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Tensile Strength

¢ Strip test :ASTM D 5035-95

¢ Grab test: ASTM D 5034-95

¢+ Many other standards

¢+ Testing mechanism types:
= Constant Rate of Extension
= Constant Rate of Load
= Constant Rate of Traverse

* Results
= Breaking force (Peak load)
= Breaking elongation
(Ci)lodulus (D stress/D strain)

NPTE

Hello everyone. In today’s class, we will discuss the mechanical properties of filter fabrics,
and also different standards. We will try to understand different standards, we will also try
to understand different types of filters based on their shapes. First mechanical properties,
the first mechanical properties which is important for filter fabrics is a tensile strength.
Tensile strength can be tested as per strip test, which follows the ASTM D 5035. Grab test,

then many other standards also available for this strip test, and grab test.

Testing mechanisms which affect the tensile strength results are there basically gauge
length, speeds. So, the mechanisms are constant rate of extension, constant rate of loading,
constant rate of traverse. So, we are not going to discuss detail of this methods, because
you all must have learned in other course that is evaluation of textile material course. So,
here the result is expressed in terms of breaking force is peak load, breaking elongation,

and modulus which is stress by strain.
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Tear Strength
¢ Tonguetear test + Data output
s ASTM D 5735-95
Many other standards | A/V,\N ‘

¢ Testing mechanism types:

= Constant Rate of Extension

e
Extenson [—

@ psras
A ¢+ Maximum Force, N
¢+ Often normalized for weight

* Average force sometimes
used

After tensile strength, the tear strength is also important which is tongue tear strength,
where this is a specimen of dimension 200 millimeter by 75 millimeter as per ASTM
standard. And the cut is made of 75 millimeter length, and this two sides are gripped with
the jaws of a tensile tester, and tensile test is carried out. And the fabrics will tear through
this zone.

And the testing mechanism is constant rate of extension. And test data output here, either
we can have maximum force or average force of some of these peaks are used. And this
data is often normalized for weight. So, maximum load per weight is the normalized tear

strength.
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Bursting Strength

v'In this test, pressure is being applied perpendicular
to the plane of the filter. Nevertheless, failure is mostly
in-plane.

v Burst strength is the pressure at which the filter
bursts.

v Often it is divided by its grammage and we get burst
lindex.

(_,) Burst index = Burst strenathlGram mage

Next parameter which is very important for bursting’s for the filter fabric is bursting
strength. In this test, pressure is being applied perpendicular to the plane of the filter ok,
but the failure is basically in-plane direction. Burst strength is the pressure at which the
filter burst. Often it is divided by the grammage to get the burst index. So, the grammage
is basically important where higher the grammage, higher will be the bursting strength in

general. So, burst index will be is the normalized value irrespective of the grammage.
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Filtration Standards

ASHRAE: American Society of Heating, Refrigerating
and Air-Condition Engineering

- MERV (Minimum efficiency reporting value)




Now, coming to the standards; as | have already mentioned, there are many other
standards. And two standards are widely used; one is American standard, another is
European standard. American standard is ASHRAE-American Society of Heating
Refrigerating and Air-conditioning Engineering. And in this standard the filtration
efficiency is expressed in terms of MERV value. Now, we have to understand the MERV,
concept of MERV.
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ASHRAE 52.2-B 2007 appendix J
Range Size Range Geometric Mean
Lower Limit Upper Limit  Particle Size (um)
1 0.30 40 35 <: AVIFo\\'s ﬂ-l‘t‘.t‘\‘;lllllzltit‘)lvl
2 | 040 55 47 el
3 0'55 ‘70 _62 Onle.sllllv‘l ble size
particles
4 0.70 1.00 .84
5 1.00 1.30 1.14
6 1.30 1.60 1.44 Allows selection
7 1.60 220 1.88 of a filter based
8 2.20 3.00 2.57 upon the most
190 igg ;osg i;: @ common
14 = 7.00 620 particle size of
«‘h 7.00 10.00 8.37 a contaminate,

Here this is the say range of values, the range is 1 to say 12. Size range here, it is 0.3 to
0.4, these are the size. And geometric mean is 0.35 micron ok. These are the lower size,
this is upper size. So, in the particles in this upper zone, it is basically used these are used
for respirable size particles. All the evaluations of filters efficiency on respirable size
particles. So, for testing filters and efficiency for respirable size particles are this range.
And if you want to test for coarse particles, these are the particles size. Allows selection
of a filter based upon the most common particles of contaminate. These are the most

common contaminates.
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Typical Minimum Efficiency Curves

Minimum efficiency reporting value (MERV)
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Particle Size, pm
95% g NERV 14 — typically applied as the final filter in hospital systems; $5% or MERV 13 — typically applied in above average
applications;

20% or MERV 1 through 5 — typical polyester or fiberglass

Now, let us try to see the MERYV value different MERV values, and what are their areas
of application. And how this efficiency changes with the particle size, now this is for
MERV 14 which means, it is very fine particles. So, particle of size say 0.35 micron is
very fine particle. And as we increase the particle size, the filtration efficiency will
increase. This MERV 14 is the characteristics of filter media. So, if we use MERV 14 in
that case, if we have a particle of size 0.35 micron, this will give a filtration efficiency of

around 70 to 73 percent.

As we increase the particle size little bit say for say 1.44 micron particle size or 1.5 micron
particle size around that, the filtration efficiency will be almost 100 percent. So, for this
type of filter, we can have very high filtration efficiency for lower particle size. So, this is

typically applied as final filter ok, this is for final filter of any filtration system.

Next is that for MERYV 13, as MERYV value reduces, the filters characteristics is becoming
lower and lower. If we see MERV 14 for same particle size of say 0.35 micron particle
size. The filtration efficiency of this MERV 13 filter has drop from 70 to 73 to 55 percent
around 55 percent. But, as we increase the particle size, the filtration efficiency increases
gradually. So, this is little bit coarser filters than the MERV 14, it is typically applied in
above average commercial application ok. So, average commercial application above

average commercial application means for very actual high required commercial



application, we can use for maybe for hospital or for different application, we can use
MERYV 13 ok.

Now, MERYV 11, it is applied in standard commercial building like office spaces, where
the filtration efficiency is lower. So, gradually if we reduce the MERYV value to say MERV
6 here, which is used for different applications. So, this is MERV 1 to 5, this is MERV 1
to 5, it is for very coarse application. So, all these curves shows that the characteristics of

different types of filters.
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Minimum Typical Typical Application
efficiendy Contaminant
reporting
value
(MERV)
13thrul6  0.30to 1.0 micron. All bacteria, most Hospital inpatient care,
tobacco smoke, droplet nuclei, cooking oil, general surgery, smoking
copier toner, face powder, paint pigment lounges, superior commercial
buildings
9thrul2 1.0 to 3.0 microns. Legionella, lead dust, Superior residential, better
milled flour, coal dust, auto emissions, commercial buildings,
nebulizer drops, welding fumes hospital laboratories
5thru8 3.0 to 10 microns. Mold, spores, hair Commercial buildings, better
spray, cement dust, snuff, powdered milk residential, industrial
workplace, paint
booth inlets
1thru4 Larger than 10.0 microns. Pollen, Spanish Minimum filtration,
moss, dust mites, sanding dust, paint spray, residential, window air
4 dust, textile fibres, carpet fibres. conditioners
0
MPTHEL

Here the MERV values, so 13 to 16, 9 to 12, 5to 8 or 1 to 4, this are the different ranges.
And second column shows that the different types of particles this can handle. So, MERV
higher MERV means, this will handle the finer particle. So, 13 to 16 MERV, it is actually
it handles the particle size from 0.3 to 1 micron. 9 to 12, 1 to 3 micron. 5 to 8, it handles 3
to 10 micron. And 1 to 4, it is larger than 10 micron.

So, higher MERYV filters are used for specific high end application. 13 to 16, it is applied
in hospital, and different superior commercial building. 9 to 12 is its superior residential
building, better commercial establishment we can use. 5 to 8 is used its normal commercial
building ok, industrial workplace. 1 to 4 is used where minimum filtration is required in
the residential or window air conditioner, where we need higher air flow and less filtration.

So, 1to 4 is used in all this application like window air condition ok.
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Types of filters based on its shape:
A) Flat filters:

Description and examples:

Flat filters are used without frame or (for bigger size) held by
rigid frame or supporting grid. They would be divided in to two
variants. Bulk filters are: thermal or chemical bonded
nonwovens, needle punch etc... Thin filters are:woven and knitted

fabrics, spunbond, meltblown etc....

Filter Supporting grid
U

|

Polluted Clean

air “ E air ‘ i

a) bulk filter b) thin filter

End use:

G 13 filters for common applications (vacuum cleaners, kitchen
ge:
QlpAAY

{_ & .
g .

r, paint boxes, cabine filters in cars...) , pre-filters for most
ventilation systems.

Now, we will discuss the products, there are different types of products available, filter
products based on their size. First it is called flat filter, what is flat filter? The flat filters
are used without any frame or with frame for bigger size, and this filters are flat in surface,
these are rigid ok. They would be divided into two variants. Bulk filter, the thermal or
chemical bonded non-wovens, needle punched non-woven. And another type is thin filter,
these are woven or knitted fabrics spunbonded or meltblown, this is the flat filter ok. The

filters are flat in surface ok.

The end uses are cheap filters for common applications like vacuum cleaner, kitchen,
digester, paint box in all these applications where the filter shape is in flat condition. So,
we use this type of filters or also in pre-filter sometime we use most air ventilation system,

in pre filter we can use this type of filter.
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B) Pleated filters

Description :

It is suitable for high efficient filters. Pleating process leads to bigger filter surface and
consequently to smaller pressure drop. It s possible to plea mal C

stiffness and elongation is similar to paper (for example wet-laid nonvoven from
glassfibers). It is necessary to hold textile pleats by rigid frame. Filter thickness is
usually from 1 to 3 cm.

: = Blters, HEPA filters (High Efficiency Particulate Arrestance) used in air ventilation
ir condition systems, Auto cabin air filters, industrial applications, respirators for

5

Another filter is it is called pleated filter. Pleated filters are basically it is a variation of the

flat filter.
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In flat filter, the shape is in flat condition, when air is flowing. Here the area of the filter
surface area of the filter is limited that is why, the pressure drop will be more pressure
drop is of that is force by unit area. Now, if we can somehow increase the area by having

same force value, we can reduce the pressure drop, this is done by making pleats. This is



pleated filter, and the air is flowing, and the air is flowing through the larger area as it is

pleated. So, the pressure drop will be reduced, and there will be more surface for filtration.
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B) Pleated filters
Description :

It is suitable for high efficient filters. Pleating process leads to bigger filter surface and
consequently to smaller pressure drop. It 1s possible to pleat llat materials, which
stiffness and elongation is similar to paper (for example wet-laid nonvoven from
glassfibers). It is necessary to hold textile pleats by rigid frame. Filter thickness is
usually from 1 to 3 cm.

Polluted Rigid Air flow

air g frame direction

Filter / V< / A ACE YA
thickness j—ﬁ g //// L
4

Clean Filter
air

?AJ use
'&-?lten. HEPA filters (High Efficiency Particulate Arrestance) used in air ventilation

Apd ir condition systems, Auto cabin air filters, industrial applications, respirators for
LAy

So, it is suitable for high efficiency filtration. Pleating process leads to bigger filter surface
and consequently the smaller pressure drop. So, this will result lower pressure drop. And
the end uses are the pre-filters, HEPA filter used for air ventilation and air conditioning
system, auto cabin air filter. There are different industrial applications are also there. So,

this is used and even it is used for the automobile filter.
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C) Pocket filters

Description and examples:

Principle is similar to pleated filters, only filter thickness is similar to other filter
dimensions. Generally it is possible to use nearly all textile. At first are stitched or
bonded each pockets and then it is embed onto the frame. Big dimension of this filter
would be disadvantage.

Polluted air Filter

N Clean

T A
XN air

-
(:I:}ISE: Pre-filters for pleated HEPA filters or final filters for less superior
ili; Strial applications.

NPTEL




Next is that pocket filter, it is similar to that pleated filter. Only difference is that only filter
thickness is similar to other filter dimension. Generally, it is possible to use nearly all
textile. At first the filters are stitched, and then they are formed a pockets ok. These are
pockets are formed. And the air is flowing from one direction, polluted air is flowing, and
it is a clean air is coming. So, due to this pockets present in the filter structure, the area is
very high area is increased. So, pressure drop is reduced. So, this is again used for pre-
filter of HEPA filters.
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D) Cartridge filters

Description and examples:

advantage is smaller dimension of filter with regard to acting surface.

Clean air

Polluted air Variants of cartridge
filter cross-section

- Me =

4B <

Perforated
tube ‘ Flat (bulkv) filter Pleated filter

Container

13

#Epd use:
(
K st of filters inside the car, industrial applications etc... Very ofter used for liquid
ypfltration.

Next type of filter based on the shape is the cartridge, filter cartridge is very commonly
used for many applications like liquid filter or even air filter ok. This is the filter cartridge,
where the flat that is bulk filter or this is the flat filter or pleated filter is wrapped around
a perforated tube. This is the perforated tube, this flat filter or pleated filter is wrapped
around this, the advantage is that smaller dimension of filter with large acting surface.

So, actually this surface acting surface is very large, but dimension is very small. So, this
is used, this type of filters are used, where we have smaller dimension like water filter
system or car filtration that in those case the dam area the amount of the area present is
very small. So, we need this type of filter. Here the polluted air or polluted liquid, it is
actually flowing from this side entering into the system, and it is passed through the filter
medium. And then after filtration, it is penetrating through the perforation of this tube and

it is coming out, the clean air is coming out. So, this is the filtration system.
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Example of cartridge filter.
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E) Bag filters, pulse-jet filters

Description and examples:
Principle is similar as cartridge filters however bag length is much bigger than
diameter and usually filter is cleanable by reverse pressure pulse. Commonly many
bag filters are used for one application (hundreds). Most of the dust is collected on the
surface of filters. When the increasing pressure drop reached a set value, the filters are
cleaned by a short burst of compressed air moving in reverse direction. Typical
maximum pressure drop is 1000 —2000 Pa, typical pressure pulse is in range 0.5 -1
MPa and cleanig time 0.1 - 100 sec.

Filter [ O
s il Biadl Bind Outlet of clean
Inlet of :‘u e e air
polluted i H il [
- fAR ]
e
) (| I
- L = 1 Output of captured
Back pulse of particles
pressed air l
00|

¥ ; ; E
gljuse: Industrial applications: chemical processings, cement, textile, power

Y¥ilration etc...

Another system is the, it is a bag filter with pulse-jet system. So, these are the very large
dimension bags. The principle is similar to cartridge filter here, but here the bag length is
much bigger than the diameter. So, this diameter of bag is compared to the length is
smaller. So, it is a very big size bags are there. Commonly many bag filters are used for
one application, 100’s of bags are used to provide larger surface area. Most of the dust is

collected on the surface of the filter. So, the dusty air enters from this side, and getting



filtered and it is coming out the outlet clean air is coming out from other side. And in the

outer surface, the dusts are collected ok.

So, if we need to clean, we can use pulse-jet of air of pressure 1000 to 2000 Pascal; at that
high pressure the pulse-jet is imposed on the filter surface for very small time of 0.1 second
to 100 second that varies which cleans the filter bag, because we cannot change this filter
bag repeatedly, we cannot replace also that is why, we have to use the pulse-jet system.
And the dust is collected here, this is used for industries where heavy dust loadings are
there like cement industry, textile industry ok, so where huge quantity of dust is generated.
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' Bag filters :

NPTEL

If we see the picture, this is actual dimension of bag filters, these are all bag filters are

there hundreds of bags are here.
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Products: Based on Applications and Performance

+ AirFilters
- Heat Ventilation Air Conditioning (HV AC) Filter
- High Efficiency Particulate Air (HEPA) Filter
- Ultra Low Penetration Air (ULPA) Filter
- Air purifying respirators
- Bag Filter
* LiquidFilters
- Filter paper
- Cartridge Filter

-(B)g Filter
-\

MPTEL 50

Now, we will discuss we will discuss the product based on the application and
performance. So, there are air filters, and water filters. So, if we want to filter the air, so
air filtrations are there. So, air filters are of different types. One is HVAC filter Heat
Ventilation Air Conditioning filter. HEPA filter High Efficiency Particulate Air filter
commonly known as HEPA filter. ULPA filter Ultra Low Penetration filter, air purifying
respirators which is actually used for respiration purpose, face mask bag filtration. So,
these are the filters based on applications or performance ok. And for liquid filter, we have
filter paper, cartridge filter, bag filter also. So, there are different types of applications.
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HVAC (Heating, Ventilation, and Air-Conditioning) Filter
N

¢  Three Categories:

- Fiberglass Filter: Glass fiber (15-60 micron), highly porous,
protect air systems such as fans, motors, cooling coils and
heat exchangers,

- Plated Filters: Natural (cotton) or synthetic fiber (polyester),
highly porous, usually supported by wire frame in V-shape

- Electret Filters: Electrostatically charged fibers

)




Now, if we see HVAC filter, these are of three categories. One is fiberglass filter, so glass
fiber of 15 to 60 micron, highly porous, protects air system such as fans, motors, cooling
coils, heat exchanger. So, fiberglass filters HEPA, HVAC filters are used. Pleated filters;
natural like cotton or synthetic fibers are used highly porous, usually supported wire mesh
in V-shapes this is piece pleated filter. And electric filter; electrostatic charge filter so,

these are basically with low filtration efficiency.
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HEPA (High-efficiency particulate
arrestance) Filter

Class Filtration efficiency (%)
H10 85

HI11 95

H12 99.5

H13 99.95

HI14 99.995

(European Committee for
Standardization)

%

. Round filter Mini pleated filter
NPTEL 4‘,

L
If we want higher filtration efficiency, then we have to use HEPA filter-High Efficiency
Particulate Arrestance filter. This is actually recommended by European committee for
standardization. And HEPA filter can be divided into five different categories H 10, H 11,
12, 13, 14. As we go from H 10, so to H 14 the filtration efficiency increases gradually
with H 10 filtration efficiency is typically 85 percent. And H 14, it is 99.995 percent
filtration efficiency, it is very high filtration efficiency.
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ULPA (ultra-low particulate air) Filter

RULPA filters are usually made up of glass micro fibers (0.2 micron
diameter or less) following wet-laid nonwoven technology.

Class Filtration efficiency (%) Penetration (%)
Ul5 99.9995 0.0005

Ule6 99.99995 0.00005

Ul7 99.999995 0.000005

(European Committee for Standardization)

-
9,
NPTEL

But, if we want higher filtration efficiency than this we have to go to ULPA filter, it is in
the same series, but for high filtration efficiency ultra-low particulate air filter, where the
filtration efficiency is very high. So, U 15, U 16, U 17, U 15 -99.9995 ok. And U 17 is
almost 100 percent, the arrestance percent is very very penetration is very very low, here
where arrestance is very high. So, if we need very high filtration efficiency, we must use
U 17 type filter.
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Air Purifying Respirators

¢ Air purifying respirators (APRs) are
defined as devices designed to provide
the wearer with respiratory protection
against inhalation from a hazardous

atmosphere.

* APRs are facemasks, gasmasks, etc.

¢ Activated carbons are very much used
to adsorb and remove dangerous
chemical and fume components from
air.

0

NPTREL




Next is that air purifying respirators, which is used as facemask ok. Air purifying
respirators are defined as the devices designed to provide the wearer with respiratory
protection against inhalation from hazardous atmosphere. APRs are facemasks, gasmasks,
etcetera. Activated carbons are also used to absorb and remove dangerous chemicals and

fumes.
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These are the different sizes of particles, their biological contaminants. Different types of
dust heavy dust, settling dust, and suspended atmospheric dust. So, this suspended
atmospheric dust are dangerous in nature, we have to remove this from the gas. These are
having the particle size from 0.01 to 0.1 micron, then particulate contaminants these are
the contaminants smog, soot, tobacco smoke ok, oil smoke. So, all this things are coming
under the suspended atmospheric dust. So, we have to use that this atmospheric particulate
matter, we know we should know this particulate matter to remove the this particles from

the gas using the facemask.
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Subtypes of atmospheric particulate matter or terms:
*Suspended particulate matter (SPM)
*Respirable particles
*Inhalable coarse parficles, which are [coarse] particles with
a diameter between 2.5 and 10 micrometres (um)
*Fine particles with a diameter of 2.5 ym or less
*PM, 5
*PMy,
+Ultrafine particles, and
*Soot

What is Particulate Matter 2.5 (PM25)?

The term fine particles, or particulate matter 2.5 (PM, ;), refers to
tiny particles or droplets in the air that are 2.5 microns or less in
wi({t@

NPTEL
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The subtypes of atmospheric particulate matters or terms are; suspended particulate matter
SPM, it is commonly known as SPM. Respirable particles. Inhalable coarse particles,
which are particles with diameter between 2.5 to 10 microns. And fine particles so
depending on the particle size, so we can divide. So, fine particles are diameter with 2.5
micron or less. So, this diameter it is known as basically PM 2.5 or also we can expressed

PM 10, ultrafine particles or soot. These are the different terms, we can use for particulate
matters.

Now, most commonly used particulate matters are PM 2.5. Nowadays, we hear the term
PM 2.5 very frequently? What is that, the term fine particles or particulate matter 2.5, PM
2.5 refers to tiny particles or droplets in the air that are 2.5 microns or less in width, why
are you using width, because the particles are not necessary spherical in nature ok, the
width is the maximum dimension.



(Refer Slide Time: 32:37)

|
Typical air pollution level of a city particulate

PM10 PM2.5
Yearly average 50 ug/im® 35 ug/m?
Daily average (24-hour) 100 ug/m® 75 pg/m?

®)
The example is that PM 2.5 is expressed in term say will say 35 microgram per cubic meter
what does it mean, 35 means the particle of size 2.5 micron the if we take 1 cubic meter of
air, total mass present is 35 microgram and PM 10, 10 means particulate matter of size 10
micron or less. This includes the PM 2.5 also, it is a cumulative size. And this is if it is

yearly average for a particular place, and daily average for particular, so we can get this

value in terms of daily average or in terms of yearly average.
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What is N95?

The N95 is the USA equivalent of the European P2 and
P3 masks with the P3 offering the higher protection.
The N95 mask has a Particle Filtration Efficiency (PFE)
of >95% @ 0.3 micron. Masks are intended for use in
infection control practices.

i



And another term which is used for mask is N95, it is very commonly used. It is the US
standard which is equivalent European standard is P2 and P3 masks with the P3 offering
higher protection. The N95 mask has a particle filter efficiency more than 95 percent with
the particle size of 0.3 micron. So, N95 is showing that if we use 0.3 micron particles, it
will have efficiency more than 95 percent. So, these masks are intended for use in infection

control practices. We will stop here.

Till then thank you; thank you for patient hearing.



