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Abstract 

Evolving construction methods and an increased demand for materials with enhanced fire resistance 

have created a demand for novel materials within the construction industry. In recent years, MgO boards 

have become more widely used as a solution to the needs of modern construction. This paper explores 

the behaviour of magnesium oxide boards during exposure to various temperatures and high levels of 

moisture. More than 1000 samples were prepared for analysis and the laboratory test durations extended 

beyond 2 years. Findings indicate that magnesium chloride hydroxide hydrate phases within well 

proportioned magnesium oxide boards remained stable after exposure to various conditions. 

Additionally, the mechanical properties were relatively unaffected by exposure to high levels of 

moisture for extended durations. Findings also indicate that magnesium oxide boards based on 

magnesium oxysulphate cement are not susceptible to the ‘crying’ phenomenon. By correlating 

laboratory performance of magnesium oxide boards with weather data it was possible to ascertain that 

well proportioned boards would remain stable for at least 33 years in-service in the average UK location. 

 

Keywords: MgO boards; Magnesium oxychloride cement; Magnesium oxysulphate cement; 

Durability; Relative humidity; Temperature; Service life 
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1. Introduction 

In recent years, construction boards based on magnesium oxychloride (MOC) and magnesium 

oxysulphate (MOS) cements have become more widely used as sheeting materials in the construction 

industry. They are commonly referred to as magnesium oxide (MgO) boards and provide an alternative 

to gypsum plasterboard, fibre cement and other sheeting materials [1]. MgO boards can be used in a 

wide variety of internal and external applications including sheathing, wall/ceiling linings, render 

carrier systems and prefabricated wall systems [2–5]. Construction boards in general are well suited to 

off-site construction methods which are becoming increasingly more common. Prefabricated 

construction allows for faster, less expensive and more environmentally friendly construction compared 

to traditional on-site methods [6–8]. Therefore, the demand for construction boards is anticipated to 

grow in the coming years.   

 

MgO boards are usually produced by combining MOC or MOS cement with lightweight fillers 

(typically wood fibres and perlite) and reinforcing glass fibre mesh [9]. They have considerable benefits 

compared with other board types including their compatibility with wood and other lightweight filler 

materials [10], providing low density boards which makes handling easier and reduces building loads 

[11]. They are also easily cut with a knife, using a simple ‘score and snap’ method, saving time and 

expense on cutting equipment. This also reduces the generation of respirable dust. Respirable dust is 

commonly created when cutting other board types with power saws and can have serious long term 

health effects [12]. MgO boards are also less toxic than conventional resin-based particle boards [10]. 

In addition, MOC and MOS cements have a lower environmental impact compared with traditional 

Portland cement with which fibre cement boards are typically produced. This is largely due to the lower 

calcination temperature employed for MgCO3 (600-1300 °C) compared with the calcination of cement 

clinker (approx. 1400 °C) [13–15]. Moreover, carbon sequestration via passive carbonation has the 

potential to eliminate 20-40% of the carbon emissions associated with the production of MgO boards 

within 15 years of their production [16]. Above all, one of their main advantages is their fire resistance 

[17–19]. This is due to the transformation of the binder, during fire exposure, into MgO which has a 
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very high melting point (approx. 2800 °C) [20]. In addition, the hydrated minerals within MOC and 

MOS cements contain a significant amount of bound water which is released at high temperatures and 

can act as a fire retardant and smoke suppressant [20]. 

 

In 2016, reports emerged from Denmark [21–23] which highlighted durability issues with MgO boards. 

They described issues involved the formation of Cl- containing water droplets on the boards surface, 

commonly termed as ‘crying’ or ‘sweating’. This allowed mould growth on timber elements and 

corrosion of steel fixtures and fittings. In some cases, structural damage to the boards themselves was 

also reported. These reports raised concerns that similar issues would occur in other countries. The 

issues observed in Denmark were with MgO boards based on MOC cement. Subsequently, in many 

countries, MOS boards are being used as an alternative because they do not contain a significant amount 

of Cl- ions. However, MgO boards based on MOS cement have undergone much less testing both in 

terms of volume and rigour.  

 

Research conducted since the Denmark issues were reported [21–23] has concluded that there is a 

significant variation in moisture resistance  between MgO boards from different manufacturers [2,24]. 

Moreover, the better performing MgO boards, particularly those produced from MOC cement, were 

found to have superior or comparable performance with that of conventional board types such as fibre 

cement, gypsum plasterboard and wood-based boards using commonly adopted test methods for the 

assessment of sheeting materials [25]. These findings also suggest that MgO boards, manufactured 

appropriately, perform adequately initially, and subsequently do not provide any indication that they 

will not continue to do so over their intended service life. In relation to the crying phenomenon, two 

thirds of the MgO boards based on MOC cement that were tested displayed behaviour similar to that 

observed in Denmark [24], with deterioration occurring within 57 days. This was determined by the 

observation of water droplets containing Cl- ions on their surface after exposure to high levels of 

humidity. However, one third of the boards tested did not display any crying behaviour. The difference 

in performance was linked to a number of factors including the composition and proportioning of raw 
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materials, curing conditions, stability of minerals in high moisture conditions and physical properties 

of the boards themselves. 

 

The current study focuses on the effect of moisture and temperature on MgO boards, particularly boards 

produced with MOC cement, as it was MOC based boards that were identified to have caused the issues 

in Denmark. Extended exposure durations and different types of exposure conditions are investigated 

and compared with previous studies [24,25]. Specifically, MgO boards were exposed to high relative 

humidity (RH) and various temperatures for extended durations up to 840 days. The exposure 

conditions were chosen based on the weather conditions the boards are anticipated to encounter in-

service. Therefore, a range of temperature and RH values were studied. Additionally, more aggressive 

conditions than those anticipated in-service were used as a means of accelerating the age of MgO 

boards. Performance was assessed visually to identify crying behaviour, and by monitoring changes in 

mineralogy and mechanical properties over time. The exposure conditions and performance were then 

examined considering the in-service exposure conditions for MgO boards in the UK. It is anticipated 

this will provide further insight into the long-term performance of MgO boards in the UK climate. 

 

2. Experimental details 

This study considers the performance of MgO boards in four different exposure conditions (Exposure 

Conditions i-iv), as summarised in Table 1. Over 1000 board samples in total were prepared for 

exposure and testing. 
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Table 1 Summary of exposure tests and experimental details 

Test ID Temperature 

(°C) 

RH (%) Duration Sample 

size (mm) 

Test conditions Data 

i 30 90 840 days 75 x 75 - Edges sealed 

- Samples suspended horizontally in 

boxes with holes in sides (Fig. 1)  

 

- Visual observations 

- Mineralogical change 

(425 and 840 days) 

ii 23 80 

90 

90 with 

intermittent 

drying 

 

560 days 90 x 90 

(XRD) 

200 x 50 

(strength) 

- Edges sealed 

- Samples stored vertically in racks 

(Fig. 2) 

 

- Visual observations 

- Mineralogical change 

(approx. every 28 days) 

- Bending strength 

(approx. every 28 days) 

iii 0 

10 

23 

80 

90 

100 

 

84 days 

 

 

200 x 50  - Samples wrapped in polyethylene 

film once conditioned to specific 

RH 

- Edges not sealed 

 

- Mineralogical change 

(approx. every 28 days) 

-Bending strength 

(initial and 84 days) 

 

iv 0 

23 

Intermittent 

immersion in 

water for 15 

mins 

25 cycles 200 x 50  - After immersion samples returned 

to chambers: 

1) 23°C & 90% RH 

2) 0°C & 60 ± 5% RH 

- Samples not wrapped  

- Edges not sealed 

- Mineralogical change 

(10 and 25 cycles) 
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Exposure Condition i monitors the performance of six MOC boards (A-F) and two MOS boards (G and 

H) at a temperature of 30 °C and a RH of  90%. Each board was produced by a different manufacturer 

and contained wood and perlite as well as glass fibre mesh reinforcement. As this investigation utilised 

board products available in the market, the exact proportions of raw materials used in each board is not 

known. Each board sample is identified as A-H and their type, nominal thickness and density are shown 

in Table 2. The density of each board was obtained in accordance with the procedure described in BS 

EN 323:1992 [26].  

 

Three other Exposure Conditions (ii-iv) were utilised to monitor the performance of MOC boards. This 

part of the study focused solely on one board type.  Accordingly, Board A, identified as one of the better 

performing boards from previous studies [24,25], was selected for investigation.   

 

Table 2 Type, nominal thickness and density of each board obtained for analysis 

Board Type Nominal thickness (mm) Density (kg/m3) 

A MOC 9.0 1092 

B MOC 9.0 686 

C MOC 9.0 1113 

D MOC 9.0 993 

E MOC 11.0 1032 

F MOC 12.5 998 

G MOS 12.0 1077 

H MOS 9.0 1063 

 

Exposure test i 

Exposure test i is an extension of previously published work [24] and can be described as a crying test. 

It involved the exposure of different MOC (A-F) and MOS (G and H) board samples to high RH. The 

boards were monitored regularly to identify if and when crying occurred. The edge of each sample was 
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coated with epoxy paint so that only the top and bottom surface of each board was exposed. The samples 

were placed into an environmental chamber at 30 °C and 90% RH for 840 days. The previous study 

[24] reported the performance of the samples after 420 days. Fig. 1 shows a schematic diagram of the 

experimental setup. The samples, measuring 75 x 75 mm, were suspended inside plastic containers and 

the sides of the containers were perforated with 12 mm circular holes to ensure conditions inside the 

containers and environmental chamber were identical. This was verified with a temperature and RH 

probe. After 840 days exposure, samples of each board were powdered and dried at 35 °C inside a 

desiccator with silica gel for 72 h, before analysis by X-ray diffraction (XRD). 

 

 

Fig. 1. Schematic diagram of test setup in exposure test i (crying test). 

 

Exposure test ii 

Exposure test ii involved exposing samples of board A to different RH’s; 80%, 90% and 90% with a 

single drying interval mid-way through the exposure. The drying interval was achieved by removing 

the samples from 90% RH approximately halfway during their total exposure period and placing them 

in a room conditioned at 20 °C and 50% RH for 7 days. They were then returned to 90% RH for the 

remainder of their total exposure duration. The temperature was fixed at 23 °C for all RH’s investigated. 

The samples were stored vertically within racks with spaces for air circulation. The racks were stored 

inside environmental chambers as shown in Fig. 2. The edges of the samples were coated with epoxy 

paint so that only the parts of the board typically exposed in-service were exposed to high RH. The total 

duration of exposure was 560 days. Intermittently samples were removed for mineralogical analysis by 

Sample

Holes for air 

circulation
Container
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XRD and for assessment of mechanical strength. Powdered samples were obtained for XRD analysis 

from board samples with a size of 90 x 90 mm. The modulus of rupture/bending strength was assessed 

using a three-point bending test with a span of 150 mm. A loading rate of 10 mm/min was used and the 

sample size was 200 x 50 mm. The average bending strength was calculated from three samples 

obtained from the transverse direction of board A. Prior to testing, samples were conditioned to 20 °C 

and 50% RH for between 7 and 14 days. This was to ensure samples were tested in a similar condition 

with respect to moisture, regardless of their duration of prior exposure to high RH. 

 

 

Fig. 2. Photograph of environmental chamber containing MgO boards samples stored in racks (exposure 

test ii). 

 

Exposure test iii 

Exposure test iii involved conditioning samples of board A to specific RH’s, followed by storage at 

various temperatures to assess the effect of different temperature and RH combinations. Samples 

measuring 200 x 50 mm were conditioned to 80%, 90% and 100% RH’s. 100% humidity was achieved 
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by immersion in water for 15 mins. Samples conditioned to 80% and 90% RH were done so by storage 

in climate chambers at 23 °C and the appropriate RH for 140 days. After conditioning, samples were 

immediately wrapped with polyethylene film and placed inside sealed bags. The bags were then placed 

inside climate chambers controlled at three different temperatures; 0, 10 and 23 °C. After 84 days, 

samples were removed and their bending strength and mineralogy were assessed. Prior to testing, 

samples were conditioned to 20 °C and 50% RH for between 7 and 14 days. 

 

Exposure test iv 

Exposure test iv involved cyclic immersion of samples of board A in water for 15 minutes to allow the 

boards to become saturated with respect to moisture. Between immersion cycles, two different storage 

environments were investigated: 23°C and 90% RH, 0°C and 60% RH.  The first storage environment 

ensured the samples remained very moist and the second storage environment explored the effect of 

low temperature. The samples remained in the storage conditions for between 24 and 72 hours before 

the subsequent immersion in water. After 10 and 25 immersion cycles, samples were assessed by XRD. 

It is anticipated that this regime is much more severe than in-service conditions because boards are not 

expected to be fully saturated with water in-service. Prior to testing, samples were conditioned to 20 °C 

and 50% RH for between 7 and 14 days. 

 

XRD was carried out on powdered samples with a PANalytical X’Pert PRO diffractometer applying 

CuKa radiation of wavelength 1.54Å. Diffraction patterns were obtained between 5 and 65° 2θ with a 

step size of 0.02° 2θ. The mineralogy of the various samples was ascertained by using PANalytical’s 

X'Pert Highscore Plus software in conjunction with the Powder Diffraction File database. 

 

The corrosion of fixings with different coatings was assessed by installing fixings centrally in 100 x 

100 mm samples of board A. The samples were placed inside a climate chamber controlled at 23 °C 

and 90% RH. After 400 days the fixings were removed from the board samples and assessed visually 

for signs of corrosion. Fixings were also placed into the same chamber individually on top of paper 

towel for comparison with the fixings installed into the MgO board. 
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In section 4 the performance of MgO boards in the laboratory tests was correlated with weather data to 

obtain a projected service life for MgO boards. As no significant deterioration of board A was observed 

during any of the exposure tests, there is no current known failure point with which to calculate service 

life. Therefore, the exposure test with the longest duration (i) was used to calculate an anticipated 

service life based on the current test duration of 840 days.  

 

3. Results and discussion 

3.1. Exposure test i 

Exposure test i involves exposure of various board samples based on both MOC and MOS cement, to 

high RH for 840 days. Table 3 shows the chemical composition of each board. Boards A-F are based 

on MOC cement, and their main components are Mg and Cl. Boards G and H are based on MOS cement 

and their main components are Mg and S. All the boards have some Si, Al and Ca in varying quantities 

as well as other minor components. The boards all have loss on ignition values of between 37% and 

52%, these are likely related to the filler materials within the boards, such as wood fibre. These values 

would also include bound water within MOC and MOS phases. Previous publications [24,25] have 

shown the XRD pattern of each board. The main mineral found in all of the MOC boards is magnesium 

chloride hydroxide hydrate (5Mg(OH)2·MgCl2·8H2O), termed 5-phase. They also have magnesite 

(MgCO3), brucite (Mg(OH)2), quartz (SiO2), talc (Mg3Si4O10(OH)2) and calcite (CaCO3). Board F also 

contains dolomite (CaMg(CO3)2), which is reflected by the increased Ca content in board F (Table 3). 

The main mineral identified in the MOS boards is magnesium oxysulphate hydrate  

(5Mg(OH)2·MgSO4·7H2O), termed 5-1-7 [20]. Similar to the MOC boards they also have small 

quantities of brucite, magnesite, quartz and calcite. Given the presence of talc, magnesite and dolomite 

it is clear that not all the MgO indicated in Table 3 would be available as reactants in the formation of 

MOC and MOS phases. The presence of magnesite and dolomite (board F) are likely due to inadequate 

calcination of the raw material. Some boards appear to have an increased proportion of brucite (A, D, 

G and H). This may indicate that they had more MgO than needed to react with their respective MgCl2 
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and MgSO4 content and subsequently hydrated to form brucite. This would in turn suggest that no 

MgCl2 or MgSO4 would remain unreacted in these boards. However, a balanced approach is required 

when formulating these cements, as too much unreacted MgO can cause dimensional instability, due to 

formation of brucite which has a larger volume than MgO [27,28]. If the boards do not have enough 

MgO to react with their MgCl2 or MgSO4 content, some MgCl2 and MgSO4 will remain unreacted and 

may be free to leach out. Therefore, it is important that board manufacturers are aware of the purity and 

reactivity of their raw materials. 

 

Table 3 Chemical composition and loss on ignition (LOI) of each board obtained by XRF (wt %) 

 SiO2 Al2O3 Fe2O3 CaO MgO K2O TiO2 SO3 P2O5 Cl Br LOI 

A 13.61 2.41 0.22 1.79 35.15 0.42 0.03 0.77 0.12 8.00 0.07 37.40 

B 4.62 0.91 0.22 0.84 32.00 0.09 0.02 0.15 0.00 8.90 0.00 52.24 

C 9.63 1.52 0.20 1.27 35.98 0.25 0.02 0.78 0.00 8.19 0.08 42.06 

D 4.15 0.68 0.23 1.34 39.13 0.07 0.01 0.51 0.07 7.70 0.04 46.11 

E 5.95 0.78 0.22 0.88 35.15 0.15 0.01 0.45 0.04 7.77 0.03 48.56 

F 5.95 1.10 0.14 2.41 33.33 0.16 0.01 0.60 0.04 8.53 0.05 47.66 

G 6.97 0.82 0.17 2.27 36.31 0.16 0.01 9.46 0.00 0.07 0.00 43.74 

H 5.48 0.72 0.16 1.16 34.99 0.14 0.01 8.72 0.00 0.04 0.00 48.57 

 

Fig. 3 shows photographs of each board (A-H) after 840 days exposure to 30 °C and 90% RH. Each 

board was white or off-white before exposure. After exposure, the boards changed, by varying degrees, 

to a darker, yellow/brown colour. The reinforcing glass fibre mesh became more visible and white 

deposits were evident on the surface of some boards indicating that leaching had occurred. 
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Fig. 3. Photograph of board samples unexposed (left) and after exposure (right) to 30 °C and 90% RH 

for 840 days. Photograph of sample H was taken after circular piece was cored for XRD analysis. 
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Table 4 summarises the performance of each board during exposure to 30 °C and 90% RH for 840 days. 

Four of the six MOC boards displayed crying droplets within the first 57 days. More than 3 ml of crying 

liquid was obtained from boards B, C and F after 420 days. The crying liquid contained both Mg and 

Cl ions. More detailed analysis is provided in a previous publication [24]. This paper is updating the 

results with the test duration at 840 days and also includes details regarding the performance of two 

MOS boards. Even after 840 days, no measurable crying droplets were observed on boards A and D. 

Similarly, no crying behaviour was observed by either of the MOS boards (G and H). Fig. 4 shows the 

XRD pattern of each board after 840 days exposure to 30 °C and 90% RH. The patterns show that each 

board generally has the same mineralogy as before exposure as described above and shown in previous 

publications [24,25]. The main mineral present in the MOC boards is 5-phase, while in the MOS boards, 

the main mineral observed is 5-1-7 phase. The main change in the mineralogy of each board is the 

formation of small broad peaks at around 15° 2θ, which has been attributed to hydromagnesite 

(4MgCO3∙Mg(OH)2·4H2O). The formation of hydromagnesite is discussed in more detail in the 

following section. In general, the main minerals (5-phase) providing strength to MOC cement remain 

in the board samples after exposure to 30 °C and 90% RH for 840 days. This may indicate that the 

crying droplets observed from boards B, C, E and F were due to the presence of excess unreacted MgCl2 

which dissolved easily under high RH. This is supported by the fact that the formation of crying droplets 

slowed and eventually stopped before 840 days. If the crying droplets were formed due to the 

breakdown of 5-phase, it is anticipated that crying would have continued until all the 5-phase was 

broken down. Whereas the XRD patterns, shown in Fig. 4, highlight that 5-phase is still present in each 

board. This indicates that the inclusion of excess MgCl2 was responsible for the poor performance 

observed for certain boards. Furthermore, it suggests that the initial mix composition and the purity of 

raw materials is crucial to avoid crying behaviour in MgO boards based on MOC cement. 

 

 

 

 

 



14 

 

Table 4 Days until crying for each board during exposure to 30 °C and 90% RH for 840 days 

Board Type Crying time (days) Crying liquid volume (ml) 

A MOC - - 

B MOC 11 6.6 

C MOC 11 3.8 

D MOC - - 

E MOC 57 - 

F MOC 28 5.5 

G MOS - - 

H MOS - - 
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Fig. 4. XRD patterns of each board after exposure to 30 °C and 90% RH for 840 days. 

 

3.2. Exposure test ii 

Exposure test ii involved subjecting samples of board A to various RH’s with a fixed temperature of 23 

°C. The exposure duration lasted for 560 days and no water droplets were observed on the surface of 

any of the board samples. Fig. 5 shows XRD patterns of board A samples following 140, 280, 420 and 

560 days exposure to 90% RH, 80% RH and 90% RH with intermittent drying. The main observation 
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is that the 5-phase remains stable after exposure to each RH up to 560 days. Minimal changes to the 

XRD patterns are observed, suggesting board A has remained stable from a mineralogical point of view. 

The only change observed was the formation of a broad peak at around 15° 2θ, related to the presence 

of hydromagnesite. Hydromagnesite is a precipitate of carbonated Mg based phases [29]. The 

breakdown of 5-phase to form hydromagnesite likely involves intermediate phases such as chlorartinite 

(2MgCO3∙Mg(OH)2∙MgCl2∙6H2O), artinite (MgCO3∙Mg(OH)2∙H2O), nesquehonite (MgCO3∙3H2O) and 

dypingite (4MgCO3∙Mg(OH)2∙5H2O) [16]. None of these phases were observed in board A during 

exposure to high RH and regular monitoring of the mineralogical composition. Instead hydromagnesite 

was observed without any intermediate phases being observed. This suggests that in this case, the 5-

phase remained stable and instead, hydromagnesite was formed due to the carbonation of brucite. Fig. 

5 agrees with this hypothesis as the intensity of the brucite peaks appear to decrease as the broad 

hydromagnesite peak at 15° 2θ develops. This is particularly noticeable by comparing the brucite peak 

at around 18.6° 2θ with the hydromagnesite peak at 15° 2θ. Hydromagnesite is a favoured Mg-carbonate 

mineral due to its stability, it is likely to remain stable for hundreds of years at Earth’s surface conditions 

[30]. This stability is vital for the long-term storage of CO2 and contributes to the environmental 

credentials of MgO boards [16]. Fig. 6 shows the modulus of rupture or bending strength of board A at 

various points during exposure. The bending strength of control samples was recorded at regular 

intervals for comparison. The control samples were stored in controlled laboratory conditions (20 °C 

and 50% RH). The bending strength was obtained from three samples in the transverse direction. The 

findings indicate that the bending strength of board A did not change during the entire 560 days in any 

of the three RH exposure regimes. Exposure test i indicated that board A is not susceptible to crying 

through the dissolution of unreacted MgCl2. Moreover, the chemical and mineralogical composition of 

board A indicated that board A is unlikely to have any unreacted MgCl2. Both exposure test i and ii 

indicate that the 5-phase in board A is stable at high RH and temperatures of 30 and 23 °C. The different 

RH’s considered include 90%, 80% and 90% RH with intermittent drying. Exposure test ii also 

highlights that the mechanical properties of board A are unaffected in these conditions. 

 



17 

 

 

Fig. 5. XRD patterns of board A samples following exposure to a) 90% RH, b) 80% RH and c) 90% 

RH with intermittent drying for 140, 280, 420 and 560 days.  
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Fig. 6. Bending strength of board A during exposure to different RH’s for 560 days. 

 

3.3. Exposure test iii 

Fig. 7 shows the XRD patterns of samples of board A after exposure to various temperatures (0, 10 and 

23 °C) and RH conditions (100, 90 and 80%) for 84 days. The samples were initially conditioned to 

100, 90 and 80% RH then wrapped with polyethylene film and sealed inside bags to maintain the 

specified level of moisture within the samples. The samples were then exposed to different temperatures 

(0, 10 and 23 °C) for 84 days. The XRD pattern labelled as control shows a sample before conditioning. 

Following conditioning at 100% RH, no change was observed to the XRD pattern. However, 

conditioning to 90 and 80% RH did result in some minor changes. Specifically, a small broad peak at 

around 15° 2θ was formed attributed to hydromagnesite. After exposure to each temperature (0, 10 and 

23 °C) and RH (100, 90 and 80%) no further mineralogical changes were observed. This highlights the 

stability of the 5-phase in board A in a range of different conditions. Fig. 8 shows the bending strength 

of samples following exposure to each temperature and RH. The bending strength of samples after 

conditioning is also shown for comparison. Findings indicate that after conditioning of the board 

samples to the specific RH, their strength did not change regardless of the temperature to which they 
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were exposed, suggesting that this range of temperature and RH values have no effect on the strength 

of board A. It should be noted that the strength values are slightly lower for the samples conditioned to 

90% and 80% compared to the samples conditioned to 100%. This could be related to the extended 

conditioning duration of 140 days for these samples, compared with 15 mins for the samples 

conditioned to 100% RH. The cut edges of these samples conditioned to 90% and 80% was exposed to 

the high moisture environment. This is less representative of in-service exposure conditions where the 

edges of boards are normally either coated or rendered. Fig. 6 shows that the strength of samples with 

their edges sealed remained stable during 560 days exposure to 90 and 80% RH. In general, these 

findings indicate that board A remains stable both in terms of mineralogy and strength regardless of the 

temperature when samples are conditioned to high RH. This is particularly relevant for the application 

of boards in-service, where temperatures would be expected to fluctuate. 
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Fig. 7. XRD patterns of board A samples following conditioning to a) 100% RH, b) 90% RH and c) 

80% RH followed by wrapping with polyethylene film and exposure to 0, 10 and 23 °C for 84 days.  
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Fig. 8. Bending strength of samples of board A conditioned to various RH’s (100, 90 and 80%) and 

following exposure to various temperatures (0, 10 and 23 °C). 

 

3.4. Exposure test iv 

Fig. 9 shows the XRD patterns of samples of board A after cyclical immersion in water for 15 minutes 

followed by exposure to stated values of temperature and RH. Further details on the testing procedure 

are provided in section 2.2. The XRD patterns show that the mineralogy of the board samples did not 

change after 10 and 25 cycles. Each of the main minerals remain present after exposure cycles and no 

new phases were identified. Construction boards are not expected or designed to undergo complete 

saturation as employed in this study as they are usually protected from severe weather conditions. This 

cyclic exposure highlights that board A remains stable during cycles of extreme wetting and drying. 

This may be particularly relevant for MgO boards during the construction phase, where they may 

encounter direct rainfall that they would not normally encounter in-service.  

 

0

5

10

15

20

25

100% 90% 80%

B
e

n
d

in
g

 s
tr

e
n

g
th

 (
M

P
a

)

RH

After conditioning

0 ℃ for 84 days

10 ℃ for 84 days

23 ℃ for 84 days



22 

 

 

Fig. 9. XRD patterns of samples of board A after cycles of immersion in water for 15 minutes followed 

by exposure to stated values of temperature and RH. 

 

3.5. Corrosion of fixings 

Fig. 10a shows photographs of fixings after 400 days installed into board A and exposed to 23 °C and 
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a paper towel in the same environment of 23 °C and 90% RH. Table 5 shows the coating type on each 
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whether installed in board A or placed individually on paper towel at 23 °C and 90% RH. The fixings 

covered with black phosphate (#1), zinc (#2) and a multi-layer coating (#4) had some visible corrosion 

under both scenarios. For each fixing type the level of corrosion appeared more severe for the fixing 
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corrosion. In general, stainless steel and brass appear suitable coatings for fixings embedded in MgO 

boards. In addition, the other coatings which showed some visible corrosion appeared to be more 

affected by the aggressive conditions rather than the MgO board itself. This is agreement with findings 

from the other tests which found no droplets containing Cl- ions on board A during various exposure 

regimes.  

 

 

Fig. 10. Photographs of different fixings after exposure to 23 °C and 90% RH for 400 days, a) fixings 

which were installed in board A and b) same fixings which were placed individually on top of a paper 

towel at the same temperature and RH conditions. 
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Table 5 Summary of corrosion of fixings embedded in board A and placed individually under 

aggressive conditions 

Fixing type Coating type Corrosion level 

Board A Individual 

#1 Black phosphate Medium Severe 

#2 Zinc Medium Severe 

#3 Brass None None 

#4 Multi-layer coating Low Medium 

#5 Stainless steel None None 

#6 Stainless steel None None 

 

3.6. Performance of MgO boards: A discussion 

These findings suggest that correctly proportioned MgO boards can withstand aggressive conditions in 

terms of moisture without exhibiting crying behaviour. In particular, the main mineral in MOC based 

MgO boards (5-phase) was found to remain stable in a range of exposure conditions.  

 

Fig. 12b shows that the daily average RH in the UK varies between around 75 and 90%. Board samples 

were exposed to RH values ranging from 60-100% in this investigation. It was found that different 

ambient temperatures made no noticeable impact on the stability of MgO boards. Temperatures between 

0 and 30 °C were investigated and Fig. 12a shows that the average temperature in the UK climate ranges 

between 0 and 22 °C. The MgO boards were also capable of maintaining their structural integrity during 

various exposure conditions with no significant strength loss observed. In terms of the two MOS boards 

studied, they did not exhibit any crying behaviour during 840 days exposure to 30 °C and 90% RH. 

This suggests MOS boards may not be susceptible to the crying behaviour sometimes observed for 

MOC boards. Additionally, the mineralogy appeared to remain stable with 5-1-7 phase still observed 

after exposure. However, it is worth noting that a previous study has highlighted that MOS boards may 
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be susceptible to expansion during exposure to high RH [25]. Therefore, further work is needed on the 

long term performance of MOS boards, particularly related to their dimensional stability.  

 

These findings also highlight the variation in performance between different MgO boards (exposure 

test i). This is fundamentally attributed to the composition of raw materials and proportioning of raw 

materials during board manufacture. Inconsistencies in raw materials composition and proportioning 

result in some MOC boards exhibiting crying behaviour soon after exposure to high RH due to the high 

solubility of unreacted MgCl2. The following section will compare the laboratory exposure conditions 

from exposure test i with typical weather conditions experienced in the UK. 

 

4. Correlation between weather data and test data 

A key question for the stability of MgO boards is their performance in humid environments. Research 

has focused on the performance of boards subjected to a range of specific temperature and RH 

environments. MgO boards are considered to have failed or reached the end of their service life when 

droplets of moisture are formed on their surface. Based on this end-of-life criteria, boards A and D have 

undergone 840 days under laboratory test conditions (exposure test i) without droplets of moisture 

forming on their surface. Board F has undergone 57 days under these conditions before reaching the 

end-of-life criteria. The number of days before each board reached the end-of-life criteria is shown in 

Table 4. Therefore, it is proposed that boards are capable of performing in-service for a duration which 

is equivalent to the number of days without failure under these test conditions. To correlate laboratory 

performance with real exposure conditions, weather data was obtained from ten locations distributed 

across the UK. The weather data was provided by the Met Office [31] and the ten weather station 

locations are shown in Fig. 11. The locations were distributed from North to South and across all regions 

to cover the range of typical weather conditions experienced in the UK. The weather data was provided 

from a recent 5 year period (2014-2018). 
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To correlate between the laboratory data and weather data it was necessary to first classify the laboratory 

exposure conditions. The three main exposure criteria for exposure test i are listed below. 

 

1. Constant conditions for 840 consecutive days 

2. Constant temperature of 30 °C 

3. Constant 90% RH for 24 hours per day 

 

Secondly, it is necessary to consider the weather data in respect of these exposure criteria and discuss 

the correlation with in-service weather conditions.  

 

1. Fig. 12 shows the annual average temperature and RH over a five-year period across a range of 

locations in the UK. For any given year, in any given location, the data is much more 

changeable than displayed here, as this data is averaged over a five-year period and also across 

numerous weather stations. Nonetheless it highlights that the in-service conditions for MgO 

boards would not often be the same on consecutive days. On average, the temperatures 

experienced in-service generally range between 0 and 22 °C. On average, the RH’s experienced 

in-service generally range between 60 and 95% RH. Therefore, the conditions that the boards 

are exposed to for the 840 consecutive days in exposure test i far exceeded the conditions boards 

would be expected to encounter consecutively in-service. It is anticipated that in-service, the 

regular opportunities for the boards to dry out due to lower RH values would extend the service 

life. Exposure test ii considered the effect of a single drying interval and no impact on 

mineralogy or strength was observed. Therefore, the approach taken is likely conservative. 

2. Exposure test iii has shown that temperature during exposure appears to have no impact on the 

stability of MgO boards. However, in exposure test iii, the RH inside the samples was controlled 

as the samples were sealed during exposure to various temperatures. Exposure test i employs a 

temperature of 30 °C which creates conditions whereby the air contains significantly more 

moisture than at lower temperatures. For example, conditions of 30 °C and 90% RH result in 

an absolute humidity of 27.3 g/m3. A lower temperature of 20 °C combined with 90% RH 
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results in an absolute humidity of 15.6 g/m3. This means there are 43% less grams of moisture 

per cubic metre of air with the lower temperature of 20 °C. Temperature data shown in Fig. 

12a, highlights that a temperature of 30 °C is rarely observed in the UK climate. Therefore, the 

laboratory test condition of 30 °C is significantly more aggressive in terms of moisture available 

in the air that boards would be expected to encounter in-service. 

3. The chosen method for projecting the service life of MgO boards described below is 

predominantly based on this particular classification. The weather data is analysed to assess 

how often in-service conditions give rise to constant high RH for a full 24 h period. 

 

It is not possible to test a board in-service for a certain number of years (i.e. 50 years) to confirm its 

service life. Therefore, to ascertain service life, a method for accelerating the age of MgO boards needs 

to be adopted. As outlined above, there are three main reasons the laboratory test conditions of exposure 

test i far exceed the conditions observed in-service and are a means of accelerating the age of MgO 

boards. The most logical way to correlate the laboratory data and weather data is to focus on the RH 

and count the number of days in the UK climate that the boards would encounter a minimum RH of 

90% or greater in-service each year. This means counting the number of days in each year in which 

boards would be subjected to constant 90% RH for 24 hours per days as per the laboratory test. 

However, to provide a more conservative approach, the total days were counted when the daily 

minimum RH is equal to or greater than 85%. Table 6 shows the number of days in a five-year period 

(2014 to 2018), when the daily minimum RH was equal to or greater than 85% for each location. This 

ranged from 48 days in Rhyl to 307 days in Lerwick. The average across all ten locations was 159 days. 

Table 6 also shows the number of days per year when the daily minimum RH was equal to or greater 

than 85% for each location. Using the number of days that each board survived in exposure test i before 

failure, it was possible to calculate the corresponding number of years it would take for the boards to 

experience the same conditions in-service, based on the classification of the laboratory test conditions 

and discussion above. Therefore, it is projected that boards B and C would survive between 0.2 and 1.1 

years in the UK climate, with the average service life across all locations being 0.4 years. These values 

appear reasonable given evidence of failures elsewhere. An earlier publication [24] has suggested these 
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boards (B and C) could be similar to the type used in Denmark. Previous studies [21,32] have indicated 

that the failures which occurred in Denmark happened between installation of the boards in 2010 and 

the winter of 2015. This indicates an approximate service life of up to 5 years for the boards which 

failed. The proposed method of service life assessment suggests a service life of between 0.2 and 1.1 

years for the poorest performing boards (B and C) which is in broad agreement with the timescales of 

the failures observed in Denmark and perhaps suggests the proposed method is slightly conservative. 

This could be because in-service, MgO boards have additional protection from moisture, usually from 

render or membranes. They are also usually not exposed on more than one side, while in this test (i), 

both sides were exposed to moisture. Boards F and E have a projected service life of 1.1 and 2.3 years, 

respectively, in the average UK location. The projected service life of boards A and D in the UK climate 

is 33.7 years. In Lerwick, which is a bit of an outlier, the projected service life is 13.7 years. Lerwick is 

located in the Shetland Islands, which is significantly further North than the UK mainland. The longest 

service is projected at 87.5 years in Rhyl, North Wales. It should be noted that the projected service life 

values for boards A and D are based on the laboratory test duration of 840 days, at which point the 

boards had still not reached the end-of-life criteria of droplets forming on their surface. If the test 

duration was extended without failure occurring, the projected service life values of boards A and D 

would also have increased. 
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Fig. 11. Locations of Met Office weather data stations from which weather data was obtained [31]. 
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Fig. 12. Average annual temperature and humidity across numerous locations in the UK over a five-

year period. Data obtained from the Met Office [31]. 
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Table 6 Service life assessment of different boards in different UK locations 

 Days when min. RH ≥ 85% Projected service life (years) 

Location Over 5-

year period 

Per year Board A 

(not failed) 

Board B 

(failed at 

11 days) 

Board C 

(failed at 

11 days) 

Board D 

(not failed) 

Board E 

(failed at 

57 days) 

Board F 

(failed at 

28 days) 

Aberporth 174 34.8 24.1 0.3 0.3 24.1 1.6 0.8 

Aldergrove 168 33.6 25.0 0.3 0.3 25.0 1.7 0.8 

Castlederg 175 35.0 24.0 0.3 0.3 24.0 1.6 0.8 

Dyce 131 26.2 32.1 0.4 0.4 32.1 2.2 1.1 

Glasgow 175 35.0 24.0 0.3 0.3 24.0 1.6 0.8 

Heathrow 78 15.6 53.8 0.7 0.7 53.8 3.7 1.8 

Leeming 128 25.6 32.8 0.4 0.4 32.8 2.2 1.1 

Lerwick 307 61.4 13.7 0.2 0.2 13.7 0.9 0.5 

Rhyl 48 9.6 87.5 1.1 1.1 87.5 5.9 2.9 

Plymouth 207 41.4 20.3 0.3 0.3 20.3 1.4 0.7 

Average 159 31.8 33.7 0.4 0.4 33.7 2.3 1.1 
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5. Conclusions 

The conclusions from this study are summarised below. 

 The crying behaviour observed in certain MOC boards was largely attributed to the breakdown 

and leaching of excess MgCl2 contained within the boards initially. 

 MOS boards did not exhibit crying behaviour after more than 2 years’ exposure to 30 °C and 

90% RH. This suggests they are not susceptible to the crying phenomenon which can affect 

MgO boards based on MOC cement. It is worth noting that further work is needed regarding 

their expansion during exposure to high levels of moisture. 

 Different RH and temperature values do not appear to alter the stability of the best performing 

MgO boards based on MOC cement. In particular, 5-phase minerals remained stable after 

exposure to temperatures of 0, 10, 23 and 30 °C and RH’s of 100, 90, 80 and 60%. 

 Similarly, the mechanical properties of MgO board A were not affected by long-term exposure 

to various conditions. 

 Long term testing indicates that the better performing MgO boards (such as boards A and D) 

would remain stable without crying behaviour for at least 33 years in the average UK climate 

location based on correlation between weather data in the UK and laboratory testing. This is 

likely to be conservative and is only based on the laboratory test duration within which failure 

did not occur.  

 Significant variation in performance was observed from one MgO board to another, particularly 

in relation to the crying phenomenon. This is due to a combination of factors but predominantly 

raw material selection and board composition. 
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