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ABBTRACT

on improved separation system and ite method of

operation for the separation 6# solutes, colloidal
particles, or suspended matter from aplutions of

3 suspensions containing the same is disclosed. In a
preferred embodiment, this invention relates to a simple

and eronomic membrane filtration system that can be
operated in many of the modes of operation of a membrane
filtration system, especially auction backwashing,

10 without mixing the filtrate with the feed stream.
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MEMBRANE SEPARATION S8YBTEM AND
METHOD OF OPERATION

FIELD DF THE INVENTION

Thia inventinn relates to an improved separation
sYatam and its method of operation for the separation of
solutes, colloidal particlea, or suapended matter from
molutions or suspensions containing the aame. In a
preferred embodiment, thie invetion relates to a simple
and economic membrane filtration system that can be
nperated tn many of éhe modes of operation of a membrane
filtration system without mixing the filtrate with the
feed atream.

BACKGROUND OF THE INVENTION

Separation technigques such a€ reverse osmnosis,
wltrafiltration and microfiltration are widely used
today in industry. Many advantages have been realized
by employing these techniques, among which are the
reduction in  time required for effecting separation,
esfficiency in separation, the use of mild operating
conditions such as room temperature separations, the
reduction in operating costs as compared "to older
technigues such an evaporation, chemical precipitation,
and ultracentrifugation, and the capability to separate
species previously considered inseparable. The present
invention is paticularly concerned with membrane
separations by ultrafiltration techniques, although |1t
can be applied to some of the other above~mentioned

separation techniques.
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Ultrafiltration is a separation process wherein a
solution or suspension containing a solute, colloidal
particle or wsuspended p;rticle of greater dimensions
than the solvent it is dissolved in,'ts fractionated by
being subjected to such pressure am to icrce the solvent
through a porous filter, particularly a polymeric
membrane (sees for example U.8. Pat. Nos.jp 3,61%,024)
3,526,%08; 3,5%6,309; 3,341,005 and 3,549,014 all of
which are hereby incorporated herein by reference tao be
generally fl1luatrative of the types of polymeric
membranes contemplated), although the filter can be of
the nonpolymeric type such as ceramic. The membranes
used in ultrafiltration may be of various configurations
such as hollow fiber, flat sheet, apiral wound or
tubular. Preferably, for the purposes of the present
invention, hollow fiter polymeric membr-anes are

employed.
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Membrane separation systems are usually operated
in a cross-flow mode whereby the process fluid +flow
(i.e. the “feed atream” to be separated) i= tangential
to the surface of the polymeric membrane. That im, the
process fluid to be treated enters the separation module
via the process fluid inlet, flows parallel to the
surface of the membrane on the same side as the process
fluid inlet and outlet are located, leaves the
meparation module via the process fluid outlet, and
optinnally; is recycled back to the separation module
for further treatment. A portion of the process fluid

[

passes through the membrane as permeate. This type of
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separation module may be used for various purposes such
asy to concentrate a fluid, in which case the desiraed
product is the fluid leaving the aseparator through the
process fluid outlety to purify a fluld, in which caae
the desired product can be the permeate or the fluid
leaving the separator through the process fluid outlety
or to separate one or more components fram a fluid, in
which case the desired product may be the fludld paasing
through the membrane as permeate, the fluid leaving the
separator through the process fluid outlet, the
componant (a)  retained by the hembrane, orr combination
thereof.

During use, the side of the membrane contacting
the process fluid can become fouled by material
retainaed by the membrane. Such fouled membranea can be
cleanead for reuse by such techniquea asy mechanical
cluaniqg, the removal of foulant material by, for
exampl;, using a brush, rod or spongej fast—-flush, the
pumping of fluid across the fouled surface of the
membrane at high flow rate to phynical{y dislodge and
remove the foulanty fast—flush with rev;raa flow, the
pumping of fluid acrons the fouled asurface of the
membrane at high flow rate with periodic reversal of the
flow direction to physically dislodge and remove the
foulanty chemical cleaning, the rontacting of the fouled
surface of the membrane with a chemical cleaning fluidg
pressure backwash, the pumping of fluid, for example
permeate or water, under pressure through the membrane

from the permeate side to the process fuild side such
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that the fluid phyalcnlly diwlodges and removes foulant
material from the surface of the membrane; o &
combination of two or more of the above-ment i oned
techniques,

In the above-descr i bed techniquea of fast-flush,
chemical cleaning and preasure backwashing, premsaure g
ussually created by means of a pump.  Thia can give rise
to hydragllc Pressure surges that can damage the
membrane. Therefora, it {e important that the fluid
pPressure is carefully controlled «n the pressure
difference between the fluig on one side of the membrane
and  that on the other side of the membrane does not
exceed the maximum allowable transmembrane preasure
difference for that particular membrane, The mawimum
allowablé transmembrane Pressure difference for a
particul ar membrane {e the maximum pressure difference
betwaen bpposite wides of & membrane that can be
accomadated by the membrane without damage resul ting,

Certain membrane configurations with nNarrow
process fluid flow paths may become severely fouled,
whereby the foul ant restricts or even prevent the free
flow of Process fluid acroas the mebrane surface, If
this bccurs, the fast-flush and chemical tleaning
techniques may bhe insufficiant to adequately claean the
membrane, and  mechanical tleaning and/or presaure
backwa;hing may be required tgo achieve sattsfactory

cleaning, However mechanical cleaning Mmay be
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backwashing, as discussed above, has the disadvantages
ofs having to carefully control the pressure of the
fluld in order to avold damage to the mebranes) and the
addition of extra pumping capacity which adds to both
the initiat cost of the system and to the overall
operating cost of the sy=atem.

The syastem design described in copending U.S.
patent application Ser. No, 331,471 and the opration of
this system described {n copending u.s. patent
apnplicatinn Ser. No. 331,474 (bhoth commonly assigned to
the same assignee as the present invention) presumably
solves the problem of hydraulic pressure surges leading
to damage fibers, N suction backwash procedure is
described in the above-mentioned patent applications to
aid in the cleaining of the membranea. To activate the
auction backwash procmdure, a permeate pump ts used to
draw permeate through the hollow fibers by way of the
process lines., While the otherwise an improvement to
the aystems avallable heretofore, there are several
praoblems and limitations to this design. Firat, the
system described in U.S. patent application Ser. No.
331,471 is very complex, more costly than necessary and
requires at least two pumps of equal size, one proceas
pump, and one permeate pump. This additional pumping
capacity not only adds cost to the initial say=stem
conestruction, but also increases the enerqgy requirement
during operation, B8erondly, because the process fluid
comes into contact with the permeate pump and associated

permeate lines, the permeate lines and permeate pump
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becoma contaminated with the process fluid. This limits
the possihle applications of this design. Nfter use of
the suction backwash procedure and prior to operation in
the standard mode, the system must be recleaned and/or
7Esterilized.
- An eassential part of many gaparation tecﬁglqueu,
as in membrane filtration, is the ablftty to keep the
filtrate separate from the fmed and therefore avold
mining the permeate with the prccens'4luid. This e
beneficial in  applications where the +filtrate stream
must remain sanitary, such aa‘in food or pharmaceutical
applications, or where the feed stream can contaminate
the filtrate, such as in waste applications.
SUMMARY DF THE INVENTION

1t is the object of the present tnvention to
provide a novel, aimple and economical depratiun system
that reduces the equipment and/or energy requirements
associated with such systems and is capable of aperating
in many of the modes of operation of a separation
aystem, including suction backwash, whi}e keeping the
filtrate stream separate from the process stream.

BRIEF DESCRIPTION OF THE DRAWINGS

4This invention will now ba more fully explained
with reference to FIG8. 1-9 appended hereto.

F1B. 1 is a wchematic rcpresentat{bn of a
currently available system, (the prior art), operating
in the normal flow mode.

FiG. 2 (s a schematic representation of a

currently available system, (the prior art), operating
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in the reverse flow mode.

FIB. 3 {a & echematic representation of the
separation system of this invention operating in the
normal flow mode.

FIG. 4 {s a sechematic represeantation of the
soparation waystem of this invention operating in the
reverase flow mode.

FIB. B {m a wschematic representation of the
separation syatem of this {nvention operating 1n the
suction backwash mode with the backwash liquor exiting
the process side flow channels simul taneously in the
normal flow and reverse flow directions,

FIG. 4 is a wschematic representation of the
separation system of this invention operating in  the
suction backwash mode with the backwash liquor exiting
the process side flow channel in the normal flow mode.

?IG. 7 is a wschematic representation of the
separation aystem of this invention operating in  the
suction backwash mode with the backwash liquar exiting
the prdcens side flow channel in the reverse f1ow mode .

FIB. 8 is a wchematic representation of the
separation system of copending U.8. patent application
Ser. No, 331,471 operating in the normal flow mode.

FfG. 9 is a schematic representation of the
separation sesystem of copending U.8. patent application
Ber. Né. 331,471 operating in the suction backwash mode
with the backwash 1iquor exiting the process side flaow
channels simultaneously in the normal flow and reverse

flow directions.
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FIB. 10 im a graph of the flux rate generated
during operation of a system of this invention versus
the running time,

FIG. 11 1im a graph of the flux rate generated

A
quring operation of a sysatem of this invention versus
/

/ concentration factor.

DETAILED DEBCRIPTION OF THE INVENTION

A novel, simple and economical membrane separation
system is described herein which can operate in many of
the standard modes of operating a membrane separation
system such as: (a) normal flow of the process side
fluid during the filtrationy (b) reverse flow of the
process side fluid during filtrationsg (c) normal flow
of the process side fluid during filtrations with
filtrate recycle, the imolation and return of the
filtrate to the process side; (d) reverse flow of the
procass side fluid during filtration with filtrate
recycley (e) suction backwash with the hackwash 1iquor
exiting the process side flow channelws simultaneously in
the normal flow and reverse flow directionsy (f) suction
backwash wifh the backwash liquor exiting the process
aide flpw channel in the normal flow directiong {(g)
suction backwash with the backwash liquor eniting the
process aside flow channel in the reverse flow direction.
Furthermore, thie invention allows for the economical
operation in many of the operating modes, especially in
the suction backwash mode, without requiring the suction
backwash fluid to contact and contaminate the filtrate

fluid with process fluid debris.
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The process side of the membrane module is the
side where the proceas fluid comes into contact with the
membrane surface, The process fluid is carried to the
process side of the membrane module by way of the

process fluld conduit. Upon leaving the membrane module
the procees fluid has lost a portion of {ts salvent as
permeate, and therefore as the process fluid leaves the
membrane module {t is more concentrated in the
components of larger size than the pores of the
membr-ane. As used herein, the term "permeate" refers to
the stream passing through the membrane surface and the
term "concentrate”" defines the portion of the stream
exiting ~the membrane module on the procaess side
containing the retained, non-permeating epecies. The
toncentrate is carried away from the module in @he
concentrate fluid conduit. ‘

A separation module as discussed herein tncludes
conventional membrane cartridges such as containers
housing membranes within a solid outer wall having one
or moﬁi‘permeate outlets. The molid outer wall is so
spaced from the membranes as to enable the permeate to
collect and surround the membrane. The cartridges can be
connectqd with a process fluid inlet, concentrate
autlety, and a condult for discharge of the permeate or
if no conduit for the permeate is uased, the permeate can
flow into a tank surrounding the cartridge. A single
cartriddu can be used or multiple cartridges can be
connected to a manifold to allow for the cartridges to

be run in series and/or parallel cnnf!ﬁurntlnn.
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Altnrnatmly, the solid outer wall of the cartridge
degcribed  above can be eliminsted, the cartridges
suspended  in a tank, and the permeate allowed to flow
into said tank which surrounds the membrane module  or

o] modules., The permeate ia then subsequently carrief off.

Referring tmn FTR., 3, the membrane separation
syitem onf  this {nvention places the process punp P,
having an inlet 1 and an outlet P2, within a network of
valved.

10 Far furthee compariaon, FIA, B depicte the aystem
of U.8. application Ser. Nn, 3AX1,471 in the normal  mode
of operation, (a). The aystem of U.8. application Rer.
No. 331,471 requitres two pumpe of equal size for the
system to be run, a process pump and a permeate  poamp.

13 When asuction backwash {a ueed in the aystem of .8,
application Ser, No. 331,471, as shown in FIG. &, the
permeate pump provides the suction or negative pressure \
on the fibera, draws permeate from the container the

e+ e e .

cartridgea are submerged {n, and the permeate passes

20 through the fibers. All foulants, plu;n and
contaminants contained in the fibers and on the membrane

surface  are now  exposed to the permesate pump  and

ammociated permeate linea, causming said lines to  become

contaminat ed with process fluld and foulanta, Ax
2% stated above, in applications such asn pharmaceutical,
datry, or  waslte, this would necessitate the re—

sterilization or recleaning of the permesate lines an?/

perﬁmate rump .

—
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As described above, the system of the current
lnvantind 9n1y requires a single process pump to operate
both in:ghe normal modes of operation and in the suction
hackwash mode, therefore, no croass-contamination takes
place. Besides this advantage of no crose-
contamination, the system of the current tnvention can
be manufactured for a substantial reduction in comt and
can operate with a substantial reduction in  energy
consumption EX:) compared to the system of 1. 8.
application Qer. No. 331,A71. A comparison of the two
systems is shown in the example below,

EXAMPLE 1
Comparative

The cost and power requirements of the aystem of
the present invention were compared to the coat and
power requirements nf the system described in U.8.
application Ser. No. 331,A7t. The data are presented in
Table I below a; herc@ntagnﬁ of the const and power
requirements of the system described in U.B. application
Ser. No. 331,471. Each system was draigned to produce
20 gallona a minute of high quality filtered water from
a specific city water feed by using 200 mq. ft. of an

80,000 molecul ar weight cut off membrane.

TABLE I
Ttem Coat Reduction
piping and tanks 6&3%
pumping &1.5%
total capital rosts &£3%
power required 5S5%

_...........--_.....,.._......._........_....—_.__.—_._...._...._...-...w_._.—.—.._.._._.._........._.—...._..__——__-..._.....
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EXAMPLE 2

The aystem of the present invention, equipped with
two types of hollow fiber membrane cartridges (Romicon
HF25-43-CM30 and HF25-43-XMS0) was used to tremat a metal
plating waste containing suspended «olids and zinc.
Both types of membranes gave rejection coefficients in
the 98% range over the course of a three day study.
During this study a concentration factor of 12%50X was
achieved, that is for every 1250 gallons of feed (waste
water), 1249 gallons of filtrate were produced,

The analytical date collected during this study

are shown in Table 2.

TABLE 2

Suspended Solids Zinc
8NAMFLE ppm ppm
feed N &84 3.2
feed R 1,284 179
CM permeate A 18.4 0.07
LM permeate B 1X%.2 0.0%
CM rejection coefficient 98.72% 98.9%
XM permeate A 25,0 0.16
XM permeate B 13.2 0.08
XM rejection coefficient 97.8% 97.5%

St e e e v oo L et e s = U et B e . s i St o R st

The filtration rate in the form of flunes (gallons
flltrnte/araa/tlme/qallons/.q.ft./day) is shown as a
function of time In FIB. 10 and as a Ffunction of
concentration factor in FI1G. t1. The "saw tooth"
pattern in both figures is the result of the suction
backwash operation, demonstrating how the membranes were

su{ficiéntly cleaned during processing to restore the

filtrate rate clowe to its initial value without the.

e s e 12
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need for a shutdown or an axternal cleaning step.
We claim:
f. A apparatus  for conducting separations
comprisings
-] (a) one or more maparation modulesy
{(b) a preasurs means with an inlet and xuutlet,
sajid  pressure  mMeans connected to  a loop
comprised of four conduit junctions A, B, Cy
and D connected together by four val&pd
10 condults and junction A s connected to
junctions D and € and ias further connected to
a valved inlet feed atream condult and a
conduit to the inlet of sald pressuru“mean-,
junction B is comnected to Junctinn-‘b and C
19 and im further conhected by conduit to the
outlet of said pressure means and to a valved
discharge condult, junction D is connected to
junctions A and B and is further connected
~ by econduit to one end of the separation
20 madule an the process side, and junction Cis
connerted ta junctions A and B and fs furthnr
connected to the second end Df the
mseparation module on the process side and
said loop is for jntroducing fluid undér
25 : positive pressure in both forward flow and
reverse {flow directions tao wsaid esparation
modulea and for providing negative pressure
on the inlet and outlet side of said

separation modulemp and

13
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{c}

2.
separation
separation

3.
erqratton
madule.

A,
neplraﬁion
menbranes.

.. s,
separatlbn
menbranes.

-
particles
suspension

(a)

a means to take off permeate from said
separation modules.
The apparatus of claim 1 wherein maid
module is an ultrafiltration membrane
modul e.
The apparatus of claim 1 whereln maid
module 1ia a microfiltration separation
The apparatus of claim 1 wherein said

madule containg hollow fiber ultrafiltration

The apparatus of claim 1 wherein maid

module contains hollow fiber microftltratibn

A method of arparating solutes, colloidal

and suspended matter from a solution or
of such matter compriwmings

connecting a pump to a loop comprised of four
conduit Junctions A, B, C and D §onnected
together by four valved con&ultn and<3unctlon
A is connected to junctions D and C and is
further connected to & valved inl.t faad
stream conduit and a conduit to the inlet of
sajd pump, Jjunction B 1is connected to
Junictions D and C and is further cnnﬁucted by
conduit to the outlet of said pump and to
a valved discharge conduit, junction D |is
connected to junctions A and B and is further

connected by conduit to one end of separation

14
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{b)

(¢}

(d)

(@)

Xt

module on the process side, and Junction C iw
connected to junctions A and B and iw further
connected to the second end of sald
separation module on the process sideg
pumping said solution or suspension‘into sald
valved conduit loop at conduit juﬁctian B,
out of said valved conduit loop at conduit
junction D, through said separation module
and back to said valved conduit lonp at
conduit jJunction Cy

reversing the flow by pumping csald solution
or suspension into said valved canduit loop
at conduit junction B, out of said val ved
conduit loop at condult junction C, through
said separation module and harck to said
valved conduit loop of conduit junction Dj
recovering concentrate containing golutes,
colloidal particles or suspended mafter|
Withdrawing permeate from satd separation
moduley and

cleaning said separation module by:thpply(ng
negative pressure to the process sida af sald
agparation modul e and thareby drawing
£iltrate From the #filtrate side of sald
soparation module into the process side of
aaid module, into said valved conduit‘loop at
conduit Junction D, conduit Jjunction C or a
combination thereof, through valved condui t

junction A, into said pump and out of aaild

13
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valved conduit loop at conduit junétlnn B.
7. The maethod claim & wherein said separation
modules are ultrafilteation separation mndides,
a. The  mebhod cloim & wherein  sald separatton

mordules are miorofiltration separation modol es,

. The method rlate A wherein aeid separation
modules are hollow fiber wltrafilbteation separation
mndul ew.

10, The method clajm 6 wherein sald  weparation

modules are hollow fiher microfiltration separation

modul ews,

16
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