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ABSTRACT

Introduction: With the advancement of industries and increased use of metalworking fluids, controlling
pollutants generated by machining operations has become increasingly challenging. This study aimed to
address these challenges by designing an air filtration system designed specifically for this purpose.

Material and Methods: A local exhaust ventilation system was developed based on the VS-80-12 ACGIH
standard, tailored to the working conditions and air sampling of the environment. The filtration system
includes an aluminum pre-filter, an E11 class filter, and a nanofiber filter incorporating a metal-organic
framework. The performance of the system was evaluated by measuring the numerical concentration
of particles and the mass concentration of oil mist at both the inlet and outlet. The results were then
compared to those obtained from an E1 class filter.

Results: The results obtained from XRD and FTIR analyses showed that ZIF-8 had high crystallinity and
was successfully incorporated into the structure of the fibrous media filter containing metal-organic
framework. The evaluation revealed that the filtration system effectively removed pollutant particles at
their source. Notably, the initial efficiency for larger particles reached 100%, while the average removal
efficiency for particles smaller than 2.5 microns was 99%.

Conclusion: In conclusion, the combination of nanofiber filters with a metal-organic framework and
aluminum pre-filters presents an effective solution for controlling particulate pollutants from machining
operations. However, further research is necessary to comprehensively assess the system’s performance,
particularly regarding dust loading capacity. Future studies should also explore the effects of various
factors, such as airflow rate and the type of metalworking fluid, on the system’s efficacy.

Keywords: Local exhaust ventilation system, Filtration, CNC, Metalworking fluids, Nanofiber filter, Metal-
organic framework
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1. INTRODUCTION

Today, industries are seeking advancements
in all aspects of production, with the economic
environment playing a crucial role in realizing this
objective. One of the most important industrial
processes for producing equipment, tools, parts, and
structures is machining, whose efficiency depends
on several factors, including processing conditions
and feed rate. To reduce damage to equipment,
increase their lifespan, and absorb generated heat
while decreasing friction between the tool and
the workpiece, the use of metalworking fluids has
been proposed as an effective solution. These fluids
are used in various metalworking and machining
processes for lubrication, cooling contact surfaces,
and removing metal particles. Given the rapid
growth of industries, the consumption of these
fluids has also increased significantly, with global
annual consumption estimated to exceed two
billion liters.

In the United States, approximately 155 million
gallons of these fluids are produced annually, and
about 1.2 million workers are exposed to pollutants
resulting from them. Although there are no
accurate statistics on production and consumption
in Iran, field studies indicate that in just one
industry producing engines, gearboxes, and axles,
the annual consumption is around 200,000 liters.
This increased consumption can pose serious
health risks to workers. Metalworking fluids are
produced in three main types: pure oils (mineral
oils, anhydrous), solutions (mineral oils emulsified
in water), and synthetic fluids (water with
soluble compounds, without mineral oils). A key
component of the first two types is mineral oil, a
complex mixture of various chemicals. Depending
on refining quality, mineral oils may contain toxic
compounds such as N-Nitroso, triethanolamine,
diethanolamine, formaldehyde, and polycyclic
aromatic hydrocarbons, which can be harmful to
health.

In industrial processes, especially when in
contact with high temperatures and rapidly moving
surfaces, small droplets of these oils are produced
as aerosols or mists and released into the air. Oil
mists, mainly containing particles with diameters
of 0.1 to 1 micron, can remain suspended in the air
and enter the body through inhalation or ingestion.
These particles can irritate the eyes, nose, and
throat, and smaller particles can penetrate deeper
into the lungs. Long-term inhalation of these mists
can lead to diseases such as occupational asthma,
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pulmonary fibrosis, hypersensitivity pneumonitis,
and even lipid pneumonia. Research by the IARC
indicates that mineral oils used in metalworking
can cause skin cancer.

To control the harmful effects of metalworking
fluids, several measures can be implemented,
including preventing aerosol generation, improving
machining equipment design, replacing hazardous
materials, and using air purification and personal
protective equipment. However, due to economic
and technological limitations, implementing these
solutions is often infeasible. Currently, the most
common control method is using air purification
systems to remove aerosols and pollutants from
metalworking fluids. These systems operate based
on mechanisms such as filtration, adsorption, or
electrostatic methods, each with its advantages and
disadvantages. For example, electrostatic filters are
effective in removing airborne particles but may
not perform well in high-humidity environments,
have high costs, consume a lot of electricity, and
pose safety hazards when removing water and
soap mists. Other methods, such as scrubber
systems and adsorption, do not adequately remove
pollutants from machining operations.

Filtration is one of the most common methods
for removing particles from air streams, widely
used across industries. In this method, particles
are separated from the air stream using physical
mechanisms such as gravitational settling, inertial
impaction, and diffusion. Recently, nanofiber
technology has gained attention as an effective
method for particle filtration due to its high
collection surface area and low airflow resistance.
In filtration, molecular mechanisms also allow
for the chemical absorption of particles, gases,
and vapors alongside physical mechanisms.
Adding organic or inorganic compounds to filter
fibers has gained significant attention, allowing
for the production of hybrid fibers with special
functional properties. The use of metal-organic
frameworks (MOFs) has enabled the production
of hybrid filters with optimal performance due
to their high adsorption capabilities. Studies
show that integrating MOFs with polymer fibers
forms fibrous composite materials that offer more
advantages than single-component polymer films
and mixed-matrix membranes. This combination
can enhance molecular transport and facilitate
easier access to active sites of the MOFs, making
fibrous composites attractive for applications
in textiles, personal protective equipment, air
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purification, and filtration.

Accordingly, this study aims to design,
construct, and evaluate an air filtration system for
removing aerosols emitted from CNC machining
operations using nanofiber filters containing
metal-organic frameworks. The air filtration system
refers to a collection consisting of a cartridge
filter, nanofiber containing MOFs, an aluminum
filter, and other accessories. It is anticipated
that the filtration system utilizing nanofibers
containing metal-organic frameworks could have
a lower pressure drop compared to existing air
purification systems due to its high porosity and
ease of airflow passage, thereby reducing energy
consumption in machining industries. The design
aims to significantly reduce the dimensions of
the air purifier for use in the outlet channel of
the ventilation system, as air purification systems
are typically large devices occupying significant
workshop space.

2. MATERIAL AND METHODS

The study was conducted in an industrial
setting that utilized various machining equipment,
including CNC and milling machines, and grinders.
The facility employed water-based coolants during
machining processes, which contributed to the
generation of oil mist. The steps were carried out in
the following order:

« Analysis of the performance of the existing
ventilation system and its design challenges

o Pre-design phase of the local exhaust
ventilation system

« Synthesis of the metal-organic framework
ZIF-8 and construction of the nanofiber media
filter

o Evaluation of the structural properties of
the nanofiber filter containing the metal-organic
framework

« Design calculations.

« Construction of the filtration system

o Construction of the local exhaust ventilation
system

o Evaluation of the air filtration system’s
performance

The first step in the study was a detailed analysis
of the existing ventilation system to identify
potential challenges and areas for improvement.
A site survey was conducted to gather critical
information about the pollutant sources, workplace
layout, and equipment locations.

In the design phase, the following considerations
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were taken into account:

. Pollutant reactivity, flammability,
explosiveness, and toxicity

o The workflow of the machining process,
including raw materials, secondary compounds,
and main products

o Ergonomic factors and the movement of
workers in relation to the machinery

« The positioning of ducts and ventilation fans
to optimize pollutant capture while minimizing
interference with production processes

This study focuses on the synthesis of the
ZIF-8 framework, chosen for its ease of synthesis,
durability, and lower production costs, making
it suitable for commercialization. The synthesis
involved using six-hydrate zinc nitrate (Merck-
Germany) and 2-methylimidazole (Merck-
Germany). Specifically, 4 grams of zinc nitrate was
dissolved in 150 milliliters of methanol, while 8
grams of 2-methylimidazole was also dissolved
in 150 milliliters of methanol. The mixtures were
stirred for 3 hours, after which the zinc nitrate was
added to the 2-methylimidazole solution and mixed
at 50 degrees Celsius for 140 minutes. The resulting
solution underwent centrifugation at 6000 rpm for
30 minutes, was washed twice with methanol, and
dried in an oven at 50 degrees for 24 hours.

For nanofiber production, polyamide 6 (PA6)
from Sigma Aldrich was selected due to its excellent
mechanical properties, thermal and chemical
stability, and capability to form thin fibers, making
it ideal for electrospinning. Formic acid served
as the solvent, and the electrospinning solution
was prepared at a 20% weight concentration,
maintaining a weight ratio of 1:10 between ZIF-
8 and PA6. The solution was stirred for 20 hours
to achieve homogeneity and then placed in an
ultrasonic bath for 2 hours to prevent agglomeration
of nanoparticles. The electrospinning process was
conducted under optimal conditions: an applied
voltage of 10 kV, a 10 cm distance between the
needle and collector, an air temperature of 25
degrees Celsius, and a duration of 120 minutes.

Structural characteristics of the nanofiber
filter were analyzed using Fourier-transform
infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), and BET testing. The hood
design for the ventilation system was based on
equipment specifications and pollutant generation
mechanisms. Due to space constraints for worker
access, a standard non-enclosing hood (VS-80-
12) was used, as recommended in the ACGIH
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industrial ventilation manual. To calculate the
ventilation system specifications, psychometric
data, airflow rates, channel velocities, pressure
drop coefficients, and channel dimensions were
required. The pressure-velocity method, which
accounts for pressure drops due to velocity changes
and friction, was employed for these calculations.

The filtration system comprised two main
sections: an aluminum pre-filter and an E11 class
filter with a nanofiber layer. The pre-filter was
designed to capture larger pollutants such as metal
chips and lubricating liquid droplets, chosen for
its mechanical strength, corrosion resistance, and
washability. This pre-filter reduces the overall
pollutant load and protects the exhaust fan, thus
enhancing system efficiency. The second section,
the E11 class filter, targets finer particles (PM<2.5)
and aerosols from lubricating liquids used in
grinding.

The nanofiber filter was laminated onto the E11
filter in collaboration with a filter manufacturing
company. The lamination process involved
applying special adhesives between layers, ensuring
strong bonding without compromising filtration
efficiency. The layers were pressed at 70 degrees
Celsius to enhance adhesion and then stabilized
in a controlled environment. The pleating process
created uniform pleats in the filter layers, which
were held in place by special molds to ensure the
final shape.

In this study, a centrifugal fan with radial
blades was utilized, known for its stability against
pollutants and efficiency in gas transfer. The fan’s
performance was evaluated based on airflow rate,
static and total pressure, motor speed, suction inlet
diameter, mechanical efficiency, and power.

To assess the filtration systems performance,

an E11 class filter was tested against the nanofiber-
enhanced filter. Particle concentrations were
measured before and after airflow passed through
the system, focusing on various aerodynamic
diameters. The ventilation system operated under
standard conditions, with contaminated air
introduced for testing.

3. RESULTS AND DISCUSSION

During visits to the industrial unit under
study, various factors were assessed, including
the dimensions and coordinates of pollutant
sources, existing devices, personnel movement
paths, working methods, access limits, and design
obstacles. Due to the inefficiency of the installed
ventilation system, a redesign was necessary,
focusing solely on the ventilation system while
disregarding other pollution sources.

The extraction hood was designed to be as close
as possible to the CNC machines grinding wheel.
A flexible (accordion) duct was utilized to transfer
contaminated air to the filters, allowing for high
aerosol removal efficiency without the need for
ducting to discharge extracted air, as the purified
air is returned to the environment. The local
ventilation system comprises several components:
a local extraction hood, a flexible duct, a filtration
chamber, an aluminum filter, a centrifugal fan, a
tube sheet, and a cartridge filter module (Figure 1).

To avoid obstructing the operator’s view during
grinding, the extraction hood was mounted on the
multi-axis arm of the device, allowing it to move
with the grinding wheel. The optimal installation
distance for the hood was determined to be 25
centimeters from the operation point. The hood’s
dimensions were based on guidelines from
“Industrial Ventilation,” ensuring the width was

—
N

Fig. 1: Schematic of the designed local exhaust ventilation system (1 - Local extraction hood, 2 - Flexible accordion duct, 3 - Fil-
tration chamber, 4 - Aluminum filter, 5 - Centrifugal fan with radial blades, 6 - Tube sheet, and 7 - Cartridge filter containing a
metal-organic framework nanofiber)
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Table 1: Performance results of the filtration system based on the mass concentration of particles

Hood Face

Filtration system

Velocity

Difference (Pa) (m/s)

Pressure Inlet Concentration Outlet System

Filtration System with

124 18.72 12.57
E11 Filter
E11 with a Nanofiber
L .
ayer Containing a 143 17.32 923

Metal-Organic
Framework

at least 50% greater than the estimated pollution
plume diameter. The final dimensions were set at
10 x 25 centimeters, with a 45-degree entrance
angle and a throat loss coeflicient of 0.25, ensuring
effective pollutant capture.

For optimal operation, the ventilation system
requires a fan with the following specifications:

Inlet Diameter: 13 inches

Motor Speed: 1191 rpm

Motor Power: 1.51 horsepower

Airflow Rate: 1273 acfm

An aluminum pre-filter was installed as the first
stage of purification in the airflow path before the
fan, effectively capturing metal chips and lubricant
particles. Following this, an Ell cartridge filter
combined with a nanofiber filter containing a
metal-organic framework was used as the second
purification stage. This filter can withstand a
maximum surface velocity of 0.2 m/s under specified
pressure differentials, with three square meters of
filter area sufficient for the system’s airflow.

Performance tests indicated varying efficiencies
for different particle sizes. The E11 (filter
demonstrated a removal efficiency of 92.64% for
0.3 micron particles and 94.27% for 0.5 micron
particles. As particle size increased, removal
efficiency improved, reaching 95.96% for 1 micron
and 96.68% for 2.5 micron particles. The filtration
system achieved 100% efliciency for particles sized
5 microns and above.

These results confirm that the filtration
system effectively reduces secondary pollutant
concentrations, particularly for larger particles.
While the designed filter shows acceptable
efficiency for submicron particles compared to the
E11 filter, a reduction in efficiency for smaller sizes
is expected due to limitations in particle capture
mechanisms.

To evaluate the filtration system’s performance,
mass concentration was assessed in two scenarios:
using an E11 filter and using the E11 filter with
a nanofiber layer. Results indicated a pressure

Journal of Health and Safety at Work 2025; 15(2)

(mg/m?®) Concentration (mg/m?) Efficiency (%)
9.42 11.17 0.82 1.93 0.57 92.88+2.44
8.95 10.33 0 0 0 100

differential of 124 Pascal and an efficiency of
92.88% for the first scenario. In the second scenario,
the pressure differential was 143 Pascal, achieving
100% efficiency (Table 1).

This study marks a significant advancement in
improving workplace air quality and mitigating the
harmful effects of machining-related pollutants.
However, it has limitations, notably concerning
filter dust capacity and saturation. As operating
time increases, filters clog, reducing efficiency and
necessitating periodic replacements, which raises
maintenance costs.

Oil recovery from metalworking fluids
remains a challenge not addressed in this study.
While coagulating filters could enhance oil-
water separation, further investigation is needed.
The initial costs of advanced filtration systems,
particularly those using nanofibers, may be high,
along with ongoing maintenance and replacement
expenses. The long-term environmental and health
impacts of these systems are not fully understood,
warranting further research to evaluate these effects
comprehensively. This study primarily focused on
nanofiber filters with a metal-organic framework,
which, while promising for pollutant removal,
may not be suitable for all metalworking fluids or
specific operational conditions.

4. CONCLUSIONS

The system developed in this study
demonstrated effective performance in controlling
pollutants from machining operations, successfully
removing contaminant particles at the source.
Results indicate a removal efficiency of 100% for
larger particles, while the average for particles
smaller than 2.5 microns was 99.88%.

These findings suggest that using nanofiber
filters combined with a metal-organic framework
and aluminum pre-filters is a highly effective
solution for managing pollutants in machining
operations. This advancement could significantly
enhance working conditions across various
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industries and mitigate the harmful effects of air its dust capacity and saturation. Future research

pollution on worker health and the environment. should also investigate the impact of factors such as
However, to fully evaluate the system’s airflow rate and the type of metalworking fluid on
performance, further studies are needed to assess system performance.
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. Fourier transform infrared spectroscopy

. X-ray diffractometer

. Brunauer-emmett-teller

. Scanning electron microscopy

. American conference of governmental industrial hygienists

G W N

Wy


https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

Wb P ol conz (gl Gl o eolial 350
el 004s (Solvent-based Polyurethane Adhesive)
b Sl n sla Sy Jdoa vz cnl (T
b 4l e b ooz ) loagd 5L @
G5l @IF8 Jhl Coxlr 5 welll)
o Rl b (682 Ty 5 90 (JsSUse
P Aw -0+ + 3gu> 05 J S 45y o
Sl e 3 WSS S9d e oY 4 b ad Jlesl
S5 Sgdune 1y ygamel 18
(e o35 e VY C° L sles oo @
bad )3 1,8 s cou bayy cwe Jlesl 5l
PESN AT L PRI ESUSLA IR VIWWE TR VR V) 49)’{@15
O Mg plSoxiwl iol3dl cely a5 ol ploxil wgands
@ Sroeky sloo sy ded (nl )3 098 oo Loy
255 9 ) Y i Wig g M o0 gdders Sl
(Tg) sl Jal los .ausS co Cu g5 ZIF-8 LSl
V8- C° L ZIF-8 5> o ,luly s A+ C° = ael b
AY9) 0,00 )18 el eagase yo Vo C° cpl by .l
Soe ay ild daayy G W Conld ol Wl
ol 2,5 1B oab LS slas 5o aigdo )+ ol
b bl cod onl 4 58 bow il (505 )l dy
Sl ogare Grdle S 35k 5l il ey
Gl 380 jeba uile cpl ul ool jeue
ojlail g olaws 0,5 olm! pld il o |y S3lesy
3518 35 slasls g il (b 4 (S b
o 5kl S gl g lacnr (G2 19S0 5l Glebl 61
ol solatul ogaste sl eS8 L o JB 5l sl
IS 5l byl oo a5 055 sl ol by L JB
(S dely anl B el Gl ey 255 1y 055 e
S 0 5 09doe 03ld B 2l S8 g olal 4 1S
S ead HEPA? o 5,15 ol JLslu b

ASTea £57 L] 0
ooy b3S 50 5l 5,8 iSTsn 5l ol aalllaa 5o

2. High efficiency particulate air

way

wolypo b JUS Sbil o lastinl slace sl
Al oo wlolws ol g Lo JUIS Job « rdge jlid
wsts sloaibls Slosloe plxl jslate 40 (29, Jlez
50 45 3,00 5929 ACGIH o, luilewl olul p ssio
Wl b il 2 S 23 iy, 5l allln o
i b Slinlons ol g 8 ool Jolei

ATV V7)ol eolaiw]  Slawlrs a5 5 5l 1653

dalllas cpl gly ool b el xld wilol

ol Gua L S e a8 el Lol isu g0 Jelis
b clugSa Lsle pl wlad cual 9 bl
g o Sles Gilwdigy b &S Cuwl ouds
Lo 4 pao glodugyl 5 sl glooan¥VT o)
BUSETO) TNV NS P NI
sleasl s asle poas,o sboanl gjlulas jglieds
Ll oals b (6,0, Slule S5 @l yhad 5 (o318
(Sl pllotial b ola Sy Jdo 4 il
b Rl g sgiend CollB ((S9y95 plp 5o Cuglie
G onl s Sl gl i sln (S
o Jisl glacaw! 5l deoanYT L gals oo
Sl 1y a5 LIS 5 008 655l 2STsn
L ol yo EIT oS 5l8 cpgo ise (VY ,VF) aos 0
Sl ly Sl wszlr @l sl aY S
i sl B 50 6 ly, Slule ;1 esliiwl alaulg
Gl o bl cole 5l e cl ool 4w
2 Sl Gl pld 8,0 S g)ken LSl
owilis 50,5 Cuwed Wnld L E1L OIS 5ld (g,
oolo] Lidlns slaan g coolainl 8,90 slaas¥ lol .ol
S iz goi il Jleel ¥ w55l
Cell s U ey a5 all slaeSa Wb
ez WS ol ]y plie (Sain (il il

1. Particulate matter

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

Gl o Soliwl Lus

in wg cdle) iSlgn 53y S
(Lo
SiSTpe oleo S LS o

Soliwl las gl oals S Glorudgd @ azg b
25 Doyt 55 GiSTom Jolae U5 b o 25Tom Jokeo
YV V7)) o8 dwle

FTP .
EFTP=——— ¥
< Jse

ASha ol e
Sedien Mg (5395 wlas S)ls a5 alse oL >
6395 0I5 Ol Sl Blg g9 (65531 eg 0 jLid sl
7)o ailbwe i 4 oolpring sl iSTen

YY
Q... XEFTP .
AHP = inlet ¥
6356 o2
cfm JRCP Q
Hp ,31ga gy AHP

inwg 5S1g Joles 5 jLud EFTP

ST S Lo

Z9> 4l 9 oy slawi b iSTee Sl ylendly
GRIP L 5 cnl @ o)l i alal) doa L >
o9k 4 aboe Gl s (Sl plenil) oy slaas
ool A il o caslio 20e AL P slroyy Slass S
Ol mles oo Sl /FD B /D s Sleadly olass
$loon L 35 0 5l 50,5 2STom (SlSe plaad]y ol
ALl a0 80 b pln l9e g5 agly oS elad
dga> 5o Sleudly (sae ) oy (6 iSlas slass 4
ATV V7)o asd 8 a0 + /70

SSTem 0, ol

Lgoylosls o> sl jo i1Slan 0y a5 Jlgs

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohEsn g (S)eid g5 (ala slsys

Gegd 4o S a0 3 eolatul Shb o o eled

2lr 58 lal i shls eiSTea (ol (e
o oGy Aoyl JUisil gz o amlio 5 laoaY]
Sl g5 0529 4 ool 5 alz slrosy¥T s
alio Lulpd )0 01586 g9 b analie )3 5005 (25 5
ATV V7)) aled obool (6 g jlisd wilgs o

o elely adllae onl ol ASTee

(Qiuier 538152 Glie ()

SiSTsn Joles JS Lt 5 Ssliallzd (Y

(EFTP / EFSP)

(RPM) )g590 y90 (¥

SiSe s alles ki (F

(ME) iSlgn Sl o8 (O

(S92 55590928l g 00 Olgs) S lge j08 - (7

OHSlge Slaslre )3 05 Laly, 4 aslsl o

RV LESAY

iSTha folee il Lis @

G Lulyd 5o caslin Sl Jlid el cgz

5 e St L5 i oui¥T s slenr pobie &

A5 GSTee sl 50 9 20,5 aulxe ;5 dhal,
(VY YF) o 4z F

Ersp=22F Y Jgo 3
P = KP
mT _ PatAp Y Jse s
SPi
Pa + Ap + W
in wg SiSlge Ssliwl jLzs FSP
in Hg b0 o jo g Lad P,
in Hg Lb,o phaw jLad s

Ao 590 £las )| Ap

WA


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

s 3l a9 LB lse by j0 Ssmge DS (goae
sla,hd o g WSoslail -l ol (6 Sosluil aleles
G900 9 5an V0 g0 VIO N /0 /Y Sealinng ST
@ b s able dagialojl ol plxll cqz 28,8
&slslely o lastiwl byl i 4o (AY+ CEM) ouisdamlxe
20T 00,5 0,lg aileles s 00901 (slgo )b o g 0
Sealinog 51 ,lad b olyd B gly s 1 b asleles
A GBIl (o 55 2hd oS S g o Sglite
00l s Iy araal wlolss (59, » Aoz (g e
20,8 iz NRC-54013 o llewl @ a>g5 b Siog
bl Sl o lysd dawgs SS9, cpl . (V)
sle sas SU adgl oSlee Sbj,l sl (NRC)
Ol 53 el Al anng 5 p5k8 o b Jo LU len
Fde JB la oaiss SL L b)) cuer b,
Jolsd 1o a5 ol 45T 4y 05 o oolaiwl &l )d oi lels
Y Solioog ST yhas b lyd goae clale calise
5 gl > 90 )0 yleg See V¢ g O VIO ) /0
2 able 2B 5 oad Biled By oltws o,
Ol o W 0sd ce odimmiw day g o sla ooyl
Sl 5T (sl ykad sl 3 hlad gz asllias
oo lawg g, S0 Vo g O (VIO ) o/O /¥
15 (melSS| PCE =8 ,) PCE-PCO 1 ils U3l
gl o 0 eads b ailels g5 O jglne
o)led oo 4 azgs b Lules g w5 el (209, 5
e ca¥l gone cdale ulul p abls LIS Y
53 (Seoliog 3T glo jad 5l ol e (gl S Lape
S5 Llpl PCE-PCO 1 olSiws .au0,5 dcwlxe ool
Sl g jo ald clale jasis gl 3 ks
o3lail 1, s 0,3 o3l rud wilgs oo I3 0w leus
Lod sl ygaiw (gl oiws 0l poogdle 0S5 (5,8
Ldly ol G |y o) cpl sl s Cugbs g
O 6l oai el D3l aiS o o o )5 den
ol pogdle .l ool b 19 Sogll e ubo

5 2l Gle Cae Bd> 0 S e oy 2 e

1. National research council canada

wqq

9wl oo (ST 5l (29,5 (b Ol 00 lea

ATV V7)) 200 )5 sl )y i 0 ol Slaide

AHP Q, XEFTP

BHP="""— = BHP= 00,8
ME 6356xME

HP(Lr s (2S120n 08 BRp
HP ()l o) o Sbx 0¥ AHP
: Jolee J57 L8
in wg i EFTP
. ailao o ,351ea
min J‘S‘}m Qinlet
obesdly oo
Sl ME
FSTo 57505 ST o 0

oy iz Olg el s odle [iSTen jigeg S

dond Saol 5 4L ool Al ol Wb Haioen

os)LC‘\.'jLQs_iu).u Jﬁ)bwj&ola‘slyb

Olg cnlpl dles el 1) loa J5ls Lad cél o>

5X ol e ooy Jlost b (HP) (25150 55505 250
BHP

HP=———
X

A i :
o Jge

(b o) (25192 553509 58Ul s HP
7-15 (IP) S gowine 5l S oo po
ACGIH gxio 45505 slosal,y azulis X

.(V\)..\io)f S

b Syl ol 5, 5lae L)
A S gl i el o Slee 0Ll s

O Ls Sy s wals L3 olgie 4 E1T LS
~SH oezlr ol (gl Y o Lol en ELL
chle S5 enl @lp cdS 15 Gbyl 850

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

S e G b ool VS-80-12 ol
Il (V) S b Sy 0l aulses

W)QOOW&M@)BGEMCSP&&N
Wl dwle ) adal) 5l s cel 3w oldes

N Jserd
Vs = [ﬂ'dj N(3. 143'937j3000 =3090.54SFPM
12 12
UT )o as

(surface ft/min) Sow xdaw S oo :Vs
(inch) K ad :D
(RPM) K ey Sy N

] (2D50 0liKo 090 b Clasio @
93k 9o Aol b plp 350 (oye aslllas (nl )0
b b e getle Ve o] ke g e
Bl el )l 4 (e S b (H) 050 glis )] (izren
YO x Ve ogp ol Sl Jlade a5 w0 5 pudas +/Y
5 42,0 FO o5 (639)5 asly WD e el
VS-80- o, lasbwl 4 slowl b + /Y0 28505 cél g o
0,Slos 00iuS ol poliae (! el ool i 12
905 bl 4y o] Jsl g Sogll G 50 090 canlio

Sy jlid oy, Slewlro @
wlolu)lid Jobs Slewlne al>yo a3 99,9 51 iy
o llinl b gllas (Q) 38190 Jlade ol p3Y yses
3ol (699,9 polie wlulp aibels Sl Slawls
A sy Ojgo a4 Sledbl cpl ol plodil iog ol e
Ol el ol ools lid Cawg ALY Jglas jo o
s J5 50 Sl JLad il Bas b Slewlre
g USs) we S slel jiSlea U ailolw akaii oy 5,90
3y ailelu )l dsdad o ol Slawle (Cawgn
oy plol iSTen oo 4y (0055 392) ylodl (4 13590

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohEsn g (S)eid g5 (ala slsys

4 ogle 5 ol @Glo Cans 5l (5)l0 dised 35 alo
50 .2 alosI NIOSH5026 o lasbiw] (6,10 pdiges b,
2y Voo b o)l paiged oy jloslaiul b g, o)
Omly o 4880 Ve Dae 4y MCE (] e j2li8 5 4d80
Loy dges 3JUT 5 o ploul ailele Caws YU 5 caws
Y YV)a0,8 slosl je,80500k mwaads oKiws
PCE HVAC ol pagile lawg ailol jLis cdl

28,5 &g el eS8 2-ICA

b Syl @V o )lad Jge b

E =|1-22 %100
Ni

srleg, (Qyﬂ)amsal)é slass ni QT)QAS

m.n

Grle &, 5o ol olaswi Ni g Lo Cawdipmly jo i

m.n

RUIV | FRVATLIWRY | PR

wlol 4 jozmoe cxog0 ol dygyd ailoln >/ b
32 (gl il
Bl bkl 18,5 Sl 0 b dged pew
oolioms Siw a4y alols 1 3 SGo3 10 0uiSe B9 oS
95b wbel el Lo 408 > b CNC oK
palasl JUE 5l (K &S > yeme o olKiw
D3 o s 4 ooyl slea Jl gl (Sess 5T
oleaily @ azgi b oS casl (S5 ALLE Lo solaul
alole by o g5l Bi> 0 YU oo s i
sl zor slp SIS 4 Gl el
oabdial sled g 0,00 dgzg IS laa ool 1556
Sloloaods  jsbay 00,5 ol bame 4 loaze
So® ] ) 6‘?‘ t}.nL..u OM‘f‘JJo ksv..c}/a 4.:9.@.»
alrase “5353.5)51 fd.adl.lg:.)‘ JL‘[S ‘LS"‘c}a 0l
L3S e 5l 505 2519 csmseinsll L (gl L3
() S Joile 5 utions (et lao
ol ool oolo Ll VS o aslelus | SColeds sles

Koo


https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

QG

ND

oad (b ndge 0uiSe 4ge3 ailoles Siled ) S
S g5 tlad oo b 550 5l 50,5 415D asairasll AL (sl 2l alaions ¥ S550l8T ySllanl JUSY ¢ gadge 00iSe 350-)
()5 el oozl ool adgil uls-V g

\\J LUJ‘AL‘NN.M

Z1F-8

oads yiw Jle 5l XRD oY Ui

5le Jobae U5 5 St JLiE (KO, ds5as

90,8
g o,Slee gz coddplxl Slawls ulul
ol gl VPV Jolee Sl Lad L a0 ailol
O gods |, oa9ﬂ Lg‘pw.x‘j.q L;Slﬁ.aéfdj‘o..\..i)

lae gl ils dilols Olais @
ooiesl| b iy gl yiled ol (> 5o
Gl Gy s 0 bal al> e gl olyiea
(Cowgm ¥ JS8) 0l ceal (2STs 31 iy 5 (69959

o)

O3l g JUB ol Gl 4y bgype olise el g
u.....u w‘ 0du 43‘)‘ W}u A Lv ‘“ Jj‘..\? )o LQ)L..MB
Bl 45 2y & jeo (glisTay Sl slo Lis
F30 Srglenz slp 3lisyse sl bz el e
1 yiSTam oLl s oipl T oy y2aS doossyYT

Al asls

ol 4STes (b Slazio o
GSlge el b g able %y Grege
lothd 5l e g gl ilS alaioes S350 45 o
el ey 15158 (nl el 0 dran agiiasl]
)13 onge p 1y alele 9,0 19 b > oS e (595
Slop o> bz 5 4 azg b o] (S Slasi

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

oh5es § S g5 (ala sy

O 2l sle dazie o) ooz

a>lg Hlado
= VY
rpm 114y
acfm \YVY
S VIO

dasin pb
S99 wlas ;las )
2590 590 Y
ls2 bz 25 Y
s55es Sl ol ¥

3wl ZIF-8 Lol XRD slocsy :Y  Jous

o, lsliwl ZIF-8 Lol sy oamolis ¥ Jgoo
9 AYIY 4 °VIE o kol Gy Glogad (plje
MQGA ULA.MJ as ..\JBMGA 0dsd C}.aj L O\A 9 D\?/f
5 TZn? lage Jels ZIF-8 ek JLsls (7F
PL WIS VLSRG BEGH P KVON g TGOV gppr KL
Cel ol pl s oo JSis 1) Jodseie goman
D3> lp 608 4 pamie pl> ZIF-8 b ogd o
S )5l o3l sacmolis Jloges ;o (FWHM) oSy
Sl slocsty Bl gy Gl is s
S5 iS5 S5 SlaS sk euiadlas Vaens
Lol diges 4o
ZIF- digei S5 5l oS (FTIR) ool logal
w‘&m‘:d}&uwm&umwws
)L._’>-Lm )Q aliso ‘5>L¢.o...~4 ‘_ngoa)f L bj.v).a as
ol el 4 jloges ol Jdos il oo oS 5 o)
L dalsl )Q ..\..SGA S5 ZIF-8 )L..’>L..u u.\.a.’l.) 9 Lbosjf

30 Sy (V USD) puilo g loged o a8 Jdos

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

A1 )

YV

\7If
e

v

"
VEIY f

[

9
LY em Cwls g £0X £o cm ool b 2ls oyl
Sl dea by jee Codb g (S8 SJLE @ axg
3 g ks sleasls 555 Hebay cudly g WS
Ell 5,5 s2ld splal sl a1, 5,00, b
Oyge 4 JsH oo la sol> BUIGL il ol en
ol iS1ga 5l e cdbal pgo Al o lsicds (i)
<Y m/s gSlas odaw cao o Joos Sl 2l o
S oS ks o bbbl asin jlad Ml cos
S mhe @i 4w NYVY acfin s se slsa
R u_élf alolw wl ‘_g‘y'e s> uL’P I ‘_g‘).g

ZIF-8 Il 3l com )l 5l Lo Slasico
il yie JI -5l oszly XRD sl
Sy aslol o wrs o lid 1) laasin Sy
(Y JS5) 268 1 o g duglie ZIF-8 otz
25l o Gl Gl g
oSy ol wmse olis VA SVSIE SVYVEVE
00t ()L 45" it ZIF-8 &l sl | llae
(X5 YO s0ke o) oge S5 5 (6o L5l

1Cop


https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
https://jhsw.tums.ac.ir/download.php?mod=a_atch&atch_id=1997&a_code=A-10-1-229&sid=1&slc_lang=fa&count_me=1
http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

120
o —‘H\/K
80
60
&0
z
[}
2 PP
gz =4
5 3
3 ¢
o | ] [ 2 o |
4500 4000 3500 3000 2500

0

C stretchin

(aromatic), N-H bending

stretching, C-N
(aromatic), C-Cl stretching,

§ |

900-600 cm™*: C-H bendi

1800-1600 cm™: C:
600-1400 cm™: C:
1300-1000 em™: C-O

2000 1000

7

0l Yw Sle )| FTIR caL..s ¥ J&&

BET ‘5).5@).»1 )| J.‘al> @Lu Y J,»\?

The volume of
of cavities (37)

Average diameter

BET surface

cavities (cm3/g)
VIYY Yy

Sl slasiis wlals,l s CH piwed olals )l 4
S5 ol S Sl ganl a5 il b e
(YO-YV)ee!
ZIF-8 oole Oliogas 4y bgye ¥V Jooo mls
o 5 i Lasgie 8 (BET) o5 gl alo |
VOPA L ly ZIF-8 o5 haw jlade il g &l ya>
02u20 L YU 0% g e .ol (M?/8) 2,5 3 200 %o
Sy ol rhaw coluw lyls cole ol as” il )
Sl SRy ol &5 wilige K0 3lge b a3 L Jolss
Sl pe Sl B3 Cd> g (5,956 slao IS
:(Average Diameter of Cavities) <l,a> lawgie ,lad
(YY) gl YIY L gl ZIF-8 o &l o> lawgie lad
sloslail 4y oole Wlja> a5 v oo lis ol ol
&1y hlie sle JsSge ol o sies SsS

area (m2/g)
VOFA ZIF-8 )

S Sl )| 4 bgsye Ygane YFFADCM ™ sg0
o) MOF (glocaS 55 45 ool NH L OH (sl 5
oile Bl Slge by Cugh ) Heam Jds ay ol (S Sy
YAYAXY em™ sgom 0 Sy bl sle o
Al sleeg, S o CH s olils) 4 wlg o
30 Sy el axsls o Ll sl 4y e eols Wigw
C=N | C=0 a5 olils ) 4 bg o VFFF/ Yem”
2 Sy el (38 Sl 4 Jate T sl oz yo
sbdil> 3 C=C a8 olils,) 4)OAF/FS cm™
9 Sy el bgipe C=N clils)l L Sles)]
Wog,S o CH ciwes wlils | 4 VF-#12 em™
Ve YYeem? o S ol oylal ol b e
Sl ;s C-N g N-H glaog,§ calises wlilss | Lolis

Veoo emt Sy b o JI slao

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

Ferquency

d T ] T ¥ =T
2 60 100 140 160
Diameter{nm)

ohEsn g (S)eid g5 (ala slsys

ks BUI LS A S5 3 SEM S B 5 C S Ble ol LIl 2L iy, g iSH) ogSg Sean pobuasitd JSis

ole g b aolie b &lyd ojlail atis g
ool 52 D53 s 5 e 085 (e (8 el )¢
55 4358 o oy n i 4y Sl L S
aiyls bled &Of)d 058 gad cdalie gmhaw ;o p5 el b
Gl (pl WS S S Dl Oj50
ZIE- G5 Sleogas b 5w Ghy) Jodd 4 Conl (S
Syl Slress o LSis 4y bl as ol 8

gt oy Gy sl ) SEM pslas
B e e e ]
Bevre AYDe SYO elo gloiS )5 b o psbas o SBLII
oeSles el po (slpy A pas Yoo v gl
SLI 51 Bolas 6,50 5lail ogil B+ dgu b SLII J1ad
olyiess pgal Ghjloy Slalllas Sl g5k yo 0 s
el ol Byme S alre gl Gralas (s,

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

wlp ZIF-8 o Ol o aisS s L asjlasly plo
px> Sl (€mP/g) )5 5 caSe e olw VYY L
Ailgs oo oole cpl &5 el Ze ol @ &l (YL
S 03 0sm o, Slule b a8 51 g0l Jlade
Sleogas b gloske ZIF-8 45 wws oo ylis Sleds!
asle iz leoy )5 o oolaiwl glp sl
ool 1556 g Lo J9Sdge (s 5lulaz 515 (53l o3
i) $9rSI 35asg S (g3l 5l Jol s

ool dy bogy 1o O Ko 0iS e odmlin ¥ S jo 55 1)
sl wWSe b azg b ojs oole (ol gl el ZIF-8
Oypods SIS Sl (plag) 0eSy e I Jol>
Rgpas d9b (oo 0salie wSe )0 Tedg 4 w2y W
slaigr Ojsoay ZIF-8 ol)d a5 awo oo lid

b 69,5 o &gt Ol ailadl ez S5

1Colc


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

120
80
60
&
s 2 o
20 g =
= (=] o £
2 < & £
= s o =]
all 20 £z g 5 s =9
2= =] = = =
S 2 2 = )
s= & = = =1
=S 2 2 = 3H
2 = =3 = =
o 2 £ = = =3 E
2500 2000 3500 3000 2500 2000 1500 1000 500 °

Sl s 4y by o FTIR 27 sl

VIO g peSen N 3 slp g il Al ) o
[+ LFAIYR 5 ADIAF £V 4 cosiyp 4 (y9,5eme
D98 Vg 095w O S sl ole 5o s,
Voo Sl olesdl, Canlys gl yikd ailabs
TR R PRV
oSl gl 1l ilols o Slae b, g
b i S L o g0 B eyr lile @ g
5 s BI1 ks 5l (oo 508 2ld gl & Jol <> 0
s> il &Y S, b ol em E11 il pgo el
2 ld SR Je po Sl ezl
w3t oo Sty Lid S bl gl 285 )3
I\ JBJ.‘> )o 03 ;\J o> 50;@ 6‘f Glolw LS")lSj
o Jyl s jo v o lid mls cl sals &)
U5 s G331 e E11 2L L gl 2id aibel
S 5 JS \YF s lS AL S e
oS o sl ol ol ] ey QYA 7 aibele
5 Sglita a8 b5 15 ol o oad ob il
O e Sl ol 5o el Cawsy L3 >
9 JEL VY ol (o 55 S Sl am 5 S8 jLas

o =

alole b)) 5 el (ohb aslhs ol Gas
ol oVl JyuS jglaie 4 lga ygul 28

o0

9t gwyp o) Bas a5 FTIR iolesl as
oals Hlas £ Ss jo we ZIF-8 50 ,Sloc slo 09,5
O+ em M zgeJob edgame jo iulesl cpl el sal
dges a5 ol olas £ JSs ol bl YO - cm 'L
cm’ zge Job odgaze ;o 0l i Cobdse L ZIF-8
Sdign caumslisas Sl S AYY e cm LYV -
ogdle .ol sawline dgs Ll g oy ,ldze C=0 4 C-O
1 C-0 5 0-C=0 sloxisuy 4 by sl S oy
Ry Ot b <8 VYO cmt B AY . cm ! oogase
b FPO-cm™ o YVO: cm™ o loged 0 S0
(TBYY) A5 o ~OH gy 5 JouS 505 05,5 &
b SIS AL (sl (55 JE2) S s
YYY g/m® o5 5 a4 ZIF-8 L ool (L SLIIsL 9 ol

el 00 09} UM Yy g/m2 9

b syl il 3 Shac-TT
At S sl sl il alels 63,Skes (505
ol yors E11 )" 2l8 g ol old leisy E11 WIS
s ol S5 sz sl sl Y K, L
sloylad L ald Bl jo golaie oLIS uld pl aS
sleosls olul 5 (F Jgaz) ojls alizee  Solinog )3l
o9 <Y oplal yo ald Bde lealy (ciulesl
ko F e S /O IS gl g AVIEE cENF L ol
B leasly ol )3 ojlail olial b 5155 AF/YY

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

ohBes g Sy aigS (ks slsygo

Ol goae clale 4y az g b gl ild ailoles o Sloe bl :F Jgue

3
E
0
(%) albol 1yl5 (mg/m3) a5l cdalé (mg/m3) adyl cdalé 3
E
=
AIPFE NP VSAVA 1IYFL VIEYT \OYLYA )AYAYE  VAYAYY E11 ;L3 el L aileles
¥
b sl &Y S b ol,en E11
QUML) oo VAT AVRYAVASEY  VATRFY il F e Kb don
Sk ozl
AETVE-)-F SEAY FOAY  SAYA 1VFEFT VIFPYA \IF-¥a E11 L5 sl 2k ailels
e El1
b iyl A S Ll
QUAE -/ VEA A A NYAR YRS AYYRAY sl AT K ol
Shek eszlr
/ALY YoFY Y. YAYY  VEYEA VEYOA  YFTYY E11 L el il bl
) b sl &Y S b olen E11
Rt/ f AY vy YV VYafa | YAOE | VATRR il S Y K ol
L 2
A5/PAL- /T FF 0 FY  FFF ATROA ATVEYYVOY E11 215 sl ik ailols
0 b sl 4 S5 b olen E11
QUML) ¥ W YY O RY AFYA L VFroe 3l S Y S ol
ek ez lr
AT AE-FY WP ATY VAR ARV BaYY  8avY E11 215 sl 2k ailels
Voo . . . OVYA | OYYY | oA-Y 8 Sl iyl el ol s B
asn_é‘}lé <y
Ve . . . a5 er AevA E11 1L el il ailels
Voo . . . AYY Veay ars " Sl iyl el ol es BLL
sﬂ—‘_;}lé <l

S ey cdale 4 az g b genl ild aloles o Sloe s 0 Jgus

Y h 3
2 ;1
Y 3 2
3 £} 3
3 3 !
< = 3
S 2 &
s g c
ailobw
AY/AAEY/FE N V/AY < IAY VWY /fY \Y/BY VAIVY \YE e Oygaml yilid
El11 ol ibid
G ol pea E11
adail ay
Yoo/ . . . VoY ARD vy \YITY VFY e
ezl sl
-3

Lol LSS (6590 00 9 Coodls (e 0 Sl Jelge Slale (655,54 51 (256 slo s 3T o5 58 6,15 peiile
(o Gl (o ohisd dsa slaoay YT L aglge CodsS Sgne 9 (b dglge LralS Gaa b os,l53l8
Sy g lon e 3l Lo)le 4 e Wil LK B b Glsr olS 0g IS b s

1160 1€ BB /P o)laid /10 sla (5 gias) § Cublagy asliling Koty


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

Ol 4 az g b Glae addllas opl 5o il oo Giol38
o Jhel oazily gl sl ald SIS
bl o5 e E11 gla ol a0 Cons onds
laddllas ;o ol adly Aol Cons 0 5 gl 23
Ogemlyiled 0 yShos (g 4 (VoY) (e 5 S5
5 S plealy 5 )Lad cdl sla Sy - 85, S
O, los oy ds dlae cpl yo o)l o Ll aliss ol a
3o 5l (89, Cmme SIS Bl o A la il
s B o bl plas olo las s olop oo
D3l 55 5 o el ls (orilin 21 89, 51 55,2
o5 BBl (al 2 ole s (58 S Sz
oy 4 S pleadly (pals g jLad S8l aliEl el z2lid
axdllas 1o .(F)) 098 o0 (5 ymegi B+ LY. )3 (6l
Ell Gla il as ols Lo Vo VF Jlo 0 o562 5 59
Wil asls glo g Ol Glacans Bi> 0 o3 2L
ShE 05y Glacine (Sl il Jlad als' L
San g Lol axlllas (F7) 05 o oy slS 55 ilid
slepls oS5l eolanul a5 wes o las (Y-YY)
3> i) b il el en L EIL il 5 cageinas]
b) B oW ploaily crge kiias S5 oz lz
VIO 5 b el QU 5 ey Sy gl 1Y - -
SIS slaanza 2als b ashy el ol (09,5
lagle slaesi¥T 58 5o 1y 550 sblie w5359 5
el Y 5 Sy 355 ol 5 o ol 5 551
S5ete 9 S S ile a3 L L o (slaoat, VT S o
YoVY Jle jo gladlas .ol |5 lae glon CoaS
ZIF-8 axile -3 slacsz )l 5l ooliil (o) 4,
DA (gly laid )5 118 oals camn 59 ,iSUl LN G p5 aS
2odle L(FY) sl a3lopy o oy Slgw g lae l,d
b Jdo 4 Ble g9l> 093l BLI aslllas cpl jo oyl
slo L S S oulizs L5 J5I55 5 YL o35
Sy sty g slls B a0 (iol38l ) len
oz Jodzxie Jlisle Jdo asla Ble aiws &l ,d LA
95505 3 il Ll o (VL Gl e s
ile) b doos lsar 9 (09,50 S 5l i, I8 aile)

03 9 Glowr lly Rl 5 (B9 pe- (8 WS
ol ) lsn glaoa ¥ J S (bl ol 055
(G Slale 05,00 Hled 4 Sgps S geio
S oedle gloanld o (ol Jelse 5l (S plyea
WS 0y e 5T o Sleles Ll yd cow asili o
o fusg 51 (nl atd pio Gloard LS 5 gl &5
OSen w3z ge bt Ol 5 DS ol 4 aiy
> 5 G o omlS ol Sy s e
YA ) arsl anils o yas 4y ML gl 1, ol e
loean ¥l Bis g 1S (sl (alise slagby, (74
la gy (nl dhoz 510l 2929 (aio ladanzes )3 Igo
S esliiul (ordge s (soges wsts @ Ulyi
slaabeles 5 318 SLI 5 Lo wile snio glo2ld
Sty i8I sla s wiile (g slacs glid p (S
Jedo 4y (ro9e i doaty 3 (nl Gl yo 05 o)L
3K Olsieas g me o lroar VT I8 cLs
Ol 2 (F) Cnl a8 S )18 4z g5 9590 S5 sloSal,
@ BI1 j2ld 5 (coguipegll i3 g0 o8 5 jl canlllan
ooli) S5 oz )lr sl b U L olyen
S 0 e 4z LSS wilols SO 0 90 5o slilie bl
Bl 5o sl ploaily b oonsetogll ild 05l
Gl 4 dea by plp 50 o5 Cueglie 5 (S8, D)0
S g S el pas Jsbo al33l 5 (65,5 Loz
FFek oszlz sl bl s Jlae o
MU leaily b g S /Y 51 5, lyd Bas SUlgs b
3 8kes 5,558 Slayle 5l ol (gl Juss 5T 25 sl
ool glaig ey wlol b ams o il (ghoolall 3s3
Jos b Olyiear (ooseteegll ild ozl o5
loail s 5 S sloaSs alax 5l 55,5 Sl 5 S
s Bd> lp Lo j2ld s 5 wiled B (k8
Silotinr o g0 3,505, () 45 s a3 S S 5,
o370 Ses 358 0 (6, laan o 2alS g lend],
gl g B1L b 2ld oS Jloj ailsbs (ygemsl 23
ol o adlhs j5 oad wsle Sl oz )la ol
G oz O ygods alales oI5 a5 ols lis ol Coal

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

gt 5l e dazme oolaiwl o lblB by dsCillas]
oy lid zmlis 5 o oolaiwl Dl)d el L8 jglataa,
Ba> 2L 6Ll ey oy slo ks aen oS
Jlo 0 oea g 590 (TO) o do o 4+ YL
Gz Sl sl Gleeyld S (b L YA
21 ol oselyiled S 5 JlySt (ST L olsee
Ag- oS 5 a0l 8 sy 0 yee |, PM25 &l S GBd>
5 5w sk 2ld g5, »» MOFs @CNF@ZIF-8
CogeelS ild cpl aS ol lid asllae gl .ol saslis
i PM2.5 B o sloalal 598 0 )15 Jmnily (s,lo

(F7) el ciiloge slocadl o die 10 5 (coms S35

JrsS jehieas cadlas ol o oads b ailels
6,5 es (o 5 pile llae 51 3L sleoasY]
ol adg a0 sanVl &l B o s il
L oy Gio pleally a5 was o plias mls ol
Sly g osm) T e e ar 9,800 B 51 555 slaojlu]
039 7AYAN 5 Kle 0y9,500 Y/ 5l 3 S5S &l\3
5 able YL L5 51 Sl s jsbiws pl Lol
alolos .l IS Lo Lyl 1 59age 9 oso¥T zals
ot 5 sele JSal, o lyieds il e 05
6B wisla LSLQJ-;-.'.TJA &loyd GL:MA.;_)}” JysS Gl
5 ool 5, gl oSl g 0,5 108 colaiul 550
005 Feolaisl o,y iams &l S laoee wedle
5 «Sloposte g Wy anje als &bl et
ul.l).a.n.u.d LS‘)-.' diLo).m u...,..f)l.’ o Jow 43‘)\ Cyaieed
Ol 0955 6,8 bl o soleiinn Wlgi oo ¢ Srio

sl

Sloyud g S =
o3 PhD alaie aabip bl gl 51 oo ol allie

Iy (galinil gl 1L wilolos el 5 by loic
Sl ol » e il ks gl eslanal b

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohEsn g (S)eid g5 (ala slsys

ol sl pls 4 6350 sobar |y (Bwg g 5 s ST
S 92 gl 28 (slagiiasns 3 oolaial (sl ol
SlS Qd a b &S o )lse o pgata (il mpe
58 Sgate 3L [ e Jolge Lasl 5l 6 55 sl 5 (e
s o ojll ladle oo Lobus roygunl il g i
plo as Loy T g0 g aS Sga5 d8lie (! (9,0 4 il a8
Di oyl azgi BB Al Cel Cols Gl iy
5 ol olul Jdo 4 Bl e g o0 I)S
b @iz glalaxe o colaiul glp  oloasd
osliinl gl (Vb il lapild ggi (nl aitun
sleSuls (HVAC) goudns a5 Jin olooje> 4o
Gl 4l o il slolags 5 (ol
Silosls lis iyl 4gTob; Blas S g Ly g iTgm
5 (e BLIGL 5l oolazul a5 ams co lid axlllas
Wl o Oyl 2Led clos y5lid 1o ZIF-8 Logas MOF
sla SogT b ablis sl 0aisS lgaal Sal, G lgicay
Ol 0sd ke o )3 S sS Jlo Blao N3 5 (S
Moo gl 23 (65918 0920 3 (S92 (slaplS (Buow
Bl oo )leds s MOFs ygzean (g olge 3l oolaul 3 ,b
PI@ s, 2L3 Y-V Jlo 0 o)) Ken g 55 (FY)
b ooy Jlad (PI) ol L LI 51 JSCie PDA@MOF
MIL-101(80)- Sle Jtws ,S (s9l> (PDA) (pusbss b
2l Bis sl ly ol ol e gy |, NH2
Sy b (b Colus ivges (2b5)IVL Lo
Ol ygml yild o Slos b 0l ey mP/g Al -
Jlad el b g jamls Bis lonsly 0l a5 ol
Pa-1 la] cuasS 9x5 9 AY /. ogu> Pa’57 S
ol 3 sile a0 Y2 sles 0 PMO3 (gl o/ FF7F
A 4 o g e ik QL e el Cens 4y
g Lials as o Ve o] jlad il iolidl s o Yo solw
3o (FF) o a8l yiol3dl duoyo Ve o QT CoalS e
Al (V1) L35 ) e 5 Sl lavwgs a5 (6,508 anlllas
slacile (g5l LS gyl (el ] LI 5l cd 8
2l S olxyl ol UiO-66 o ZIF-8 (MiL-53(Al)

SN


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

OB s g5 (il
M plins Ko 8 e 255 @B I 5w
(SAD A4S (ool by g QLIS 0y 5 25 ils
ol Codgis a5 wien allie Lol Sy
lins Kip 3 duans 0l 42l onge |, allie 5,155
oage p | o slael o (Saalon 5039 5 (5 e
Joo ol jidi 5 apS el ol e ol aiils
590 9 Slblainl Grgai daosls Joloxi g 4 5o« $udos
8055 Olydy 5SS Wil el anils sage s |, Alie ol
sl Jsb 5 ks Loyle 55 BT iz 5 o
Silos S all 1 w3 slooglie allie args g 2,k ploxi
Aot .l 00508 SaS Allas S wigy g lgiore (pgai 4 g
5 OB o sliae] dod 4S50S o 0T B 0wy
Codlad g Cdlos 4y g 00 diuly cele Caio (lgd

S dgaie gl Olbliiul 5 b @)

S uan e Il 5l esliwl 4ol Lol =
ooee Il 5l oS e pdlel aliwg (pao s g

SeS g 5w Aoz g ialpy sl Gemini cgias
9 0d ..\.Jy Jlas 4.:.155 ..\5‘0094.3 oolazul BT A

Celgtane g a5 o Il Gl daagi 0ad Glalpg b
43‘)‘ SleMb| )L..’Ld g louo g 00y ub‘wy W

ROW IRV I F Y PR RS

REFERENCES

1. Marrian J. Marketing characteristics of industrial goods
and buyers. In: The Marketing of Industrial Products.
Routledge; 2024. p. 10-23.

2. Yurtkuran H, Giinay M, Rai R. A state of the art
on sustainable metal working fluids in machining
applications. ] Mol Eng Mater. 2024;12(3).

3. Fernando W, Karunathilake H, Gamage J. Strategies to
reduce energy and metalworking fluid consumption for

the sustainability of turning operation: A review. Clean

19

2 438 Slule 5 (20 gladus sl Bi cqzr
oBisls JI5 sl g glad > clilage (pwiige 4l
alwginay (Sl 00ged A1 iy gl (S pole
pole oSiils (5,5ld o lindos Ciglee ) B aiuy
adllas opl 5 Jle Colom Jdo 4 (i ol (S
CS, LS g lpse 5l anlege S5 g pais
Sesh ol Gl cam &S Glpl plenlse plo
Shoyd g s JS wilazile L b 1) a3Y 6, Ko

wlo )

PENEARERUIE
0uSCiils IS e 5l aslllae ) (IS ayanls
pole olRails Clacl pole wlidod S50 5 cublagy

IRSBMUPHNS. oS L tige agd Sbp
Zewl 00y 35 REC.1400.151

Mlo ol =
dsb oo &5 wloee el callie (pl pB oy
(o gilio olas g lio opl (3,15 5 ags ol
Col 50 a5 ol 4Bl Sy Slajlo b o
Wie oyl o onts 4l Slblaial 5 b oyl

b asls

Sb ple =
S pele oKails Jbo coles b aslllae oy
oo plmil ylpl Slep mlio lojle 5 (Suige dugd

Eng Technol. 2021;3:100.

4. Haider ], Hashmi M. 8.02—Health and environmental
impacts in metal machining processes. Compr Mater
Process. 2014;8:7-33.

5. Latinovi¢ L, Marjanovi¢c M. A systematic review of
human health risks associated with metalworking fluids
exposure. Syst ] Environ Manag. 2021;6(2):1-10.

6. Asgari M, Azari M, Zandehdel R, Khodakarim §,
Rafieepour A, Tavakol E, et al. Development of a

new method for analysis of oil mists. Health Scope.

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

1o

2017;6(3):e15114.

Asgari M, Azari M, Zandehdel R, Khodakarim §,
Rafieepour A, Tavakol E, et al. Development of a new
method for analysis of oil mists. Health Scope. 2017;6(3).
Hochegger A, Moret S, Geurts L, Gude T, Leitner E,
Mertens B, et al. Mineral oil risk assessment: Knowledge
gaps and roadmap. Outcome of a multi-stakeholders
workshop. Trends Food Sci Technol. 2021;113:151-66.
Lee Y-S, Gu H, Lee Y-H, Yang M, Kim H, Kwon O,
et al. Occupational risk factors for skin cancer: A
comprehensive review. ] Korean Med Sci. 2024;39(42).
Abatan A, Jacks BS, Ugwuanyi ED, Nwokediegwu
ZQS, Obaigbena A, Daraojimba Al, et al. The role
of environmental health and safety practices in the
automotive manufacturing industry. [Journal not
provided]. 2024;5(2):531-42.

Lima FdA, Medeiros GB, Chagas PAM, Aguiar ML,
Guerra VG. Aerosol nanoparticle control by electrostatic
precipitation and filtration processes—A review. [Journal
not provided]. 2023;2(2):259-98.

International Organization for Standardization (ISO).
*ISO 29463: High-efficiency filters and filter media for
removing particles in air.* Geneva: ISO; 2017.

Wang ], Cahyadi A, Wu B, Pee W, Fane AG, Chew JW.
The roles of particles in enhancing membrane filtration:
A review. ] Membr Sci. 2020;595:117570.

Zhou Y, Liu Y, Zhang M, Feng Z, Yu D-G, Wang K.
Electrospun nanofiber membranes for air filtration: A
review. Nanomaterials. 2022;12(7):1077.

de Almeida DS, Martins LD, Aguiar ML. Air pollution
control for indoor environments using nanofiber filters:
A brief review and post-pandemic perspectives. Clean
Eng Environ. 2022;11:100330.

Niu Z, Xiao C, Mo ], Zhang L, Chen C. Investigating
the influence of metal-organic framework loading on
the filtration performance of electrospun nanofiber air
filters. ACS Appl Mater Interfaces. 2022;14(23):27096-
106.

Peterson GW, Lee DT, Barton HE Epps TH, Parsons GN.
Fibre-based composites from the integration of metal-
organic frameworks and polymers. Nat Rev Mater.
2021;6:1-17.

Mirzaei F, Abbasi A, Dehghan SE, Pourmand MR,
Mortazavi S-S, Masoorian E, et al. Removal of bioaerosols

using metal-organic frameworks incorporated into

€ 0BG /P s)laid /10 sla o5 (aa) g Cublagy aslilod

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ohEsn g (S)eid g5 (ala slsys

electrospun nanofibers. Fibers Polym. 2021;22(9):2424-
32.

Mohammad-Gholikhan-Khalaj P, Hasanzadeh M,
Panahi D, Yazdankhah Z, Dehghan SE. Feasibility study
of toluene removal from the airstream by activated
carbon/zeolite  imidazolate framework composite
material. [Journal not provided]. 2023.

Li B, Wen H-M, Zhou W, Chen B. Porous metal-organic
frameworks for gas storage and separation: what, how,
and why? J Phys Chem Lett. 2014;5(20):3468-79.
Mohammad-Gholikhan-Khalaj P, Hasanzadeh M,
Panahi D, Yazdankhah Z, Dehghan SE Feasibility study
on the removal of toluene from the air stream by activated
carbon/zeolite  imidazolate framework composite
material. J Environ Chem Eng. 2023;11(1):110885.
https://doi.org/10./j.jece..110885.

Dou Y, Zhang W, Kaiser A. Electrospinning of metal-
organic frameworks for energy and environmental
applications. Adv Sci. 2020;7(3):1902590.

Kang E, Kim M, Oh JS, Park DW, Shim SE. Electrospun
BMIMPF6/nylon 6,6 nanofiber chemiresistors as organic
vapour sensors. Mater Res. 2012;20:372-8.

Abd Halim NS, Wirzal MDH, Bilad MR, Md Nordin
NAH, Adi Putra Z, Mohd Yusoff AR, et al. Electrospun
nylon 6,6/ZIF-8 nanofiber membrane for produced
water filtration. Water. 2019;11(10):2111.

Wang J, Kim SC, Pui DY. Investigation of the figure
of merit for filters with a single nanofiber layer on a
substrate. ] Aerosol Sci. 2008;39(4):323-34.

American Conference of Governmental Industrial
Hygienists (ACGIH). Industrial Ventilation: A Manual of
Recommended Practice for Design. 30th ed. Cincinnati:
ACGIH; 2019.

Mateen A, Ebrahimi H, Pirani D, Khalilinejad A.
Industrial Ventilation Design. 2nd ed. Tehran: Academic
Jihad of Shahid Beheshti Medical Sciences; 2020.
Handscomb JR, Eng P. Use of ASHRAE Standards,
ACGIH Industrial Ventilation Guidelines and Client
Standards for Industrial Buildings. ASHRAE Trans.
2022;128(1):1-10.

Shen C, Bian L, Zhang P, An B, Cui Z, Wang H, et al.
Microstructure evolution of bonded water layer and
morphology of grafting membrane with different
polyethylene glycol length and their influence on

permeability and anti-fouling capacity. ] Membr Sci.

Klo


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

[ DOI: 10.18502/jhsw.v15i2.21404 ]

20030 Y\ p (ATre 9o guwliTas wlslv (I0)) § dlw (,ol)b

30.

31.

32.

33.

34.

35.

36.

37.

2020;601:117949.

Yang C, Zhang C, Chen ZJ, Li Y, Yan WY, Yu HB, et al.
Three-dimensional hierarchical porous structures of
metallic glass/copper composite catalysts by 3D printing
for efficient wastewater treatments. ACS Appl Mater
Interfaces. 2021;13(6):7227-37.

National Institute for Occupational Safety and Health
(NIOSH). NIOSH Manual of Analytical Methods. 4th
ed. Cincinnati: US Department of Health and Human
Services; 1994.

Sultan ZM, Nilsson G, Magee R], Brousseau JS. Method
for testing portable air cleaners. Ottawa: National
Research Council of Canada; 2011.

Cooper §J, Leith D. Evaporation of metalworking fluid
mist in laboratory and industrial mist collectors. Am Ind
Hyg Assoc J. 1998;59(1):45-51.

Cakir O, Yardimeden A, Ozben T, Kilickap E. Selection
of cutting fluids in machining processes. ] Achiev Mater
Manuf Eng. 2007;25(2):99-102.

Kaur H, Mohanta GC, Gupta V, Kukkar D, Tyagi S.
Synthesis and characterization of ZIF-8 nanoparticles
for controlled release of 6-mercaptopurine drug. J Drug
Deliv Sci Technol. 2017;41:106-12.

Jameh AA, Mohammadi T, Bakhtiari O, Mahdyarfar
M. Synthesis and modification of Zeolitic Imidazolate
Framework (ZIF-8) nanoparticles as highly efficient
adsorbent for H2S and CO2 removal from natural gas. |
Environ Chem Eng. 2019;7(3):103058.

American Conference of Governmental Industrial
Hygienists (ACGIH). Threshold Limit Values for
Chemical Substances and Physical Agents and Biological
Exposure Indices. Cincinnati: ACGIH; 2021.

€1

38.

39.

40.

41.

42.

43.

44.

45.

46.

Dixit US, Sarma D, Davim JP. Environmentally Friendly
Machining. Berlin: Springer; 2012.

Wright D. Safe Handling and Disposal of Metalworking
Fluids. London: UK Lubricants Association; 2020.
Mead-Hunter R, King AJ, Mullins BJ. Aerosol-mist
coalescing filters - A review. Sep Purif Technol
2014;133:484-506.

Zhang J, Pan W, Long Z, Wang C, Feng Z. Study of the oil
mist filtration performance: Pressure drop characteristics
and filter efficiency model. Aerosol Air Qual Res.
2017;17(4):1063-72.

Wei E Liang Y, Wang H, Hu M, Wang L, Wang D, et al.
Construction and Investigation of a Filtration Efficiency
Test System for High-Efficiency Filter Materials Based on
Mass Concentration. Processes. 2024;12(5):981.

Adil HI, Thalji MR, Yasin SA, Saeed IA, Assiri MA,
Chong KE et al. Metal-organic frameworks (MOFs)
based nanofiber architectures for the removal of heavy
metal ions. RSC Adv. 2022;12(3):1433-50.

Xie E Zhang N, Zhuo L, Qin P, Chen S, Wang Y, et al.
“MOEF-cloth” formed via supramolecular assembly of
NH2-MIL-101 (Cr) crystals on dopamine modified
polyimide fiber for high temperature fume paper-based
filter. Compos Part B Eng. 2019;168:406-12.

Zhang K, Huo Q, Zhou YY, Wang HH, Li GP, Wang YW,
et al. Textiles/metal-organic frameworks composites as
flexible air filters for efficient particulate matter removal.
ACS Appl Mater Interfaces. 2019;11(19):17368-74.

Ma S, Zhang M, Nie ], Tan J, Yang B, Song S. Design of
double-component metal-organic framework air filters
with PM2.5 capture, gas adsorption and antibacterial

capacities. Carbohydr Polym. 2019;203:415-22.

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21404
https://journals.tums.ac.ir/jhsw/article-1-7164-en.html
http://www.tcpdf.org

