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Latent heat load accounts for a significant proportion of energy consumption by air-conditioning, particularly for
buildings in humid climates. Traditional vapor-compression refrigeration dehumidification faces problems like
refrigerant leakage, overcooling, and complicated mechanical systems. Here, we report a novel humidity pump
that uses metal-organic frameworks (MOFs) as desiccant layers to transport moisture from a low-humidity space
to a high-humidity one efficiently. The working principle and operation modes of the humidity pump are
introduced herein for which the dehumidification performance is investigated at 22.8 °C with 60% RH. The
dehumidification rate and moisture removal efficiency of the MIL-100(Fe) based humidity pump reached 26.24
gh! and 0.87 g Wh™!, respectively, and these are 2.15 and 2.12 times higher than that of the humidity pump
with silica gel coating. The maximum dehumidification coefficient of performance (DCOP) of the humidity pump
could reach up to ~0.46, higher than the conventional desiccant dehumidification systems. In addition, many
factors, such as the cycle time, thermoelectric power, air velocity, etc., which may affect the dynamic charac-
teristics and dehumidification performance, were analyzed. Lastly, the localized humidity management ability of
the designed humidity pump using MIL-100(Fe) was validated by a small chamber test. The results indicate that

the MOF humidity pump could achieve energy-efficient localized moisture control.

1. Introduction

Energy consumption by buildings has become a worldwide concern.
The building sector consumes 40% of the global energy, which is mainly
provided by fossil fuels and corresponds to over one-third of carbon
dioxide emissions [1,2]. The air conditioning systems account for a
significant proportion of the total energy requirement in our living en-
vironments. It is worth noting that the latent heat load makes a large
proportion of energy for air handling and particularly for buildings in
humid climates [3]. Overall, the latent heat load takes up to 20-40% in
the air conditioning system [4]. Vapor-compression refrigeration system
based on cooling dehumidification is commonly used for indoor tem-
perature and humidity control. During the dehumidification process, the
temperature of the air is reduced to the point that is below the dew point
in order to condense it. However, this dehumidification method makes
the air temperature too low to be directed to the room and needs to be
reheated, which causes wastage of energy [5]. By raising the evapora-
tion temperature of 1 °C, the COP of a vapor compression refrigeration
system can be increased by about 2.8%, and thus the energy
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consumption can be decreased by about 2.5% [6,7]. If the treatment of
the latent heat load can be decoupled from the sensible cooling,
reducing the temperature of the evaporator to such a low level will not
be required. Moreover, it is difficult for vapor compression systems to
operate with high performance in small space humidity control appli-
cations due to their bulk and complex systems [8]. Therefore, there is a
necessity to develop a novel moisture control device for localized hu-
midity management with high efficiency.

To remove the latent heat load separately, many efforts have been
dedicated to technologies such as solid dehumidification [9,10], liquid
desiccant dehumidification [11,12], membrane dehumidification [13,
14], etc. Combining these dehumidification methods with low-grade
energy sources like solar energy and heat pumps can improve dehu-
midification and energy efficiency [15-17]. However, shortcomings and
limitations of these dehumidification methods, such as the problem of
re-cooling in rotary solid dehumidification, the growth of bacteria in
liquid desiccant dehumidification, have not been solved.

In order to avoid the fresh air dehumidification and to improve air
conditioning efficiency, several studies have been done about coating
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desiccant on the surface of evaporators and condensers [18,19]. Chai
et al. combined a desiccant coated heat exchanger (DCHE) with a heat
pump for energy saving [20]. Andres et al. investigated the performance
of silica gel and sodium acetate composite coated heat exchanger in the
summer and winter season [21]. In this case, however, the solid desic-
cant used is silica gel and its high regeneration temperature reduces the
performance of the device significantly. Cui et al. chose porous
metal-organic frameworks (MOFs) as advanced sorbents instead of the
traditional solid desiccant for which the COP of 7.9 was achieved,
demonstrating the superiority of this material [22].

The concept of a humidity pump is inspired by a heat pump. A hu-
midity pump is a device that can transport moisture through the inverse
gradient of vapor concentration, i.e., the vapor can be transferred from a
relatively low-humidity space to a high-humidity space. For example, in
summers, the humidity pump will transfer moisture from cool and less-
humid indoor condition to a hot and humid outdoor condition; vice
versa, in winters. Li et al. [8] designed a full-solid-state humidity pump
based on silica gel, which exhibited good humidity transfer performance
without using refrigerant or cooling water. However, the device is
limited to the efficiency of mass transfer, and the motor to achieve
continuous operation increases the complexity of the device.

Desiccants play an important role in the humidity pump. Traditional
desiccants such as silica gel and zeolites possess low adsorption capacity
and poor regeneration ability and this limits the development of the
adsorption dehumidification system. Though a composite desiccant
(silica gel-based, carbon-based, etc.) has been prepared by impregnating
hygroscopic salt to enhance the adsorption capacity [23], hygroscopic
salts are unstable and deliquesce easily under high humidity.
Metal-organic framework (MOF) is a new type of porous crystalline
material formed by self-assembly of inorganic metal ions and organic
ligands. MOFs possess many good properties like huge internal surface
area, large micropore volume, physicochemical and chemical variability
as well as low regeneration temperature [24,25]. Although traditional
inorganic porous desiccant has been investigated for a humidity pump,
the application of MOFs in humidity pump is still worth investigating
owing to its high potential in moisture transfer.

In the present study, a humidity pump based on MOFs is fabricated,
and its working principle and operation mode are introduced. The per-
formance and impact factors of the device have also been investigated by
experiments under different conditions. The localized moisture control
ability of the device has been tested experimentally, which provides an
important insight to precise moisture control in a confined space.

2. Methodology
2.1. Humidity properties of MIL-100(Fe)

Compared with traditional desiccants, MOFs have greater moisture
adsorption capacity and transfer rate due to their huge specific surface
area and high porosity. However, the MOFs prepared in early literature
had poor water stability, and the pore structure collapsed easily during
the process of moisture desorption [26-29]. MOFs prepared by hydro-
thermal synthesis generally have better water stability. Here, we syn-
thesis MIL-100(Fe) hydrothermally from metal Fe3* ions and trimesic
acid. MIL-100(Fe) shows great ability to adsorb moisture from air and
can be obtained easily through large-scale synthesis [30-32], making it
one of the best choices for humidity pump.

The water adsorption characteristics of MIL-100(Fe) were studied in
previous research [21]. Fig. 1 shows the water adsorption isotherms of
MIL-100(Fe) at various temperatures. It can be seen that the water
adsorption isotherm of MIL-100(Fe) at 20 °C has a stepwise increase
between 470 Pa (20% RH) and 1170 Pa (50% RH). This S-shaped
isotherm can ensure that the cyclic water uptake is close to the
maximum adsorption capacity of dry materials. The maximum differ-
ence in moisture content between 20 and 50 °C under 2100 Pa can reach
0.56 kg kg~!, which means the MOF humidity pump possesses the
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Fig. 1. Water adsorption isotherms of MIL-100(Fe) at different temperatures.

greater potential of adsorption efficiency and has less sensible energy
loss by regeneration, as compared to the ones using traditional desiccant
such as silica gel.

2.2. Humidity pump based on MIL-100(Fe)

A photograph of MOF based humidity pump is shown in Fig. 2(a).
The humidity pump device is fabricated using two MOF coated heat
exchangers (MOF-HEx) and two thermoelectric coolers, along with
other components. Two aluminum-based plate fins type heat exchangers
of the same size (100 mm(L) x 50 mm(W) x 60 mm(H)) are arranged
symmetrically as the heat sinks. The plug-in HEx is comprised of 11 fins
with a surface area of 0.132 m? and 0.5 mm thickness each, while the
width of the air channel between each fin is 4 mm. MIL-100(Fe) was
coated on the surface of the fins by a water-borne binder of silica sol,
which does not affect the water sorption characteristics and capacity.
The dry mass of the original heat exchangers and coated MIL-100(Fe)
was characterized to be 199.6 g and 45.0 g, respectively. Two thermo-
electric coolers (40 mm (L) x 40 mm (W) x 3.8 mm (H)) are stuck in the
interlayer between the heat sinks by thermal grease to ensure sufficient
contact. The rest of the part of heat sinks not covered by the thermo-
electric coolers is blocked by silicon sealant to prevent heat transfer
between the hot and cold ends.

Bonded heat sinks and thermoelectric coolers were integrated into an
enclosed acrylic box (300 mm(L) x 60 mm(W) x 130 mm(H)) which
was divided equally into two volumes by a partition plate. A rectangular
cut-out is designed in the middle of the partition plate, corresponding to
the size of the surface of the heat sink (100 mm x 50 mm). The periphery
of the heat sinks and the partition plate is coated with hot melt adhesive
to ensure that it is airtight. Both the upper and lower parts of the acrylic
box have two vents of 50 mm diameter connected to the four-way valves
and duct fan through the bellows.

A schematic diagram of the MOF based humidity pump is shown in
Fig. 2(b). Thermoelectric coolers absorb and release heat at two opposite
sides, according to the Peltier effect, when an electrical current passes
through it. In this way, the adsorption heat during the dehumidification
process is transferred to the other side to improve the temperature of the
sink for regeneration. The exchange of dehumidification and regenera-
tion can be achieved by reversal of electrical current and switching four-
way valves.
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2.3. Working principle

The dehumidification and regeneration processes can be imple-
mented simultaneously when the humidity pump starts running. The
detailed working principles can be described in two parts as follows:

Dehumidification: Typically, there are three ways to achieve
dehumidification, namely isothermal dehumidification (O—B1), cooling
and dehumidification (O—B2), and isenthalpic dehumidification
(0—B3). The isothermal methods have been considered as most prom-
ising, reported in many refs [8,22], while the other two are, compara-
tively, not energy-efficient to some extent. In our humidity pump device,
moisture can be adsorbed when humid air flows through the surface of
MIL-100(Fe) coated fins on the cold side. The dehumidified air can thus
be obtained with a subtle temperature rise (O-B shown in Fig. 3). Based
on thermodynamic analysis, this can be explained by the total heat
transferred on the dehumidification side, which consists of conduction
and Joule heat from TEC module, convection heat from inlet air,
adsorption heat from the desiccant, and the remaining heat during the
switching. Theoretically, by regulating the input power and ventilation
quantity, it is feasible to achieve a quick latent load control through a
nearly isothermal dehumidification process, the way close to O—B1 (an
ideal path).

Regeneration: As for an ideal regeneration condition, desorption of
the trapped water vapor in an isothermal regeneration way (O—A1) is
preferable. The main reason is that this can lower energy consumption
massively. In actual conditions, it is difficult to achieve isothermal
regeneration; it is, however, desirable to use fewer energy sources to
bring more desorbed water vapor. Considering the interaction between
water vapor molecules and desiccant, traditional materials such as
zeolite require a high-temperature heat source (>90 °C) to go through
the regeneration process (0—A2), while MIL-100(Fe) can be
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Fig. 3. Working principle: Psychrometric chart of the air treating process in our
humidity pump.

regenerated easily with a relatively low-temperature heat source
(~50 °C) [22]. In this regard, the heat and mass variation of regenera-
tion air in our device should follow the O—A path, which is specifically
between O—A2 and O—Al.
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2.4. Operation modes

In this paper, experiments have been carried out in two groups: 1)
Mode A- Parameter studies. 2) Mode B- Operation performance of
localized humidity control for a small test chamber. The operation pa-
rameters including inlet air conditions of dehumidification and regen-
eration sides are presented in Table 1.

Mode A (Test mode): In this mode, dynamic characteristic and
parameter studies have been carried out. The humidity pump device is
placed in the test room (like an air cleaner), and the inlet air of both the
dehumidification and regeneration sides is the same indoor air. As
shown in Fig. 4(a), when the indoor air flows through the dehumidifi-
cation side, the moisture in the air is adsorbed on the desiccant coated on
the fins, leading to a decrease in humidity level. The outlet air from the
dehumidification side (dry air) is supplied indoors. Simultaneously, the
other batch of indoor air enters the device through the inlet to the
regeneration side, flows through the hot side and takes away the mois-
ture released from the desiccant to dry the MOF coatings. The outlet of
the regeneration side is exhausted to outdoor. When the desiccant in the
dehumidification side saturates, the current flow direction of the ther-
moelectric cooler is reversed to interchange the roles of dehumidifica-
tion and regeneration. Meanwhile, only one of the four-way valves
(outlet) is rotated by 90° and the state is converted from Al to A2. Such a
reciprocating cycle can realize the continuous operation of the MOF
humidity pump.

Mode B (Internal recycle mode): In this intended operation mode for
real applications, the inlet air of dehumidification side is always the
indoor air, while the inlet air of the regeneration side is always outdoor
(ambient) air. The outlet air of the dehumidification side (dry air) is
supplied to indoor again. The outlet air of the regeneration side (humid
air) is exhausted outdoors. To control the airflow direction, two four-
way valves are used as shown in Fig. 4(b), and the airflow passages of
the internal recycle channel and external channel are interchanged. The
outdoor (ambient) air has no direct heat and mass transfer with the
indoor air as these two airflows are completely separated. The outdoor
airflow is only used to take away the heat and moisture released by MOF
desiccants during the regeneration process. Through a reciprocating
cycle, the MOF humidity pump can work continually under internal
recycle mode.

2.5. Experimental measurement

Under working mode, the air was supplied to the humidity pump via
a duct, and the power of the thermoelectric elements was adjusted and
recorded. There were no mechanical operations or moving parts in the
whole device. During the dehumidification and regeneration process,
temperature and relative humidity of the inlet and outlet air were
measured by using digital hygro sensors with accuracy of +0.2 °C and
+2% RH (SEK-SHTC3-Sensors, Sensirion). The airflow rate was adjusted
by variable frequency fan (LH-50P, Jiuyefeng Environmental Technol-
ogy Co., Ltd.) and recorded by an anemograph (Testo 410-1). The cur-
rent and voltage of the thermoelectric cooler and the fan under different

Table 1
Operation conditions of different modes.

Operation mode Parameters Values

Test mode Inlet air conditions of De/Re 22.8 °C, 60%RH
side
Cycle time 5min, 10min, 15min

Thermoelectric power
Air velocity

15W,20W, 25 W
1.5m/s,3.5m/s, 4.2m/
s

23 °C, 81%RH

Internal recycle Initial inlet air conditions

mode Cycle time 10min
Thermoelectric power 30w
Air velocity 2.4m/s

Building and Environment 187 (2021) 107396

conditions were recorded for the calculation of power consumed.

2.6. Performance indexes

To evaluate the performance of MOF-based humidity pump as a
function of the power input and the temperature and humidity ratio of
inlet and outlet air, some parameters herein have been analyzed:

1) Dehumidification rate (Eg): It represents the moisture removal over a
period of time, which is computed as follows:

I qu(din — doue)dt

E, =
a At

(€]
where E4 (g s~ 1) is dehumidification rate; qa (m3s™1) is the volume flow.
din and doy (g m~ are moisture content of inlet and outlet air during
dehumidification process, respectively. t; and t, represent the beginning
and end of a dehumidification process when it comes to equilibrium. At
is the time of one dehumidification process, and can be calculated by
At =tp — t;.

2) Moisture removal efficiency (7): It represents the power consumption
(Pe) to approach to the dehumidification rate (Eg):

n="La @

where 7 (g Wh 1) indicates the moisture removal efficiency. P, (kW) is
the total power consumption (including thermoelectric coolers and duct
fans).

3) Dehumidification coefficient of performance (DCOP) represents the
ratio of air enthalpy variation during the dehumidification process to
the total power consumption for the regeneration process:

a(hin - haur)
P

pcop=1 3)

e

where h;, and hy,; are the air enthalpies of inlet and outlet process air.

3. Results and discussion
3.1. Dynamic characteristics

The dynamic characteristics of the device are analyzed in terms of
temperature and humidity of inlet and outlet air. In order to compare the
cycling performance of dehumidification and regeneration sides, inlet
air conditions for these two sides were maintained the same. Thus, the
detailed experimental conditions can be shown as follows: the temper-
ature and relative humidity of inlet air are about 22.8 °C and 60%. The
velocity of inlet air is 1.5 m/s. The current of the thermoelectric cooler is
2.66 A, its voltage is 11.32 V, and the calculated power is about 30 W.

When it comes to the equilibrium, Fig. 5 shows the variation of
temperature and humidity at the inlet and outlet of dehumidification
and regeneration sides. The operation consists of dehumidification and
regeneration processes, and several cycles are performed until stabili-
zation is reached. The period from 0 to 10 min is the regeneration
process corresponding to the regeneration side. It can be seen that the
temperature of the outlet air rises sharply at the beginning and then
gradually flattens. The moisture content of the outlet air initially
increased in line with the temperature, but then decreased gradually.
This is because the vapor in MIL-100 (Fe) coatings desorbs as the tem-
perature of the heat exchanger rises sharply. As the desorption proceeds,
water vapor content in the desiccant coating decreases gradually, along
with the rate of desorption, resulting in a gradual decrease in the
moisture content in the outlet air. The dehumidification and regenera-
tion channels are switched over during the period from 10 to 20min. The



Building and Environment 187 (2021) 107396

1)
_____________ AP P
Outlet 1 Regeneration(hot) Inlet 1
(NN ENEN . -
(Indoor) Detumidification(cold) (Indoor)
Outlet2 - [t=———————————— — ——————————
(Outdoor) ‘
——  ————— l—4—————7f—f———
Outlet 1 Dehumidification(cold) Inlet 1
O I -
(Indoor) Regeneration(hot) (Indoor)
Outlet2 - [t————————————— . —— —— ———— — 1
(Outdoor) |
(a) Mode A: Test mode
3) I
Al |/——————— B [Ty
Outlet 1 Dehumidification(cold) Inlet 1
f Ll Llasisiing -
H (Indoor) Regeneration(hot) (outdoor)
Outlet? l————r ]
(Outdoor) I
)
_____________ ,
Outlet 1 < Inletl
tiilliLrarrrnnnn -
(Indoor) Dehumidification(cold) (outdoor)
Outlet2 ———————===—===2 Bl S—— - —

(Outdoor) |

(b) Mode B: Internal recycle mode

Fig. 4. The operation modes of MOF humidity pump.

outlet air temperature decreases rapidly; but the temperature of the
outlet air is, however, still higher than the inlet air. According to the
thermodynamic analysis in the previous section, the cooling load of the
cold side of TEC cannot remove all the sensible loads to be as cool as the
inlet air, but the temperature rise was limited. The average outlet tem-
perature at the dehumidification channel is close to 25.5 °C. Besides, the
adsorption heat also increases the temperature of the air. At the same
time, when the air flows through the heat exchanger, the water vapor in
the air is adsorbed on the MIL-100 (Fe) coating, and the moisture con-
tent decreases sharply. As the coating material becomes saturated
gradually from the outside to the inside of the layer, the dehumidifica-
tion rate also decreases gradually.

3.2. Performance of the humidity pump with different desiccants

Based on the same experimental conditions described in Section 3.1,
inlet air condition remains at 22.8 °C and 60%RH. Air velocity is set at
1.5 m/s. The power of thermoelectric cooler is around 30 W. From Fig. 6,
it shows the difference in moisture content between the inlet and outlet
air of the humidity pump with silica gel and MIL-100(Fe) coatings. It can
be seen that the humidity pump with MIL-100(Fe) coating shows greater
adsorption and desorption rate than that of the silica gel coating while
the attenuation rate is slower. This happens because the regeneration
temperature of MIL-100 (Fe) is lower, and the moisture storage capacity

is larger than that of silica gel. The operation indices are calculated
based on Egs. (1) and (2). The dehumidification rate and moisture
removal efficiency of humidity pump with silica gel coating are 12.23 g
h~! and 0.41 g Wh™?, respectively, and for MIL-100(Fe) coating are
26.24 gh~! and 0.87 g Wh™!, respectively. The values of the MOF based
humidity pump were 2.15 and 2.12 times greater than that of silica gel.

3.3. Dehumidification performance

3.3.1. Cycle time

According to the previous analysis of dynamic characteristics, it can
be observed that as the operating time goes on, the moisture removed by
MIL-100(Fe) coating decreases gradually. This indicates that the cycle
time has an important effect on the performance of the device. The
thermoelectric power is maintained at 30 W while the air speed is 1.5 m/
s. A series of experiments with different cycle times were carried out.
The moisture content difference between the inlet and outlet air of the
humidity pump is shown in Fig. 7. As the cycle time increases from 5 to
10 and 15min, the peak value of moisture content difference decreases
from —3.10 to —3.35 and —3.38 g m 2 at the dehumidification side, and
increases from 2.92 to 3.18 and 3.39 g m™° at the regeneration side,
respectively. The absolute values of maximum moisture content differ-
ence increase with the increase in cycle time because the regeneration of
desiccant becomes sufficient as the cycle time increases. It can also be
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Fig. 5. Temperature and moisture content of inlet and outlet air in Mode A.

seen from Fig. 7 that the attenuation of moisture content difference is
more serious with the increase in cycle time as the desiccant coating
saturates gradually, with the increase of operating cycle time, and the
dehumidification capacity decreases.

Fig. 8 shows the effect of cycle time on the performance of the hu-
midity pump. It can be seen that the dehumidification rate and moisture
removal efficiency increase at first and then decrease with the increase
in cycle time, determined by the peak value of the moisture content
difference and the decay degree. This can be attributed to the decay
characteristics of the adsorption and regeneration ability of the MIL-100

(Fe) layers at different cycle times. DCOP increases as the cycle time
increases, but the rate of the rise is restricted after 10min of cycle time in
our case.

3.3.2. Thermoelectric power

Thermoelectric power, which has an important effect on the regen-
eration of the desiccant layer, determined the temperature difference
between the hot and cold sides. The cycle time is set to 10 min and the
air speed is 1.5 m/s. Several experiments with different input power of
the thermoelectric cooler are carried out and the moisture content
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differences between the inlet and outlet air of the humidity pump are at 15 W, there is almost no dehumidification ability at the end of the
shown in Fig. 9. Comparing the moisture content difference between the cycle time. Further analysis found that as the mode changed from
three cases, it can be seen that the lower the power, the smaller the dehumidification to regeneration, the moisture content difference first
moisture content difference between the inlet and outlet air. Particularly rises rapidly and then drops sharply, a tip is formed. Thus, the lower the
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Fig. 9. Moisture content difference of humidity pump with different power.

thermoelectric power, the sharper the tip is. Insufficient power results in
lower temperature differences between the hot and cold sides affecting
the regeneration of the desiccant layer.

Fig. 10 shows the impact of thermoelectric power on the perfor-
mance of the humidity pump. With the increase of thermoelectric power
from 15 W to 25 W, the dehumidification rate increases from 20.5 to
31.9 g h™!, suggesting that the dehumidification rate increases with the
increase of thermoelectric power. The greater the thermoelectric power,

the higher the temperature of the hot side, and the better the regener-
ation. The moisture removal efficiency increases at first and then de-
creases with the increase of thermoelectric power showing the same
changing trend as DCOP. In this regard, too high thermoelectric power
would have a negative impact on moisture removal efficiency and
DCOP. As the thermoelectric power increases to a certain degree, the
temperature achieved is enough for the regeneration of MIL-100 (Fe).
Excessive power will increase the energy consumption and will have no
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obvious effect on improving regeneration efficiency.

3.3.3. Air velocity

Air velocity is another important factor of the humidity pump. The
cycle time is set to 10 min and the thermoelectric power was 30 W.
Several experiments with variable air velocity are carried out, and the
moisture content difference between inlet and outlet air of the humidity
pump is shown in Fig. 11. As the air velocity increases, the peak value of
moisture content difference between the inlet and outlet air during
dehumidification and regeneration processes decreases. On the one
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hand, airflow increases with the increasing air velocity, which would
increase the moisture content of the air, while on the other hand, heat
transfer of the fins is enhanced by increasing the air velocity. This would
reduce the temperature of the heat sink and the regeneration
performance.

Fig. 12 shows the effect of air velocity on the performance of the
humidity pump. Both the dehumidification rate and moisture removal
efficiency increase first and then decrease as the air velocity increases.
Also, excessive air velocity has a negative effect on the performance of
the humidity pump owing to the reduction in regeneration temperature
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Fig. 11. Moisture content difference of humidity pump with different air velocity.
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Fig. 12. Effect of air velocity on the performance of the humidity pump.

on the hot sides with the increase in air velocity. Besides, the energy
consumption of the pump also increases with increasing air velocity.
However, based on our measured results, it can be found that DCOP can
be raised linearly with the air velocity. Based on comprehensive
consideration (Eq4, 7 and DCOP), there is an equilibrium point for air
velocity around 3.5 m/s.

3.4. Humidity control ability

In order to investigate the actual humidity management ability when
exposed to a real conditions, a test chamber (32.5 x 54 x 40.3 cm) made
of polystyrene foam (insulation material) is prepared for the humidity

maintained at 23 °C and 81% RH (average value), while there are no
heat or moisture dissipation sources in the experimental system. The box
is connected to the humidity pump by plastic bellows. The schematic
diagram of the experimental system is shown in Fig. 13, and the oper-
ating conditions are shown as follows: the cycle time is set to 10 min, the
thermoelectric power is 30 W, and the air velocity is 2.4 m/s. The digital
hygro sensors are installed to record the temperature and humidity
variation against time.

Fig. 14 shows the temperature and humidity conditions inside the
test chamber during the experiments. Here, the measured results indi-
cate that the temperature in the interior space fluctuates in a zigzag
manner. Compared with the environment, the maximum temperature
rise in interior space during the experiment is 1.52 °C over 1.3 h, as the

pump dehumidification experiment. The initial conditions are
Power
- MOFHEx - Valve
Fan— Fan L
: / » Outdoor —ac43a ~ Outdoor  » \
- -
Thermoelectric cooler
\J
A
>
Computer
T&RH Acquisition >
Module

Test chamber

Fig. 13. Schematic diagram of the experimental system.
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Fig. 14. Temperature and humidity changes inside the test chamber.

fin temperature cannot be reduced immediately when the regeneration
process is switched to the dehumidification process. The relative hu-
midity of the interior space is decreased quickly from ~80% to 38%RH,
corresponding to the absolute humidity from 16.7 to 8.2 g m™>. There
are no heat source and moisture dissipation sources inside the test
chamber, as mentioned above. It is important to mention that the inte-
rior relative humidity stops decreasing at the trigger point of MOF
desiccants, which is around 40% for MIL-100(Fe). It means that MIL-100
(Fe) stops adsorbing a large amount of moisture when the indoor RH is
below 40%, and can be seen clearly from the water sorption isotherm of
MIL-100(Fe) [33]. It is known that many MOFs have S-shape isotherms
and exhibit a steep uptake isotherm at the specific relative humidity
depending on the targeted application [34]. For indoor humidity con-
trol, the steep uptake should around 40%. This can be noted as one of the
main advantages of MOFs over other conventional desiccants. Some
MOF materials can control indoor relative humidity autonomously,
within the desired comfort range at room temperature [35]. Addition-
ally, different MOFs have different trigger points and can be used for
different moisture control applications [34,35]. Based on our measure-
ments, it is seen that MIL-100(Fe) based humidity pump has a satisfac-
tory response to handle the latent load of the test chamber.

4. Conclusion

In this paper, a novel humidity pump that uses MOF as desiccant
layers has been demonstrated. A series of experiments were carried out
to investigate the dynamic characteristics and factors including cycle
time, thermoelectric power, and air velocity. The dehumidification rate,
moisture removal efficiency and DCOP were also calculated under
different conditions. The conclusions are summarized as follows:

(1) The humidity pump can be used to achieve dehumidification
above the dew point temperature, thereby improving the dehu-
midification efficiency. Latent heat and adsorption heat can be
handled by the desiccant layer and thermoelectric cooler,
respectively, which can realize the dehumidification and regen-
eration processes simultaneously. Four-way valves are used to
achieve the continuous operation of the humidity pump and the
conversion of the operation mode, making the mechanical system
simplified.
The dehumidification performance of the humidity pump that
uses MIL-100(Fe) as the desiccant layer is superior to that of the
humidity pump that uses silica gel. The dehumidification rate,
moisture removal efficiency, and DCOP of the MOF based hu-
midity pump are found to be as high as 34.9 gh™!, 1.14 g Wh™},
and 0.46, respectively, which are all around twice higher than
that of silica gel coated systems.
The dehumidification rate and moisture removal efficiency in-
crease at first and then decrease with the increase of cycle time
and air velocity, while the DCOP increases as the temperature
rises. The dehumidification rate also increases with the increase
of thermoelectric power. The moisture removal efficiency and
DCOP increase first and then decrease with the increase of ther-
moelectric power. A too high thermoelectric power may have a
negative impact on the moisture removal efficiency and DCOP.
(4) The MOF based humidity pump achieves a quick localized hu-
midity control. The internal relative humidity level can thus be
maintained at the trigger point of MOF desiccants.
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