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The synergistic relationship between web structure and charge distribution
has been demonstrated as key to the parformance characteristics of
electret HVAC media. David L Myers and B Dean Arnold, Nonwoven

fabrics, Kimberly-Clark Corp, USA, report field study data for both
electrically charged and non-charged media of the same structure, and
also present evidence showing that the 2-propanol conditioning of electret
filters has a detrimental effect on the madia.

aynergy of
-lectrostatic

he peoliferation of electrostasically charped fifcracion
g media in both the com mercial/industeial and consumer

Filtrarion markees has béen ac’complanicd by several
misconceptions regarding this impartant class of media. Chief
among these is the tendency coward grauping all elecrrostacically
charged media togecher as if all were the same. In this article we
highlight the &lecarion performance characzeristics of continuous
fitament melc-spun (CFM) media, which have besn elecerically
charged 0 creare a unique combination of strucrure and
elecrrostatic charge. We present field study daca collected For
bath elecrrically charged and non-charged media of the same
seructure, which lustrates the underlying mechanical Ffileration
peoperties of che CFM media structucee. ln addidon, long-term
aging dara is presenred in suppore of the stabilicy of the

elecrrnstanie charge on the media. A critcal evaluacion is
presented oa the effects of the *2-propanol condidoning step.
Expecimencal evidence will be discussed which elearly shows thas
2-propanol interacts with nonwaven media alrering theis
filevarion properdies, and yielding a mareriaf quite unfike a non-
elecerer charged nedia.

EXRPERIMERNTAL SET-UP

{i} Materials

CEM fileration media were manufaceared in accordance with

the teachings of the following United Stares (US) pacencs: 4 340

563 to Appel et al, 3692 613 ta Dorschner et af; 3 802 817 ro
Matsuki et af; 3 338 992 & 3 341 394 ro Kinney;
33502763 to Harmar; 3 542 615 te Dobo ef al;

80 and 3 382 400 & 5795 926 to Pike ef al. The
—_ electree charging of CFM media was
9 ) : . )
~ b accomplished according to the teachings of Tsai
Uﬂ? G et al in US patent § 401 446. Polyerhylene and
e ~ . .y
=~ sol- N polypropylene used in the manufacture of CFM
2 S o ":gf_" _- :_'g media and film materials were obrained from
-8 T - :L_‘ - commercial sources within che USA. All orher
5 501 - reagent grade chemicals were obrained fram
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Figure 1: Pleated filter field study conducted at a
hospital site using 100% outdoor air [filtration efficiency
is the average sfficiency over the particle size of
3-10 microns for a 20" & 20" x 2” filtar at a

face velocity of 482 fpm]).

1 sodium chloride (NaCly challenge aerosol
{TS Inc, Mhinneapolis, Minnesora, USA)
ASHRAE 52.2 filcradion testing was perfornied
ar LS Technologies [ne {Blounsington,
&linnesora, USAF in compliance with
guidelines set forrh an che ANSI/ASHR AE 52 2
Standard




RESULTS & DISCUSSION
{i1 HVAQD Field Studies

The in-service filtration performance of heating,
vencilation and air conditioning {HVAC) media was
measured for purely mechanical filcrarion media, a
non-glectrer CFM media, and an electret CFM media.
The purely mechanical media was a 2.6 oz yd* {osy)
coeren-polyescer HVAC media chosen to aceurately
cepresent the in-use performance of chis class of fileer
media, The electret CFM media was a 2.0 osy
bicomporenr polyolefin flcer media charged by the

Filtration efficiency (E3) (%)

corona poling mechod. The non-electrer CFM media
was identical in structure o che elecrrer CFM media
with the exception that the media was not charged.
Al the filcer media were evaluated as pleat filters
wherein the plenting characteristics were the same for
each marterial. Sample fileers prepaced wich each
media eype were subjected to operating enviconments
thar uritized 100% outdoor air, 100% indoor air, and
a mixcure of recirculaced (indoor) and make-up
{ourdoor) air.

{i) Quzdoor Air Environmeant

Pleated fileers were installed in the pee-filcer bank of
a two- stage fileration syscem servicing a hospical
tacared in the Chicago aeen {[llinois, USA). Filcers
remained in the unie for a period of rwo months.
Filters were removed from the system at various rime
incervals to characrerize the fileeation performance as
the media became loaded during actual use.

The actual filiration performance (Figure [) shows
thae the fileracion efficiency (average efficiency for
3-19 micron particles, E3 value for ASHRAE 32.2) of
the electret CEM media decreases over the Firse
I3 days of the rest. The decay in efficiency can be
attributed to the capture of fine pacticle

Filtration efficiency (E3) {%)

contaminants from the outdaor air as it passes
through the media. Notably, the decrease in efficiency
during this time period was <20% relative to che
efficiency of a viegin Eleer. [n addition, as the dust
cake accumulates within the elecreee CFM media, the
filcration efficiency recovers to 1 level, only 10% below
that of che new fileer. [nicially, cthe purely mechanieal
caccon-polyester media had a fileracion efficiency thar
was 40% below that of che electrer CFM media. While
the efficiency of che mechanical media increased
seeadily over the course of che tesi, it never exceeded che
filecarion performance of the elecrree media.

The oucdoor sic exposure study was extended to include a
second hospical in the Memplhis area {Tennessee, USA). Filters
were produced using non-elecreer CEM, electrer CEM, and
cotron-polyescer medis described above. As shown in Figure 2,
che elecrret CEM media deops in efficiency over the firse
10-(5 days in-service, and then cegains efficiency as it loads with
duse. The non-elecreec CEFM media had an inictal efficiency
incermediare becween char of the electrer and corton-polyester
media. [es efficiency increases over the course of the rest as the
structuie sceadily builds mechinical efficiency during dust
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Figure 2: Pleated filter field study conducted at a
hospital site using 100% outdoar air {filtration
efficiency is the average efficiency over the particle
size of 3-10 microns for a 16" x 25" x 2" filter at

face velocity of 285 fpm}.
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Figure 3: Pleated filter field study conducted at a
residential [ocations using 100% indoor air [fiitration
efficiency is the average efficiency over the particle
size of 310 microns for a 20" x 20" x 1" filter at

face velocity of 285 fam}.

loading. The same hehavier was observed for che cotton-
polyester medium, buc ics initia! efficiency was approximarely
halt char of che electrer media, and it was i secvice for
approximartely one month prior t achieving parity performance
w0 either of the CFM media types tesced.

[ii) indoor Air Environment

Pleared fileers made using elecerer CEM media and mechanical

cotton/polyester media were tested at residencial locactons n the
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Figure 4: Pleated filtar field study conducted at an office
building, using a mixture of indoor and eutdoor air
(filtration efficiency is the average efficiency over the

sceady increase in efficiency with rime in-service,
indicarive of increasing mechanical efficiency

However, the corron/polyester media reaches a
maximun efficiency of 60% afrer one monds, and
does not achieve paricy performance wich che elecreer
CEM media.

(1) Mix of Dutdoor & Indoor Air

The final field study presenred here involves the
exposure of pleated fileers o a4 mixcure of curdoor
{fresh) air and indoor {recyeled) aie. The study was
performed in an office building within the Adana
metrepolitan area. The dust removal efficiency of
these pleaced fileers afeer up to 80 days of exposure is
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shown in Figure 4. Nocably, the cotton/polyeser
100 mechanical media reaches a maximum efficiency afrer
13 cays in-use, The efficiency remains unchanged for
the durarion of che scudy. The electrer CEM media

iniriatly has an efficiency more thar rwice char of the

advancage for che dueation of che study

particle size of 3-10 microns for a 24" x 24" x 4" filter at

Fractiona! efficiency (%)

Figure 5: Fractional filtration efficiency of electret CFM
media tested as a flat sheet, where the relative humidity
of the challenge aerosol varied from 50% to 90% at a

face velocity of 482 fpm].
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temperature of 21 °C.

Aclanta area (Georgia, USAL The ASHRAE 52.2 dust remaval
efficiency of chese fileers is shown in Figure % The inicial
efficicncy of the electrer CEM media is more than ewice thac of
the cocton/pulyester media. lnially, the elecreer CFM media
displayed a small increase in efficiency afzer 10 days in-use.
Examinarion of che fileer indicared a large percencage of the
cantiminane peesent was in the form of small fibre fragments. Ie
13 believed chae che presence of chese fragmencs alters the
mechanical fileration properties of the elecerer CFM media.
[ndependent of this inital increase in efficiency, the eleceres CFM
media displays 1 monoome increase o efficiency with rime

in-service, Notably, the cortan’polyester media also displays a

{iv} Effects of Humidity on
Filtration Properties

Elecrrer CFdl media was tested in accordance wich che
ASHRAE 32.2 protocol as a funcrion of increasing
relative humidity in the challenge aerosol stream. Elac
sheer media samples were wested for Fractional filrration
efficiency at normai conditions , i.e. 2t °C and 50%
relacive humidicy {rh), and media face velocity of

110 tpm. The same media sample was chen conditioned
ar 80% rh and chen 90% ch, and was recesced under
these conditions. The fractional Eileracion efficiency at
each humidity level is shown in Figure 5. Notably, che
filcrazion efficiency was unaffecred by eelutive humidicy.

fv} Effects of Long Term Storage
on Filtration Properties

A number of concerns have been raised over the
long-term stabilicy of electree CEM media. Concern has
focused on a loss of efficiency due to a decay of the
elecerer charge present within the madia sceuctuce.
Newly manufacrured elecrrer CEM media were tested
for Fractional efficiency in accordance wich ASHRAE 52.2. The
media were then packaged and stored in warehouse invencory for
ane and two years and chen retested. Figurs 6 shows chat chere is
nu sggnificane diffecence in the efficiency of newly produced
media and media aged for sither one of two years.

{vi) Conditioning Treatments for
Electrostatic Filtration Meadia

v has been proposed that the mechanical Glecation properties of
elecrrostadically charged Rlrranon media can be evaluated by Firse

cotton/polyester media and maincains roughty a 2 fold




dipping the media in 2 2-propanol bach prior to
resting. The 2-propanol wash is inzended to remove
the elecrrostaric rrearment yielding a nos-charged
media &or tesoing. {n che seudy presenced here, che
Flcration properties of filter media before and afzer
Lpropanol exposure were measured using a TSI
Model 8110 fiterarion tester wich a NaCl challenge
aernsal.

For liquid exposuare, samples of nedia were
immersed in 2-propanol for 10 min fotlowed by air-
dreying for 12 hand oven drying at 80 °C {che boiling
point of 2-propanol) for 0.3 h. The dara are shown in
Table 1.

The daca provide a direct comparisun beeween
sanples aof media resred prior o elecrrer charging,
afrer elecrrer chacging, and afrer clectrer charging
and immersion in 2-propanol. Nocably, electrer
charging of each of che media cypes leads o a
markee improvenient in Fileration efficiency [n
addirion, while immersing che media in 2-propanal
clearly leads co deteriovation in fitrrarion efficiency; it

dowes noe rescore the media o ies original uncharged

IGOARMIES T LIVIG

100
[ == Newly manufactured |
) 80 -~ Aged 1 year s =t
L —o— Aged 2 years -
= R Al Ak ;
o |. ;7;
(=
5 4
— g,{’
@ 40 e
ke A
i
& 20 e
S
G/
0 |
0.1 1 itQ

Particle size (micronsg).

Figure 8: Fractional filtration efficiency of electret
CEM madia as manufactured and following storage in
a non-temperature controlled environment for up ta

seate.

The changes observed in Rleracion properties
ohserved following 2-propanol immersion are duee @ penecracion
of the sulvent into the polymer marrix. This causes irreversible
chaages o the polymer, which resules ina decay in fileeagion
propecties, [ is possible thar che 2-propanod gives rise to
conducrive pachways i the bulk polymer leading o charge
recombination or compensation. However, the Facr that che
Fileration propercies of media char have been immersed in solvenc
are not the same as those of non-electrer media invalidares the

2-propanol immersion as a conditioning step.

CONCLUBIONS

The comprehensive field studies of pleated fileers made using
elecrrer CFM medin and purely mechanwal cotron/palyester
media clearly demonstrace the overall superioricy of the elecrres
CEM media over che [ifespan of che fileer. While small parricle
contaniinanes were abserved o cause decay in the efficiency early
in the liferime of electrer CFM media, che building of mechanical
efficicncy in chese filcers compensares for this toss amd yields a
Filrering medium wich bereer inirial efficiency and bereer fong
werm fileration efficiency as compared o cotton/polyester media
of equivalent basis weight In addician, it was shown ehar noa-
eleceret CEM media also peavide berrer intrial efficiency as
compared o caton/putyescer wedia and maincain piericy
pesfurmance to the same over liferime of the filter The

combinacion of structure and elecieer charge, which exists in the

electree CEM media yields a more efficient fiteer overall

1 3}
Filtar Madia Mon-electratg
% afficiency}
PE/PE CFM media 50:1.8
PP spurbiond media 95¢:1.2
Pe melt-blown mecdia 38 1 1.1

{% efficiency}

Lo years.

In addicion, evidence has heen presented which refures che use
of *conditioning crearments” which decouple electrosratic effecrs
from mechanical efficiency The 2-propanel immersion was
cleacly shown to cause irreversible changes to electrostarically
charged media, which are related co dissolution of low motecular
weight polymer by the sulvent. Qnee expused, the 2-prapanul is
ae hest difficulr and ar worsr impossible to cemove from che
polymers used in manufacruring elecceer CFM medin. Thus,
rather than heing a passive crearmenc, the I-propane! immersion
yiclds material wich vasely differene mechantcal and filtracion
propervies, which du nor reflecr those of non-elecerer charged

media of the same struccure. B

Contact:

David L Myers or B Oesan Arnold,
Filtration Products, Kimberiy-Clark Corp,
1400 Holcomb Bridge Rd,

Roswell, GA 30078, USA.

Tel:+1 770 587 8000

Fax. +1 770 587 7241

Websita: www.kefiltration.com

The article is based on a presention made at the 5ch Annual
Conference on Nonwoyens in Filcration, on March (2, 2003,
The conference, which was held in Sn;gig’irt; 'C}'Qrmzmy, was
sponsored by the European [Zisposables and Nansvovens
Association {(EDANA)Y and hosted by Fileer Media Consubring
[ne, LISA. .
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