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PROCESSES AND APPARATUS FOR 
INHIBITING MEMBRANE BIO-FOULING 

CLAIM OF PRIORITY 

[0001] This application claims priority to US. Provisional 
Patent Application No. 61/498,871 ?led on Jun. 20, 2011, 
Which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] I. Field of the Invention 
[0003] Embodiments of this invention are directed gener 
ally to membrane puri?cation processes and apparatus. More 
particularly aspects are directed to processes and apparatus 
that reduce bio-fouling of a membrane. 
[0004] II. Background 
[0005] Membrane bio-fouling is a major and inherent prob 
lem in a variety of ?ltering processes, such as reverse osmosis 
seaWater desalination. Bio-fouling occurs When the mem 
brane face becomes conditioned With macro-organic com 
pounds and ultimately bacteria attach to the membrane in 
clusters that become a ?lm of variable thickness. A thin layer 
of bio?lm reduces the ef?ciency of Water ?ux pas sing through 
the membrane and requires it to be cleaned periodically. The 
cleaning process reduces plant operational e?iciency and 
reduces the life expectancy of the membranes. 
[0006] Methods of biofouling prevention suggested in the 
art include devices that involve evaluation of bio?lm forma 
tion and cleaning using microWaves, vibration, or gas-gener 
ated pulses. Additional methods and apparatus are still 
needed to improve the longevity and e?icacy of membranes, 
particularly membranes used in reverse osmosis methods and 
apparatus. 

SUMMARY OF THE INVENTION 

[0007] A steady How of high pressure feed stream through 
and across a membrane in?uences the formation of bio?lms. 
In the early stage of bio?lm formation after conditioning of 
the membrane surface, bacteria begin to attach to the mem 
brane surface in clusters. Initially, the cross-?ow velocity of 
the feed Water sWeeps the material off the face of the mem 
brane. HoWever, as larger clusters of bacteria attach and mul 
tiply, the cross ?oW Water velocity can no longer clean the 
membrane face. 
[0008] Embodiments of the invention are directed to pro 
cesses, systems, and apparatus to generate a pulsating How of 
the feed Water across and through the membrane, thereby 
detaching the colonies of bacteria before they can form large 
patches and ultimately an extensive bio?lm. The pulsating 
pressures and How Would cause a surge in the cross ?oW 
velocity that Would place the initial attached bacterial colo 
nies in motion and cause detachment of the bacteria. 
[0009] In certain aspects the pulsing How can be produced 
by placing an eccentric, rotating vane-type impeller With an 
ori?ce across its diameter. The impeller can have adjustable 
spring-loaded vanes that sWeep close to the volute of the 
housing. In certain aspects the impeller is pressure-driven and 
a constant rotational speed is generated across the high and 
loW pressure headers. De-pressuriZation in the high pressure 
stream occurs momentarily When the through-hole ori?ce is 
aligned across the high and loW pres sure headers. Water being 
incompressible, the “momentary leakage” ?oW across the 
pressure headers gives rise to the formation of a pressure 
pulse and the rotation of the eccentric impeller gives succes 
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sive pulses across the headers. The pulsating ?oW generated 
at the headers is transmitted to the seaWater feed to the inlets 
of the RO membrane vessels or the array of membrane mod 
ules. 
[0010] The pulse generating device has tWo tunable fea 
tures. Firstly, the pressure amplitude of saline feed to the RO 
membranes can be tailored by selection of the ori?ce diam 
eter. Secondly, the frequency of the pulses could be adjusted 
by the amount of eccentricity of the impeller to the volute 
center, and thereby adjusting the rotational speed. The puls 
ing ?oW provided by the impeller can control the concentra 
tion polariZation as Well as the necessary threshold cross-?ow 
velocities on the surfaces of RO membranes. The impeller 
device can be run by the How from the high pressure pump or 
could be poWered using an external electric motor drive sys 
tem. 

[0011] The impeller valve could be operated in a steady 
pulsation mode, an episodic mode, or be turned off to main 
tain a constant How. The ability to adjust the frequency of the 
pulsation or to not operate the device Would be based on the 
biochemical and biological characteristics of the raW Water. 
The duration of the pulsation Would be operated for longer 
time periods or continuously When the raW seaWater has high 
concentrations of bacteria and organic carbon, With corre 
sponding higher potential rates of bio-fouling. 
[0012] Certain embodiments are directed to a process for 
cleaning and/ or regeneration of permeable or semipermeable 
membranes comprising modulating pressure of a feed stream 
feeding the permeable or semipermeable membrane and pro 
viding intermittent pressure pulses for cleaning and/or regen 
eration of the permeable or semipermeable membrane. In 
certain aspects the cleaning and regeneration inhibits bio 
fouling of the permeable or semipermeable membrane. In 
certain aspects the permeable or semipermeable membrane is 
a reverse osmosis membrane. In a further aspect the intermit 
tent pressure pulses range from 5, 50, 100, 200, 300, 400, 500, 
600, 700 to 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 
1250, 1500 psi. The pressure pulses can fall Within a range 
applicable to the speci?c process, including, but not limited to 
seaWater at about 950 to 1050 psi; brackish Water at about 180 
to 350 psi; WasteWater at about 70 to 15 psi. The potential 
pulse pressure range Would be centered on the system oper 
ating pressure and bracket it by 5, 10, 15, 20% up and doWn of 
the speci?c range. In certain aspects the time for a single 
intermittent pressure pulse is about 0.01, 0.1, 10, 20, 30, 40 to 
10, 20, 30, 40, 60 seconds in duration. In a further aspect the 
pressure pulse occurs about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 times 
every second, minute, or hour. In still a further aspect the 
process includes a series of pressure pulses is provided every 
1, 2, 3, 4, 5, 6 7, 8, 9, 10 hours, days, Weeks. In certain aspects 
the pressure pulse is preceded and folloWed by a de-pressur 
iZation of the feed stream. 
[0013] In certain aspects the membrane type is a holloW 
?ber, spiral, ?at sheet, tubular, ceramic, or a capillary sheet. 
[0014] In certain embodiments the feed stream is seaWater, 
brackish Water, domestic WasteWater, industrial WasteWater, 
storm Water, cheese Whey, beer, Wine, or food separations. 
[0015] The process can include a pressure pulse system 
comprising one or more of: (a) piping having an inlet for 
aqueous feed carrying inorganic material and biological 
organisms; (b) a pump moving the aqueous feed along the 
piping; (c) the piping having a membrane for removing inor 
ganic ions from the aqueous feed; and (d) an eccentric rotat 
ing vane impeller operatively coupled to the high pressure 



US 2012/0318737 A1 

header and loW pressure header of inlet, the impeller being 
con?gured to provide the intermittent pressure pulses across 
the membrane. 
[0016] Certain embodiments are directed to a membrane 
cleaning apparatus comprising (a) a feed stream line opera 
tively coupling a feed stream source and any other membrane 
type and (b) a pressure modulating device operatively incor 
porated to the feed stream at any point betWeen the source of 
the feed stream and the membrane. 
[0017] The pressure pulse generation device described 
herein is typically inserted into or ?uidly coupled betWeen the 
high pressure pump and the pressure vessel containing the 
reverse osmosis membrane. 

[0018] A membrane is a permeable or a semipermeable 
material or combination of materials that is capable of retain 
ing a fraction of a component in a feed Water, the component 
being either a dissolved or a non-dissolved substance. 

[0019] A process ?uid or source ?uid may be generally 
de?ned as a ?uid stream containing liquids and/ or gasses 
along With suspended solids, colloidal matter, microorgan 
isms and/or particulate matter. Fluid permeable membranes 
may be used to separate various components of a process or 
source ?uid into a clari?ed ?uid and a concentrated ?uid in 
accordance With teachings of the present invention. Mem 
branes used to separate process ?uids may generally be 
described as having an upstream side Which is the side or face 
communicating With a process ?uid. Membranes also have a 
doWnstream side or face communicating With clari?ed ?uids 
removed from the process ?uids. 
[0020] Clari?ed ?uids may include liquids, gasses, solids, 
particulate matter and/or colloidal matter Which have been 
able to pass through or permeate through openings in an 
associated membrane. Clari?ed ?uids may also be referred to 
as “permeate” or “permeate ?uids”. 
[0021] Process ?uids passing over the upstream side of a 
membrane gradually lose associated liquids and/or gaseous 
components by such components permeating through open 
ings or pores in the membrane. The remaining process ?uid 
generally becomes relatively more concentrated With a higher 
concentration of solids, colloidal matter and/or particulate 
matter Which Will not pass through openings or pores in the 
membrane. The accumulation of such materials on the 
upstream side of a membrane may be referred to as a “reten 
tate” or “concentrated ?uid”. 

[0022] The term “?uid” may be used to include liquids, 
gasses or a combination of liquids and gasses. 
[0023] The use of the Word “a” or “an” When used in con 
junction With the term “comprising” in the claims and/ or the 
speci?cation may mean “one,” but it is also consistent With 
the meaning of “one or more,” “at least one,” and “one or more 
than one.” 
[0024] It is contemplated that any embodiment discussed 
herein can be implemented With respect to any method or 
composition of the invention, and vice versa. 
[0025] Throughout this application, the term “about” is 
used to indicate that a value includes the standard deviation of 
error for the device or method being employed to determine 
the value. 
[0026] The use of the term “or” in the claims is used to 
mean “and/or” unless explicitly indicated to refer to alterna 
tives only or the alternatives are mutually exclusive, although 
the disclosure supports a de?nition that refers to only alter 
natives and “and/or.” It is also contemplated that anything 
listed using the term “or” may also be speci?cally excluded. 
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[0027] As used in this speci?cation and claim(s), the Words 
“comprising” (and any form of comprising, such as “com 
prise” and “comprises”), “having” (and any form of having, 
such as “have” and “has”), “including” (and any form of 
including, such as “includes” and “include”) or “containing” 
(and any form of containing, such as “contains” and “con 
tain”) are inclusive or open-ended and do not exclude addi 
tional, unrecited elements or method steps. 
[0028] By “consisting of’ is meant including, and limited 
to, Whatever folloWs the phrase “consisting of”. Thus, the 
phrase “consisting of” indicates that the listed elements are 
required or mandatory, and that no other elements may be 
present. 
[0029] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While indi 
cating speci?c embodiments of the invention, are given by 
Way of illustration only, since various changes and modi?ca 
tions Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

DESCRIPTION OF THE DRAWINGS 

[0030] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c embodi 
ments presented herein. 
[0031] FIG. 1. Diagram of a system comprising a reverse 
osmosis cell. 
[0032] FIG. 2. Schematic diagram shoWing the generation 
of the pressure pulse. 
[0033] FIG. 3. Schematic of the impeller at no-pulse posi 
tion. 
[0034] FIG. 4. Pressure pulse amplitude produced by the 
valve in operating mode. 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] Reverse osmosis (RO) is a ?ltration method that 
removes many types of large molecules and ions from solu 
tions by applying pressure to the solution When it is on one 
side of a selective membrane. The result is that the solute is 
retained on the pres suriZed side of the membrane and the pure 
solvent is alloWed to pass to the other side. To be “selective,” 
this membrane should not alloW large molecules or ions 
through the pores (holes), but should alloW smaller compo 
nents of the solution (such as the solvent) to pass freely. 
[0036] In the normal osmosis process the solvent naturally 
moves from an area of loW solute concentration, through a 
membrane, to an area of high solute concentration. The move 
ment of a pure solvent to equaliZe solute concentrations on 
each side of a membrane generates a pressure and this is the 
“osmotic pressure.” Applying an external pressure to reverse 
the natural ?oW of pure solvent, thus, is reverse osmosis. 
Reverse osmosis is most commonly knoWn for its use in 
puri?cation of drinking Water, brackish-Water, seaWater, or 
WasteWater, by removing the salt and other contaminant sub 
stances from the Water molecules. 

[0037] The treatment of Water that contains microorgan 
isms can limit the useful life of the semi-permeable mem 
brane used in reverse osmosis. The microorganisms tend to 
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become imbedded on the membrane surface and multiply and 
thicken, causing clogging and fouling (i.e., bio-fouling) of the 
reverse osmosis unit. The fouling reduces ?ux, necessitates 
cleaning, and reduces the life-expectancy of the membranes. 
[0038] All municipal and industrial reverse osmosis sys 
tems utiliZe cleaning systems that force cleaning ?uids 
through the membrane system to remove and ?ush the bio?lm 
from the system. The cleaning action requires that the train 
must be taken off-line. The cleaning ?uids and ?ushed Water 
must be disposed of in the Waste stream. Over the life of the 
membrane, the effectiveness of cleaning lessens and damage 
occurs to the membrane surface, thereby reducing its useful 
life expectancy. 
[0039] The processes and apparatus described herein can 
be, but is not limited to use in the seaWater desalination 
industry and Would provide an additional approach to limit 
membrane bio-fouling, Which affects commercial and indus 
trial seaWater reverse osmosis facility in the World. It Would 
increase operational e?iciency, increase membrane life by 
reducing cleaning cycles, and save operating cost. The device 
could be added in all neW seaWater reverse osmosis Water 
treatment plants and could be retro?tted into existing plants. 
[0040] The most common method of cleaning the mem 
branes is to pump a special solution of Water and chemicals 
through the membranes to clean the surface of the mem 
branes. Experiments are being made using an ultrasound 
generator connected to the housing of the pressure vessel to 
assess the degree of biofouling and to help clean the mem 
brane area, but this process is rarely or not used at all in the 
desalination industry as a Whole (US. Pat. No. 6,161,435, 
Which is incorporated herein by reference in its entirety). A 
vibrator cleaning method applied to holloW-?ber membranes 
Was described in Us. Patent Publication 2007/0295674, 
Which is incorporated herein by reference in its entirety. The 
cleaning of membranes by pressurized gas pulsation Was 
described in Us. Pat. No. 7,531,042, Which is incorporated 
herein by reference in its entirety. 
[0041] Referring to FIG. 1, a treatment system can com 
prises a source 10, such as seaWater, brackish Water, Waste 
Water, or other impaired Water, to be treated to remove unde 
sirable organic and inorganic material, so as to make fresh or 
potable Water. The treatment system can comprise a source 10 
that provides ?uid to be treated (e.g., seaWater). The system 
Will comprise a one or more pumps 11 to move the ?uid from 
the source into the pretreatment system and a second high 
pressure pump 14 to move the partially-treated raW Water 
from the pretreatment system into the pressure vessels con 
taining the membranes. The system Will comprise piping 
extending and/ or connecting the various components of the 
system from the source to the outlet. Pumps 11 are provided 
for lifting ?uid, pressuriZing ?uid and moving ?uid through 
the system. At points along and in ?uid communication With 
the piping is a series of processing stations for removing the 
unWanted organic and inorganic materials. The system can 
include one or more processing steps before the RO process 
treatment (upstream processing 12). Upstream processing 12 
can include coarse ?lters, such as a sand media bed ?lter, to 
remove relatively large particles suspended in the source 
?uid. The coarse ?lters can be folloWed by one or more 
organic material removal ?lters, such as an activated carbon 
media bed ?lter, for removing oil and similar material. The 
organic material removal ?lters can be folloWed by one or 
more cartridge ?lters and/ or an ultra?ltration ?lter for remov 
ing small suspended materials from the feed stream. FolloW 
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ing one or more up stream ?lters or treatments the feed stream 
is pumped using a high pressure pump into the pressure 
vessels containing the membrane elements 30 comprising a 
reverse osmosis membrane that blocks the ?oW of dissolved 
inorganic ions, such as K", Cl“, Na", and Ca2+, past the 
membrane While alloWing the ?oW of fresh Water through the 
membrane. The high-pressure pump creates suf?cient pres 
sure at the upstream side of the membrane to overcome the 
osmotic pressure across the membrane and alloWs the process 
to overcome internal friction head losses. Operatively 
coupled to the reverse osmosis cell 30 is a pulsating ?oW 
generator 20. Methods to create pulsating ?oW include (a) 
placing a rotating disk inside the feed end of the pressure 
vessel With differing hole-siZes and offset feed line to produce 
a pulse or (b) use a valve in the high pressure feed line 
betWeen the pump and the skid of vessels. The use of a valve 
is believed to be the most economic and requires no redesign 
and retro?tting of commonly-used pressure vessels. The pul 
sating ?oW generator provides intermittent pressure pulses 
that reduce bio-fouling of the membrane. 
[0042] FIG. 2 and FIG. 3 depict an example of a pulsating 
?oW generator. An eccentric rotating vane impeller 100 is 
con?gured to be ?uid communication With a high-pressure 
line 110 and a loW-pressure line 120 that are comprised in the 
inlet manifold to one or more reverse osmosis cell 30. The 
impeller 100 can have adjustable spring-loaded vanes 130 
that sWeep close to the volute of the housing 140. In certain 
aspects the impeller is pressure-driven and a constant rota 
tional speed is generated across the high-pressure line 110 
and loW pressure-line 120. De-pressuriZation in the high pres 
sure line 110 occurs momentarily When the through-hole 
ori?ce 150 is aligned across the high and loW pressure lines. 
Water being incompressible, the “momentary leakage” ?oW 
across the pressure lines 110 and 120 gives rise to the forma 
tion of a pressure pulse (see FIG. 4) and the rotation of the 
eccentric impeller 100 gives successive pulses across the 
headers. The pulsating ?oW generated at the headers is trans 
mitted to the seaWater feed to the inlets of the RO membrane 
vessels or the array of membrane modules. 

[0043] The system Will include a control panel or controller 
for controlling the operation of the system, and various valves 
apparatus positioned along the ?oW path to operate the ?oW 
along the piping and providing one or more pressure pulses at 
predetermined times and in predetermined timing and mag 
nitude for enhanced longevity, e?iciency and effectiveness of 
system. 
[0044] In operation, the system receives the stream of ?uid 
from the source and introduces the stream into the upstream 
processing steps that occur prior to reverse osmosis. After 
upstream processing the ?uid or Water is introduced to the 
reverse osmosis cell. The feed stream of the reverse osmosis 
cell is modulated to provide intermittent pressure pulses to 
inhibit bio-fouling. The reduced bio-fouling maintains the 
reverse osmosis membrane and maintains operation at opti 
mum permeability. Source ?uid or Water can be lifted by 
pumps at a single or at multiple stations in a Water or sea Water 
lift bay. 

REFERENCES 

[0045] The folloWing references, to the extent that they 
provide exemplary procedural or other details supplementary 
to those set forth herein, are speci?cally incorporated herein 
by reference. 
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[0047] Us. Pat. No. 7,531,042 
[0048] Us. Publn. 2007/0295674 
What is claimed is: 
1. A process for cleaning and/ or regeneration of permeable 

or semipermeable membranes comprising modulating pres 
sure of a feed stream feeding the permeable or semipermeable 
membrane and providing intermittent pressure pulses for 
cleaning and/or regeneration of the permeable or semiperme 
able membrane. 

2. The process of claim 1, Wherein the cleaning and regen 
eration inhibits bio-fouling of the permeable or semiperme 
able membrane. 

3. The process of claim 1 or 2, Wherein the permeable or 
semipermeable membrane is used in a reverse osmosis pro 
cess. 

4. The process of claim 3, Wherein the intermittent pressure 
pulses range from 5 to 1500 psi. 

5. The process of claim 1 Wherein the feed stream is sea 
Water, brackish Water, domestic WasteWater, industrial Waste 
Water, storm Water, cheese Whey, beer, or food separations. 

6. The process of claim 1, Wherein pulse pressure range is 
centered on a system operating pressure and bracketed by a 
10% increase and decrease in the system operating pressure. 

7. The process of claim 1, Wherein the time for a single 
intermittent pressure pulse is about 0.01 to 60 seconds is 
duration. 

8. The process of claim 1, Wherein the pressure pulse 
occurs about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 times every second, 
minute, or hour. 
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9. The process of claim 1, Wherein a series of pressure 
pulses is provided every 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 hours, days, 
or Weeks. 

10. The process of claim 1, Wherein the membrane type is 
a holloW ?ber, spiral, ?at sheet, tubular, ceramic, or a capil 
lary sheet. 

11. The process of claim 1, Wherein the pressure pulse is 
preceded and folloWed by a de-pressuriZation of the feed 
stream. 

12. The process in claims 1, 5 and 10 Where the pressure 
pulse system comprising: 

(a) piping having an inlet for aqueous feed carrying inor 
ganic material and biological organisms; 

(b) a pump moving the aqueous feed along the piping; 
(c) the piping having a membrane for removing inorganic 

ions from the aqueous feed; and 
(d) an eccentric rotating vane impeller operatively coupled 

to the high pressure header and loW pressure header of 
inlet, the impeller being con?gured to provide the inter 
mittent pressure pulses across the membrane. 

13. A membrane cleaning apparatus comprising 
(a) a feed stream line operatively coupling a feed stream 

source and any other membrane type and 

(b) a pressure modulating device operatively incorporated 
to the feed stream at any point betWeen the source of the 
feed stream and the membrane. 


