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Abstract: The sorption isotherm is one of the most important hygrothermal properties of porous 

building materials, and is usually determined by the static gravimetric test. Typically the static 

gravimetric test takes weeks or months to complete, thus various measures are adopted to improve 

the test efficiency. Unfortunately, not all these measures have been validated specifically. This paper 

aims at validating several widely accepted measures to speed up the static gravimetric test on 

autoclaved aerated concrete at 25°C. Experimental results show that oven drying at 70°C gives 

nearly identical dry mass as desiccant drying at room temperature does, but is much faster than the 

desiccant method and avoids potential risks at 105°C. Moreover, large and small samples provide 

almost the same equilibrium moisture content, while small samples shorten test time obviously. In 

addition, as long as one-way adsorption process is kept without reverse, the effect of intermediate 

relative humidity levels on the equilibrium moisture content is negligible, supporting the method of 

exposing different samples to different RH levels simultaneously. Last but not least, a new 

mathematical model is introduced to fit the sorption curves. It works better than the Oswin, 

Henderson, Caurie, GAB, Hansen and Peleg models do. 

 

Keywords: sorption isotherm; static gravimetric test; drying method; sample size; intermediate RH 
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Highlights 

 Measures to accelerate static gravimetric tests on sorption isotherms are examined. 

 Oven drying at 70°C is the best drying method. 

 Small samples are better than large ones in efficiency, and are the same reliable. 

 Intermediate RH levels have no significant influence on one-way adsorption tests. 

 Our new model is the best in fitting sorption isotherms. 
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1. Introduction 

1.1 Background 

Moisture storage and transport in porous media is of great importance in various areas, such as in 

food processing [1, 2], energy and power engineering [3-5], soil science [6, 7], as well as in 

environmental protection [8-10]. When it comes to building physics, a good insight in and adequate 

control of moisture transfer processes allow us to prolong the service life of building components 

[11-13], to reduce the energy consumption by HVAC systems [14-16], to mitigate indoor temperature 

and humidity fluctuations [17-19], as well as to improve indoor air quality [20-22]. 

In building physics, the sorption isotherm is often used to describe the moisture storage of building 

materials in the hygroscopic range: it describes a material’s equilibrium moisture content (EMC) 

when exposed to a given relative humidity (RH). Moreover, many other hygrothermal properties – 

such as thermal conductivity, water vapor permeability and moisture diffusivity – depend heavily on 

materials’ moisture content, and are therefore closely related to the sorption isotherm [23-26]. 

Consequently, the sorption isotherm is indispensable for the modeling of materials’ hygrothermal 

properties and the analysis of buildings’ heat, air and moisture (HAM) performances [27-30]. 

Sorption isotherms of porous building materials have been extensively tested throughout the world. 

Many (inter)national projects – such as EC HAMSTAD [23], IEA Annex 24 [24] and ASHRAE 

Research Project 1018-RP [31] – have been executed, and relatively complete databases of 

hygrothermal properties are available for a lot of common building materials. Usually the static 

gravimetric method is applied for the determination of sorption isotherms. The basic concept of this 

method is to expose test samples to rising/decreasing RH sequences. By comparing the initial dry 

mass and the equilibrium wet mass at each RH level, the EMCs at different RHs can be obtained. 

Many standards – such as ISO 12571 [32] and ASTM C1498 [33] – provide detailed descriptions for 

the test procedure. 

The static gravimetric method is simple and reliable. However, it usually takes several weeks or 

even months to complete the drying and sorption processes involved [34-37]. To improve 

experimental efficiency, many measures are often taken, with respect to drying methods, sample 

sizes, RH levels, test temperature… These measures may have significant influence on the test 

results but have unfortunately received inadequate attention. Thus the reliability and applicability of 

the currently available data are open to discussion. 

 

1.2 Existing uncertainties in sorption isotherm measurement 

The dry mass of test samples is of vital significance, as it is the basis for determining and 

expressing a material’s moisture content. When it comes to building materials, two drying methods 

are commonly used: desiccant drying at room temperature and oven drying at elevated temperature. 

There is no risk of potential chemical reactions and irreversible structural changes for the desiccant 

method, thus it is recommended by many researchers as the standard drying method. For instance, 

Richards observed that different drying methods resulted in different dry mass for 12 materials and 

recommended desiccant drying at room temperature to avoid the dissipation of volatile content in 

materials, as well as to minimize chemical reactions and structural changes. He also suggested a 

maximum temperature of 70°C for oven drying [38]. Later Wilkes found that drying conditions had a 

significant effect on the sorption isotherms of gypsum materials. Desiccant drying at room 

temperature was also recommended by him for materials with chemically bound water [39]. 

However, a big problem of the desiccant drying method is that it takes a very long time – usually 

weeks or months – to completely remove all physically bound water in materials. On the contrary, 

oven drying at elevated temperature can be completed within days, and is thus far more popular. 

However, notwithstanding that the oven drying method is widely used throughout the world, the 
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choice of the drying temperature remains inconsistent: it can be either above 100°C (usually 105°C) 

or below 100°C (usually 70-80°C, but at times also 50°C). Peuhkuri studied the influence of drying 

temperature on the sorption isotherms of 5 different materials, and reported a significant impact. She 

also argued that not all materials can sustain 105°C without impact, given that this is the traditional 

oven drying temperature [36]. Recently Korpa [40] and Espinosa [41] experimentally analyzed the 

influence of different drying methods on the sorption isotherms of cement-based materials, and 

found that drying at elevated temperatures could lead to changes in pore structures. Poyet 

furthermore pointed out that oven drying at 105°C might be too drastic for cement-based materials 

because the structural changes at this temperature were irreversible [37]. Actually it has been pointed 

out in the ISO 12570 standard that the choice of oven temperature should be based upon materials’ 

stability to avoid structural changes and chemical reactions [42]. Notwithstanding this guidance, the 

effect of drying methods and oven temperature on materials’ structure and dry mass remains largely 

unclear, and different scholars chose different drying methods even facing the same material [23, 35, 

43]. In general, it is widely accepted that drying methods have noticeable influence on the dry mass 

and hence on sorption isotherms. However, no consensus has been reached concerning the most 

reliable and efficient drying method. 

Another important reason for the long measurement interval in gravimetric sorption tests is the 

adoption of large samples (over 10 g, as required by ISO 12571 [32]). To improve the test efficiency, 

these large samples are sometimes crushed or even powdered. This strategy is very effective [44, 45], 

but its effect on the EMC is uncertain and only few researchers have looked into the issue. 

Theoretically, crushing samples may destroy the material’s original pore structure, increase open 

porosity, and thereby exert influence on the EMCs. However, the sorption process in the hygroscopic 

range is mainly determined by small pores, which are not very vulnerable when cutting or crushing 

samples. It is therefore entirely possible that sample size does not matter very much. By comparing 

the sorption isotherms obtained with standard desiccator tests (using large samples, 10-50 g) and 

with sorption balance (using crushed samples, 50-100 mg), Peuhkuri obtained almost identical 

curves for some materials but noticeably different curves for several other materials [36]. It is hence 

still unclear whether large and crushed samples can always provide the same EMC results. As a first 

step in this direction, the EMCs obtained with large samples (in the 10 g order-of-magnitude) and 

small samples (in the 1 g order-of-magnitude) could be compared, as is discussed in this paper. 

One more common strategy for shortening the test time is to expose different samples to different 

RH levels simultaneously [23, 37, 44-51], rather than putting the same group in sequential RH levels 

[31, 35, 36, 52]. The uncertainties involved here are twofold. Firstly, using different samples in 

different RH levels will inevitably generate greater sample differences. This can be solved by 

enlarging the sample group and by evenly distributing sample densities in each group. The second 

uncertainty is the influence of intermediate RH levels and historical paths. Obviously putting 

different samples into various RH levels simultaneously will skip many intermediate RHs and thus 

requires large RH steps (from RH 0% to 95%, for example). Peuhkuri showed that the influence of 

RH step size on the EMC and sorption curves was negligible for five measured materials [36]. 

However, more investigations are indispensable, because not much support is currently available. 

Furthermore, in the practice of putting the same group of samples in rising/falling RH sequences 

for equilibrium, the more RH levels there are, the more time it takes. Thus it is common practice to 

determine EMCs at 4-9 different RHs [35, 49, 50, 53-55]. For theoretical analysis and engineering 

practice, it is desirable to have continuous functions to describe the sorption curves, rather than some 

discrete points. As a result, different models have been proposed for curve fitting. By 1978 there had 
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already been at least 23 different models [56] and by now the number may have reached 50 or even 

more. Of all these models, some are physically based and thus have a theoretical foundation – such 

as the BET model [57] – while other models are semi- or completely empirical – such as the Peleg 

model [58]. If the physical foundation is not the focal issue, it suffices to find a mathematical 

function that fits the experimental data well. The function preferably contains only a limited number 

of parameters, and if possible, yields reliable results with a restricted number of test points [58, 59]. 

Last but not least, in both the ISO 12571 standard [32] and the ASTM C1498 standard [33], 23°C 

is prescribed as the single temperature for sorption tests. To repeat sorption tests at many different 

temperatures, an overwhelming amount of time is needed. As a result, many scholars just performed 

tests at room temperature (20-25°C) without looking into the temperature dependence of sorption 

isotherms. Some test results are available for certain building materials, as well as for some other 

porous media (such as food and soil) [35, 44-46, 51, 53, 55, 60-63]. Generally speaking, temperature 

tends to have greater influence on organic materials and on the desorption process. For a more 

profound understanding of this issue, more experimental results are required. We studied the 

influence of temperature on the sorption isotherms by conducting both adsorption and desorption 

tests at 15°C, 25°C and 35°C, but this analysis will not be reported in this paper. 

 

1.3 Objectives 

This paper aims at investigating several measures to speed up the static gravimetric test for 

determining the sorption isotherms of autoclaved aerated concrete at 25°C. Specifically, these 

measures include: 

a) Using oven drying at elevated temperature instead of desiccant drying at room temperature; 

b) Using small samples instead of large samples; 

c) Using different samples at different RH levels simultaneously instead of exposing the same 

samples to sequential RH levels; 

d) Using a mathematical model to fit sorption isotherms with few experimental points. 

 

2. Material and methods 

2.1 Material description 

Autoclaved aerated concrete (AAC) is a popular building material in many countries, and is 

therefore chosen as the target material in this paper. Test samples are cut from AAC blocks provided 

by Dongguan Chuangjian New Building Materials Co., Ltd. The blocks are of Chinese B07 density 

grade (the dry density is no more than 700 kg/m
3
) and A5.0 strength grade (the compressive strength 

of cubes is no less than 5.0 MPa). 80 samples in two sizes are employed. These samples are 

contained in small glass weighing cups (inner diameter: 6.5 cm, depth: 2.5 cm) during all drying and 

sorption processes. Table 1 summarizes some important basic properties of samples. 

 

2.2 Sample groups 

The bulk density of each sample is calculated with the dry mass obtained from oven drying at 

70°C and the dimensions measured at room temperature (bulk density 1 in Table 1). In addition, 10 

large and 10 small samples are selected for the vacuum saturation test at room temperature and their 

bulk densities are also obtained this way (bulk density 2 in Table 1). The different bulk density 1 for 

large and small samples should be mainly attributed to the experimental errors, especially in the 

measurement of dimensions. The different bulk density 2 for large and small samples can be 
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explained by the slightly different open porosities, stemming from the different original positions in 

the AAC blocks from which large and small samples are cut. 

 Since not all samples have undergone the vacuum saturation test, we group samples according to 

the bulk density 1. One large sample and two small ones with abnormal bulk densities are discarded, 

and so are the redundant samples. Finally 32 large samples and 32 small ones are retained. Large 

samples are grouped into 8 groups of 4 samples each. The grouping criterion is that the density 

distribution in each group should be similar. This is confirmed by Duncan’s multiple range tests [64]. 

The small samples are similarly distributed into 8 groups. 

 

Table 1 Basic properties of AAC samples 
a
 

Size Large Small  

Dimensions (mm
3
) 40.52(0.62)×40.52(0.62)×19.27(0.36) 28.80(0.26)×28.79(0.31)×9.26(0.09) 

Dry mass (g, 70°C oven dried) 18.9153(0.9153) 4.4272(0.1309) 

Bulk density 1
 b

 (kg/m
3
) 597.3(13.1) 576.8(14.9) 

Bulk density 2
 c 

(kg/m
3
) 643.1(9.8) 662.9(6.8) 

Apparent matrix density
 c
 

(kg/m
3
,
 
with closed pores) 

2621.1(5.2) 2618.7(4.0) 

Open porosity 
c
 (%) 75.5(0.4) 74.7(0.3) 

a. Standard deviations are indicated in parentheses; 

b. Determined from ordinary dimension and dry mass measurements, for all samples; 

c. Determined from vacuum saturation tests, for 10 large and 10 small samples. 

 

2.3 Drying methods 

Three drying methods are adopted in our study: desiccant drying at room temperature, and oven 

drying at 70°C and 105°C. For the desiccant drying method, powdered CaCl2 has been heated to 

200°C for over 24 h and then cooled in sealed desiccators for use. Two groups of large and two 

groups of small samples are kept in the desiccator with desiccant at room temperature (around 20°C) 

for one month, and then weighed at intervals of 7-10 days. For the oven drying at 105°C, the same 

two groups of large samples and two groups of small samples are used. For the oven drying at 70°C, 

all samples are used. These samples are kept in an oven at fixed temperatures for five days and then 

weighed at intervals of 2-3 days. 

In the actual weighing process for the oven dried samples, all weighing cups (with samples inside) 

are taken out from the oven and tight-fitting lids are put on quickly. The weighing cups are then 

placed in desiccators with desiccant (CaCl2), until samples have naturally cooled to room 

temperature. Subsequently, the weighing cups with samples are weighed by an analytical balance 

reading 0.0001g. After that samples are returned to oven for further drying and weighing. For the 

desiccant drying method, no cooling process is involved and all other processes are the same. 

Equilibrium is assumed to have been reached when three successive weighing results at intervals of 

at least 48 h do no longer show monotonous mass evolutions and when their relative deviations are 

below 0.1%. 

 

2.4 Adsorption and desorption tests 

The static gravimetric method is used to determine the EMC of samples. Eight desiccators with 

different saturated salt solutions are placed in a climate chamber where temperature is controlled at 
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25±0.3°C. Table 2 shows the solutions used and the related equilibrium RHs in the desiccators. 

  After oven drying at 70°C, samples are put into desiccators for adsorption. Each desiccator holds 

one group of large samples and one group of small ones. Samples are weighed at intervals of at least 

two days. When three successive readings are within 0.1% fluctuation, equilibrium is assumed to 

have been reached. Then samples at higher RHs are placed into lower RHs for the desorption tests. 

 
Table 2 Saturated salt solutions used and the RHs of ambient air at 25°C [32] 

Solution RH (%) Solution RH (%) 

LiCl 11.3 NaCl 75.3 

MgCl2 32.8 KCl 84.3 

K2CO3 43.2 KNO3 93.6 

NaBr 57.6 K2SO4 97.3 

 

It should be noted that in our tests the starting RH levels of the desorption tests are different, so the 

test points represent both the main and different primary desorption curves. Since no complete main 

or primary desorption curves have been obtained, the fitting of the desorption isotherm in this paper 

has no physical meaning. However, even this virtual fitting provides useful information about the 

adaptability of different fitting models. 

Moreover, for both the drying and the sorption tests, we perform the weighing process in standard 

room air with an RH of 50-60%, rather than opening the oven and desiccators in an environment in 

equilibrium with the relative humidity of the oven/desiccator. Consequently, there is a chance of 

moisture transfer between samples and ambient air in the weighing process. This influence is 

negligible, as discussed in the appendix. 

 

2.5 Fitting models 

Six widely adopted models for the fitting of sorption isotherms are summarized in Table 3. A new 

mathematical model proposed by us is also introduced with minor simplification from its previous 

expression [65]. It should be noted that although the BET model [57] is perhaps the most famous one, 

it is well known that it focuses on the adsorption rather than the desorption process, and is only valid 

up to 50% RH [52, 56-58]. Consequently, the BET model is not included here. 
 

Table 3 Seven models for fitting sorption isotherms 

Model name Formula
 a
 Number of parameters 

Oswin [59] 2)]1/([1

k
ku    2 

Henderson [66]   2]/)]1[ln( 1

k
ku   2 

Caurie [67] )exp( 21 kku   2 

GAB [68] )]1)(1/[( 3221321  kkkkkkku   3 

Hansen [69] 3/1

21 ]/)(ln1[
k

kku


   3 

Peleg [58] 
4

31
2 kk

kku    4 

Our new model [65] )100exp(])1/()1100ln[( 3
21  ku

kk
  3 

a. u is the EMC(kg/kg)，  the RH (0-1)，k1、k2… the fitting parameters. 

 

3. Results and discussion 

The OriginPro 8.6 software is used for the statistical analysis and curve fitting. The significance 
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level is set as 05.0 . 

3.1 Drying methods 

3.1.1 Weighing precision 

The dry mass of each sample is taken as the mean value of three successive weighing results at 

intervals of at least 48 hours showing non-monotonous relative deviations below 0.1%. The standard 

deviation of these three weighing results reflects the fluctuations of one sample’s dry mass readings. 

By averaging the relative standard deviation of all samples, we can obtain an indicator of both the 

weighing errors involved and the differences between samples. As the differences between samples 

within groups can be assumed reasonably similar from group to group, the calculated results should 

mainly reflect the stability of different drying methods. The detailed figures are 0.034%, 0.062% and 

0.089% for desiccant drying at room temperature, oven drying at 70°C, and oven drying at 105°C 

respectively, showing that the desiccant drying method provides the most stable dry mass readings 

while oven drying at 105°C comes last. This can be explained by the time needed for the cooling 

process, which leads to experimental errors. 

In short, desiccant drying is the best in terms of the weighing precision. But basically the weighing 

precisions are satisfactory for all three drying methods. 

3.1.2 Dry mass comparison 

The direct comparison of all samples’ average dry mass obtained from three different drying 

methods is meaningless because samples of roughly the same size do not necessarily have the same 

dry mass. To solve the problem we set the dry mass from one drying method as the reference and 

convert the dry mass from the other two methods accordingly. Since desiccant drying at room 

temperature is the most stable in terms of weighing precision, we set the dry mass obtained from this 

method as 100 units. Table 4 summarizes the average values of the converted dry mass and the 

standard deviations. 

 
Table 4 Comparison of the dry mass from different drying methods 

Drying method 
Desiccant drying at 

room temperature 
b
 

Oven drying at 70°C Oven drying at 105°C 

Mean relative 

dry mass 
a
 

Large samples 100.00(0) 100.13(0.08) 98.98(0.04) 

Small samples 100.00(0) 100.16(0.06) 98.94(0.03) 

a. Standard deviations are indicated in parenthesis; 

b. The mass from desiccant drying at room temperature is set as 100 units. 

 

  According to Table 4, the dry mass from oven drying at 70°C is quite close to that from desiccant 

drying at room temperature. The mean difference is merely 0.14%, and can most probably be 

attributed to the small differences in the final RH levels: the RH for the desiccant drying is around 

1-2%, while it is about 4% for the oven drying (the oven takes in air from the lab environment, 

where the RH is roughly 50-60%). To sum, oven drying at 70°C and desiccant drying at room 

temperature can give almost the same dry mass, except for some minor experimental errors. 

Table 4 furthermore shows that the dry mass obtained from oven drying at 105°C is over 1% 

lower than that obtained from desiccant drying at room temperature. This difference is quite 

significant, because it can result in more than 1% EMC difference (kg/kg). For a material with low 

EMC (such as AAC), such a deviation is rather big. The main reason for this difference is that water 

in materials exists in various physical or chemical states. Besides the physically bound water, oven 

drying at 105°C also evaporates some of the chemically bound water [39, 54, 70]. 
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It is also clearly reflected in Table 4 that for large and small samples the converted dry mass from 

the same drying method is almost identical, and the differences between large and small samples are 

much smaller than the differences among different drying methods. This indicates that the 

differences in dry mass in Table 4 originate from drying methods, rather than from sample’s sizes. 

3.1.3 Conclusions on drying methods 

The test efficiency, material protection and weighing precision can be used as the criteria for 

choosing the best drying method: 

a. In our experiment desiccant drying at room temperature takes far more time (around two months) 

than the oven drying method (less than a week). Consequently, in terms of the test efficiency, the 

oven drying method is obviously preferable. 

b. Oven drying at 105°C will evaporate some of the chemically bound water, as reflected by the 

differences in the dry mass from oven drying at 70°C and 105°C. A high temperature may also 

lead to pore structure changes and tiny cracks to cement-based materials [37, 40, 71]. To avoid 

these risks, oven drying at 70°C is superior to oven drying at 105°C. 

c. All three drying methods have satisfactory weighing precision. If a preference needs to be stated, 

desiccant drying at room temperature comes first and oven drying at 105°C is the last choice. 

In short, oven drying at 70°C can accelerate the drying process impressively while achieving 

almost the same dry mass as desiccant drying at room temperature, without sacrificing experimental 

precision or introducing severe deformation to the material. Thus we recommend oven drying at 

70°C as the best drying method for AAC, as well as for other materials which do not experience 

chemical reactions or irreversible structural changes at 70°C. All data reported in the following parts 

of this paper are based on the dry mass obtained from oven drying at 70°C. 

 

3.2 Sample sizes 

3.2.1 EMC comparison 

For each RH level, the EMCs of four large samples and four small samples have been obtained. 

Fig. 1 illustrates these EMCs for both adsorption and desorption processes. It is worth mentioning 

that the EMCs of small samples at RH 84.3% during desorption are flawed by experimental mistakes, 

and the corresponding bar is thus not shown. 
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b. Desorption process 

Fig. 1 EMCs of large and small AAC samples at 25°C 
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Fig.1 shows that the EMCs of large samples slightly exceed the EMCs of small ones throughout 

the studied RH range. However, the differences are small when compared with the standard 

deviations of duplicate samples in the same group. The independent T-tests furthermore show that 

only in one third of all cases that the differences are statistically different. The details for the 

independent T-test can be found in Ref. [64]. In conclusion, if the calculated significance is greater 

than the selected significance level, then the mean values of two groups of numbers are statistically 

the same; otherwise they are statistically different. 

In addition, as is shown in Table 1, large and small samples have different open porosities, which 

determine the EMCs. Thus the EMC differences should be most probably attributed to these porosity 

differences, rather than reflecting the actually differences between large and small samples. 

Last but not least, from the results of the EC HAMSTAD project [23], in which many round robin 

tests were performed to determine the hygrothermal properties of three building materials (the 

autoclaved aerated concrete, the calcium silicate board and the ceramic brick), we can easily tell that 

the EMCs of the same material at the same RH level obtained by different laboratories are noticeably 

different. The discrepancies among laboratories are much larger than the EMC differences between 

large and small samples in our case. 

To sum, large and small samples can provide almost the same EMCs throughout the whole RH 

range, except for some minor differences. 

3.2.2 Test efficiency 

It is well known that by using small samples the test efficiency of sorption tests can be improved 

dramatically [44, 45]. In our adsorption tests, small samples save up to 50 days to reach equilibrium 

(different improvements for different RH paths), while the overall test period for large samples is 

nearly 3 months. Obviously the improvement is impressive. 

Moreover, the advantage of small samples could be further enhanced. At the moment, the 

combination of the still air in the desiccator and the use of weighing cups yields a slow vapor 

exchange with the samples, making the surface vapor resistance a dominant factor for the diffusion 

into or out of the samples. Installation of small fans in the desiccators can substantially reduce such 

transfer resistances, and in that case smaller, thinner samples will become even more advantageous.  

In our current follow-up tests with such set-up, it takes less than one month for samples to reach 

equilibrium, even when the sorption path is from the oven dried state to 97.3% RH. 

3.2.3 Conclusions on sample sizes 

Firstly, small samples improve test efficiency a lot. Secondly, small samples provide almost the 

same results as large samples without sacrificing experimental precision. Consequently, we advocate 

small samples. However, it should be kept in mind that the samples should not be too small in 

comparison to the accuracy of the balance – the accuracy of the balance should be at least 0.01-0.1 

percent of a sample’s mass, as required by ISO 12571 [32] and ASTM C1498 [33]. 

It should be noted that, due to the original experimental arrangement, we carry out most tests with 

large samples. To keep things consistent, all data reported in the following parts of this paper are 

based on the EMCs of large samples. 

 

3.3 RH levels 

As mentioned in Section 1.2, it is common practice to expose different samples to different RH 

levels simultaneously for efficiency. To verify whether intermediate RH levels have an influence on 
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the EMC, we compare the EMCs of samples with different RH paths throughout the whole RH range 

in Table 5. It should be noted that due to the experimental arrangement, not all tests in Table 5 are 

conducted at the same temperature. But this should have no influence on the conclusion. For reliable 

statistical conclusions, independent T-tests are again performed and summarized in Table 5. 

 
Table 5 EMC comparison for different RH paths 

Temperature 

(℃) 
RH path 

EMC (kg/kg, %) 

Significance 
Mean 

Standard 

deviation 

15 
Oven dried-11.3-33.3 

Oven dried-33.3 

0.93 

0.82 

0.08 

0.06 
0.068 

15 
Oven dried-33.3-43.2 

Oven dried-43.2 

0.98 

1.06 

0.06 

0.16 
0.393 

25 
Oven dried-43.2-75.3 

Oven dried-75.3 

1.75 

1.88 

0.12 

0.13 
0.183 

25 
Oven dried-75.3-93.6 

Oven dried-93.6 

3.12 

3.28 

0.12 

0.12 
0.121 

 

It is clearly reflected in Table 5 that the EMCs in the adsorption process remain almost the same if 

the final RH level is the same. In most cases the differences are less than 0.1% (kg/kg) while the 

maximum difference is merely 0.16% (kg/kg). These limited differences are in the same order of the 

EMC scatters within groups and are negligible in most situations, as proved by the significance of 

independent T-tests. Thus we observe that the EMC of samples in the adsorption process is not 

affected by the samples’ previous sorption histories, as long as a one-way adsorption process is 

imposed. It is therefore reasonable to expose many samples to different RH levels simultaneously to 

speed up the overall adsorption tests. 

 

3.4 Fitting models 

It is widely accepted that, to compare the fitting results of different models, the coefficient of 

determination (R
2
) is insufficient as the sole judging criterion [44-49, 52]. In this paper, the residual 

sum of square (RSS) and the distribution of residuals are also taken into account. 

The RSS is defined as: 

 
n

fitxxRSS
1

2)(                              (1) 

where x and xfit are the measured values from experiments and the predicted values from the fitting 

curve respectively. Obviously, the smaller the RSS is, the better the fitting curve is. 

In addition, Fig. 2 illustrates the fitting results of the GAB and Peleg models in the adsorption 

process, while Fig. 3 illustrates the residual plots accordingly. It can be easily understood that the 

random distribution is better, because patterned residual distribution indicates that the fitting tends to 

wrongfully represent the data. The fitting results are summarized in Table 6. 

It is clearly reflected in Table 6 that for the adsorption process, the Henderson and Caurie models 

result in relatively small R
2
 and big RSS values, and should therefore be excluded. Moreover, 

although the Oswin, GAB and Hansen models give acceptable R
2
 and RSS values, their distributions 

of residuals are all patterned, indicating the fitting results of these three models are not very good 

either. As a result, the Peleg model and our new model are the best for the adsorption process. 

When it comes to the desorption process, all seven models give good fitting results and no 
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obviously patterned distribution of residuals can be observed. Considering the fitting results of 

adsorption process at the same time, the Peleg model and our new model remain as the last choices. 

Our new model has one fewer parameter than the Peleg model and therefore has narrower chance for 

the problem of over-parameterization (non-unique fitting). Moreover, it provides slightly better 

fitting results than the Peleg model. Consequently, we conclude that our new model is preferable. 
 

0 20 40 60 80 100
0

1

2

3

4

5

6

7

8

E
M

C
(k

g
/k

g
,%

)

RH(%)

 GAB

 Peleg

 Test points

 
Fig. 2 Adsorption fittings with GAB and Peleg models 
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Fig. 3 Residual plots of the fitting with GAB and Peleg 

models (adsorption) 

 

Table 6 Fitting results of different models 

Process Model k1 k2 k3 k4 R
2
 RSS Residual plot 

Adsorption 

Oswin 0.00988 0.525   0.961 4.54×10
-4

 Patterned 

Henderson -31.84 1.28   0.898 0.0012 Patterned 

Caurie -7.70 4.94   0.798 0.0024 Patterned 

GAB 0.00414 0.963 5.55×10
45

  0.940 6.94×10
-4

 Patterned 

Hansen 6.461 9.18×10
-6

 1.743  0.971 3.32×10
-4

 Patterned 

Peleg 0.130 38.751 0.024 0.831 0.996 5.07×10
-5

 Random 

New model 0.00165 0.0086 1.662×10
-44

  0.996 4.80×10
-5

 Random 

Desorption 

Oswin 0.0184 0.312   0.977 7.21×10
-5

 Random 

Henderson -840.83 0.560   0.985 4.71×10
-5

 Random 

Caurie -4.94 1.84   0.982 5.66×10
-5

 Random 

GAB 0.01046 0.801 -6.86×10
45

  0.972 8.94×10
-5

 Random 

Hansen 0.04889 0.244 1.345  0.988 3.92×10
-5

 Random 

Peleg 0.024 5.003 0.025 0.513 0.988 3.84×10
-5

 Random 

New model 0.0027 0.01117 -4.314×10
-44

  0.989 3.64×10
-5

 Random 

 

4. Conclusions 

This paper examines several widely adopted measurements for improving the efficiency of the 

static gravimetric test for determining the sorption isotherms. Autoclaved aerated concrete is chosen 

as the target material and the test temperature is 25°C. Specifically, the following results are 

obtained: 

a. Three different drying methods (desiccant drying at room temperature, as well as oven drying at 

70°C and 105°C respectively) have been compared. Oven drying at 70°C can accelerate the 

drying process impressively while achieving almost the same dry mass as desiccant drying at 

room temperature, without sacrificing experimental reliability. 

b. Large and small samples provide almost the same EMCs throughout the whole RH range, while 
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small samples take less time to reach equilibrium. The slight EMC differences are negligible in 

light of the porosity difference and experimental uncertainty. 

c. The effect of intermediate RH levels on the EMC is negligible, as long as a one-way adsorption 

process is imposed. It is therefore acceptable to expose samples to different RH levels 

simultaneously to speed up the overall tests. 

d. A new mathematical model is introduced to fit the sorption curves of AAC. It works better than 

the Oswin, Henderson, Caurie, GAB, Hansen and Peleg models. 
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Appendix: Moisture transfer between samples and ambient air in the weighing process 

 

During the weighing process to determine the dry or moist mass, samples will be in contact with 

the ambient air for a short time. It is sometimes recommended to open the oven and desiccators only 

in an environment in equilibrium with the relative humidity of the oven/desiccator. As this is a major 

experimental complexity, the potential impact of this measure is analyzed first. 

As can be calculated according to Table 1, the average surface area of small samples is 2.7×10
-3

 

m
2
. At 25°C and normal air pressure, the saturated vapor pressure is roughly 3166 Pa. The surface 

vapor transfer coefficient can be assumed as 2×10
-8

 kg/(m
2
sPa), which is probably a worst-case-sce-

nario value. By assuming the maximum vapor pressure difference (RH 0-100%) between sample and 

ambient air, we obtain a moisture transfer rate of 1.7×10
-7

 kg/s for small samples. 

With weighing cups, all samples in the desiccator or in the oven can be sealed within 20 seconds. 

Within this period a 3.4×10
-6 

kg moisture transfer can happen, resulting in a minor 0.08% (kg/kg) 

EMC deviation. On the contrary, without weighing cups, the average exposing time is more than 2 

minutes. The corresponding EMC deviation can reach 0.5% (kg/kg) or even more, which cannot be 

neglected easily. This is perhaps one of the reasons why both ISO 12571 and ASTM C1498 

standards advocate the use of weighing cups. Large samples have a smaller specific surface area than 

small samples, and are therefore less sensitive to the influence. 

All in all hence, it can be concluded that the contact with standard ambient air forms no threat to 

the precision of the dry and moist mass determinations, as long as weighing cups are used. 
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Tables 

Table 1 Basic properties of AAC samples 

Table 2 Saturated salt solutions used and the RHs of ambient air at 25°C 

Table 3 Seven models for fitting sorption isotherms 

Table 4 Comparison of the dry mass from different drying methods 

Table 5 EMC comparison for different RH paths 

Table 6 Fitting results of different models 

 

 

Table 1 Basic properties of AAC samples 
a
 

Size Large Small  

Dimensions (mm
3
) 40.52(0.62)×40.52(0.62)×19.27(0.36) 28.80(0.26)×28.79(0.31)×9.26(0.09) 

Dry mass (g, 70°C oven dried) 18.9153(0.9153) 4.4272(0.1309) 

Bulk density 1
 b

 (kg/m
3
) 597.3(13.1) 576.8(14.9) 

Bulk density 2
 c 

(kg/m
3
) 643.1(9.8) 662.9(6.8) 

Apparent matrix density
 c
 

(kg/m
3
,
 
with closed pores) 

2621.1(5.2) 2618.7(4.0) 

Open porosity 
c
 (%) 75.5(0.4) 74.7(0.3) 

a. Standard deviations are indicated in parentheses; 

b. Determined from ordinary dimension and dry mass measurements, for all samples; 

c. Determined from vacuum saturation tests, for 10 large and 10 small samples. 

 

 
Table 2 Saturated salt solutions used and the RHs of ambient air at 25°C [32] 

Solution RH (%) Solution RH (%) 

LiCl 11.3 NaCl 75.3 

MgCl2 32.8 KCl 84.3 

K2CO3 43.2 KNO3 93.6 

NaBr 57.6 K2SO4 97.3 

 

 
Table 3 Seven models for fitting sorption isotherms 

Model name Formula
 a
 Number of parameters 

Oswin [59] 2)]1/([1

k
ku    2 

Henderson [66]   2]/)]1[ln( 1

k
ku   2 

Caurie [67] )exp( 21 kku   2 

GAB [68] )]1)(1/[( 3221321  kkkkkkku   3 

Hansen [69] 3/1

21 ]/)(ln1[
k

kku


   3 

Peleg [58] 
4

31
2 kk

kku    4 

Our new model [65] )100exp(])1/()1100ln[( 3
21  ku

kk
  3 

a. u is the EMC(kg/kg)，  the RH (0-1)，k1、k2… the fitting parameters. 
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Table 4 Comparison of the dry mass from different drying methods 

Drying method 
Desiccant drying at 

room temperature 
b
 

Oven drying at 70°C Oven drying at 105°C 

Mean relative 

dry mass 
a
 

Large samples 100.00(0) 100.13(0.08) 98.98(0.04) 

Small samples 100.00(0) 100.16(0.06) 98.94(0.03) 

a. Standard deviations are indicated in parenthesis; 

b. The mass from desiccant drying at room temperature is set as 100 units. 

 

 
Table 5 EMC comparison for different RH paths 

Temperature 

(℃) 
RH path 

EMC (kg/kg, %) 

Significance 
Mean 

Standard 

deviation 

15 
Oven dried-11.3-33.3 

Oven dried-33.3 

0.93 

0.82 

0.08 

0.06 
0.068 

15 
Oven dried-33.3-43.2 

Oven dried-43.2 

0.98 

1.06 

0.06 

0.16 
0.393 

25 
Oven dried-43.2-75.3 

Oven dried-75.3 

1.75 

1.88 

0.12 

0.13 
0.183 

25 
Oven dried-75.3-93.6 

Oven dried-93.6 

3.12 

3.28 

0.12 

0.12 
0.121 

 

 

Table 6 Fitting results of different models 

Process Model k1 k2 k3 k4 R
2
 RSS Residual plot 

Adsorption 

Oswin 0.00988 0.525   0.961 4.54×10
-4

 Patterned 

Henderson -31.84 1.28   0.898 0.0012 Patterned 

Caurie -7.70 4.94   0.798 0.0024 Patterned 

GAB 0.00414 0.963 5.55×10
45

  0.940 6.94×10
-4

 Patterned 

Hansen 6.461 9.18×10
-6

 1.743  0.971 3.32×10
-4

 Patterned 

Peleg 0.130 38.751 0.024 0.831 0.996 5.07×10
-5

 Random 

New model 0.00165 0.0086 1.662×10
-44

  0.996 4.80×10
-5

 Random 

Desorption 

Oswin 0.0184 0.312   0.977 7.21×10
-5

 Random 

Henderson -840.83 0.560   0.985 4.71×10
-5

 Random 

Caurie -4.94 1.84   0.982 5.66×10
-5

 Random 

GAB 0.01046 0.801 -6.86×10
45

  0.972 8.94×10
-5

 Random 

Hansen 0.04889 0.244 1.345  0.988 3.92×10
-5

 Random 

Peleg 0.024 5.003 0.025 0.513 0.988 3.84×10
-5

 Random 

New model 0.0027 0.01117 -4.314×10
-44

  0.989 3.64×10
-5

 Random 
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Figure captions 

 

Fig. 1 EMCs of large and small AAC samples at 25°C 

a. Adsorption process 

b. Desorption process 

 

Fig. 2 Adsorption fittings with GAB and Peleg models 

 

Fig. 3 Residual plots of the fitting with GAB and Peleg models (adsorption) 
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Fig. 1 EMCs of large and small AAC samples at 25°C

a. Adsorption process

b. Desorption process
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Fig. 2 Adsorption fittings with GAB and Peleg models
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Fig. 3 Residual plots of the fitting with GAB and 

Peleg models (adsorption)
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