





Introduction

The level:-achieved in‘productionbof‘computers, precise

tUmeasuring instruments and automatic devices, the ‘higher
“specific requ1rements to m1croc11mate in"medicine (sterile
\foperatlon rooms) and in, blotechnology (environment
:x‘protectlon) make one concentrate on higher «quality of air
'!jsupply‘~systems; Precise ‘‘and- sterile'' technologies require
( re1iable«andVeconomicéairfconditioning‘and filtering systems,
“twnioh'are’impossible'without‘following certain standards. The
"most wide-spread quality 'standard for ecological safety :of
‘ntéchnologies is USA' Federal Standard 209D, which is applied
» not "“only’-to clean rooms 1n “the- m1croelectron1cs‘[1,2T'but
e'also to other prec1se and ‘sterile technologles, except for .
. the cases when there are microbiological: objects in the air,
}1because it ) requires. :'special “:‘dynamic ' -‘control ‘over
'Imicrobiological contamination of' the air. : -
" Air cleanness classes defined by Standard 209D "in
ff}relatlon to the size of. particles -and thelr ‘number ‘in a cublc
ﬁ'foot are -shown in the Table. ' '

Ty

Membrane filters, such as nuclear track membranes’ (3,4]
fallbwed ~a néw “.approach «toV providing “‘the neoessary
3Tmi¢rOClimate‘in precision and sterile‘processes. Producing no
”rdustfnof‘*their own, ?navinq‘,smoothb surfaces - ~and high
~t'homogenéity of  pores in: size, ' track “membranes of - -thin
‘? polyethylene * terephthalate films ;alloﬁfw non-traditional
. /solutions to air supply problens. ' B

: ‘The study of ‘'using’ track membranes for- flne air cleaning
kl{andrfor keeping-clean zones and technological volumes: sterile

: }has9been*carried out "for several years:at the Laboratory' of
s Nuolear Reactions’ in " JINR:[5-16]. The ‘present paper is a
};brlef rev1ew of designs‘developed at the Laboratory. ‘

Mrcnincunnil RECTRTYY
WR<¥3X BCcapAonanat
*_§HSIIHOTEHA_ -



‘Table. Federal Standard 209d

Class: Max number of particles /cft
=0, 1um =0, 2um =0, 3um =0, 5um =5, 0um
1 35 7,5 3 1 -
10 350 75 30 10 - -
100 - 750 300 100 - =
1000 ’ = - - . 1000 .. 7 ;
10000 o= - ... .= -....10000 . D705
100000 - c - - .,.100000 . - - 700

1. Final air cleaning filter

.»In solving the problem of very,fine~air‘cleanin§5the'

emphasis was laid on getting the -minimal intrapofe3surface;of
the track membrane and thus the minimal dust release from-the

surface. - Being ' smooth, the . membrane surface - allows :all

production and._storagé microimpuritieS‘;to‘ be .. washed. off
- easily. So, the filter design must 'be  such' 'that ‘the washing.

liquid . could “f;éelyv go to the membrane: surface and . back.

Here, the best: is.the tangentn(alohg the surface) two-sided

washing of - the  membrane,.:which  .increase the washing,h

efficiency and:makes it easiervtb'dry‘the;membrane‘in.forced‘
air flows. ’ ' o

In Fig.1l. there. .are . filtering' plates. with membranes. .

Their geometry allows tangent two-sided .washing and,dryingkof o

membranes. in- the assembly [10,11].:: "

Owing to their positive properties: the track, membranes:

can be.used for final.air filtration.when the air.cleanness
after preliminary;cleaning_(not;worse than class 100, Table).
~ensures. the required service life (1—2,years){gHowevé:{
since the straight cylindrical pores .do -not ensure. .a:high
filtration efficiency of particles. smaller than. the -pore.

diameter, . as . we -showed  in ref.({5-9,12], one. must bef'
especially thorough in choosing the,optimum‘pore»diaméter and§ 
hydrodynamic conditions of the air flow. Our,investigatidnsi‘;i
allowed us. not only to find the. efficiency limits of, PET*, 
track membranes (not less than .99.0%) for micro- parti&lesi:“r
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Fig.3. Elementary filtering block.

" ‘-the elementary block as’a whole.

0.3 pm but also to estlmate the " acceptable worklng ‘area’ of
',the membrane with. allowance for the fan performance.

Flg 2 schematlcally shows the fllter,assembly comprlslng"

“eight elementary blockslof fllterlng plates’(Flg 1). Afterk
'pass1ng through the “track ‘membrane with the fllterlng

eff1c1ency not less than 99.0%, the alr from a class 100 room\

satlsfles class 1. Elght elementary blocks together have 50
2

~m*: - of the track membrane (about 6 m2 each). ‘This figure, -

based ‘on the optlmlsed values for the pore dlameter 0. 8 - Hm

w‘(10% por051ty) and pressure difference at the membrane 300‘.

hiPaLHwas chosen to ensure the output air flow veloc1ty 0. 5 m/s
“[7;8,12]7. Flg 3 shows the general v1ew of . the block on the‘
“test bed. : ‘ Ll

Assembled under ordlnary lab condltlons, the prototype”

‘f”ufllters underwent - tworstage washing with recirculative

purlflcatlon of. the media - (delonlsed water -and- ethyl

l alcohol) by means of a m1croflltratlon membrane with 0 2 um
'ipores and then were dried in a lamlnar box w1th a class 100~

'alr flow. The assembllng 1mp11es a trlple check applled to
'}the roll membrane the membrane in the fllterlng plate and

1

2. Local clean work place
EEN The power: consumptlon of tradltlonal air supply systems*
for clean rooms and worklng zones dlrectly depends on thel
hydrodynamlc characterlstlc of the fllters 1 e. w1th power_p
consumptlon of - ventllatlon dev1ces for blow1ng the air. and-.

‘:malntalnlng the ‘air. dlfference. The serv1ce llfe of theif
fllters'ls limited; because of" constant dust load from outside »f

(15 20/ of -the out51de air must be constantly supplled to the

room to maintain normal condltlons for personnel act1v1ty)

d We have proposed a power sav1ng method of air supply to,

?local clean work places [13 167, ThlS approach * which -
prevents penetratlon of m1cropart1cles and mlcro-organlsms in.

the worklng zone and 1n the ™ atmosphere,, is based on the

"'dlffu31on gas exchange of air components through the track
!‘membrane pores when there 'is no pressure difference. The

1nten31ty of” thls gas exchange is proportlonal to the partlall

o~\pressure difference of components on both sides  of the"



#membrane that separates ‘the clean volume from the outer a1r.‘Vf
The “most’ favourable condltlons for 1nterd1ffu51on of = gas,”v’

: molecules in. pores are prov1ded by. blow1ng the air along both‘
surfaces - of. the membrane .with the pressure difference: close"

to zero. «Fig. 4 schematlcally shows the organlsatlon of a
local clean work. place.

In this case there is no.need "in- excess alr pressure»

: n51de the local work . place, and the’ total  power consumptlon

Cis the power consumed by the internal dust-remov1ng filter
(clean benches, ordinary lamlnar boxes,etc ) -and by low-power:
fans blowing the ‘air along the membrane surfaces. It gives. tav~k

mlnlmum dust lead on the’ 1nterna1 fllter, which is reduced to

', the general amount -of mlcrolmpurltles released into the;

worklng volume by the- machlnery ‘and - the personnel.. -

i

-

Fig.4. Layout of a local ‘clean worklng place.'l'-'workingl‘\x'
. place .chamber; . 2.  -. track: membrane; '3. - low-power"fan¥
.. producing a tangent air flow; 4 - dust remov1ng box, 5. = fan"

~of dust removing box; 6 - prefllter ‘of -dust removing box, 7 _fffnn '
‘final filter -of dust removing box; 8:-:flow of outside impure-

air; 9 - laminar flow of inside. cleaned flow; 10.- working.

zone; 11 -~ "grey" zone of’ local working place, <12 Ijii.

“'respirator:(gas mask). S : At

RSN e e T

Fig.

5. Local working place.
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Fig.6. Personneil workln

(vell seen is the ceili

g 1n51de a local clean workin ‘
ng with a track. membrane) . 9 Pplace
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? Our 1nvest1gatlons 1n an 8 m local work place uith a

KL-21 lamlnar -flow dust -removing chamber,‘ a 4 m2 ceiling

}
‘panel with track membranes and VN-2 low—power fans: proved the

efflclency of thlS organlsatlon. Fig.5 is: the general view of
the| local clean worklng volume, and F1g 6" shows the work of
the personnel under extra Clean condltlons in this volume
(1mportant stages ‘in’ assembllng and checklng the filtering

plates with membranes) ‘It was- ,found experlmentally that
B 3

'about 1.5 m“ ‘of the track. membrane are enough to support the

Lo - i Uy S ‘
activity of ‘one man,- and the‘ size: of .its pores may be

" reduced, 1f necessary, to G.05 um, w1thout any negative effect
- on jthe d1ffus1on .gas - exchange (13 15] Class 100, maintained
‘by { the KL-21 dust—remov1ng chamber, 1s achieved 5 minutes

after switching it on (w1thout the personnel and operatlng

.ma hinery) . .

3. Gas exchanger
: The purpose of the. gas exchanger is ;almost the same as

.t at of ‘the . celllng panel in the local clean worklng volume.

I supplles air to closed vessels’ and ‘rooms and prevents

p netratlon of mlcropartlcles and mlcro—organlsms both, 1ns1de

a d out51de _Its successful operatlon "depends on 1ts proper
use ﬂand air- tlghtness of the” closed volume. ,Unllke the
k elllng panel however, the gas exchanger is smaller in.size

nd . can have a much larger membrane area, if \necessary.

es1des,, ‘in the gas‘ exchanger the - membrane isﬂ'protected,”

fagalnst accldental mechanical damage,

Structurally the gas exchanger ’is similar ‘to the
elementary block of the final air cleanlng fllter. The
d1fference is that all four 31des of the block are connected

Vto the a1r llnes to produce tangent ‘cross flows along the
membrane (Flg 7) The d1men51ons of the block depend on ‘the

dlmen51ons of the fllterlng plates (280x280 mm) The plate
th1ckness may vary from 2 to 2. 5 mm. The worklng surface of a
track membrane in a fllterlng plate is 500 cm2.> The air

channel of nelghbourlng plate in the block ‘are perpendlcularu

to one another, so that the channels of one dlrectlon arei
unlted 1nto one c1rcu1t e g. internal, _and the channels of



Fig.17. Connection of a gas exchanger. 1,2 - air flows in the
inner and outer circuits; ‘3 - air line flange; 4 - sealing
gasket, 5 - stud; 6 - metallic 1lid. R :

the other direction ‘are united into another circuit, e.g.

“external (Fig.7). The maximﬁm pressure’ difference amplitu e
on. the membrane should. not. exceed 50 “Pa. The.‘hyaraul‘c
resiétance of the block at the;optimum‘afr flow fateA(er
each circuit) of 250...350 m’/h is about 50-60 Pa. This ga

exchanger allows 1.3 m>/h of oxygen, the aifference,ofjoxyéén

concentrations in the internal and external circuits bein

1%. ’

zone:: 3 m3°in~volhmeywithm3;m¢n working in it [14-16]. The
vséheme of~cgnneqti6ﬁs ié\éhownfin Fig.8. A degreaéé,ipﬂthe
-pore size from several micrometres tqvo.lguﬁ;did;n6t show
Qbfsening:'_éf f;the,~ygaslklékcﬁangekfi : r
'2experimentally.'that large variation féf 'thé‘v§9rejhsizgaraﬁd
Mporosity1qf'a‘PET{track-ﬁémbrahg;does;ngtvnptigeébi¥ éffé§t
‘the intensity and. dynamics. of .the. diffusion gas exchange

processes. ..No  breakthrough of . microparticles.. and . micro-
organisms was observed, except for an insignificant amount of

10

:Thé gas exchanger was'tested in~57hermetical;y éea;édr

Tpis, Lfaé; " proved .

A
4
)
3
1
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~ see Fig.9. .

“two o flexible rubber ;pipésf5thioagh the _inhalation

Fig.8. Connection of a gas exchanger to a clean working place

~(instead of a ceiling  panel with‘ track membranes), 1 - .gas
“~ fans 'of outer  and .

exchan- ger; 2 - track:' membrane; 3,4
inner circuits; 5 - clean .working place volume equal-to V; 6

+ = 'sampling.

fihe'oilkfog; which most prbbably»resu;ts:frdm condehsation

exchanger. '

: . o o
-~ 4.,'Diffusion respirator . » .
. Another original modification of the gas exchanger is a

’exchange through a track membrane 10 um thick with pores from

"0.03 to 0.5 um.ih,diameter‘aﬁd;a‘mean'pOrOSity of 10% [17],

"' since human-respiration is’' characterised with low air

flow. velocity (not mdre.than°1"m[s), the diffusidﬁ rétg of

gas components depends on' still near-wall air layers rather

- than on the track membrdﬁguthickness;

'Thg'operaﬁing'modélvbf"théﬂréspirator consisted of ‘a

fv-sﬁéﬁéd»,bfeather ‘bag;v(withbut’lée protective’ shell)fﬂéngiia
'ﬁgbpe??m§5k. The breather bag: was' connected to the mask-with

and

“exhalation valves. The diffusion respifator'is‘sdhématicéiiy

Vo,
2 .

n

Of 0il vapour that ‘penetrated through ‘the diffusion gas

. diffusion fespirator. Its operation is based on diffusion,gasf



Fig.9

Clean/room operator with a diffusion respirator.
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shown in Fig.lo.,The welght of the breather bag w1th the
pipes was. 58 g, the total: surface of the bag was 2680 cm?,
the worklng surface of the membrane was 2100 cmz.
The resplrator showed the following performance in the
tests. . .
- re51stance to breathlng when inhaling or exhallng - 15 Pa,
-reslstance to breathing was the same for all the test time’
(60 hours of continuous work),<
- dust entrapplng eff1c1ency for particles over 0.2 pm - 100%
(the size of pores was 0.23 um);
-,operation was normal at the relative humidity up to '100%.
Comparison of this performance - with the cert;fledv

characteristics of ordinary -antidust respirators showed that
‘the - diffusion respirator had' indisputable advantages.

NBesides,bthe microbiological environment of human lungs is

malntalned in its breather bag, which ‘is 1mportant for normal
and "healthy work, 'e.g. in extra clean rooms where the

atmosphere is detrlmental‘te the humah‘immunity system.

,‘Fxg'lb; Sehematlc dlagram of a diffusion respirator. 1 -~
‘front ' part (half-mask or full mask); 2 - inhalation valve; 3

.- exhalation valve); 4 - flexible inhalation hose; 5 -
“flexible exhalation hose; 6 - breather bag; 7 - track
membrane.
13



5. Blotechnologlcal protectlon of a fermenter )
The acute problems in biotechnology are kxnown to be the

protectlon of’ env1ronment agalnst penetratlon of cells and

.the1r fragments and protectlon of the nutrient ‘medium 'in’ a

fermenter agalnst allen microflora during cultlvatlon ;Of,

mlcro—organlsms. :
A very 51mple solution was proposed [18] Fig. 11 shows a

dlagram of connectlon of a gas exchanger to a fermenter.' ‘The

air is = pumped through the medium w1th cultlvated

F1g 11. Technologlcal scheme . of gas exchanger connection tgli
fermenter. 1 - ‘fermenter; 2 - gas exchanger; 3,4

compressors (fans).

2
¢

‘Figylz.’Connectlon of -a membrane bloreactor. 1

bioreactor:; Cee
sor; 4 - rotameter, 5 - perlstaltlc pump; 6 - fllter,‘l

- = ‘membrane

14_ Y

: the exchange ~of - air components (malnly ' CO.

fdlrectlons.

‘gthls air supply scheme.

2 - nutrlent medium reservoir; 3 - air compres—

micro- organlsms and along the track membrane surface where"

5 and o] ) takes”

‘fplace.' If  the’ cultlvatlon process allows cell: and thelr'
’:fragments back 1nto the fermenter, the track membrane in the

' jgas exchanger a - sure barrler for mlcroflora 1nf_both

.

ThlS connection, scheme was tested with a 10 11tre depth

- fermenter where Corinebacterium.glutamicum and Saccharomyces
: heD . .

cérevisiae were cultured [14-16]. The experimental’resultsf\

showed - that the . oxygen '-and carbon d10x1de gas- ' ekchange

fsatlsfles the cultivation w1th membranes hav1ng ‘both 0.1 um
vpores and 0.5 um' pores (two gas'exchangers with different’

pore  diameters).- The fact that there was no breakthrough of

{;cultured micro-organisms into the air and no contamination of

the culture with alien microflora proves the rellablllty of',

e

2. 6. Membrane bioreactor

One* ‘of “the most’ promising flelds for us1ng membrane_

N“systems Ain blotechnology is 1mmob1112at10n of ‘cells and.
‘f”enzymes ‘for biosynthesis and blocatalys1s. ‘We 'proposed 'a‘
" ‘method” for -immobilization ' of ‘micro- organisms - with "track
f;membranes in -a ' membrane bloreactor. . The fact" that
xlmlcro organlsms are ‘between membranes ensures diffusion of\
"nutrlents -and’ oxygen to the cells, yield of the solution with
'fthe b10synthes1s product, ‘and prevents the cultured cells
lffrom leav1ng the bloreactor chamber. This - immobilization
{‘;allows ‘free motion of cells inside the chamber and prevents
Lthelr mechanlcal damage.. This scheme is similar - to the

".fermenter air supply scheme, but it involves both ‘air and

11qu1d substrate (Fig.12) [19,20].

The size of the track membranelpores was chosen with the
help of callbratlon break-through curves for micro- organlsms"
placed on ‘the surface of a track membrane in Petri dishes
[21] The circulation regime for the nutrlent medium - in the

membrane -bioreactor . was  selected on  the: basis ‘ofu the

experlmental results which allowed estlmatlng the possibility

;,ofwmlnactlvatlon of. enzymes secreted. The work = involved

microbic and  mycelium  cultures. It was shown that

15




'.immobilization—”of ‘micro-organism . cultures. “in a membrane
’ bloreactor with track membranes allows an 1ncrease ‘in the

- general yleld of enzymes secreted OW1ng to a longer tlme of. o
productlve function of%cells. It also allows a blosynthe51s -

productﬁcleaned of biomass:.

_Conclusion

Applications of track- membranes to air supply - :
cﬁltlvatlon of micro-organisms- are not reduced to the above_
development Now the effect of electric and electrostatlc;
fflelds on the aerosol separatlon eff1c1ency is extens1ve1y
studled,b attempts to construct combined systems for gas
exchange and entrapplng of aggres51ve components are made,~

and so' pn.> Yet, "all these approaches to a solutlon of a

problem have one feature in ®common, which is the‘_use’ of
specific-or sometimes unique properties. of a track membrane

;

1traditiona11y made .of a PET film.
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assistance in carrying out the experiments on filtrationsof
‘aerosols, to YuTV.Zadnepryany and V.A.Vakulenko - (Kiev) ’tor”
the joint‘experiments with the fermentation equipment, .and to
‘the photocorrespondent and leading engineer - Yu.A. Tumanova
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