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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:

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

o Pre-design phase of the local exhaust
ventilation system

o 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,
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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 machine’s 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

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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[ Dow!ed from jhsw.tums.ac.ir on 2026-06-07 ]


https://jhsw.tums.ac.ir/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

IEN-WAD Oiladw 11€6 1€ ol /P s)lads /10 sla

b Jld 3 (o 198 (ygawl ild Ailolw b )41 g ol (2150
31 0wl piiio sl Jwg BT i ol JT- (53 o2yl o>
CNC (6,8l yi ©lubos

6‘.‘:*"“ Lﬁﬂ‘ﬁLc 5‘~J° OQJ} O‘,Aﬂ‘) ﬁ“dwa &b}é W sr‘g.t-jw O»Ae.)é G‘GM 4;{5 ‘SQJ." J‘QM

Lol 1)

Ol el o i dupd (Sg pole slSiils  ieuly Culags oaSasly’
Olnleolts ¢ Olas (Sip pale olKiils coiblagy 0uSlails (glad > Cuiligy cwdige 09,5

S (S pole olSasls onyy ass 5 Sblags pole 0aSiaghy IS g Lase ol b Jelge J S Slidos S 8

Ol el s o it
Sl el el s oRKiils cpole ¢ souds 00SLLilS ¢ Sdae souds ojjff

VERIFIE e gyl VPPN il o g b

LT —

b Slale ol 31 ot clooais¥T U, (s 5318 Slale 51 oolitul ilidl o aolio o b o35l dwoiio
S creble llas 5 5 clmoais¥T ;S el 6Kl 4ol Bt by challlas cpal sl g oy et sl st
35,5 121150 el 28 i 5 oo o3

Sl ke IS gonn clyn 31 465,5 ol loce o 4igmi 5 olStal bl 4 47 b 1S b
o lastiwl 51 wlidl L CNC jgme S olKiws (s Litl (slaoassY] 6)5—‘&"-? S o5 oS dgpd
EVY oS 25 o cosmimasll yilid i 51 USiie ailobs (ygmil 2led iy s ool ACGIH YY-A--VS
5ol b lalas Sla i) i €5l 5 o JEsils sty 5o (il 2L L ol e
Pl iges SG L g b plol Alale (29,3 9 (63955 )3 (g Ceme oz Sl 5 DS g30e chile
28,5 58 Jedo g 4 i 5 alie 3550 @l BV S

2 Simelladbys jabods go)ls YU idlins S ZIF-A a5 ols LaS FTIR g XRD 50T 51 fol> gl :le axdly
a5 ol s aibols 3, Shae o) gl ol 0 ey 3ele T es388 gl (ool i) (like yikid sl
gl LIS 555 i 50 gt WS Bl T adg e 50 e sebas |y ea¥T )3 sl ol loles ]
A b eanYT 3 51789 Kl Bi> 4y 3890 99,500 VIO 5l 5 S>gS &l,3 ogas 18 g dum, L) o+ &

Foo 50l S e soseiragll o ilid st JUS 50 S5 oazla b adsil sl il jloslinl 16 S Az
o Ses jasl> b3 slp bl b cwl )5 ile Sldoe 5 236 o yd o S 6l asl S
P e O S I e 03 D O el S e S (e e DR by |

oﬁf)l)s‘5..;))4o)yambbdlo)ila:fd)lS)b&u&ysljm@oMLosdm

il o o iyl ilbn o SHS lslo ;ONC oy gl il e oo 0kiSo s ss3S OOLANS =

somayeh.farhang@sbmu.ac.ir :43Ke Jytus odinms g Sy S Conny

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

wile gom (oilrord SLaS 5 (Gl Sl (o (S
5 9salle 3 ¢ el Jgililss ¢ el J3ililcs 5 N-Nitroso
Slp il oo a5 wil Ssbeg,l hy slae,Sguen
(o glaanlyd o (V) ail pae o8l Cledw
Sy Jo 50 zobe 9 YU sled b led j0 ohg4
Juog ! S @ Loy, ol 5 (SagS lyhad g
55 GBCus Wigd oo il 92 ) 5 a5 Cena L
Wiliwd gy VB /Y s b Sl Jeld Boes oS
Ol b laial b 5l g oaile 3l lgn )0 ailes o0
S 5 s ety Sln W8l o0 SIS cnl sl 0l
Fes Py & 5 5SS SIS 5 00 0aiS S o8
3 e (pl Blidiul S Cswy g 00,5 S5ii 4y
ool dile sl o 4 e Wl o Do SYsb
Sl (138051 A6 Cadgagiy cs9r) H9red (St
Sl bl (M) 958 (gaged IS 2>
folbype Slides Gl plejle by 485000
ey, doo ol a5 ols 0y (S vwled
Jole ailes oo (6,558 mlio jo colaiul 5,90 Sdre
(3) 928l ey oy o]
Slaladl (o 558 Glule pae Sl S 6l
b et s Jos 5T 0l 5l (65T sl aloor Sl g30se
oolitul g Jlad o dlge (230l w5 eile Dl
s ] LB (65,3 clilis g 1n 4has S5
(98 5 golaill slacysgame Jdo a4 (Jl> cnl b
G (Joe 0)l50 5l (g5l o b Sl (ol
oolail (1S Ghsy (n gy «SeS Lulyd po (V)
Slayle sl g il Bl (sl 190 arhal (slopinns |
bt el G151 (S5 Sla SoglT 5 5,758
e @z el S wile pbaesile ulul 2
5 Llie shlo plaS a5 wiS oo Joe Sl 2SI L
Gl yild e Glyie 4 aiins 055 4 (ogats ol
Lol s oVl )5 Tsa 3 (i 45 Siliasls 2SI
L YL Cogb, b ols bie jo 0 ,Slas falS oy
Y Bras Vb cwd (pale 5 ol Cunle 4 4y

1. International agency for research on cancer(IARC)

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

ohEsn g ()i g3 (ala slsys

doddo =
oled jo Cd i Lo 4l golio 09 4l
)J L5°'e’° Uw.a.» dom‘ u...uaj 9 oby JJ9J Jl.u‘
RS e )‘| csi‘ () A.;S‘f Ll o Q.ﬂ L ‘S,L.....ao
Sladad oyl (Dl ades ol Sxo dl.:m.;.ﬂjé
4 Q] obeasly a8 cnl (g )8 piile Sldos daojle 4
WA Ep g ganld lld alex Sl goaaie Jelge
5 oadady Ol Ll pimen g il jee Job
Slule 5l oolatwl shd o ol e Sl uals
O (V) cenl oals ke S50 (5,5l lgieay (5,550
@ 6ol g )31 calize laan 1 5o wlale
iz g whed sl (o3leSES (5,0, yslate
Ay dxgl b gl oo ad )T IS 4 o318 IS Bd>
03,8 jsbay 5 Slule (nl Brae mlio (5558035,
Sk Yl Gras a5 g sbay ol asl il
00y o yid o lle g0 3l i (o 558 Slule
Ooebes VOO dg0> aYls Li..JJ oaso SYLI o
Ogedre VIV 050> 5 05 o0 adgi Slule cpl 5l I
Gl Olule ol 5l e ooVl L RS
odgs Ol 5l B el Gl e aim e (F) Wyls
OF g My wlio 51 (S0 ks 4 aes e plis
G5 Slule Al B pae e (JuST 5 oS5,

Slr e oz 2)lee Wlgiee ) slalae
£5 4w o 5 Blule (0) oS abyl o505
O e sla g9y Al ey, Jeld (Lo
2 ond ggedel Gaxe sl 589 Jsbre (o
@l sy G Jalme SLaS 5 b o) s 5 (S
Sl et 5 (Se Ngdos ad5e 9 adgi (Soee
Mineral) Jase 0,29, 3o 9 Jsl 9 5,558 Slule
tband Slso 3l (ol oz bglie 45wl (ol
gy, (Yl CodS @ diy (F) Cuwl il

wap


https://jhsw.tums.ac.ir/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

20030 Y\ p (ATe 9o guwliTas wlslv (I0)) § dlw (,o8lb

S kg JB solaidl ez gl 2hd slaaiy )
S95 aig 0 Slas Jdo 4 lacdle (gl (635 yo slo LS
# 1y Sldes slaaiyja wilys oo dajls 5 l)d L o
,ild places pals 4o B jeb 4 o SYsb
sloau e axl 5 g ools alS' |y S Gages 4 3l
S 2l ol s opdle sl o JBs a1, 5 oS
Cedlas 504 41 e Mg oo ST 2alS 5 lg a0
b by Slops 5 (il slaansa (2als 5 (cages
Jeedly izmen 093 loa (Sogll 5l (2L (slacs e
Fls dex iz wlio o ol cnl ln ik
razie S Shy Jod 4 w08 cbli> Sl
9 yuios Sl IS ale pu Li 4 Wl o dayy] 08 &
Qg oo Lrdle adgi die) )0 yidoo drwgl g GuBod O
las gl (nl 4 gy (Rl g laa s Lals o
) 55 g sy

bl b5, 5 il o b Gas b ol axllas
5o piiie sladuwg 3l Bl Caz oo (gpl 2lid
2l 9l sla s 5l eolawl L CNC? (g il 5 ldas
rol aalllas ;0 005 el S35l szl (g5l
3 Sise slacgomo dgp el s wilolw 3 jglaie
ogeimagdl jild g Blo gyl gl o o 157 ld
widly ol s pSeiz ok 4 lgp cuSasiar ol
55 192 dses (29, JUB e 50 (lyn 4S5 5k
lgo apbal lopimmm Cal Jljo ol 0,5 oolatul
oKiws LS o Fyp olKiws K &jgods Ygaso
S S8 g WS oo 18 ooliiulsyge (6 ) ile
OA) asS oo Jasl o515 j0 1) (ool

o9 5 Jud mlio 5l (o aslllas 550 Curio

3ead plxil slaassil bowdlb e )5 sl

S ey dal Golg> olxl Jleixl g 5 (655
ookl 0,90 sl iy, ple 31.(V)) s cad &l
5wl oaS SU sle albels 6,.5,8 mls o
O, 6,88l 5 aldee 5l 256 sla ( Sogll
S B gl o, G i ghite 5| (5o (gl kb
Slod S 5 )15 alizes mubio jo a5 cl lg ol >
S d GLopmndlSo 3l oolawl b lyd ¢ gy oyl jo o)l
Ok 3 kel s (gl 3595 2 o dl)S Cennitids il
Sl (5,9l8 3l slo Sl j0 (0 T) Wigds o lax Ige
238 2 0 omly Seaglio 9 VU (6 psleer el o &
a9 Syg0 SIS gl thd )3 e (Lhg; Olpreas dsa
pslSe Boyb 5l gl 2l 5o (VF) Conl w185 18
L5 5 ld bt @iz Gl o JsSge (gl 2Ld
ol 02l )3 S8 GlapelSe LS o 5o Sl
S50 yhed Sl ey Gome b JT oS5 (9381 055
=57 Sy ol 5ol a8 )5 )18 ool 4z
O0) Gled oo @m0l 315 0559 (60 ,Slos olss L (50 ;)
o (MOFs-ladle) JFs3ls slacsg> > 5l eolazal
(et g (Sopd i o Ll Wb olly s @
pold 1) ange 0,8ee b gy slo il oy (S
LGBl pléol a5 ailosls las Slalas (VP! 03,5
wed e JSis Iy (i (G jeals Sl (s peel) SU
S S Gk slapld 4 Cod iy oble &S
JUST WIgi oo oS 5 Gl oyl bglove 5l slalis 5
@ dlge JI) (g ed el 5 wis d5ue |y (J5Nge
i SocajouslS (S (nliogd ladle Jlud slacule
(88,8 cblax> Sljpms ( lud Cais ;3 0,05 Gl |,
5,00 loe ashai sl (Vb by Jhis3 oz lz
O Sl oy Sl 4 55 5T 29 S Sl
23lie ;o lacdle 2w 9 0l b s o sla tdly S92 L
20 SLS 5 ol 5l eolaiul dagyT solassl slaas ;o g oL

2. Computer numerical control

waw

1. Metal-organic frameworks

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


https://jhsw.tums.ac.ir/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

Sy b5 ;5uas b boanVT 6y STy gy 0
g s il 5 el bl o > Lo
bl Y gama 5 il

oy mlie ololis) loa VT jLecsl g adsi ogo o
(ufaj.l—l

OS5 0556 5 (Soagiss )l wlamdle 4y axgi

Sr5)lB SasBge g ASJUE e (e e
Laos §) )5 5 oaiiSasiss 5 ,iSTsn

Mbwmw Sloles J&las Jlez! ey

wnl Bl s sl by J3 Jlaas! gy p e
adg

s (s Cogb) g Sis les (5 pSejlusl @
Jaﬁm )‘ C)L&- 9 oA.;.lY] )L..M...u‘ o

b Caxdse 1o b mha I il (a0

sl sbko il s S Lo (o
s> (PA6) £ ol L SUlgl s sl
A pe o ol plowl al>ye 90 0 Jhs3ls oz lr
Bisb 5| s i e JT 5508 sl gl
oozl ol SUIGL s Jolowo (g9 2SIl o,

Wl oy Sl

ZIF-8 JF i gzl jir o
Ly oS el Jlg5l sl S ZIF-8 Gl
al> ez by 5 cul sndasle 5, oo
Gl 45 56 led 4 il Jate S gilae]
OeST slody bawg (VlgsS Sjge Al 5 S
agly Sballl Wsdios Jate po & lacudy; o
Si- az ;0 VYO aly b beadssy jo 51 Jgslaceh 5l
cls; sbsislss sl ZIFs wodl alie O-Si

al b g, Olps ZIF-8 juw lp aies ssibe

1. Polyamide 6
2. Zeolitic imidazolate framework-8

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

ohEsn g ()i g3 (ala slsys

lse ;0 0Vl Wae molie caalllas 3550 (aio ol
(ewd ol dws F o siws 5,8 oS & Sl
CNC ol Ko olKws 90  CNC il 5 oS S
ol Jslme 5l olliws cpl asd jo 000,85 olulis
B oile Sldas )3 )y, mle plgie 4 polo
ol olails cangn VIS 0l oo oolaiu]
S oK Coled jo ams oo lai 1) oF IS yo 1o i
bl wai g >l cy> SK20 Jow CNC il 5
S ol ) s 5 Ol a2k gl L8
gz Dladad o5 il e CNC ol 5 S oK
5 oolil b olSiws 5 485 )18 o1 g9, 2 sl paY
Ao oo plail g lo Y yelo g Ol g S

oo sl 5 3520 4507 ol Shac il
ol
sl Gl s pSelr olaie 4 jeSde wxly e
=090 a90d ailels CNC 3l 5l Jol> slooas V]
Glolw (pl 09 0030, arss abgy o oKiws LS o
DS |y ol jslms 038l (glon w5099 55 G5k
o8 ol JUIS 53 alanly & | oogll slsa ol 5 055
Slad sled wgaige Culbw oSS Lo 5l g5 4
el o 0015 sdel Cawgn ¥ USE o 95 ailelu
ol Cyuad 45 g0 198 00LS dudal gz W8L dilolus pl
ool (glgn 4l oo obj alold 052 b ol crge
rgts dlle Joole ALk o 4 o5 Lo |
&ly 50 Ngh iy Blbl s 4o ele-ol e
G905 3 g o JUS 0 0ad (S plom ol e
20,5 0 ol5,5 Laors 04 lo..\z.c s apd ailolw ol
Gl 00l [ aelol jo o 5 4y axlllas plowl ol se

(S0 0liSo dyggi wilol >
b Sy 4l (A

5l sladsl ol (b a4y 099 5 LS
slais; o ado Oledbl g 285 &jgo 5 L

b S yglaez 2

Wi


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/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

20030 Y\ p (ATe 9o guwliTas wlslv (I0)) § dlw (,o8lb

.x..ﬂjs N djuooui 3o O0) al eols I3
@ Sobly adllas 5l Jol> agy Lalpd b (o552
I ol lp g ¥ JS0) 2855 plol pj 28
leegil Glhslid &S00 Joloe (cum 59 2SIl oo
Lulys a5 00,5 ool ES1000 alEisles] o
il oo 25 9,lpe Jold ol gumy9,25!

sl gz 5g ol «dasls V0 roas Jloel 5
@ Oige 5l U paesS Glp g (oSl plase
el (55950 00IS pax o

ol e Bl VT eaiS ez 9 Gjgm m alald
S g GRS el b onds plany s 4y alold
53 wal B caslie

0l e sles o],5 ol ax 0 YO dea sles
Py O jgets Pl s a5 wb Sl laisS e
255 Syge les Sblogi 3 g

S Oley onl 1485 WV e g 9 i8Il oy ke
oaS me (53, 5 ot SLII I elis jlade B 5y
Sy 8

&P onlrcelo po sl dee oA gl Goy5 25
Jolme 216G 5 polae Gl U ond oolas &5
D05 e (g Seoms 41 (5 oy

GRB 4 (y59m 55 ol QB S T 1 jgm e
oS B (S Sangs 5 550 ke LS5 Loz
S

428 ;0 ;90 B0 ¢ 0dS ez plyo IS > G
5 <3Sy o8 SG sl Gl el 2 e s
A ol 0aiiS pe mhaw (59, SLJIGL I ST %

ool adds o e e YoV 5L oS o ey
g Sl dg U oosd (gileange iU ey
NDogd (rpedd oS gex v (59, S )l
(VY LYY

sl Adpl il oSl slo Shg b)) e
FsH oozl
oad jiw JhiE Czly sl 5 g

wao

Jolie i ea V00 50 )5 ¥ Jladie 4 (L= 50)
@ (WS 0 gslae! JeieY 5 (LS 50)
Selo ¥ ply Sloj sl 2d s VO 3 0 S A e
ol G 59, Sl (JolS Pl 5l g ins 035 o2
4,000 sled ;5 g w5 Ll Jgjlanesl Jetee-V @
woalen,d aiBo VFe ply Sloy ln g eseedes
oy b et il @b 5l eadolml Joloxe o
o Ak Ve plyy Sl gl g akSs  jg0 Peee
§ A 90 il abiwgy Joilio b )b 90 9 0l u
sl Sley Gl gaz 000 les jo el oK oo
AV)) (i |y Cawgn ¥ JSK0) 090 )5 S el YF

LS'J:‘-"/'L;L.,’ UGyl s el o

039 b PAG) # ael by 5l Sl s sl
G el gyl LS &5 ,0) VYPIY g/mol JeSdse
oolatwl 4l jouds lgie & (LAAS pgls woyo b
Golub ccwlin  SolSe olss Judo 4y jandy cpl ol
e g glbeord 5 (CVY e~ 0ol slod) ()1~
Gl el bl (S0 GL LS el
g/mol JsSJge (55 b Sep sl ol (g 5,5
[ESNESNRVRSINC AN VIR I UK JUMICK RN SR8 ¥
oS ol s o Pl ol 4 (LS
9wy Vo Chle b (g g iU Jolone ol e
S1H3gl o ViV Sig Cemd g D A (Wt 20)
P Sy Comd ol b cole) £oal L g ZIF-8
B (TY) ads (glwdings Omion 5 sbl Olalllas ol
el (& yanky L yile yd ZIF-8 cliSy Sussl,
53 3l a5l i @ead jl Ble b e 50 9 098
IS U VPN [ERY RS

Oy g Sl Yo Soe 4 (gu 9 7SIl Jolone
51 sles 55 gk 47,5 o (slos b oerbline
Sl 5 (e lST Jolowo S JSCAT 5B 0l 005 o0
5 SISIn i See jshateds 998 Jol> (bl
sbe « ZIF-BEl, 355 Slanns o535 51 (555l
Sgul gl plo S o el ¥ oo ay (0 502 5l e

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


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/article-1-7164-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-07 ]

o ¥ wdyi mio b canliio o Jiiliwl 590 Sl e
3550 Ol g (S 58 Olaseio 4y ) |ISG 090 £45
—yeoly abal) 5 oan ¥l oy Jgsle wnl)d o sl
Ol pac Judoay casllas ol o oyl S iilo
lad & LS ahulgay oS jgame slasse >k
VS-80-5 lasbiw] jgame 09 5l (LS IS o yid
laal, amlS |5 4512 (SURFACE GRINDER)
odl (byme ACGIH® sinio a8 slopinew >0
595 %o dy 905 dibels (2yb (gl (g O JSS) conl
b laisSa b 0aiSs 092 (VY ,TF) ol ool
s8Il o Shee g s 55 Cexlie slmyl 5l a8 990 uai
FPESSNIREINE: SUSNC NI SUIC RIS
S5l 5 olliws slaudgaze 4 4z gl b ose el
Se2 (635,9 U Sldas alads 5l 2o S0l YO WS 5
SLS 0 caldsl)l el wlwl 5 0ea oleol ol s
Aoy 4 a8 L.y 5 e Industrial Ventilation
A8 5l i ao 0 B0 Jlas sl ose (B e (LS ()l

(TA)asl Sogll ol s

JUS S5 5 i Al @

o, lee GllamMo 4y azgi b canlllas ol )b o
—@h2! sl 5 ssrse slad Cudguze oliws
pdSlasl JUI 51 eolatwl waio o (golazil
ogdle b slpien Hladl s b calite o ST
s 35 S U sble 55 5 5 L el
0d¥] Cguy alS alex 51 (395 )k sl U <
ol oals b 505 dilolus jo ¢ iles )l g louo o jlias &l
ATV V7)) wals ol 05 sla JUIS candllas

2 ilobyo s bz Sy g i5T58 (o dlo @
o uili] sl 55, ol
S g 495 dilels Slowlons al> jo 45 09,5 C>
(Joe 8 g ol lasein 4 5Ls o] lasie als
25l 38 lee polie o b a0 allele aiss

6. American conference of governmental industrial hygienists

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

ohEsn g ()i g3 (ala slsys

“USA) a8 s Bl (ecib
-Japan) WGl axil b1, ¢ ( FTIR'-Nicolet 2700
s BLII s ¢y ixes (XRD?*-Shimadzu 7000
Sl wozslr b v (lig jl am g allS
SEM -TEScan Vega model-) pnslay ags SaS L
e Colus (B8l Jhd) lu,e ¢ (Czech
oseil S8 b ead e sl Sl oz lr
(Microtrac Bel- Belsorp mini II-Japan) BET?
Glp g ol dadlas jo (YO-YY)as s
Jeloisanszs lapm, sl 51 ild SLILLE o 5
Wayne Rosband, National )l;3ls 5 g SEM*  , glas
Image ] institutes of health, USA, Java 1-6-0_20)
o eslawl (11.501
e

ezl o linl b gllae oy Sleladl als o ol o
(Y#) (ACGIH)® IS, 0]  girio cublogs Gwaaste
RWINE

CNC 370 K olKiwd 18 Slasio @
ad i byl 5l S5 CNC jgomacSin oSiis
7B gsb 380§ lp & Cl 5,8 e
D58 o 8 colaul 050 (slailginl Dlakad A3l L
gl 51 (Bl Slge e gaals Sy L olSitws (1
Vsano 15 axkd iy 3 opl )0 S o i IS axkad
S, b K Il g oads ol BaSS alais g0
oBews ooy0l s93k WS oo il 1) zolaw 3
Slasin o)l &S,> B Z g « X e dw o
plxl sln 978 slaosls Gloreas oltws (nl (28
ol Sl 4y 04,5 Gl a5 ¢ Slonie Slowlws
Wl g Voo 50 il oo 58 aibeln b

. Fourier transform infrared spectroscopy

. X-ray diffractometer

. Brunauer-emmett-teller

. Scanning electron microscopy
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