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QUI\L1TY ASSESSMEN T OF NONWOVEN AIR FIL TCRS USED 
IN FERTILIZER FACTORIES 
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AI15TRACT - Two expenmental techniques used to evaluate faboc filtration efficiency. 
Gas filtrat ion apparatus i'md another apparatus used optica l techniques based on 
laser doppler velocllTIeter are construc ted. The f lll rat lOn eff iC iency halle been measured 
for a w Ide vant y of non ... woven f i lter fabrICS. Exce llen t agreement has been found 
between the two techniques. The necessary performance characteris tics of air Illter 
fabrICs could be selected and arranged carefu lly In decreasmg order of I mport ance. 
In thIS paper se veral methods are used to assess the quality of some nonwoven fabrics 
as air filters Similar to those f Ilters used In the fertilIzer fac tory. Complex e va luation 
of quality methods have been applied to determ me the best f ilter which can be 
used In fertil izer factorie s .. Quality assessmen t methods such as ar ithmet IC mean , 
geometric mean, harmoOiC mean , expont!ntlill mean, polygol\ area , qua li ty number 
find generalized deslfabdlt y f unc tIOn can be used for assessmg the quality rankmg 
of air f ilter fabrtcs accurately . 

I. INTRODUCTION 

Filters are commonly used In the II1dustrlal purposes and for protectmg 
the env ironment from the pollulJo'n. Fi l ters ('an be c la5slfled as one of two types , 
based on the way m which t he libres are held III plac e. In the {I rst type, t he packed 
filter (nonwoven fllted, the fibres arc loosel y packed mto a substant Ial vo lume, 
presenlms a faIrly long path a long which the air mus t pass on Its way through 
t he filter. ThiS Iype of f il ter has Wide use In ;:\Jr condltlonlng appllc ' ltlons and other 
app licatIOns where the dus t loading , or partIcl e - nu mber concentration, IS rel al illel y 
SIll.:!I!. In t he second type- of f il ter (w ovcn or kni tt ed fi lt er s), call ed the sing le layer 
l liter , fsbres are wOllen Into a thm layer of cloth . nag (lit ers <\I'C the typica l example 
of thIS type of b Her [ I). Filter fnbrl c IS one of the most Import ant typl:!s o f industTial 
fabrlcs .. f!Uld mechanICS for ms the prinCi pal founda t ion of ai r pollut ion contro l t heory. 
F lUids may be eIther liqUids or gases . 

Each fi lter must fulfI l the necessary reqUirements accordmg to the diff eren t 
end uses such 'as filt ration process of cement , aC ids , sal ts, ods, sugar , milks and 
so on. ThiS makes the techno!ogy o f these fi lters dIfficult to be studied III genera l. 
Sa fety, i t could be sa id thnt each fdter can be conSidered as a speCIa l fabrIC Wi th 
respect to the type of matena l and the method of manufac ture . 

" .. . Textile Eng . Dep t ., Faculty of Eng., Mansoura Umversu y. 
Textile Eng. Dept., Facul ty o f Eng . , A lexandria UnIversity . 
Mech. Power Dep t., Faculty or Eng., Zagazlg Unn·er slty . 
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Genera lly, the f e r tIli zer company is usmg two types 01 f ilters , e.g. air 
fIlters and liquId ftlters . Bu t the presen t study concerned wIth the most 
Important filt er llsed In aIr c.ompr essor (Talkha I]). ThIS IS because a ir CO"'P'-
ressor needs a huge amount of very pure aIr per unit tI me III order to the Idea l 

processes can be carried ou t successfully. 

As far as fi ltration is concerned, the a mount of dust pilr.tiCles passing through 
a filte r medium IS o f major Impor tance for vari ous produc ts . If the pore sIze is 
large, a higher mass of dust wi ll be expected to pass t hrough the. fdler fabric, whIle 
if the pore s Ize IS small, there WIll be higher dust re tentIon and a low mass of 
dust wtll pass through . And the need for a simple It lt ration appara tus is an Important 
factor m de ter minmg the resultant gas and dust pe rrneab illty of fjlt e r fab riCS. 

In Selec llllg a Idler fabriC lor fe n ill zer fac tOries , one must cOlls i<}.c'r the 
different charac tefls t ic s of the fabriC as they relate 10 the t ype of application. 
For example , for ai r filter fabriCS , the malll property to conSIder IS mechanIca l 
resistance (ll For filt ratIon systems, essenttall y two charac teri st ics are importan t: 
the alT permeabIlity coeff iCIent and the part icle retention capacity of the lilter, 
expressed by geometflcal ra tios between charac te rist ic part icle dI mensions of the 
sad to be re tained and a characteri s tic open ing of the fabric [2]. 

Di ff e rent charactefl stl cs !lillie been proposed for e valuatlllg the filtr a tion 
performance of air f ilter fabrics: filt rat ion effICIency, pressur e drop , fab rIC porosity, 
pore size and fabr ic thickness [3- .5]. 

Ma ny research works ha ve been s tudIed filt e r charac teris tics mdlviduaHy. 
Bu t tile present work concerned WI th the comp lex assessment of the filt e r charac ter­
IstICs e .g . P lltratJon ef fi ciency, pr essure drop, aI r permeabIlity , porosity, fabric 
weight , burs ting s t rength and speCifi c work of rup ture . 

The ob jec t of th iS paper is to study the perlormance 0 1 domes tic nonwoven 
fabTics Similar to those Imported Illt ers used 111 the fac tory. Th ,s wil l lead to improv:­
Ing the filtrat Ion effiCiency and durabil ity o f air fi lters uSing domestIC fabriCS which 
saves a lot of hard currenc y and insure the suppl y of these fdt er s from the Egyptian 
marl<e t. 

2. EXPE RIMENTAL WORK 

2.1 fabrJc Preparat ion: 

FabriCS of diff eren t we ight per unit area and thick ness were produced by 
usmg diffe ren t numbers of layers of paraJlel la Id webs and ddferen t amounts 
of needling . The vari ous filter samp les are li s ted in TabJe I. 

2.2 Fi ltration Eff ic iency Test: 

2.2. , Gas Filtril tion Apparatus (Weigh t ing met hod): 

T"'e measurement of filtratIOn efflc lenc }, of fabncs IS the main ob ject 01 
thiS wor l< . ThiS is because there is no appara tus III Egyp t or III the marke t avai labl e 
to measure the [Iltrat lon eff iCiency . Then It was necessary 10 budd an appara tus' . 
Th IS Ol pparatus was deSIgned to rl""lJ:asure both the ftltratlon ef fiCiency and ill r 
permeability with a slmJiar manner to the Shi r ley a ir pe rmeabil ity teste r .The designed 
apparatus IS capable of measuring the air permeabIlity at hIgh pressure drops and 
rate of <ll r flow which is not pOSSIble by usmS ShIrley aIr permeabilit y test er . 

Figure (J) shows a schemat iC diagram of the apparat us . 1\l r IS drawn fro m 
the .Jtmospilere through the pIpe (I) by the actIon of a blower (8), then p.Jsses through 
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Table I : Specl(ic;ltions of Filter Fabrics 

Fab r ic Type of Fibres Thickness, Weight Fabric 
mm pe~nit Oensi~. 

area,g/m' g/cm 

lIo% acryl lc/4 4% polyester! 
6% c otton ! Y16 nylonl 596 wool U 3 10.6 0.0721 , 100% ac rylic 6.62 270.' 0.0409 

J 33% woo ll 3.3% co ttonl 
34% ac ry lic 6.05 61,7. 1 0.1070 , 100% polyes ter 2.6 164 .4 0.0632 

} 88% pol yestc r/ t 2% woo l '.6 586.9 0.1276 

6 50%acryl,c! 50% polyes t er 8.22 II /I ~ 0.0''' ' 
7 . 100% polyes ter 11.6 11 7.5 0. 0373 

& 88% polyester/ I 2% wool 1.2 235. 1 0.19~9 

9 wool/ac ryl lc l nylon/polyes le r 4.8 (1 01' .6 0.0843 

10 80% po]yes ter/ 20<JMibran 7 .,, ~ 864.5 0.1 160 

" " " " " 9.0 1158.6 0 . 1287 

12 " " " 7.7 ~ 89&.& 0. 1160 

13 " ,. " 512 87 1.4 0. 152) 

Ime A or B accordmg to the t ype of t eseA,r flows t hrough hne A for ai r pe r meabd lt y 
t est (m thIs c ase va lve \} is closed). On the other si de, ,lI r fl ows t hrough line B 
for measuri ng. f il tra t Ion eHici enq· . 

In this test val ve A is closed and a ir flows through hne B. A regulator 
(9) IS is used to ge t a d ry a Ir in the sys tem. A flow meter (1 0) IS USed to measure 
the rate of air {low .. The pressure gauge (t I) measures the air preSsure In the line. 
A dus t feedmg device 0 ) , feeds the sys tem With a cons tant amount of dus t. Thi s 
dus t IS mixed with the ai r (low. The sa mple (5) acts as a flher , which pr events 
the coarse pa rt icles of dust and per lnl t s the flOe ones to pass through . l ile fi ne 
particles are accumulated on the sur face on the fil tratI on paper (1 2). The pressure 
drop across t he fab riC sa mple IS measured by the manomete r . The {o1!owlllg opera t mg 

c ondit ions were kept constant : 15 cm 2area of test hl ter and 70 cm 3/sec rate 0: 
;lir flow . 
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2.2.2. Laser Technique (optical method): 

o tical techniques based on laser doppler ve lOClmeter are applied to evaluate 
filtration ~f hC lency by measuring particles concentration bef~re and ~fter the te~:e~ 
filter (6) There are three detectors located at selec ted spac ings ~ehUld the fece / 

. sho ' F ' (2) Th is method has severa l potential advantages or 
aperture as wn In Ig. . . . 
obtai ning the size and velOCity of Pfrtlcles (6) . 

A moduler fluid flowing syste m has been constructed to allow the vjsua;iza t i~n 
conce t It consists of a two rec tangu lar channels (3X3X IOO , 3X)X80 cm m~ e 
of pl~x;gl ass, and dust supplying system as demonstrated .in Fig. 0), DUS\ f e~dlng 
system aspirateS dust from the container to the ejector In order t~ a .~a th! 
homogeneous mi)(ture of dust and air. By means of a SUCtion a t the ot er 51 e, 
flow of air and dust passes through the f ilter fabriC . 

BEAM 
SPLITTER 

MEASUREMENT 
VOLUME 

DET 1 
DET 2 

DET 3 

• FtCJurE! 2 • Optical Scpema tic f9r an LDV and the P/DPA 

J. RESULTS AND DISCUSSlON 

From such s tudy, performa'1'e properties of air filter s can be divided into 
two groups: positive properties such as filt ration effici ency, air permeab ility, porOSity, 
bursting strength and specific work of rupture; and negative properties such as 
pressure drop and weight per unit area. The results of both positive and negative 
relative charact~r istjcs (Y 1 - Y 7l of each property could be list ed in Table II. SelectIOn 
0 1 the best fabric !S difIicult enough without using special methods for assessing 
the quality such as co mpl e)( charac teris t ics or generalized desirability funct Ion. 

3.1. Co mplex Characteristics: 

Complex character ist ics of qua lity assessment may be dete rmined (7) by 
calcu lating the arithmetic mean (A), geometric mean (Gl, exponentia l mean {El, 
polygon area (P) and quality number <Ql of Ihe relative characteris tIcs (Y I - Y 7) 
as given in Table II. 

3.2. Generalized D~sirabi[j ty Function: 

General ized deSI rabili ty function {D} can be calcula ted (8-1 0) by the geometric 
mean of the individual charcteris tics o f the desiraoility (di) as follows: 

where di = exp ( - exp - Zi ) ; Zi = a + b X i 
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Z. - dimensi onless cha rac ter is tics which Z :0 1.5 lor the bes t sa mple and , 
Z " 0 for the worse ones; 
ap - cons tants and 
X. t yp ical propert ies of cach sample. , 

There fore, the va lues 01 0 car be easily calculated and the fnbr ic s can be ranked 
according to its qual ity as listed in Table III. 

3.3. Rat'ik Agreement: 

The selected fabric sampJ~s are to be ranked uSing the SIX me thods of qualny 
assessment (A,G,E,P,Q and D). Tha coefficient of concordance (w) a mong the di Heren t 
methods is equal to 0 .88 . The final rank of each sa mple is set ou t in Tab le HUt 
could be noticed tha t the fa bric, NO.7 and fabr te No. 12 has th e best and worse 
qual ity respec t ive ly. For check ing the best Fabric, t he overall e H ic lency (Y) and 
qualit y index (I) can be c alculated til] as follows: 

Y '" L [I/(I-m)) lAP; and 
n 

[ :·100 log f 14p 

where m- fractional e ffi c iency ;4P - pressure drop, and 
f- f ractiona l penetration. 

3.ft. Optical System 

The purpose 0 1 using this exper unenta l technique is to produce a steady 
two phase flow of air and dust through a f ille r. Thi s IS to measure the concentrat ion 
of dus t bef ore and after the fi lter by means of optical techniques. These opt ica l 
me thods a rc based on Lase r Doppler Ane mometry (L OA) (1 2). These t echniques 
have the adva.ntage of not di st urbing the flow. 

The SIze and ve locity hls~ograms are presented in Fig. ( II) . The results of 
the calculat ions performed are presented to the right of the s ize his togram. They 
inc lude: 

Probe Wid th- This IS the ac tual diame te r of the optICal yolume as measured 
during data acqUlstion. A ll s ize histogra m bIOS are normali zed to th is Ya lue to obta in 
the correc ted bin c ount s. 

Probe Area- The prOJec ted area 01 the probe Yolume normal to the ve locity 
senSJ\'ive di rec tion. The probe area is calculated from the geome tr y of the rece ive r 
(which influences the Jel1g th of the probe) as well as th e probe Width. The probe 
a rea is used to determine particle lIux and number densllY. 

Probe Volume ~ Ac tual vol ume of the 0pllca l probe ca lculated from the 
above va lues . ThiS quantity is usefu l to insure that the probe volume meets the 
requirements of part icle number denSi ty. 

FlUId Flow rat e - The total volume of all particles measured (us 109 corrected 
coun ts) divided by the run ti me . This g ives toe average value dur ing the data acqu isi ­
t ion . 

Fluid Volume r-Iux - The lIuld 
gives the average volume flux through the 

flow ra le dil-ided by the probe Area. 
probe durmg the da ta acquis it IOn . 

This 

Number Density - The total number of pa rticles divided by the volume 
of gas phase which passed through the probe during datil acquiSition . To de term Ine 
thi s , the bin count for every size c lass IS firstly adjus ted by the ratio of the mean 
particle vdoc ity for tha t s Ize clDSS to the overa ll mean re loc lly. The adj us ted bin 
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counts are summed for all Size dasse~. Consequently, gas phase volume is deter mined 
by sweeping the probe ar e ~ a t the overa ll mean ve locity fo r the sample run ti me. 

From the previous da ta , the fi ltra tIOn efficiency. IS calculated. Simi,llar 
resu lts arc obtained for bo th op t ICa l and weigh t ing methods. Corr e la tJ on coeffiCient 
01 Jiltra tion effiCiency be tween the Iwo methods is shown In Fig. (5). 

~ 
w 100 

" 

" 
.eo 

No .3 o 

No.2o 

No.7 

'I' - 28.10789 + .7287+67 X 

CQRR COEf'F ... 9651:Z15 

popE;r 
o onglnal 

7'~r<TT~~TT'-rrTT"rrTT'-------~ 

Figure 
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Filtration Eff ic iency (%), (Laser Method) 

5. Correlation coeff ic ient betwee n filtration e fficienc y 
by laser and weighti ng methods 

4. CONCLUSION 

measured 

From the worl< deSCribed in thi s paper the {ollowlng conclUS ions have b~en 
deduced; 

I . A new s imple and efl iClenl apparatus was established on the baSIS of constan t 
r<l te of air flow for measur ing the filtrat ion eff iCiency o f filt e rs. 

2. Laser techni que can be sliccessfully used in de term inat IOn the fdtr at JOn efficiency 
of a ir filt e rs. 

J. The resu li s ob ta ined {roUi the IwO apparatuses are III a good <Igree men t. 

'I. per for mal)(e propert ies 01 air fi lte r fabrI CS could be selec ted and arranged 
c<lref utt y In decreasi ng order 01 import ance. 

5. Methods of qua lity assessment such as ar ithme t iC mean, geomet flc mean, expon­
enllal mean, polygon area, quali ty number and generali zed deS irabilit y func tion 

C<lO be used for assessing the quality ranking of air Id ter fabrICS. 
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