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Description 

This  invention  relates  to  filters  and  specifically 
to  fibrous  depth  filters  of  the  kind  in  which  one  or 
more  preformed,  integral  filter  elements  are  fitted 
into  a  housing.  Such  filters  are  inter  alia  encoun- 
tered  in  the  filtration  of  blood  products  and  are 
described,  for  example,  in  US-A-4,925,572. 

Depth  filters  are  capable  of  removing  specified 
components  of  a  mixture  with  a  high  level  of  effi- 
ciency.  However,  it  will  be  apparent  that  this  effi- 
ciency  will  be  of  little  value  if  the  component  to  be 
filtered  is  able  to  escape  filtration  by  passing  ar- 
ound  the  edges  of,  rather  than  through,  the  tangle 
of  fibers  which  forms  the  depth  filter. 

It  is  known  to  seek  to  avoid  this  result  by 
forming  the  filter  element  in  the  barrel  of  the  device 
by  forcing  a  mass  of  fibers  into  an  elongated 
cylindrical  container.  Because  it  is  difficult  to  ma- 
nipulate  fibers  in  a  uniform,  reproducible  manner, 
this  can  allow  bypassing  adjacent  the  wall  of  the 
container,  as  well  as  resulting  in  a  filter  with  uneven 
filtering  characteristics. 

Filters  have  also  been  commercially  made  in 
which  multiple  layers  of  media  in  sheet  form  have 
been  edge-sealed  by  compression  between  inter- 
nal  flanges.  Such  assemblies  tend  to  be  poorly 
sealed  sunless  the  flange  is  of  sufficient  width,  in 
which  case  a  substantial  proportion  of  the  filter  area 
is  lost  because  fluid  access  to  the  peripheral  areas 
under  the  flange  is  poor. 

US-A-4,925,572  is  directed  to  a  leucocyte  de- 
pletion  filter  with  an  efficiency  of  99.9  to  99.99% 
and  uses  a  filter  disc  in  the  form  of  a  right  circular 
cylinder  assembled  into  a  cylindrical  housing  of 
lateral  dimension  0.1  to  1%  smaller  than  the  filter 
disc,  i.e.,  into  a  housing  with  an  interference  fit. 

The  problems  can  best  be  appreciated  by  con- 
sidering  the  requirement  of  obtaining  efficiencies  in 
the  range  of  99.999  to  99.99999%  in  removing 
leucocytes  from  red  cell  concentrate  during  blood 
processing.  Filters  for  this  purpose  tend  to  be 
comparatively  thick,  for  example,  in  excels  of  3 
mm,  and  may  comprise  an  additional  prefilter  of  a 
thickness  of  up  to  1  mm  or  more.  In  order  to  be 
effective,  a  flange  4  mm  wide  may  be  needed.  In  a 
typical  filter  with  60  cm2  of  effective  flow  area,  the 
effective  area  lost  under  the  flange  would  be  about 
9  cm2  or  about  1  5%  of  the  total  area. 

This  invention  provides  for  an  edge  sealing 
system  compatible  with  filters  with  efficiencies  up 
to  about  99.9999%,  for  which  an  interference  fit 
provides  sealing  that  tends  to  be  inadequate. 

This  invention  provides  an  edge  sealing  meth- 
od  that  permits  the  consistent  production  of  filters 
of  a  constant  uniform  quality  and  performance, 
along  with  excellent  resistance  to  bypassing  around 
the  elements. 

The  invention  provides  a  process  for  the  pro- 
duction  of  a  filter  assembly  which  comprises  heat- 
ing  a  cylindrical  housing  to  a  temperature  such  that 
its  dimensions  are  significantly  expanded  but  below 

5  the  temperature  at  which  the  housing  may  become 
distorted;  inserting  into  the  housing  a  filter  disc  with 
a  diameter  that  is  larger  than  the  interior  diameter 
of  the  housing  at  ambient  temperature;  and  allow- 
ing  the  housing  to  cool  to  ambient  temperature. 

io  The  disc  is  preferably  at  ambient  temperature  or 
lower  as  it  is  inserted  into  the  heated  housing. 

This  invention  also  provides  a  process  for  the 
production  of  a  filter  unit,  the  filter  unit  comprising 
at  least  one  non-woven  fibrous  filter  disc  element  in 

75  a  tight  fit  with  the  interior  wall  of  a  cylindrical  filter 
housing  made  from  a  material  with  a  positive  co- 
efficient  of  expansion  at  temperatures  from  0  to 
100°C  of  at  least  about  3  x  10_5/°C.  The  process 
comprises:  a)  compressing  a  sheet  of  a  non-woven 

20  fibrous  material  while  in  a  heat  softened  state  to  a 
desired  density;  b)  cutting  a  filter  element  disc 
from  such  compressed  sheet  with  a  diameter  from 
0.2  to  1  %  greater  than  the  interior  diameter  of  the 
filter  housing  at  ambient  temperature;  c)  heating 

25  the  housing  to  an  elevated  temperature  at  which  its 
interior  diameter  exceeds  the  diameter  of  the  disc 
at  ambient  temperature;  d)  inserting  the  filter  ele- 
ment  disc  into  the  housing  while  maintaining  the 
housing  at  the  elevated  temperature;  and  e)  allow- 

30  ing  the  assembly  to  cool  to  ambient  temperature. 
The  interior  diameter  of  the  heated  housing  is 
preferably  within  0.2%  of  the  ambient  temperature 
diameter  of  the  disc,  and  the  disc  is  preferably  cut 
from  a  laminated  sheet  compressed  to  a  voids 

35  volume  in  the  range  of  from  65%  to  85%.  The  filter 
disc  is  preferably  made  from  polybutylene  tereph- 
thalate  (PBT)  fibers.  A  plurality  of  discs  with  differ- 
ing  porosities  may  be  inserted  into  the  housing  in 
increasing  order  of  porosity  from  the  bottom  to  the 

40  top.  Furthermore,  the  disc  is  preferably  a  prefor- 
med  filter  element  comprising  a  plurality  of  layers 
with  differing  porosities.  When  inserted  in  the  hous- 
ing,  the  disc  is  preferably  at  or  below  ambient 
temperature. 

45  At  temperatures  of  from  200  to  100°C,  the 
coefficients  of  thermal  expansion  of  plastics  from 
which  housings  could  be  made  range  from  1  x 
10_5/°C  to  2  x  10_5/°C,  for  a  typical  glass  or 
carbon  fiber  reinforced  plastic,  to  20  x  10_5/°C  for 

50  unreinforced  plastics.  Many  plastics  suitable  for 
injection  molding  have  expansion  coefficients  of  at 
least  about  3  x  10_5/°C  and  preferably  in  the 
range  of  6  x  10_5/°C  to  10  x  10_5/°C.  Of  these, 
most  can  be  heated  to  about  70  °  C  without  distor- 

55  tion,  and  some,  for  example,  polybutylene  tereph- 
thalate,  will  withstand  heating  to  as  high  as  210°C. 
In  the  case  of  PBT,  which  has  an  expansion  coeffi- 
cient  in  excess  of  about  6  x  10_5/°C,  a  PBT 
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housing  will  expand  by  6  x  10-5  x  (210  -  20)  x  100 
=  1.1%.  If  such  a  housing  were  10  cm  in  diameter, 
the  diametric  expansion  due  to  heating  would  be 
0.011  x  10  =  0.11  cm,  sufficient  to  apply  (after 
assembly  and  cooling),  a  large  compressive  force 
to  the  circumference  of  an  inserted  disc  sized  to  fit 
the  housing  exactly  at  the  elevated  temperature. 

The  material  from  which  the  fiber  is  made  can 
be  a  glass  or  other  mineral  fiber  or,  more  prefer- 
ably,  a  thermoplastic  polymer.  Examples  of  suit- 
able  thermoplastic  polymers  include  a  polyamide, 
such  as  nylon  6  or  nylon  66;  a  polyolefin,  such  as 
polypropylene;  a  polyester,  such  as  polyethylene 
terephthalate  (PET)  or  polybutylene  terephthalate;  a 
polycarbonate  or  a  fluorinated  polymer,  such  as 
polytetrafluoroethylene  (PTFE)  or  a  poly- 
fluoroacrylate  polymer.  Preferred  polymers  are 
polypropylene  and  polybutylene  terephthalate. 

If  desired,  several  discs  of  differing  pore  size 
can  be  compressed  into  a  single  unit  for  insertion 
in  the  housing.  This  is  often  a  preferred  feature  of 
the  invention.  Alternatively,  and  sometimes  prefer- 
ably,  discs  of  different  densities,  but  of  essentially 
the  same  pore  diameter,  can  be  prepared  and 
inserted,  one  on  top  of  the  other,  in  the  filter 
housing  in  order  of  increasing  pore  size,  with  the 
smallest  pore  size  at  the  bottom. 

For  the  seal  to  be  effective,  the  disc  must  be 
capable  of  retaining  its  cylindrical  form  as  it  is 
diametrically  compressed  during  cooling.  Such  a 
disc  can,  for  example,  be  made  by:  making  a  "lay- 
up"  comprising  a  number  of  layers  of  melt  blown 
web;  compressing  the  "lay-up"  while  hot  to  in- 
crease  its  density  and  obtain  adhesion  between 
contacting  fiber  surfaces;  and  then  cutting  from  the 
resulting  laminate  a  disc  of  right  cylindrical  form. 
Such  a  disc  is  referred  to  hereinafter  as  a  "prefor- 
med  filter  element". 

The  preformed  filter  element  is  preferred  to  be 
of  diameter  equal  to  or  slightly  larger  than  the 
diameter  of  the  heated  housing;  however,  it  should 
not  be  so  much  larger  as  to  make  assembly  dif- 
ficult  or  to  distort  the  element  during  assembly. 
Depending  on  the  characteristics  of  the  preformed 
element,  assembly  can  be  accomplished  of  an 
element  up  to  about  0.2%  larger  in  diameter  com- 
pared  with  the  heated  housing. 

Discs  cut  from  laminates  having  voids  volumes 
of  from  65%  to  85%  are  well  suited  for  use  in  the 
process  of  this  invention. 

The  invention  is  now  further  described  with 
specific  reference  to  certain  embodiments. 

Example 

A  filter  disc  with  an  ambient  temperature  diam- 
eter  of  8.933  cm.  (3.517  inches)  was  cut  from  a 
sheet  that  had  been  hot  formed  from  2.6  urn  diam- 

eter  polybutylene  terephthalate  fibers  to  a  voids 
volume  of  75%  and  a  thickness  of  0.36  cm.  A 
housing  made  from  acrylic  resin  with  an  ambient 
temperature  internal  diameter  of  8.885  cm.  (3.498 

5  inches)  and  a  linear  coefficient  of  expansion  of  7  x 
10_5/°C.  was  heated  to  70  °C.  The  disc  was  in- 
serted  into  the  hot  housing,  which  was  then  allowed 
to  cool  to  ambient  temperature.  A  tight  non-bypass 
edge  seal  was  achieved  without  buckling  of  the 

io  disc. 
By  contrast,  attempts  to  press  the  disc  into  the 

unheated  housing  led  to  buckling  of  the  disc  and  a 
similar  disc  of  8.903  cm.  (3.505  inches)  diameter 
did  not  buckle,  but  provided  an  inadequate  edge 

is  seal. 
The  present  invention  has  been  described 

largely  in  terms  of  cylindrical  housings  and  right 
cylindrical  discs  of  a  filter  element.  This  has  been 
for  the  sake  of  simplicity.  Clearly,  however,  the 

20  process  of  the  invention  could  readily  be  adapted 
for  use  with  filter  elements  and  housings  of  square, 
oblong,  or  oval  cross-section,  or  any  other  conve- 
nient  shape,  without  departing  from  the  essential 
process  of  this  invention. 

25 
Claims 

1.  A  process  for  the  production  of  a  filter  unit 
which  comprises  heating  a  cylindrical  housing 

30  to  an  elevated  temperature  at  which  its  dimen- 
sions  are  expanded  but  below  the  point  at 
which  it  becomes  distorted;  inserting  a  filter 
disc  into  the  housing  with  a  diameter  that  is 
larger  than  the  interior  diameter  of  the  housing 

35  at  ambient  temperature;  and  allowing  the  hous- 
ing  to  cool  to  ambient  temperature. 

2.  A  process  for  the  production  of  a  filter  unit 
according  to  claim  1,  said  filter  unit  comprising 

40  at  least  one  non-woven  fibrous  filter  disc  ele- 
ment  in  a  tight  fit  with  the  interior  wall  of  a 
cylindrical  filter  housing  made  from  a  material 
with  a  positive  coefficient  of  expansion  at  tem- 
peratures  from  0  to  100°C  of  at  least  about  3 

45  x  10_5/°C,  said  process  comprising: 
a)  compressing  a  sheet  of  a  non-woven 
fibrous  material  while  in  a  heat  softened 
state  to  a  desired  density; 
b)  cutting  a  filter  element  disc  from  such 

50  compressed  sheet  with  a  diameter  from  0.2 
to  1%  greater  than  the  interior  diameter  of 
the  filter  housing  at  ambient  temperature; 
c)  heating  the  housing  to  an  elevated  tem- 
perature  at  which  its  interior  diameter  ex- 

55  ceeds  the  diameter  of  the  disc  at  ambient 
temperature; 
d)  inserting  the  filter  element  disc  into  the 
housing  while  maintaining  the  housing  at  the 
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elevated  temperature;  and 
e)  allowing  the  assembly  to  cool  to  ambient 
temperature. 

3.  The  process  according  to  claim  2  in  which  the 
interior  diameter  of  the  heated  housing  is  with- 
in  0.2%  of  the  ambient  temperature  diameter 
of  the  disc. 

4.  The  process  according  to  claim  2  in  which  the 
disc  is  cut  from  laminated  sheet  compressed 
to  a  voids  volume  in  the  range  of  from  65%  to 
85%. 

5.  The  process  according  to  claim  2  in  which  the 
filter  disc  is  made  from  polybutylene  tereph- 
thalate  fibers. 

6.  The  process  according  to  claim  2  in  which  a 
plurality  of  discs  with  differing  porosities  are 
inserted  into  the  housing  in  increasing  order  of 
porosity  from  the  bottom  to  the  top. 

7.  The  process  according  to  claim  2  in  which  the 
disc  is  a  preformed  filter  element  comprising  a 
plurality  of  layers  with  differing  porosities. 

8.  The  process  according  to  claim  2  in  which  the 
disc  is  at  or  below  ambient  temperature  when 
it  is  inserted  into  the  heated  housing. 

Patentanspruche 

1.  Herstellungsverfahren  fur  eine  Filtereinheit,  das 
aufweist:  ein  Erwarmen  eines  zylindrischen 
Gehauses  auf  eine  erhohte  Temperatur,  bei 
der  seine  Abmessungen  erweitert  sind,  jedoch 
unterhalb  des  Punktes,  bei  dem  es  deformiert 
wird;  Einfugen  einer  Filterscheibe  in  das  Ge- 
hause  mit  einem  Durchmesser,  der  groBer  als 
der  Innendurchmesser  des  Gehauses  bei  Urn- 
gebungstemperatur  ist;  und  Abkuhlenlassen 
des  Gehauses  auf  Umgebungstemperatur. 

2.  Herstellungsverfahren  fur  eine  Filtereinheit,  wo- 
bei  die  Filtereinheit  mindestens  ein  nicht-ver- 
webtes  faseriges  Filterscheibenelement  in  ei- 
ner  dichten  Passung  mit  der  Innenwand  eines 
zylindrischen  Filtergehauses  aufweist,  das  aus 
einem  Material  mit  einem  positiven  Ausdeh- 
nungskoeffizienten  bei  Temperaturen  von  0  bis 
100  °C  von  mindestens  etwa  3  x  10_5/°C 
hergestellt  ist,  wobei  das  Verfahren  aufweist: 

a)  Komprimieren  eines  Blattes  eines  nicht- 
verwebten  faserigen  Materials  wahrend  ei- 
nes  warmeerweichten  Zustandes  auf  eine 
gewunschte  Dichte; 

b)  Schneiden  einer  Filterelementscheibe 
aus  einem  derartigen  komprimierten  Blatt 
mit  einem  Durchmesser  von  0,2  bis  1  % 
groBer  als  der  innere  Durchmesser  des  Fil- 

5  tergehauses  bei  Umgebungstemperatur; 
c)  Erwarmen  des  Gehauses  auf  eine  erhoh- 
te  Temperatur,  bei  der  sein  Innendurchmes- 
ser  den  Durchmesser  der  Scheibe  bei  Um- 
gebungstemperatur  ubersteigt; 

io  d)  Einfugen  der  Filterelementscheibe  in  das 
Gehause  unter  Beibehaltung  des  Gehauses 
auf  der  erhohten  Temperatur;  und 
e)  Abkuhlenlassen  der  Anordnung  auf  Um- 
gebungstemperatur. 

15 
3.  Verfahren  gemaB  Anspruch  2,  bei  dem  der 

Innendurchmesser  des  erwarmten  Gehauses 
innerhalb  0,2  %  des  Durchmessers  der  Schei- 
be  bei  Umgebungstemperatur  ist. 

20 
4.  Verfahren  gemaB  Anspruch  2,  bei  dem  die 

Scheibe  aus  einem  laminierten  Blatt  geschnit- 
ten  ist,  das  auf  ein  Hohlraumvolumen  im  Be- 
reich  von  65  %  bis  85  %  komprimiert  ist. 

25 
5.  Verfahren  gemaB  Anspruch  2,  bei  dem  die 

Filterscheibe  aus  Polybutylenterephtalatfasern 
hergestellt  ist. 

30  6.  Verfahren  gemaB  Anspruch  2,  bei  dem  eine 
Vielzahl  von  Scheiben  mit  unterschiedlichen 
Porositaten  in  das  Gehause  bei  zunehmender 
Porositat  vom  Boden  zum  Oberteil  eingefuhrt 
wird. 

35 
7.  Verfahren  gemaB  Anspruch  2,  bei  dem  die 

Scheibe  ein  vorgeformtes  Filterelement  ist,  das 
eine  Vielzahl  von  Schichten  mit  unterschiedli- 
chen  Porositaten  aufweist. 

40 
8.  Verfahren  gemaB  Anspruch  2,  bei  dem  die 

Scheibe  auf  oder  unter  Umgebungstemperatur 
ist,  wenn  sie  in  das  erwarmte  Gehause  einge- 
fuhrt  wird. 

45 
Revendicatlons 

1.  Un  processus  pour  la  production  d'un  bloc 
filtrant,  qui  comporte  les  etapes  consistant  a  : 

50  chauffer  un  boltier  cylindrique  a  une  tempera- 
ture  elevee  a  laquelle  ses  dimensions  augmen- 
tent  par  dilatation  mais  au-dessous  du  point 
auquel  il  se  deforme  ;  inserer  dans  le  boltier 
un  disque  filtrant  avec  un  diametre  superieur 

55  au  diametre  interieur  du  boltier  a  la  temperatu- 
re  ambiante  ;  et  laisser  le  boltier  refroidir  a  la 
temperature  ambiante. 

4 
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2.  Un  processus  pour  la  production  d'un  bloc 
filtrant  selon  la  revendication  1,  dans  lequel  le 
bloc  filtrant  comporte  au  moins  un  element  de 
disque  filtrant  fibreux  non  tisse  etroitement 
ajuste  a  la  paroi  interieure  d'un  boltier  cylindri-  5 
que  de  filtre  realise  en  un  materiau  presentant 
a  des  temperatures  comprises  entre  0  et 
100°C  un  coefficient  positif  de  dilatation  d'au 
moins  3  x  10-5  /°C,  et  dans  lequel  le  proces- 
sus  comprend  les  etapes  consistant  a  :  io 

a)  comprimer  une  feuille  de  materiau  fibreux 
non  tisse  encore  a  I'etat  chaud  ramolli  jus- 
qu'a  une  densite  souhaitee  ; 
b)  decouper  un  disque  d'element  filtrant  a 
partir  de  cette  feuille  comprimee  avec  un  is 
diametre  superieur  de  0,2  a  1  %  au  diame- 
tre  interieur  du  boltier  de  filtre  a  la  tempera- 
ture  ambiante  ; 
c)  chauffer  le  boltier  a  une  temperature 
elevee  a  laquelle  son  diametre  interieur  de-  20 
passe  le  diametre  du  disque  a  la  temperatu- 
re  ambiante  ; 
d)  inserer  le  disque  d'element  filtrant  dans 
le  boltier  tout  en  maintenant  le  boltier  a  la 
temperature  elevee  ;  et  25 
e)  laisser  refroidir  I'ensemble  a  la  tempera- 
ture  ambiante. 

3.  Le  processus  de  la  revendication  2,  dans  le- 
quel  le  diametre  interieur  du  boltier  chauffe  est  30 
situe  dans  des  limites  de  0,2  %  du  diametre 
du  disque  a  temperature  ambiante. 

4.  Le  processus  de  la  revendication  2,  dans  le- 
quel  le  disque  est  decoupe  a  partir  d'une  35 
feuille  stratifiee  comprimee  a  un  volume  inters- 
titiel  compris  entre  65%  et  85%. 

5.  Le  processus  de  la  revendication  2,  dans  le- 
quel  le  disque  filtrant  est  realise  a  partir  de  40 
fibres  de  poly(terephtalate  de  butylene). 

6.  Le  processus  de  la  revendication  2,  dans  le- 
quel  on  insere  dans  le  boltier  une  pluralite  de 
disques  avec  des  porosites  differentes,  par  or-  45 
dre  croissant  de  porosite  du  fond  vers  le  som- 
met. 

7.  Le  processus  de  la  revendication  2,  dans  le- 
quel  le  disque  est  un  element  filtrant  preforme  50 
comprenant  une  pluralite  de  couches  de  poro- 
sites  differentes. 

8.  Le  processus  de  la  revendication  2,  dans  le- 
quel  le  disque  est  a  temperature  ambiante  ou  55 
au-dessous  de  celle-ci  lorsqu'il  est  insere  dans 
le  boltier  chauffe. 
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