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A B S T R A C T   

Building materials with high thermal and hygric inertia can moderate the fluctuation of indoor temperature and 
relative humidity, and thus can improve the indoor thermal comfort and reduce the building energy consumption 
passively. In this study, a novel hygrothermal control material was prepared based on Metal-Organic Frameworks 
(MOFs) and microencapsulated phase change material (MicroPCM). The new MOF/MicroPCM composite has a 
dual functionality of adsorption and desorption of both heat and moisture, can offer an accurate passive control 
of the indoor hygrothermal environment. N-octadecane was encapsulated by polymethylmetracrylate (PMMA) as 
MicroPCM for the thermal buffering. MIL-100(Fe) was prepared by the hydrothermal reaction method as the 
humidity buffering material. A series of hygrothermal control composite materials were obtained by grinding 
MicroPCM and MIL-100(Fe). Physicochemical properties of the synthesized materials were characterized by 
SEM, TEM, XRD, FTIR, N2 physisorption, Water vapor sorption isotherm, DSC and TGA techniques. Hygro-
thermal properties of the composites were analyzed in comparison to pure MicroPCM and MIL-100(Fe). The 
thermal and humidity buffering behavior of the composites containing 50% MicroPCM was analyzed by nu-
merical simulations. The results show that the composites possess an excellent thermal and humidity buffer 
capacity, which can be used for building energy-saving and improving thermal comfort.   

1. Introduction 

The building sector accounts for 40% of global energy which is 
mainly provided by fossil fuel and corresponding to over one-third of 
carbon dioxide emissions [1,2]. Reducing building energy consumption 
plays an active part in mitigating global problems such as energy fuel 
depletion, environmental pollution, and global warming. Passive design 
method is an effective method to reduce building energy consumption 
and improve indoor thermal comfort [3,4]. 

Among various passive design methods, the integration of phase 
change material with the building envelope has been widely studied to 
improve the thermal inertia and reduce temperature fluctuation [5–7]. 
However, this solution has little effect on the regulation of relative hu-
midity, which also has a significant impact on building energy con-
sumption and occupants’ comfort [8,9]. Hygroscopic porous materials 
can automatically adjust the relative humidity of the indoor environ-
ment rely solely on their own moisture absorption and desorption 
properties [10]. 

Normally it is difficult to regulate both temperature and humidity at 
the same time by a single PCM or porous material. Recently, some re-
searches have combined microencapsulated PCMs with conventional 
porous materials (e.g., diatomite, vesuvianite, sepiolite, and zeolite, 
etc.) to simultaneously regulate temperature and humidity in the 
building [11–13]. These hygrothermal materials show a promising en-
ergy saving potential and the maximal energy-saving rate could be up to 
19.57% [14]. However, the conventional hygroscopic materials are 
suffering from low moisture absorption capacity and high requirements 
for desorption (e.g. high regeneration temperature, etc.) [15]. In order 
to make the hygrothermal material have a certain moisture absorption 
capacity by simple physical mixing as mentioned in previous research, 
the porous material has to occupy a considerable proportion, which will 
make the enthalpy of the composite materials greatly reduced. Another 
disadvantage is that the pore size distribution of the conventional porous 
materials is irregular and the corresponding water adsorption isotherms 
do not satisfy the V-type adsorption curve, which is considered to be the 
most beneficial for thermal comfort in buildings [16]. 
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Metal-organic framework (MOF) is a new kind of porous crystalline 
material with a periodic network structure formed by self-assembly of 
inorganic metal nodes and organic linkers [17,18]. MOF is becoming a 
promising alternative for moisture adsorption due to its high specific 
surface area, permanent porosity, tunable crystalline structure, and 
organic functionality [19–22]. MIL-100(Fe) as one of the major crucial 
MOF that possesses high water uptake capacity, hydrothermal and cycle 
stability [23]. In addition, the main constituent element iron atom is 
non-toxic, widely sourced, inexpensive, and environmentally friendly 
[24], making MIL-100(Fe) a priority for this work. 

In this paper, a series of MIL-100(Fe)/MicroPCM composites were 
prepared and studied for temperature and humidity control. Firstly, the 
MicroPCM and MIL-100(Fe) were prepared by interfacial polymeriza-
tion [25] and hydrothermal reaction method [24] respectively. Then 
two ingredients mixed sufficiently by gridding. The homogeneous 
composites were characterized by SEM, TEM, N2 adsorption, XRD, FTIR, 
Water Isotherm, DSC and TGA techniques. Finally, the thermal and 
humidity buffering behavior of the composites is evaluated by numerical 
simulations. 

2. Materials preparation 

2.1. Raw materials 

Methyl methacrylate (MMA), n-octadecane, Sodium dodecyl ben-
zene sulfonate (SDBS) and ammonium persulfate were offered by 
Sinopharm chemical. Ferric sulfate nonahydrate (Fe(NO3)3⋅9H2O) and 
Benzene-1,3,5-tricarboxylic acid (H3BTC) were purchased from Sigma- 
Aldrich. All chemicals used in the experiment are analytical reagents 
without further purification. 

2.2. Synthesis of MicroPCM 

MicroPCMs were prepared by encapsulating the core material n- 
octadecane with PMMA using interfacial polymerization. The schematic 
production process is illustrated in Fig. 1(a). 21 g n-octadecane and 9 g 

MMA were mixed by ultrasonic for preparing the oil phase. 3% SDBS 
was added into 30 g distilled water and agitated with 2500 rpm in a flask 
at 60 �C for preparing the water phase. Then the oil phase was added to 
the water phase and improved the temperature to 80 �C and stirred for 
30 min to prepare the O/W emulsion. Finally, 1% ammonium persulfate 
solution (0.13 g/ml) of MMA quality was dropwise added into the above 
emulsion as initiator and maintained the temperature and stirring rate 
until the end of the polymerization after 2 h. The products were covered 
by filtration and washed with distilled water 3 times. The white powders 
were obtained by vacuum drying at 50 �C for 12 h. 

2.3. Synthesis of MIL-100(Fe) 

MIL-100(Fe) was prepared by the hydrothermal reaction method. 
The schematic production process is illustrated in Fig. 1(b). 5 g Fe 
(NO3)3⋅9H2O and 1.73 g H3BTC (molar ratio 1.5:1) were dissolved in 1 g 
distilled water by sonication for 10 min. Then the solution was trans-
ferred to a 100 ml Teflon-lined autoclave and heated in an oven at 160 
�C for 4 h. The obtained reaction product purified using 100 ml distilled 
water at 80 �C for 2 h and 100 ml ethanol at 70 �C for 3 h. The products 
were covered by filtration at each purification step and washed with 
ethanol 3 times. Finally, claybank solid was obtained by vacuum drying 
at 150 �C for 12 h. 

2.4. Synthesis of MIL-100(Fe)/MicroPCM composites 

MIL-100(Fe)/MicroPCM composites were obtained by hand gridd-
ing. Firstly, the MicroPCM and MIL-100(Fe) were dried in a vacuum 
oven at 50 and 70 �C for 24 h, respectively. Then different ratios of MIL- 
100 (Fe) and MicroPCM were mixed and ground in ambient atmosphere 
at least 5 min until homogeneous. Finally, a series of composites con-
taining different proportions of MIL-100(Fe) and MicroPCM were 
obtained. 

Fig. 1. Schematic representation of the fabrication procedure of (a) MicroPCM and (b) MIL-100(Fe).  
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Fig. 2. SEM and TEM image of MicroPCM (a and b), MIL-100(Fe) (c and d) and MIL-100(Fe)/MicroPCM (e and f).  
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3. Characterization 

Morphologies of the materials were investigated by scanning elec-
tron microscope (SEM; FEI Nova Nano SEM 450) at an accelerating 
voltage of 15 kV. Detail structures of the microcapsules were researched 
on a transmission electron microscopy (TEM; FEI Tecnai F30) at 200 kV. 
N2 sorption isotherms were obtained on an ASAP 2020 micromeritics at 
� 196 �C. Water sorption isotherms were measured by a dynamic vapor 
sorption (DVS intrinsic; SMS) instrument. Powder X-ray diffraction 
(XRD) patterns were recorded on a diffractometer (Rigaku Smartlab9) 
from 2 to 90�. Fourier transform infrared (FTIR) spectra were measured 
on a spectrometer (Bruker Verte-80). Differential scanning calorimeter 
(DSC) curves were obtained by TA Q200 from � 10 �C to 50 �C with the 
heating rate of 10 �C/min under N2 atmosphere. The thermal stability 
was tested by thermal gravimetric analyzer (TGA; TA Q50) from 
ambient temperature to 600 �C with the heating rate 20 �C/min under 
N2 atmosphere. 

3.1. Microscopic morphology and chemical characterization 

SEM image of the MicroPCM is shown in Fig. 2(a). It can be observed 
that the synthesized microcapsules have relatively uniform sizes in 
hundreds of nanometers. As illustrated in the TEM image (Fig. 2 (b)) of 
MicroPCM, the microsphere is composed of n-octadecane core and 
PMMA shell, clearly exhibiting a core-shell structure. Fig. 2(c) and (d) 
present the SEM and TEM pictures of MIL-100(Fe), it is obvious that the 
MIL-100(Fe) is mainly composed of stick-like crystals. As shown in Fig. 2 
(e) and (f), MicroPCM and MIL-100(Fe) were mixed, and some of the 
MicroPCM is adsorbed on the surface of the MIL-100(Fe). 

XRD patterns of as-synthesized MIL-100(Fe) are presented in Fig. 3 
(a). In order to facilitate comparison, the XRD patterns of the simulated 
data is also shown in Fig. 3(a). Diffraction peaks of MIL-100(Fe) syn-
thesized in this work at 2θ values of 3.4, 4.0, 5.2, 11.0, 14.2, 18.2, 27.6�
are consistent with the simulated one from crystal structure data [26]. 
The XRD patterns of MIL-100(Fe), MicroPCM and MIL-100 
(Fe)/MicroPCM composite mixtures were collected and presented in 
Fig. 3 (b). Though the intensities of the diffraction peaks of composite 
mixtures attenuated a lot, all peaks in the composite mixtures curve 
corresponding to the peaks in MIL-100(Fe) and MicroPCM, indicating 
that two substances still retain good crystallinity after grinding mixing. 

In order to get the chemical structures and compositions of the ma-
terials, the MIL-100(Fe), MicroPCM and MIL-100(Fe)/MicroPCM com-
posites were studied by FTIR spectra and the results are shown in Fig. 4. 
FTIR spectra of as-synthesized MIL-100(Fe) shown in Fig. 4 is similar to 
the previous research [27,28], which further confirmed that the 
MIL-100(Fe) was synthesized successfully. It can be observed that the 
MIL-100(Fe) has a higher purity due to the disappearance of the C––O 
stretching vibration around 1714 cm� 1, which usually belongs to the 
residual H3BTC over from reaction. Compared three spectra curves, the 
peak at 3400 cm� 1 due to O–H corresponding water can only be found in 
MIL-100(Fe) and composites, which means that the MicroPCM is 
extremely hydrophobic. FTIR spectra reveal additional bands in the 
MIL-100(Fe)/MicroPCM composites corresponding to n-octadecane at 
2924 and 2856 cm� 1 attributed to the alkyl C–H stretching vibration of 
–CH2 and-CH3. Besides, the peak at1732 cm� 1 denote C––O stretching 
vibrations of the ester group, which acted as a packaging material for 
capsuling phase change materials. The peak at 1622 cm� 1 is attributed 
to the carboxylate groups, which provides interaction between COOH 
and Fe ion [29]. While the bands at 1452 cm� 1 and 1381 cm� 1 are 

Fig. 3. XRD Patterns of simulated and as-synthesized MIL-100(Fe), MicroPCM and MIL-100(Fe)/MicroPCM composites.  

Fig. 4. FTIR spectra of as synthesized (a)MIL-100(Fe), (b)MicroPCM and (c) 
MIL-100(Fe)/MicroPCM composites. 
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mainly due to the symmetric –COOH group. Another two peaks at 760 
and 714 cm� 1 mainly due to C–H bending vibrations of benzene. The 
peak at 476 cm� 1 stretching vibrations is caused by Fe–O. By comparing 
three FTIR spectra curves in Fig. 4, it can be seen that the curve (b) 
contained all vibration peaks occurred in the curve (a) and (c), which 
confirms that no chemical reaction occurred during the mixing process 
of MIL-100(Fe) and MicroPCM. 

3.2. Sorption isotherms 

Fig. 5(a) presents the N2 adsorption-desorption isotherms of MIL-100 
(Fe), MicroPCM and composites containing 50% MicroPCM. The 
Brunauer-Emmett-Teller (BET) specific surface area and total pore vol-
ume of MIL-100(Fe) and composites containing 50% MIL-100(Fe) is 
1672 and 377 m2/g, 0.93 and 0.49 cm3/g, respectively. Both the two 
values of the composites are less than pure MIL-100(Fe), which is pri-
marily due to the addition of nonporous MicroPCM. Fig. 5(b) shows the 
pore size distributions of MIL-100(Fe) and composites containing 50% 
MicroPCM. It was revealed that the pore size distribution of MIL-100(Fe) 
changed a lot after being ground with MicroPCM. The pore size of MIL- 
100(Fe) dominates at 0.9, 1.4 and 1.7 nm, while the pore size of com-
posites containing 50% MIL-100(Fe) is mainly concentrated around 3.4 
nm. 

Water adsorption isotherms of MIL-100(Fe), MicroPCM and com-
posites with varying content of MicroPCM were achieved by changing 
the relative humidity from 0 to 95% at 25 �C, the results were shown in 
Fig. 6. The relative humidity gradient during the test was 10% while the 
last step was 5%. When the mass change of the sample in each stage was 
less than 0.001%⋅min� 1, it was considered that the adsorption reached 
equilibrium at this stage and automatically entered the next stage. As 
presented in Fig. 6(a), the water adsorption isotherm of MIL-100(Fe) 
rises significantly from 20% to 50%, then increases slowly over the 
relative humidity, has the characteristic of “S” type. While the 
MicroPCM shows linear shape. The water uptake of MIL-100(Fe) at RH 
¼ 95% is 57.75%, which indicates that MIL-100 (Fe) as a moisture buffer 
material shows great potential in building energy-saving applications 
over traditional materials. The water uptake of MicroPCM is 0.85%, 
which again confirms its hydrophobicity. According to Fig. 6(b)–(d), the 
water uptake of composites was decreased with increasing the 
MicroPCM proportion. And the composites containing 30%, 50% and 
70% MicroPCM reduced to 30.27%, 24.16% and 15.76%, respectively. 
Besides, the adsorption curve changed dramatically by adding 

MicroPCM. The trigger point of steep adsorption of MIL-100(Fe) moved 
from 20% RH to 70% RH. This is caused by the pore size change of MIL- 
100 (Fe). Besides, the trigger point of steep desorption moved from 40% 
to 70%, which means the composites are easier to desorb than the pure 
MIL-100(Fe). Compared the difference of water adsorption isotherm 
between pure MIL-100(Fe) and MIL-100(Fe)/MicroPCM composites, it 
can be found that the step (between 30% and 40% RH) caused by pol-
ymodal pore size distribution is disappeared as the percentage of 
MicroPCM increased to 50%. This can be confirmed from the pore size 
distribution of the composites above. 

As shown in Fig. 6(b)–(d), the hysteresis loop between the sorption 
and desorption curves of composites is wider than pure MIL-100(Fe). 
Fig. 7 shows detail hysteresis data of MIL-100(Fe), MicroPCM and the 
composites at different relative humidity. It can be observed that the 
maximum hysteresis of pure MIL-100(Fe) and composites occurred at 
40% and 70%, respectively. And the maximum value shows different 
degrees of reduction as the proportion of MicroPCM increased. This may 
be caused by two reasons. On the one hand, the addition of nonporous 
MicroPCM leads to the reduction of the water uptake. On the other hand, 
the PMMA-encapsulated MicroPCM increased the hydrophobicity of the 
composites. 

3.3. Thermal properties 

DSC curves of MIL-100(Fe), MicroPCM and MIL-100(Fe)/MicroPCM 
composites are presented in Fig. 8 and corresponding detailed thermal 
properties are listed in Table 1. As shown in Fig. 8 that all samples 
showed a single endothermic peak except for pure MIL-100(Fe), indi-
cating that MIL-100 (Fe) has no phase transition during the test tem-
perature range and the addition of MIL-100(Fe) does not change the 
crystallization form of MicroPCM. As shown in Table 1, both of the 
melting temperature (onset temperature) and peak temperature of MIL- 
100(Fe)/MicroPCM composites were reduced in various degrees 
compared with pure MicroPCM, which may be caused by the surface 
tension, capillary action and intermolecular force between the nano-
particles. The enthalpy value reduced rapidly as the proportion of MIL- 
100(Fe) increased. This is because both MicroPCM and MIL-100(Fe) 
were dried sufficiently before grinding. The MIL-100(Fe)/MicroPCM 
composites would adsorb moisture during grinding and the period 
before the DSC testing, which directly increased the weight of MIL-100 
(Fe) and decreased the relative proportion of MicroPCM. 

The thermal stability of the composites with varying content of MIL- 

Fig. 5. (a) N2 adsorption-desorption isotherms and (b) pore size distributions of MIL-100(Fe) and composites containing 50% MicroPCM.  
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Fig. 6. Water adsorption isotherms of (a) MIL-100(Fe) and MicroPCM and (b)–(d) MIL-100(Fe)/MicroPCM composites containing 30%, 50% and 70% MicroPCM.  
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100(Fe) and MicroPCM was measured by a TG analyzer. Fig. 9 demon-
strates the TG results of the composites and Table 2 shows the degra-
dation data including initial decomposition temperature and residual 
mass. The weight loss process of MIL-100(Fe) is roughly divided into 
three stages [30]. The initial weight loss (about 14 wt%) bellow 100 �C 
due to the desorption of free water. The second step (about 13 wt%) 
from 100 to 300 �C is ascribed to the loss of bonded water. The last step 
(about 31 wt%) occurred at the temperature between 300 and 520 �C is 

caused by the decomposition of trimesic acid. The degradation of 
MicroPCM has three steps and the initial decomposition temperature 
starts at roughly 192 �C and completely loses its weight at around 465 
�C. At the first step, the mass drop sharply between 105 and 237 �C due 
to the evaporation of octadecane, which is comprised of linear alkane 
with low thermal decomposition temperature [31]. The second and 
third step was ascribed to the monomer evolution and the random bond 
scission of the PMMA shell, respectively [32]. The weight loss rate of the 

Fig. 7. Hysteresis of MIL-100(Fe), MicroPCM and the composites.  

Fig. 8. DSC curves of MIL-100(Fe)/MicroPCM composites (a)–(e): containing 100%, 70%, 50%, 30%, 0% MicroPCM.  
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composites is improved with the increase of the content of MIL-100(Fe) 
at the beginning. Along with the rise of temperature, the curves show a 
reverse trend. This is because that the weight loss at lower temperatures 
is mainly caused by evaporation of water, while the composite with 
higher MIL-100(Fe) can adsorb more water vapor. Once the temperature 
rises to the thermal decomposition point of octadecane, the weight loss 
rate of composites with lower MIL-100(Fe) content will quickly exceed 
others. Finally, the composites with lower MIL-100(Fe) have less re-
sidual mass at 600 �C. 

4. Hygrothermal buffering behavior of MIL-100(Fe)/MicroPCM 
composites 

In order to evaluate the effect of MIL-100(Fe)/MicroPCM composites 
on the indoor climate of building. Hygrothermal buffering behavior of 
the composites containing 50% MicroPCM was analyzed by numerical 
simulation [33] using software WUFI Plus. A single-room model was 
built based on the case 600 from the International Energy Agency (IEA) 
ECBCS Annex 21 [34]. Detail dimensions of the building are shown in 
Fig. 10. The selected building faces south with a floor area of 48 m2 and 
volume of 129.6 m3. Two south-facing double-glazed windows with 
dimensions of 2 m � 3 m. The properties of the materials used in 
different layers are shown in Table 3. It should be noted that the 
underfloor insulation assumed with the minimum density and specific 
heat. The light weight building was assumed in Rome with a typical 
Mediterranean climate. The mechanical ventilation rate is 0.5 ACH for 
the whole day. The case 600 model with hygrothermal buffering 

material installed 2 cm thickness composites containing 50% MicroPCM 
on the internal wall. For comparison, the reference room added 2 cm 
thickness plasterboard. 

Figs. 11–13 show the fluctuation in indoor temperature and hu-
midity for a typical summer week in July. Compared with the reference 
room, the room with MIL-100(Fe)/MicroPCM composites has a signifi-
cant reduction of periodic fluctuations in temperature. This is mainly 
due to the thermal storage of phase change material. It can be seen from 
Figs. 12 and 13, both of the relative and absolute humidity have smaller 
amplitudes for room with MIL-100(Fe)/MicroPCM composites. This is 
because that the composites show good buffering capacity that can 
absorb and release moisture. 

Further analysis found that the greater the temperature and relative 
humidity difference between day and night, the great the advantages of 
MIL-100(Fe)/MicroPCM composites for indoor hygrothermal control. 
For example, the temperature difference between day and night on July 
1 was 9 �C and the relative humidity difference was 39% RH. For the 
room with MIL-100(Fe)/MicroPCM composites as enclosure, the tem-
perature and moisture content at 2:00 p.m. were 30.5 �C and 16.38 g/kg, 
respectively. While for the reference room with plaster, the temperature 
and moisture content were 33.6 �C and 18.0 g/kg, respectively. Con-
clusions can be drawn that the MIL-100(Fe)/MicroPCM composites can 
make full use of the temperature and humidity gradient between day 
and night and significantly reduce the daytime peak temperature and 
moisture content. 

Table 1 
Thermal properties of composites with varying content of MIL-100(Fe) and 
MicroPCM.  

Sample MicroPCM 
contents (%) 

Melting 
temperature (�C) 

Peak 
temperature 

Enthalpy 
(J/g) 

a 100 24.05 28.16 144.20 
b 70 22.90 26.27 90.76 
c 50 22.67 25.66 44.78 
d 30 23.27 25.43 18.45 
e 0 – – 0  

Fig. 9. TG curves of MIL-100(Fe)/MicroPCM composites (a)–(e): containing 100%, 70%, 50%, 30%, 0% MicroPCM.  

Table 2 
TG data of composites with varying content of MIL-100(Fe) and MicroPCM.  

Sample MicroPCM 
contents (%) 

Initial decomposition 
temperature (�C) 

Residual mass at 
600 �C (%) 

a 100 192.2 0 
b 70 168.9 26.7 
c 50 168.4 34.2 
d 30 49.9 35.3 
e 0 49.0 40.5  

P. Hou et al.                                                                                                                                                                                                                                     
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Fig. 10. The BESTEST lightweight case building.  

Table 3 
Properties of the envelop materials.  

Construction Material Thickness 
(m) 

Dry density 
(kg/m3) 

Porosity 
(m3/m3) 

Specific heat 
capacity (J/kg⋅K) 

Thermal conductivity 
(W/m⋅K) 

U (W/ 
m2⋅K) 

Vapor diffusion 
resistance (� ) 

Wall (outside to 
inside) 

Ext surf coef      29.3  
Wood siding 0.009 530 0.666 900 0.14 15.556 53.1 
Fibreglass quilt 0.066 12 0.99 840 0.04 0.606 1.3 
Plasterboard 0.012 950 0.61 840 0.16 13.333 9 
Int Surf Coef      8.29  

Floor (outside to 
inside) 

Insulation 1.003 1 0.01 1 0.04 0.04 500 
Timber flooring 0.025 650 0.47 1200 0.14 5.6 200 
Int Surf Coef      8.29  

Roof (outside to 
inside) 

Ext surf coef      29.3  
Roofdeck 0.019 530 0.1 900 0.14 7.368 13 
Fiberglass quilt 0.1118 12 0.99 840 0.04 0.358 1.3 
Plasterboard 0.01 950 0.61 840 0.16 16 9 
Int Surf Coef      8.29  

Window Double glazing 
unit 

– 2500 – 750 1.06 3 –  

Fig. 11. Outdoor and simulated indoor temperature of reference room and room with MIL-100(Fe)/MicroPCM composites.  
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5. Conclusion 

In this study, MicroPCM synthesized as thermal buffering material 
and MIL-(100) synthesized as humidity buffering material. A series of 
composites containing different proportions of MicroPCM and MIL- 
(100) were obtained by gridding two ingredients. The hygrothermal 
properties of the composites were characterized by experimental mea-
surements. Hygrothermal buffering behavior of the composites con-
taining 50% MicroPCM in a lightweight building was obtained by the 

simulation method. The results show as follows.  

(1) When the content of MicroPCM in the composites is more than 
50%, the trigger point of steep adsorption and desorption of MIL- 
100(Fe)/MicroPCM moved from 20% to 40% RH to 70% and 70% 
RH, respectively. That means composites are easier to be regen-
erated than pure MIL-100 (Fe), which will increase its application 
in passive buildings. 

Fig. 12. Outdoor and simulated indoor relative humidity of reference room and room with MIL-100(Fe)/MicroPCM composites.  

Fig. 13. Absolute humidity of reference room and room with MIL-100(Fe)/MicroPCM composites.  
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(2) There is no chemical reaction between the MicroPCM and MIL- 
100(Fe) by simple grinding. The addition of MIL-100(Fe) 
doesn’t change the crystallization form of MicroPCM. The 
enthalpy decreased with the increase of MIL-100(Fe) in the 
composites. The temperature and humidity control ability of 
composites has a trade-off relationship.  

(3) Numerical results show that the composites show excellent 
thermal and moisture buffering behavior. Compared with the 
same thickness of the plasterboard, the composites can signifi-
cantly reduce the temperature and humidity fluctuations. Thus 
the comfort of the room with MicroPCM/MIL-100 (Fe) compos-
ites is improved. 
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