
AMETHOD FOR TREATINGWASTEWATER CONTAININGHEAVYMETALS Field of Invention
This present invention relates to a method for treating wastewater
containing heavy metals. In more particular, the present invention relates
to a method for treating wastewater containing heavy metals by a reverse
osmosis membrane at low pressure to remove high amount of heavy metals.
Background of The Invention Utilization of low energy membranes operating
at low pressure for treating wastewater is developed to reduce operational
and maintenance costs of a water treatment system. Depending on the
operating conditions of the water treatment system, the low energy
membranes can remove contaminants including micropollutants, nano-sized
anionic substances and metals. As compared to a conventional cellulose
acetate membrane, an aromatic polyamide membrane improves membrane
technology by offering better rejection towards salts and water soluble
organics, providing a better resistance against hydrolysis and 



biological attack, withstanding higher temperatures and operating over a
wide pH range of 2-10. The aromatic polyamide membrane has better salt
rejection than cellulose acetate membrane due to lower diffusivity of NaCl
but higher permeability, solubility and diffusivity of water across the
aromatic polyamide membrane. There are some prior arts relating to several
membrane systems or methods for treating wastewater or saline water by
reverse osmosis.Japanese Patent No. 2007105572 claims a water purification
system where raw water is filtered by a reverse osmotic membrane type
filter means separating into permeate or purified water and retentate of
non-transparent water. A water purification circulating route branches from
an injector-pipe way pours the permeate into a reservoir and supplies water
to the reverse osmotic membrane type filter means according to irrigation
operation by a control means. Another Japanese Patent No. 2001113136
discloses a reverse osmosis treatment device comprising a pump which raises
raw water to a predetermined pressure for supplying to a reverse osmosis
membrane module, a bypass passage which bypasses raw water provided in a
discharge side of the pump and breathed out from the pump 



to the reverse osmosis membrane module, a flow control valve provided in
the bypass passage to adjust a bypass rate of the raw water. United States
Patent No. 2007289904 describes a reverse osmosis system including a
membrane chamber having a feed line to generate into a permeate stream and
a brine stream, a booster device having a turbine portion in fluid
communication with the brine stream and a pump portion in fluid
communication with the feed line. In the prior art, a method of operating
the reverse osmosis system comprising pressurizing the feed line,
generating a first flow signal corresponding to a flow of fluid in the
permeate stream, operating a variable frequency drive in response to the
first flow signal, controlling the motor in response to the variable
frequency drive, generating a second flow signal corresponding to a flow of
fluid in the brine system and controlling opening of a variable size nozzle
coupled to the turbine portion in response to the second flow signal.
United States Patent No. 6162361 claims a method for separating and
recovering heavy metals from a wastewater stream comprising passing the
wastewater stream through a plurality of nano-filtration membranes being
arranged in a series or parallelarrangement providing a permeate and a
concentrate output stream and passing the 



concentrate output stream through an electro dialysis device for additional
concentration of heavy metal ions. The claimed method shall further
comprising a step of passing the permeate output stream through a plurality
of nano-ftration membranes arranged in a series or parallel arrangement.
Typical reverse osmosis membrane requires high operating pressure in water
treatment systems. However, it is important to reduce the operational and
maintenance costs of the system by utilizing a low energy membrane which
can operate at low pressure but at the same time provide satisfactory
performance for treating wastewater by removal of various pollutants in
high amount. Summary of The Invention The primary object of the present
invention is to invent a method for treating wastewater containing heavy
metals by utilizing a reverse osmosis membrane operating at a low pressure
range to save operational and maintenance costs and to increase the
lifespan of the membrane. Another object of the present invention is to
invent a method for treating wastewater containing heavy metals by passing
the wastewater across a low energy reverse 



osmosis membrane which has high salt rejection and high water flux for
removing various pollutants including high amount of heavy metals. At least
one of the preceding objects is met, in whole or in part, by the present
invention, in which the embodiment of the present invention describes a
method for treating wastewater containing heavy metals comprising directing
the wastewater across a reverse osmosis aromatic polyamide membrane at low
pressure ranging from 40-120psi, the membrane being capable of removing at
least 90% of the target heavy metals from the wastewater.In the present
invention, a reverse osmosis aromatic polyamide membrane has high salt
rejection on pollutants having molecular weights greater than 100 and
existing .in nanometer .sizes such as anionic substances. The membrane
operates at a low pressure range for treating wastewater containing heavy
metals of removal to at least 90% target heavy metals. At the optimum
operating conditions of a wastewater treatment system, the low energy
reverse osmosis membrane can remove arsenic at a percentage of more than
99%. Brief Description of the Drawings FIG. 1 shows a schematic view of a
system (100) for treating wastewater containing 



heavy metals by a low energy reverse osmosis membrane. Detailed Description
of The Invention One skilled in the art will readily appreciate that the
present invention is well adapted to carry out the objects and obtain the
ends and advantages mentioned, as well as those inherent therein. The
embodiment described herein is not intended as limitations on the scope of
the invention. The present invention discloses a method for treating
wastewater containing heavy metals comprising directing the wastewater
across a reverse osmosis aromatic polyamide membrane at low pressure
ranging from 40-120psi, the membrane being capable of removing at least 90%
of the target heavy metals from the wastewater. By using the low energy
reverse osmosis membrane which will be operated at a low pressure range,
the operational and maintenance costs of a wastewater treatment system can
be reduced. The low energy membrane shall have a longer lifespan of within
3-5 years than a conventional reverse osmosis membrane that operates at a
higher pressure.In the present invention, the reverse osmosis aromatic
polyamide membrane has high salt rejection and high water or permeate flux.
A preferred embodiment of the present 



invention has claimed that the reverse osmosis aromatic polyamide membrane
can remove at least 90% target heavy metals from the wastewater,
particularly removal of more than 99% arsenic at optimum operating
conditions of pressure 80psi or 552kPa and pH ranges from 3.4 to 7.6 at
room temperature. Moreover, the reverse osmosis aromatic polyamide membrane
can also remove other metals including cadmium, chromium, copper, iron,
nickel, zinc, manganese, magnesium and the like. In a preferred embodiment
of the present invention, the aromatic polyamide membrane has high heavy
metal rejection particularly of at least 99% arsenic, at least 98% nickel,
at least 97% manganese and 99.9% magnesium, 94% chromium, and at least 80%
rejection of cadmium, copper and zinc from the wastewater. Besides, the
present invention has described the reverse osmosis aromatic polyamide
membrane shall provide a high sodium chloride rejection to at least 98%
when tested with 500mg/L sodium chloride at pressure 552kPa, pH7 and room
temperature. In the present invention, the membrane shall have a molecular
weight cut-off of above 100 and rej ect particles with size of less than
2nm. 



As claimed in the present invention, the aromatic polyamide membrane shall
contain size pores of less than 2nm and water flux or permeate flux ranges
0.005m3/m2.h to 0.025m3/m2.h, depending on the operating conditions and
types of feed water. The preferred water or permeate flux of the membrane
is 0.013m3/m2.h. In a comparison with a conventional cellulose acetate
membrane, an aromatic polyamide membrane improves membrane technology by
offering better rejection towards salts and water soluble organics,
providing a better resistance against hydrolysis and biological attack,
withstanding higher temperatures and operating overa wide pH range of 2-10.
The aromatic polyamide has better salt rejection than cellulose acetate
membrane due to lower diffusivity of NaCl but higher permeability,
solubility and diffusivity of water across the aromatic polyamide membrane.
The present invention has described that the aromatic polyamide membrane is
an ultra-low pressure reverse osmosis membrane which has a corrugated film
layer. Generally, the aromatic polyamide is prepared by the reaction
between an amide group and a carboxylic acid halide group, to be shown as
below: NH2-Ar-COCl -(NH-Ar-CO) n- + HCl 



wherein n is a number or ratio; subscript n is a number or ratio; and Ar is
aromatic radicals. As disclosed in the present invention, a system (100)
for treating wastewater containing heavy metals comprising a multilayer
thin flat sheets of aromatic polyamide membrane framed inside a cell (102),
a feed tank (101), a low pressure pump (106), pressure gauges (105), a
permeate tank (103), flow control valves (104) and flow meters (107). The
circulating or transporting pipelines of the system (100) are preferably
made from stainless steel and/or high quality plastic. In the present
invention, the membrane cell (102) is preferably a cross flow module
enclosing a multilayer flat sheets of aromatic polyamide membrane by upper
and lower cell frames. The cross flow module has an active membrane surface
area of 60cm2 and operates at maximum pressure and temperature of 130psi
and 40C as respectively. The multilayer flat sheets of aromatic polyamide
membrane can operate at a wide range of pH from 2 to 10. Due to the
membrane layer which is presented with charged chemical groups of carboxyl
and amine groups, the membrane will be negatively 



charged at a pH above 5 as a result from dissociation of the carboxyl
groups; andpositively charged at a pH below 5 as a result from dissociation
of the amine groups. High quality glass is utilized to construct the cross
flow membrane module for preventing contamination of feed solutions by
corrosive materials. The membrane module shall further consisting
components such as a feed water spacer preferably with 0.7mm spacing, two
permeate spacers preferably with 0.3mm and 1.25mm spacing each, a plate
ring and O-ring for fixing the membrane layer and preventing the system
(100) from leakage. The dimensions of membrane module or framed membrane
cell (102) are preferably 80mm in width, 210mm in length and 82mm in
height. However, the framed membrane cell (102) has inner dimensions of
46mm in width, 180 in length and 82mm in height to fit in all the parts or
components Comprising the flat aromatic polyamide membrane, feed water and
permeate spacers, plate ring and O-ring. In a system (100) for treating
wastewater containing heavy metals, the feed tank (101) is preferably
filled with 2 liters in capacity of wastewater. As described in a preferred
embodiment of the present invention, the source of wastewater containing
heavy metals is collected from a mining pool or synthetically produced into
polluted water 



by dissolving magnesium sulfate and copper chloride in distilled water. The
feed solutions of wastewater will be drawn from the feed tank (101) and
pumped by the low pressure pump (106) across the membrane cell (102) at a
specified range of low pressure. The permeate or purified water obtained is
collected in a permeate tank (103) whereas the retentate or concentrate is
returned or circulated back to the feed tank (101) for maintaining its
volume and solute concentration at constant. Hereinafter, as discussed in
the present invention, the feed solution treated in the system (100) is
maintained at a temperature of 252C. The system (100) is installed with
pressure gauges (105) to record pressure of the feed and concentrate, flow
meters(107) to record flow rate of feed and concentrate, flow control
valves (104) to regulate the flow of concentrate and permeate and pH probes
(108) to record pH value of the feed solution in the feed tank (101) or
permeate tank (103). Examples Example 1 The removal of various metals in
percentage from a wastewater sample is shown in a table as below: From the
table, the percentage of removal for the metals in average is calculated as



87.5. Example 2 In the present invention, a method for treating wastewater
which may be obtained from a mining pool wherein the wastewater is
estimated to have the composition indicated as below:The present invention
has described a method for treating the wastewater by using a low energy
reverse osmosis aromatic polyamide membrane. As shown in a table below,
heavy metal particularly arsenic can be removed in an amount of at least
90% at a different low operating pressure and pH: Example 3 For testing the
treated water samples, permeates are collected in every 30 minutes from the
permeate tank (103). The permeate flux and concentration are measured until
obtaining a stable permeate to evaluate the rejection of reverse osmosis
membrane. Distilled water flux data shall be determined by passing
distilled water across the reverse osmosis membrane for four hours at a
pressure of 80psi or 552kPa and a pH of 7 at a constant recovery rate
ranges from 60% to 65%. The membrane efficiency will be tested by using
500mg/L NaCl solution to acquire the minimum time for thewastewater
treatment system (100) which is operated at a steady state. 



The operating conditions for rejection of sodium chloride are at pressure
of 552kPa, pH7 and with concentration of 500mg/L. The data regarding
permeate flux of NaCl collected in every 30 minutes for a period of 240
minutes with the replication of eight samples is shown in a table: The data
of NaCl removal in percentage collected in every 30 minutes for a period of
240 minutes with replication of eight samples is also shown in a
table:Example 4 The rejection of heavy metals in wastewater especially
copper, magnesium and arsenic is investigated under various influent
concentrations of copper chloride and magnesium sulfate at 1.00mg/L,
2.00mg/L, 3.00mg/L, 4.0mg/L and 5.0mg/L at various pressure conditions of
40psi, 60psi, 80psi, lOOpsi and 120psi with different pH range of feed
solutions at 2.5, 4.5, 6.5 and 8.5 and a constant recovery rate ranges The
data regarding permeate flux of copper removal (%) is determined from a
20-runs experiment, which is shown in a table below:18 16.3 16.3 16.3 17.0
16.8 16.3 16.5 16.8 16.5 19 15.3 15.3 16.5 16.5 17.0 17.5 16.3 16.3 16.3 20
17 .5 18.0 17.5 17.5 18.0 17.5 17.5 16.8 17.5 Another table showing the
data percentage of copper removal for a 20-runs 



experiment is indicated as below:Example 5 To optimize the process of heavy
metals removal by the low energy reverse osmosis membrane, a response
surface methodology is implemented to identify the significant and
interactive factors quantitatively. The response surface methodology is
designed statistically using response surface design, in particular,
Central Composite Rotatable Design. Besides, the Central Composite
Rotatable Design facilitates the detection of nonlinear behavior of effect
and determination of the best setting of the experimental factors which can
produce the maximum outcome. The synergistic effect of the factors is
determined based on Hadamard matrix and centre point runs whereas the
non-linear response behavior is analyzed using start point and centre point
runs. The centre point run is repeated six times in order to allow a better
estimate of the experimental error. The runs are carried out in randomized
order and this will reduce the effect of time-dependent factors not
included in the study. A table below showing the value of permeate flux and
percentage of heavy metal 



removal obtained from an experiment runs for rejection of micro-pollutants
not in random order at a constant recovery rate ranges from 60% to 65%:From
the table, abased on standard order designed by Central Composite Rotatable
Design and; ( )bis coded value as assigned by Central Composite Rotatable
Design.Claims 1.A method for treating wastewater containing heavy metals
comprising: directing the wastewater across a reverse osmosis aromatic
polyamide membrane at low pressure ranging from 40-120psi, the membrane
being capable of removing at least 90% of the target heavy metals from the
wastewater. 2.A method as claimed in claim 1, wherein said membrane has
pore size for rejecting particles of less than 2nm. 3.A method as claimed
in claim 1 or claim 2, wherein said membrane has a water flux ranges from
0.005m3/ni2.h to 0.025m3/m2.h. 4. A method as claimed in claim 1, wherein
said membrane has heavy metal rejection of at least 99% arsenic. 5. A
method as claimed in claim 1, wherein said membrane also has a rejection of
at least 98% nickel, at least 97% manganese, 99.9% magnesium, 94% chromium
and at least 80% rejection of cadmium, copper and zinc from the wastewater.


