FIBROUS AEROSOL FILTERS

- by .

c. E. Lapple
Chomical Engincoring Dopartmont
Tho Ohio Statc Univoraity

. Columbus 10, Ohio

INTRODUCTION

There are, in penoral, two basic types of fibrous filters, the so-called
“"paper" or thin-bed filters and the deep-bed filters. The distinction between
the two 18 primarily one of philosophy of application. The deep-bed filters are
designed to be maintenance-freco with a life corresponding to that of the entire
installation or process. Once they become plugged with dust, the entire unit is
abandoned. The paper filters, on tho other hand, are usually designed for a
limited life, to be replaced or cleaned periodically. They can, however, also bo
designed on an eabandonment basis.

A discussion of deep-bed filters was presentoed at the Ames meeting in the
Fall of 1952. These filters can be considered in two basic categories, the gran-
" ular or sand types and the fibrous types. The discussion at that time dealt
largely with the relative merits of these two types from the standpoint of design,
performance, and cost, It was shown at that time that fibrous units possess a
considerable economic advantage over sand filters although long-period large-
scale exporience was relatively meager for the fibrous type whereas the sand fil-
ters had an extended backlog of successful operation. ' .

It 1s the purpose of the present paper to discuss the fundamental performance
characteristics of fibrous filters. This discussion is essentially a preview of
recent developrments arising from regular thesis work at Ohio State University (12).

-

BASIC CONCEPTS

,  Methods of Expressing Collection EfflClencv While the collection eff1c1ency
of a filter is normally exprcssed as the fraction,?” , of incoming aerosol particles
that are collected in the filter, 1t is often more convqnlent to express collection
efficicncy in terms of number of trensfer unitse, Ny, where the number of transfer
units is related to the fractional colJectlon efficiency by

n=1-e N - | (1)

Ny = In (> | C - (2)
l-1 ) .
It should be noted thet the term Ny 18 identical to the corresponding term used
in mass transfor for tho casce whore there i1s a negligible vapor pressure of an
absorbod pas or vapor from tlhe liguid phaso, It should also be noted that the

term Ny 1o directly rolated to the docontemination factor, D.F¥., which has bnoen
widoly used in atomic enorgy applicationo (l),

or
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Ny = 2.303 (D.F) . (3)
Tho deposition of aorosol particlos on body surfaces, such ao c¢ylindors or
spheres, hoo been customarily oxpreosod in temms of a targot efficioncy, 7y,
defincd as the ratio of cross sectional aroca of tho original gas stroam, from
which particlcs of & glven sizo aro removod bocause tho particle trajectory in-
tervccts the colleocting ourface, to tho projocted aroa of tho collector in the
nominal direction of flow,

For cascs where tho fibors aroc normal to the direction of flow, it is

- readily shown that

Ny =m0, A Nyfe_m : : (%)

In the derivation of Equation 4, it is assumed that Ny is a constant throughout
the filter and either that the  fractional deposition in eny one layer of fibers
is small or that thero is complote mixing of the aerosol between layers. The
first assumption restricts Equation 4 to homogencous aerosols, For heterogeneous
acrosols, however, Equation I will still express the performance characteristics
for any given particle size if it is recognized that the terms Ny and 7 1n Equa-
tion 1 will then represent the performance for that same size., If the fibers are
not normal to the direction of flow, an additional orientation factor must be
provided in Equation 4. ,

If means are availabile for evaluation N4 as a function of particle size,
fiber size, and opcrating conditions, it is apparent that Ny may be celculated by
means of Equation 4 and the corresponding values of % or D.F. from Equations 1
and 3, respectively. The subsequent discussion will show how 7 may be evaluated.

Depositicon Mechanisms: The deposition of aerosol particles on a body may be
due to any one or more of several mechanisms, wherc, as shown by numerous investi-
gators, (2)(4)(5)(6)(7)(8)(9)(20)(11),  the effectiveness of each mechanism is
moasurable in terms of the physical and operating conditions by a dimensionless
group, which will be termed a separation number, Ng. These ars listed bolow:

Depoéition Mechanism Separatioﬁ Number

" Flow-line (or Direct)

- Interccption | " Ngp = Dp/Db

Inertial Intorception Ngi = kp Py Dpauo/lB B Dy
Diffusionel Doposition Ngg = bv/uo Dy '
Gravitational Deposition Ngg = u%/llo'

Elcctrostetic Deposition

1t

kg € p €bafu & Dp u, '
: 2
By Induction Ngei = kme%s DP2 (6, -6 )/ 6% Dy g

Thormal , Ny = [K/(2 % 4 K (T = 1) /21 /i 2 Dy ug ]

By Charges Nacc
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A dotailcd.conuldorution will. ohow ihat turgot officioncy is a function of
somo two dozen variables.’ By dimencionul analyocis, My may then be shown to be a
function of some 1- 1/2 dozon dimensionloss groups, which includo all of the Ng
terms listed above in eddition to othor groups which moasure modifying 1nfluunccn
on tho flow patiern and force fields.

For simplification, it may be assoumed that eloctrostatic and thermal effects
are ncgligible, Tho laticr will normally be the case if no marked temperaturc
gradioents are present., The magnitude of eloctrostatic effects will be discussed
lator, With thouu assumptions it may be shown that

g nkw(NBf’ Ngi» Nga» Nsgs Nges evJ ) (5)

Relative to other deposition mechanisms, gravitational sottling will normelly be -
significant only with aerosol particles laerger than about 1 micron diameter and
with collecting bodies larger than some 100 microns diammeter when operated at
low face velocities., Gravity settling would be expected to act somewhat inde-
pendently of the other mechanisms with little interactive effect. Consequently,
for most purposes, this may be treated as a separate additive erffect on target
efficiency, having a magnitude on the order of Ngg.

To further simplify Equation 5 we may assume that the modifying influences
of NRe and €, on flow pattern are noegligible, Equation 5 then becomes

= ¥2 (Yor, Yoy, Noa) N (6)

or, in alternate forms, '

Ng = 4/’2 (Nsi;; Nsd_J Nsc) - ’ (7)
ny = ¢’3 (st) NBi" NBC) . ' (8)
where Nge = Nog2/Ngi Nag = 18 #/kg pp Dy | (9)

The term Ng. is analogous to the Schmidt number in mass transfer and
measurea the interactive effect of flow-line and inertial intercecption and dif-
fusicnal deposition. It should be noted that Ny, involves simply the physicel
properties of the pas and the aerosol particle.

In order to be able to predict that target efficlency from Equations 6,7 or
8, 1t is necessary to kmow the functional relationship between the variableu.
Soveral investigators have attempted to develop this relationship analytically
" for conditicns where one or the other of the seperatlng mochanisms is controlling.
To date, howover, no genoral solution has becn devoloped., The nearest approach
i8 that of Davies (2). The purpose of tho invostigation of Ohio State University
was to develop tho relationship exporimontally,

crce
tcere § o -
< =

L5 1
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EXPERIMENTAL ‘PROCEDURE : .

In the exporimontal invostigation, a tecot worosol was pascod through in-
dividual pads of fiber mats in sorios. Collection officioncios woro detorminod
ovor a wide air velocity range (0.02 to 20 ft./soc.) by measuring tho amount of
acrogol rotained in cach pad and tho amount passing tho scries of pads.

In order to take advantago of the convonicnce of colorimetric tochniquca,

a dyo was sclected for producing the acrosol. Theo test aorosol was prepared

from a volatile dye, du Pont "0il Orange," in & large-scale version of the

la Mer generator (3). Unlike the La Mer generator, however, the aerosol was
formed by quenching the hot dye-vapor-laden air with filtered room air and no
nucleation was employod. Throughout all the tests, the generator conditions

wore held constant to give a fixed reproducible aerosol as determined by frequent
checka of filtration efficiency on a given filter-pad arrangement. Tho size of
‘the aerosol particles was determined with jet impactors borrowed from the Unilver-
ity of Illinois (8). The aorosol particles were relatively uniform but not
homogenoous, having & mass medilan diameter of O.4 micron and a standard geometric
deviation of 1.4, It is believed that.the particles were present in the air '
stream as spherical supercooled droplets of dye, although it is known that they
crystallize into necdles on shock or after a period of 10 to 20 minutes., Con-
centrations were on the order of 1 to 2 mg. of dye per cu.ft. of air.

The filter pads consisted of 0.l-in. thick layers of glass fiber packed be=-
tween retaining screens, Five such pads vere mounted in series in each test.
Four types of fibers were used at various packing densities:

Trade Name Mcan Fiber Diemeter,
Fiber No. (Owens-Corning Fiberglas Corp. ) Microns
- F-1 : Aerocor-PF-Type AA 1.29
 F-2 Basic 28 7.6
F-3 Fine Vool ' - 10.7
F-l Curly Wool (Type ll5K) . 29.4

.

All test fibers were fired at 400°C. to remove any binder or lubricant. The
clean-up filters located after the test pads consisted of two standard Aerocor-
PF-Type AA mats in series. The amounts of dye collectcd on each pad and by tre

clean-up filters wore determined by leaching out the dye with benzene and anelyz-
ing the solutions colorimetrically. .

EXPERIMENTAL RESULTS

Figure 1 shows tho experimental results precented in the form of a plot of

- transfer units vs, suporficial air velocity for the various fibeors at severel
packing densitico. It will be notod that the same typo of curve was cbtoined
with all the fibors and puacking densitios. The high-velocity ond roprescnts the
region in which inortiel intorcoption is tho controlling deposition mochanisa.

As tho velocity 48 reduced, inortial deposltion bocomes less e¢ffoctive and col-
lection efficicacy (mc&burud in tcermn of trensfer units) decrcuses. At velocities
on the ordoer of 1 to 10 ft./soc., howovor, diffusional deposition bocames a sig-
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nificant factor. At lower velocitics, diffusion bocomes tho controlling doposi--
tion mechaniom and collection cfficicncy increcasos with o further decrcase in
velocity., It will algo be obscrved that the curves becomo flattor for the fine
fibors. This reflects the superimposcd offect of flow~line interception, which
is rolativoly morc pronounced with tho fino fibers and is independont of gas
velocity in the magnitude of its effect.

While tho data aro prescntod directly in Figurce 1, they are of little
gencrel utility in this form. It is nccessary to generalize them in térms of
fundomental concepts. This may be done by using the data as a mecans for evealuat-
lng the exact nature of the functional rolationship implied by Equations 6, T,
and 8.

Since the gas properties and the aerosol particle size were held constant
throughout this study, the value of the interaction paramcter, N,., defined by
Equation 9, was constant at a valuc of 21kO. Equation 7 and 8 would now indi-
cate, pursuant to the assumptions made in deriving them, that all the collection

efficiency data expressed as target efficiencies, should be unique functions of
either the inertiel interception number, Ngi, and the flow-line interception
numboer, Ngr, or of the diffusional seperation number, Ngg, and the flow-line in-
terception number, Ngr. In other words, if the target efficiences obtained in
this study are plotted against either Nsi or Nsd: unlque curves should be ob-
taincd for given values of Ngf.

In Figure 2, the data are shown in the form of a plot of target efficiency,
Ng, v, Ngi with Ngr as the parameter. Figure 3 represents the same data plotited
as target efficiency, Ny, ve., Ngg with Ng, as the parameter. It should be ex-
phasized that these two figures are not independent; they ere merely alternate
wvays of presenting the same dota end it is possible to go from one to the otrer
by direct calculation. Since the interaction parometer Ny, is constent, once
any two of the three separation nurbers, Ngr, Ngy, and Ngg, are fixed, the trhird
18 determined (Equation 9), The velue of the third parameter is shown &s &
dashed line in each figure. TFigures 2 and 3 may be regarded as the graphicel
., manifestation of the functional relationships implied by Equations 8 and 7,
respectively, for the specific value for the interaction parameter of 2140.

(Y

" DISCUSSION OF RESULTS

Validity of Assumptions: In deriving Equations 6, 7, and 8, several assump-
~tions were made. The Tact that the resulting indicated method of correlation did
result in unique relationships for the date msy be taken as evidence, althougn
not proof, that the assumptions were valid within the precision of the deata. In~
dividucl. consideration of the various assumptions ‘will lend further weignt to
this conclusion. ‘

-Since the tests were run under esscntielly isotherﬁal conditions, no thermal
deposltion would be expected. Order-of-magnitude estimates also indicated thet
depesition by grevity settling should be negligible over the range of conditions
employcd. This was confirmed experimentally by the fact that no, significent éif-
ferencco in collocticon efficiency were obtalned when the gas was passed horizoxn-
telly through the filter peds or vertically up or down through the puds.

It 18 ¥mown that the Reynolds nuwmber, Nzs, has an influence on the flow xat-—
tern around single cylinders and, henco, would be cxpocted to influcnce deposition
officioncy In that case, With proximato cylinders, &s in fibrous filter pedls,
howovor, tho Reynolds number should have no offcct provided it is not above a
valuo of on the order of 1. In the curront tests tho Roynolds nwmbor wos less

e e
tee
eer
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than 10 and usunlly leso Jhan 1, The aboenco of o Reynolds number cffect on tho
flow pattern io furthor substantiatod by the fact that the prossurc drop through
the pads was ossentially a lincar function of air velocity. For Roynolds numbers
~ greator than 10, however, a distinct effect would bo expected, ulthough thio re-

gion 1is beyond thc scopo of the prcoent test data. .

The data show no distinet offcct of packing density on target efficlency
although thore is an indication that higher donsities rosult in somewhat higher
target efficioncies. Sinco bed densities were not varioed widely, however, these
indications are not sufficiently beyond the precision of the measurements to be
conclusive. Actually it would be expocted that higher bed densities would com-
press the streamlines around the fibers and yield highor target efficiencies.

For the range of densities investigeated, however, it may be concluded that den-
sity has no major effect on target efficlency.

From the fact that a correlation was obtained by neglecting olectrostatic
effects, onc might conclude that electrostatic effects were of no mejor signifi-
cance in thesc tests, If the elcctrostatic soparation number followed the samo
trend in all the tests as one of the other separation numbers, however, this
conclusion would not be valid., An examination of the various separation nurbers
~will show that the group Ngei, which is a measure of electrostatic deposition by
induction, would be directly proportional to the diffusional separation number,
Ng3, if any surface charge, €4, had been the same on all the pads tested. While
this would represent a colncidental condition, it is not an unlikely one. The
only direct evidence against this possibility i1s the fact that the target effi-
cicencies obtained arc of the order of magnitude that would be expected if dif-
fusion were a controlling factor in the absence of inductive deposition. Con-
sequently, while it cannot be conclusively dcmonstrated that electrostatic
effects were absent, it can be concluded that any such effects that might have
been present were not major factors, :

‘Compariscn with Other Investipators: There are only two sets of data
availeble in the literature which are sufficiently complete to approach a basis
for comparieon. The data of Blasewitz et al (1) dealt with an aserosol that was
Quite hetecrogeneous and, in addition, involved considerable uncertainty as to
the megnitude of the particle size., Ila Mer et al (3), while complete in other
respects, did not measure the properties of the filter pads, Hence, the com-
parative interpretation of their data involves a possible e€rror of several-fold,
When prescnted on the same basis es Figures 2 and 3, the data of Blasewitz and
La Mer indicate qualitative agrecement with the preseat data.

The date in Flgures 2 and 3 suggest limiting curves for Ngp = 0. These
have been drawn in as dotted or short-dashed lines, In Figure 2 this limiting
curve would represent the target efficiency at low Reynolds numbers if enertial
interception alone were involved. ILengmuir (4) reports a calculated value of
Ngq of 0.27 below which no deposition by inertiasl intorception can occur at low
Reynolds nurbers, although he gives no dotalls as to the method of arriving at
this value, This value was used as an asymptote in drawlng the limiting curve
for Ngp = O in Figure 2. Also shown as a dotted curve in Figure 2 arc the
calculated values reported by lLangmulr and Blodgett (5) for potential flow.
These values would correspond to the target efficiencies to bo ocxpected for pure
inertial intercoption et very high Reynolds numbera and should be much greater
than those for viscous flow.

Davies (2), Langmuir (4), Lewis and Smith (6), Renz (7), and Stairmand (ll)
havo all dovoloped approximate enelytical expreossions for tarpget officiencies
urder conditions of puro diffusion to single cylinders. While thoso expressions
liffer by sovoral-fold fectors owing to diffeoronces in simplifying esoumptiono,
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that of Langmulr is pro-~ubly tho mout accurale. Langulr's cxprosclon fells be-
low the dottod lino of Figwre 3 by a factor ranging from 0.5-to 3-fold. ILecwis
and Suiilh oblain rosulisc 705 highor il tho dotled line while Stairmend is
higher by & faclor of 3. Ranz is in approximato ogrocment with Langmuir., It
ohould bo remenbercd that theso analytical expressions aro for single cylinders.
Higher target officilencies would be expectod for proximato cylinders.

APPLICATION ;
/

Figures 2 and 3 give a quantitative representation of deposition in fibrous
filter mcdia at low Reynolds numbers (lcss than 10) in the absence of significant
therwal, eloctrostatic, or gravitational effects. They are specific, however,
for an interaction number of 2140, To obtain a generalization of these curves,
it would be neccessary to obtain similar curves for a renge of the interaction
numbcr. For highor values of the Interaction number, the curves of constant Ngp
would, in general lie below those of Figures 2 and 3; while, for lower valuos of
Nge» the curves of constant Ngy would lie above thosc of Figures 2 and 3. 1In
olthor casse, hovover the curves of constant Ngp would approach those of Figures
2 and 3 at high values of Nygq or N, (i e. at tho right-hand side of each figurec).
In other words, for high vagucs of Nsi and Ngg, the curves of Figures 2 and 3
would be sensibly independont of Ngg.

To . use Figures 2 and 3 for genercl design estimates in the absence of more
extensive similar date at other values of the interaction number, the following
procedure is suggested, For the specific values of the sepuration numbers Nge,
Ngi, and Ngg involved in a particular problem, calculate from Figures 2 and 3 the
target c*f1c1ency corresponding to each of the three combinations of two of the

Bepulaulon nurbers. In general, this will yleld threoc velues for the estimated
targot efficlency. For the singular case where the interaction number for the
spccific problem is 2140, thece three values of target efficiency will, of neces-
sity, come out equal, If the interaction number is less than 2140, use the ‘
highest of the three target efficiency values obtained., If the interaction num-
ber is grester than 2140, use the lowest of the three target efficiencies ob-
tained, This epproximation should yleld estimates that ere correct within &
factor of two for the range of conditions likely to be of practical interest.

SUMMARY AND CONCIUSIONS

A nethod has been presented for generalizing the principles governirg depcsi-
tion of eercsol particles in fibrous packing by the meochanisms of flow-line in-
terception, inertlel intercoption, and diffucional deposition. Experimental data
beve been obteincd which expross these principles quantitatively for an interac-
tion nurber of 2140, In the absence of more oxtensive data over & rango of in-
teraction numhors, a moethod 18 suggested for utilizing the presont data for
general design or performance cetinaton,

Tho following 18 & list of indicated diroctions for further research to fully
develop the fundemcntals of aserosol deposition in filters:

1. Confirming Date., In this fleld, with its many uncortainties rogarding
basic tochniguos of meoesuromcnt, it is ospoclally desirable to obtain comnparisous
wilh othor date obtainod independontly and proferably using difforent techniques,-
Litereluro date currontly aveilableo arxc not eufficiontly complete to enable quan-
titative ccupurisons to be nudo,

e L . . S s seimowr s




212 , WASH-170

‘2. Effoct of Intoraction Number. While an approximato mothod 1o suggcstod
for employing the data pruocntod horoln for genoral design, it is ncccessury that
further data be obtained over' a wido range of the intoraction numboer (say for Nge
ranging from 100 to 100,000).

3. Effoct of Bod Donsity. Data aro roquired to ostablish the quantitative
offocts of packing density. The prosont study involved a relatively limited
range. Such data should bo oxtended to donse peckings such as may be encounterod
in compressod mats,

4, PBffect of Reynolds Numbor. For practical conditions under which deposi-
tion by flow-line interception or diffusion are significant, the Reynolds number
should be sufficiontly low that it is questionable whother the Roynolds number
would have any significant scparate influenco. For inertial intercepiion, however,
high values of the Reynolds number, for which marked effects would be expeccted, are
frequently encountercd,

‘ 5. Effect of Mean Free Path of Gas Molecules. Insofar as the mean free path.
effects the flow around fibcrs, this factor has been essentially ignored by all
but Langmuir (%) who provides an approximate allowance. In practice it will be
significant with very fine fibers or at reduced pressures, Although not sepa-
rately allowed for, it was probably beginning to be & significant factor in the
"case of the finest fiber employed in the present study. , '

6. Effect of Other Doposition Mechanisms. Considerable work remains to be
done to evaluate the principles of deposition by gravity, electrostatic, and
thermal mechanisms. Ranz (7) (9), in particular, has made & start in this direc-
tion. :

T. Effect of Fiber Orientation. There has been essentially no systematic
work on the gquantitative effect of fiber orientation. The present study dealt
exclusively with fibers mounted perpendicular to the gas flow,

8. Deposition in Granular Solids. There hes becn essentially no fundamental
work to evaluate the quentitative principles of deposition in beds of grenular
polids.

9. TFilter Life. The gbove-indicoted noeds for further research are aimed
- primarily et developing the fundamentels of deposition. In practice, a far more
important consideration 1s that of filter life from the standpoint of plugging
by the particles deposited in the filter. To date therc has been no systematic
evaluation of this phasc. Actually, before & truly fundamentel analysis of fil-
ter life can be made, it willl probably be necessary to first develop the prin-
ciples of deposition.

10, Mechanical Stability. In practice, the compressive properties of
fibers are an important consnideration In design of decep-bed filters. Mcchaonical
stability with time under corrosive or siressed conditions is also very impor-
tant.* Thesc phases have hardly been touched upon in investigetions to date.

NOMENCLATURE - ‘ .

A = facc arca of filfer pud normal to diroction of gas flow, &q. cém

Dy = fiber diameter, cm. )

Dp = aerosol particle diamster, cm.

D, = diffusion coefficient for aocrosol particlo = Yo R T/3 Tu N Dp,‘aq. cm. /occ.

e scmrmmer oo
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thermal conductivity of gas, (cal. )/(cm. (°k.)(ooc.)

Stokeg-Cunningham corroction fuctor for moan froo path of gus moloculoo,
dimensionloos.

thermal conductivity of aerosol particlo, (cal.)/(cm.)(°K.)(sec.)
maes of filter pad through which gas flows, grams,

Avagodro"s number = 6.023 x.1023 molecules/(gram mole).

Reynolds number = Dy Y, p/u, dimensionless.

secparation numbor, dimensionless.

interacﬁion nunber = 18 4 /ky py, Dy, dimcnsionless.

diffusional separation number = /u0 Dy, dimensionless.

electrostatlc separation number for effect of charges = hne' ebs/ﬂ o} Dy

- Ug, @imensionless.

i}

electroatatic separation number for effect of inductlon = km€?b§ D 2

(6 - 6)/u62 Dy ug, dimensionless.

flow—line interception number = DP/Dbl dimensionless.

gravity separation number = ¥ /u,, dimensionless.

inertial interception muuber = kp Py Dp2 u0/18 K Dy, dimensionless,
thermal separation number = [k/(2 k + kp)] [(T - Tp) /7] (4 /xy p Dy ué],
dimensionless. :

number of transfer units, dimensionless. A .:

gas constant, 8.31 x 107 (ergs)/(°K.)(gram mole).

epeéific surface of fibers, = 4/D, for cylindrical fibers, sq. cm./cu. cm.
gas temperature, °K or °C abs.

superficiai gas vclocity.(based on filter face area), om./scc.

terminal settling volocity of aQrosol purticio in gravity field, cm./sec.
permittivity of gaa, (stetcoulombs)2/(dyme )(sq. cm.).
permittivity of aerosol particle, (statcoulomba)2/(dyne)(sq. cm. ). |
fiber density, g./cu. cm. |

porosol. particle density, g./cu. cm.
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p = gas viscooity, poisos,
€, = fractional volds in filter pad, dimensionloss.
p = eloctric chargo on particlo, statcoulombs.

€ps = ©lectric charge on fiber surfaco, (statcoulombs)/(oq. cm.).

ﬁ = pverall fractional colloction efficioncy,'fraction of particles entering
filter that are doposited in theo filtor ped, dimonsionloss.

Ny = ratio of cross-soctional area of tho original aerosol stroém, from which
particles of a given size are removed becausc the particle trajectories
intersect the fiber surface, to the area of the fibers projected normal
to the nominal dircction of gas flow, dimensionless.

¥ = "a function of."
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FIG. 1

SUMMARY OF EXPERIMENTAL COLLECTICN EFFICIENCY DATA
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TARGET EFFICIENCY AS A FUNCTION OF THE INERTIAL INTERCEPTION NUMBER
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FIG. 3

TARGET EFFICIENCY AS A FUNCTION OF THE DIFFUSIOFAL SEPARATION NUMBER




