Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

CLIMA 2016 - proceedings of the 12th REHVA World Congress
volume 9
Heiselberg, Per Kvols

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Heiselberg, P. K. (Ed.) (2016). CLIMA 2016 - proceedings of the 12th REHVA World Congress: volume 9.
Department of Civil Engineering, Aalborg University.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: 9 06, 2021


https://vbn.aau.dk/en/publications/41374e2e-8396-4d9c-a886-bf21d5420bbe

Removal Efficiency for Airborne Particles and VOCs
in Liquid Desiccant Dehumidifier

Dong-Seob Yoon?, Sung-Joon Lee?, Joon-Young Park?, Jae-Weon Jeong™

L23Division of Architectural engineering, College of Engineering, Hanyang
University, Seoul, 133-791, Republic of Korea

ldbsehd89@hanyang.ac.kr
2jaylynlee@hanyang.ac.kr
3jego2000@hanyang.ac.kr

*4Division of Architectural engineering, College of Engineering, Hanyang
University, Seoul, 133-791, Republic of Korea

*jjwarc@hanyang.ac.kr

Abstract

This study investigated the removal effect for particles and volatile organic
compounds (VOCs) in liquid desiccant dehumidifier through experiments. In liquid
desiccant dehumidifier, outdoor air is dehumidified by directly sprayed lithium
chloride solution. Removal efficiency was used to evaluate the ability to capture
airborne particles and VOCs. Particles larger than PM 2.5 in ambient air and one
representative VOCs, toluene were considered. The contaminants concentration was
measured at inlet and outlet stream of liquid desiccant dehumidifier. The removal
efficiency was calculated when the process air containing contaminants bypassed and
passed through packed bed of liquid desiccant dehumidifier respectively. The flow
speed was set to 1.9 m/s, acceptable airflow speed of ASHRAE standard 52.2. The
condition of process air was constantly maintained at 28-31 degree Celsius of
temperature and 52-53% of relative humidity during experiments. Particles were
analyzed according to its size range: PM 2.5-5, PM 5-10, PM 10-. The results of
experiments showed that the better capturing ability can be expected for larger
particles. Overall particle removal efficiency represented 43.9%, 56.1% and 70.5%
in size range of PM 2.5-5, PM 5-10, PM 10-25 respectively. Overall VOCs removal
efficiency showed 23.9% for toluene. When particle removal efficiency is converted
to MERV (Minimum efficiency reporting value), liquid desiccant has similar filtering
efficiency to filter of MERV 8 which is typically applied to commercial buildings.
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1. Introduction

Comfortability of occupants has been as important as energy
consumption in building for decades. For this, many kinds of HVAC
techniques are proposed and developed. Among them, liquid desiccant has
been issued for its energy saving potential and effective latent load
handling[1]. And effects other than dehumidification of liquid desiccant has
been studied as well, espcially potential to remove the contaminants which is



harmful to human body. Liu et al. and Yu et al. [1,2] mentioned that liquid
desiccant has potential to remove a number of pollutants from air stream.
According to national renewalble energy laboratory (NREL)[4], results of
particle capture experiment indicated no remarkable differernce in the inlet
and outlet concentraiton of particles size of from 0.5 to 10 microns. And
Slayzak et al.[5] proposed liquid desiccant air conditioner of developed
configuration that can capture and deactivate contaminants using electrostatic
and strong acid desiccant solution. Slayzak et al.[6] also mentioned that
desiccant solution has biocidal effect. Following to unpublished results of
NREL, 99.99% of bacillus was deactivated when bacillus was exposed to 40%
LiCl solution at 60°C for 4-6 hours. Brian et al.[7] examined desiccant-based
cooling systems to determine the sanitizing effect on airborne
microorganisms such as bacteria and fungi. As results of field test, desiccant
wheel made 39-64% and 32-72% reduction for bacteria and fungi
respectively.

In this study, the ability to capture airborne particles and VOCs of packed
bed liquid desiccant dehumidifier was examined by experiments. And
filtering efficiency was also evaluated.

2. Liquid desiccant dehumidifier

Liquid desiccant dehumidifies the air without refrigerant by spraying
desiccant solution, as distinct from conventional system that dries air by
cooling under dewpoint. The outdoor air is dehumidified by vapor pressure
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Fig. 1 Schematic diagram of liquid desiccant dehumidifier



difference between air and desiccant solution. It consists of absorber and
regenerator. In absorber, the process air is dehumidified by desiccant solution
of high concentration. After absorbing moisture, the desiccant solution
becomes diluted to weak solution. In order to achieve dehumidifying effect
continuously, it is needed to regenerate solution in regenerator. In regenerator,
moisture of solution is evaporated by heat and then desiccant solution
becomes strong solution again. Litium chloride (LiCl), lithitm bromide (LiBr)
and calcium chloride (CaClz) are commonly used as desiccant media. The
main advantage of liquid desiccant is effective handling latent load with low
energy consumption [8]. So, it has good applicability in hot and humid
climate. Fig.1 shows schematic diagram of liquid desiccant dehumidifier
used in paricles and VOCs removal experiments. The liquid desiccant uses
36-40% of LiCl solution as desiccant solution. It sprays LiCl solution to
packed bed having 104.8m?> of reaction area and the process air is
dehumidified by passing through the packed bed with direct contact to
desiccant solution. In this process, airborne particles and VOCs can be
removed by adsorption or scavenging action of sprayed solution.

3. Experimental setup

Removal efficiency experiments were conducted to evaluate filterting
ability for airborne particles and VOCs. Ambient air carrying fine particles
due to industrial environment was used as particle source. For VOCs source,
vaporized varnish from liquid varnish containing high concentration of
toluene was used. Particle concentration was measured by P-TRAK
PARTICLE COUNTER, TSI which has 0.1% of residual error and detects
particles size of 0.3-25 microns. Toluene were measured by INNOVA 1312
multigas monitor which has detection limit of 50 ppb. The specification of
measurement devices are shown in Table 1.

Each measurement device was located in inlet and outlet stream of liquid
desiccant to calculate the concentraion reduction of contaminants.
Contaminants concentration were measured in average value of every 1
minute for 30-60 minute. Air flow rate was set to 800 cfm in duct of 35mm x
35mm. So, the air velocity was maintained at 1.9 m/s which is one of
acceptable flow speed for filtering test standard designed by American
society of heating, refrigerating and air-conditioning engineers (ASHRAE) [9].
The duct was neutralized by grounding with copper wire to prevent
particulate contaminants from being attached to duct by electrostatic effect.
The maesurements were conducted twice; the process air flew through the
liquid desiccant unit (stream 1) and bypassed without any direct contact
with desiccant solution through bypass duct (stream 2). Stream 1 includes
the removal by adsorption of packing in liquid desiccant and scavinging



action of directly spraying desiccant solution. Stream 2 is comparison
condition to examine the net efficiency of liquid desiccant dehumidifier.
Fig.1 shows the air path of 2 streams and the location of mesurement
devices in liquid desiccant dehumidifier. Throughout the experiments,
temperature and relative humidity of ambient air were constantly
maintained in range of 28-31 °C and 52-53% respectively.

Table 1 Specification of measurement devices

Size range 0.3to 25 um
Concentration limit 2.1 x 108 particles/m?3
Particle counter Flow rate 0.1 cfm (2.83 L/min)

5 to 3°C of Temp

20 to 95% of RH
50 ppb

Operating range

Detection limit

Reference condition 20°C, 1 atm, RH 60%

Multigas monitor
§ Temp coefficient + 10% of detection limit/°C

Sample volume 140 cm3®/sample

As the evaluation index for filtering ability, removal efficiency was
considered. The removal efficiency is the ratio of removed concentration of
contaminant to inlet concentration of contaminant. And it is expressed as

(1).

£= (1 - %) x 100 (%) 1)

inlet

where,

€ = Contaminant removal efficiency (%)

Coutelr = Contaminant concentraiton of outlet (ppb)
Cinlet = Contaminant concentration of inlet. (ppb)

The capturing ability for fine particles and VOCs of liquid desiccant
dehumidifier was accessed with net removal efficiency. Net removal
efficiency of liquid desiccant dehumidifier is obtained as the difference
between the removal efficiency in stream 1 and 2 (2).



€net = Estream1 — Estream2 2

Where,

€net = Net removal efficiency (%)

€stream1 = Removal efficiency in stream 1 (%)
Estreamz = Removal efficiency in stream 2 (%)

Fig. 2 Liquid desiccant dehumidifier

4, Results

In this paper, contaminant removal experiments were conducted to
examine the capturing ability of liquid desiccant dehumidifier. As the results
of contaminant removal experiments, it was found that the liquid desiccant
dehumidifier has effect on capturing both fine particles and VOCs.

The measured data was grouped by diameter range of particles: 2.5-5 micons,
5-10 microns, 10-25 microns. Since ambient air was used as inlet process air
without additional particle source addition, the concentration of particles
showed higer in larger particles. Fig. 3 shows particle concentration in inlet
and outlet of liquid desiccant dehumidifier when the process air passes stream
1 (liquid desiccant dehumidifier) and stream 2 (bypass duct). The left side of
figure represents the case of stream 2 and right side shows result of stream 1.
From that the particle concentration of inlet and outlet was maintained at



certain level, experiments proceeded in steady-state condition. The particle
removal efficiency was 3.52%, 7.83% and 14.61% for the particles size of
2.5-5in outlet stream closely tracked that in inlet stream in entire size groups.
Thus, when the process air passed bypass duct not being affected by liquid
desiccant dehumidifier, no remarkable change in particle concentration
occurred.
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However, when the process air passed through liquid desiccant
dehumidifier (stream 1), significant decrease in particle concentration was
found. In particles size range of 2.5-5 microns, particle concentration in inlet
stream was maintained at 400 particles per unit volume (2.83 L), while that
in outlet stream was maintained below 300 particles per unit volume. And
similarly, in particle sizes range of 5-10 microns and 10-25 microns, particle
concentration of process air obviously dropped during dehumidification
process. The particle removal efficiency of stream 1 showed 48.24%, 64.14%
and 84.93% for the particles size of 2.5-5 microns, 5-10 microns and 10-25
microns respectively. The larger particles showed the more decrease in its
concentration while the air passed the liquid desiccant dehumidifier.

In VOCs removal experiment, results similar to the particle removal
experiments were obtained. When the process air carrying VOCs passed
bypass duct, toluene showed negligible reduction in concentration having
7.72% of removal efficiency. While, in the case that process air passed
thorough liquid desiccant dehumidifier, toluene decresed from 3.55 ppm to
2.26 ppm (Fig.4). The removal efficiency indicated 31.36%.

In results, liquid desiccant dehumidifier can remove both particulate
pollutant and gaseous pollutant. Particles and VOCs concentration reduction
in stream 2 showed 3-14% while that in stream 1 showed 35-85%. The net
removal efficiency for each contaminant and its uncertainty is specified in
Table. 2. Experiments showed that the liquid desiccant dehumidifier has 45-
70 % of contaminants removal efficiency for particulate contaminants and
about 30% of removal efficiency for gaseous contaminants with low
uncertainty. For particles larger than 2.5 microns, higher removal efficiency
was obtained than that for VOCs.
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Table 2 Removal efficiency for particles and VOCs
Fine particles

PM 2.5-5 PM 5-10 PM 10-25
€streami 48.24 + 0.07 64.14 £ 0.05 84.93 £0.02
Eqtream? 3.52+0.14 7.83+0.13 14.61+0.12

Epet 4472 £0.15 56.31+0.14 70.31+0.12
VOCs (toluene)
€stream1 35.97 £0.15
£streamZ 7.14+£0.16
€net 28.83 +0.22

5. Conclusions

The removal efficiencies for fine particles and VOCs of packed-bed type
liquid desiccant dehumidifier were investigaed through field experiments. In
conclusions, it turned out that the liquid desiccant dehumidifier has the ability
to capture the particulate contaminants and VOCs. In terms of particles, it has
44.72%, 56.31% and 70.31% of net removal efficiency for the particles
whose size is 2.5-5 microns, 5-10 microns and 10-25 microns repectively.
Thus, the better removal efficiency can be expected in the larger particles.
For VOCs, the contaminant removal effect was observed in toluene.
Approximately 28.83% of toluene were removed during the dehumidification
process. Considering that the concentration of each contaminants in inlet and
outelt were maintained at certain level consistently at hot and humid climate
(29°C, RH 50%) ,when the liquid desiccant dehumidifier mostly operates, it
shows the practical indoor air quality enhancement effect of liquid desiccant
dehumidifier in field. Classifying the performance of liquid desiccant
dehumidifier as a filter device according to minimum efficiency reporting
value (MERV), it has comparable filtering effect with a filter of MERV 8
usually applied to commercial buildings. And also removal efficiency for
microbial contaminant of liquid desiccant dehumidifier will be investigated
for further works.
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