immediately after 

annealing (if placed directly in the dry stock). The time of the 

experiment was during a 10 week period and electrical 

resistance was measured on a daily basis.       

Table 2: Conditions of exposure to moist air for the samples of 

tubular heating elements. 

Storage in 

CC (h) 

Temperature 

(°C) 

Humidity 

(%) 

Water 

content 

(g / m3 air) 

24 

25 

90 

18 

72 

24 70 297 
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2.4 Testing of curable adhesives 

The different adhesives were used to seal samples, followed 

by exposure to humid air inside the climate chamber. Before 

sealing, samples were dried inside a furnace at 200 °C for 12 

hours. Samples were only sealed if resistance was above a 

threshold of 10 GΩ, a standard used by Backer AB. When 

sealed, time and temperature of curing was noted for 

comparison between the different sealing materials. After 

being sealed, samples were exposed to humid air inside the 

climate chamber. Conditions used were the same as for 

previous testing, see Table 2. Resistance was measured 

before and after every storage inside the climate chamber. If 

electrical resistance went below 10 GΩ the adhesive would 

be excluded from future measurements. After measurement 

of electrical resistance, current leakage and durability at 120 

°C was tested. 

3. Results 

3.1 Dependence of electrical insulation on ambient 

environment 

Changes in electrical resistance for samples stored in the dry 

stock (25 °, 30 % relative humidity) can be seen in Figure 2. 

Figure 2: Evolution of electrical resistance of insulation material 

in annealed tubular heating element samples during exposure to 

moist air in dry stock (25 °C, 30 % humidity). Sample 1 was stored 

in the dry stock immediately after annealing and samples 2-4 was 

stored inside a climate chamber before placed in the dry stock. 

 

 

 

The resistance is decreasing over time for all samples.  

Immediately after annealing the electrical resistance is very 

high (3 x 107 MΩ) and when studying samples with no 

storage inside the climate chamber (Sample 1) it can be seen 

that resistance is decreasing very rapidly the first few hours. 

This is followed by a continuous decrease in electrical 

resistance. All samples stored inside the climate chamber 

(Sample 2-4) show a low electrical resistance when removed 

from the climate chamber, see Figure 2. When placed in the 

dry stock samples stored at 25 °C in the climate chamber 

(Sample 2 & 3) show increasing electrical resistance in early 

stages of storage followed by decreasing electrical resistance 

for the rest of the measurement. Samples stored at 70 °C 

show very little change in electrical resistance, which 

remains low throughout the entire measurement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Results from testing of curable adhesives 

All curable adhesives were successful in preventing moisture 

penetration of the heating elements except for the Unocol 

818. Due to insufficient curing it was therefore excluded 

from further testing. Samples sealed with other adhesives 

show good electrical resistance (≥ 11GΩ), which is above the 

threshold of 10 GΩ.  
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The time of curing did vary and the UV-curable adhesives 

NOA 81 and NEA 121 cured in a matter of seconds once 

exposed to UV light from a UV light source. Curing of PU 

403 took 1 hour at a temperature of 70 °C while the curing of 

both Araldite D and Ecobond 144A took 24 hours at 120 °C. 

No samples show signs of current leakage, proving that all 

adhesives are good in preventing moisture penetration after 

curing. When placed in a furnace at 120 °C the thermally 

cured adhesives remain durable and maintain their adhesion 

to the sample. This is not the case with the UV-curable 

adhesives, which did not stick to the samples at a 

temperature of 120 °C.  

4. Discussion 

The rapid decrease in electrical resistance is due to the 

presence of moisture inside the heating elements. The high 

conductivity of water molecules (10-3-10-4 S/m) [2, 7, 21] 

results in bad electrical insulation and electrical resistance 

drops at a rapid rate, see Sample 1 in Figure 2. During 

annealing the high temperature forces hot air out of the 

heating elements, which causes a vacuum inside the heating 

element. This vacuum sucks ambient air into the element 

when leaving the annealing furnace and moisture enters the 

element at a rapid rate. This explains the large drop in 

electrical resistance when samples are placed immediately in 

the dry stock after annealing, see sample 1 in Figure 2. 

When samples are exposed to humid environments after 

annealing (inside climate chamber) more moisture is present. 

This explains why resistance is very low when samples are 

removed from the climate chamber and placed inside the dry 

stock, see sample 2-4 in Figure 2. When hydrated, MgO 

absorbs water [1, 2, 7], which has a drying effect on the 

heating elements by removing conductive water molecules 

inside the heating element. This explains the increase in 

electrical resistance, observed for sample 2 & 3 (see Figure 

2).  

The hydration of MgO introduces Mg(OH)2 inside the 

samples. When hydrated Mg(OH)2 binds water along particle 

surfaces and in grain boundaries. The binding of water to 

Mg(OH)2 particles is what causes bad electrical insulation [5, 

7]. The hydration of Mg(OH)2 has a negative effect on 

electrical resistance and explains why the resistance 

decreases over time for all samples. The hydration of MgO 

and Mg(OH)2 continues when moisture is present and 

explains why constant changes in electrical resistance can be 

observed for all samples, see Figure 2. This proves the 

importance of a sealing and shows the sensitivity towards 

moisture for tubular heating elements.  

 

 

Results from testing of curable adhesives show the 

importance of efficient curing for a sealing material. After 

curing, the sealing prevents moisture penetration of the 

heating element. Results show variations in curing time, 

where the UV curable adhesives demonstrated a significantly 

shorter time of curing compared to thermally cured 

adhesives. The Unocol 818 did not prevent moisture 

penetration and a reason for the insufficient curing can be 

high viscosity. The viscosities of the UV curable adhesives 

are summarized in Table 3.  

Table 3: Viscosities of the UV curable adhesives. 

Adhesive Viscosity (kg m-1 s-1) 

Unocol 818 0,7 

NOA 81 0,3 

NEA 121 0,3 

Higher viscosity can make it more difficult for the adhesive 

to fill out deficiencies in the mantle, which is critical for 

obtaining good adhesion. The formation of an interface 

between the mantle and the sealing makes the sealing stick 

while also making the heating element more impermeable to 

moisture [22, 23]. The high viscosity of Unocol 818 may 

have prevented formation of such an interface, which can be 

the reason for the bad sealing ability of the adhesive. An 

issue with the UV curable adhesives is the temperature range, 

limiting them to be used in environments where operating 

temperature is low. Applying the insulating pearl is another 

issue, as it limits the access to UV light during curing. These 

problems has not been investigated further in this project.  

5. Conclusions 

The importance of a sealing was evident when studying the 

evolution of electrical resistance of insulating material in 

annealed tubular heating elements during exposure to 

moisture. In presence of moisture the hydration of MgO will 

initially increase electrical resistance but will over time lead 

to an increased amount of Mg(OH)2 in the heating element. 

When hydrated, the binding of water increases electrical 

conductivity of Mg(OH)2 and the electrical resistance of 

heating elements decreases. This can lead to current leakage 

or short circuit and a sealing is necessary in preventing such. 

Curable sealing materials can efficiently be used to prevent 

moisture penetration of heating elements. UV curing is a 

method with promise for reducing the curing time but there 

are still practical issues that need to be solved before they 

can be used in large scale production.  
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