AVETHOD FOR TREATI NGAMASTEWATER CONTAI NI NGHEAVYMETALS Fi el d of Invention
This present invention relates to a nethod for treating wastewater

cont ai ni ngohesvg79wet al s. I n nore particul ar, the presentcirmwentioanossel at es
to a method for treating wastewater containing heavy netals by a reverse
osnosi s nenbrane at | ow pressure to renove hi gh anobunt of heavy netals.
Background of The Invention Utilization of |ow energy nenbranes operating
at | ow pressure for treating wastewater, i s devel oped to reduce operati onal
and mai ntenance costs of a water treatﬁ%nt system Depending on the
operating conditions of the water treatnent system the | ow energy

menbr anes can re”DVGAGME’ﬂHU]ﬁFU&'{TMMNIQWASTEWATERamS nano-si zed
ani oni ¢ substances and netal s. ng@red to a conventional cellul ose

acetate menbrane, an arorre@@NT@thﬁG AYBLERALShpr oves nenbrane
technol ogy by offering better rejection towards salts and water sol uble
organi cs, providing a better resistance against hydrol ysis and

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.

10

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
15 treatment system. Depending on the operating conditions of the water treatment
system, the low energy membranes can remove contaminants including micro-

pollutants, nano-sized anionic substances and metals.

As compared to a conventional cellulose acetate membrane, an aromatic polyamide
20  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.

25 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

30 treating wastewater or saline water by reverse osmosis.



bi ol ogi cal attack, w thstandi ng higher tenperatures and operating over a
w de pH range of 2-10. The aronmatic pol yam de nenbrane has better salt

rej ecti orwoham/cedliul ose acet ate nenbrane due to | ower aciivmsiove/oopossi NaC
but hi gher perneability, solubility and diffusivity of water across the
aromati c pol yam de nenbrane. There are sone prior arts relating to severa
menbr ane systens or nethods for treating wastewater or saline water by
reverse osnosi s. Japanese Patent No. 20Q7105572 clainms a water purification
system where raw water is filtered by reverse osnotic nenbrane type
filter means separating into perneate or purified water and retentate of

non- t r anspa&RES PYBhENo. ADOMRY T 72RMikds CRbtbORuSidgivh 3vdtad WK Bwphanshes from
an injector-pipe way pours the perneate into a reservoir and supplies water

to the rayéitseeddynprdversamsmotinenamiyans type diltemsanass sapewitidg ngfotpsrineate gat i on
operation by a.control ans. . Another Japanese Patent No quﬁgl 136

di scl osesoraig?%f%a?%at%rs% irse%etnFaéE%t At nérg%p(%e o%ﬁief‘s%‘ n&’ag?rpﬂ TRPRh rai ses
raw wat ercitcQlafin@rodrt Bt dfrpie &6 UhRclodhifRUpRlyYbdds tthe DefBYMAE SBOENDSI S
menbrane nodul e, a bypass passage which bypasses raw water provided in a

di schaf gereagraar ¢ad twppkRinyaten dobihe stekede Gsmotie onempranp fifpe 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
10 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.

15 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.

20 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

25 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

30  through a plurality of nano-filtration membranes being arranged in a series or paralle]



to the reverse osnosis nmenbrane nodule, a flow control valve provided in

t he bypass passage to adjust a bypass rate of the raw water. United States
Pat ent Now02007332904 descri bes a reverse osnpsi s syst erCirnY20a0/0090%5
menbrane chanber having a feed line to generate into a perneate stream and
a brine stream a booster device having a turbine portion in fluid

comuni cation with the brine streamand a punp portion in fluid ‘
communi cation with the feed l[ine. In the prior art, a method of operating
the reverse osnosis system conprising pressurizing the feed |ine,
generating a first flow signal corresponding to a flowof fluid in the

p?r”Eateaﬁéﬁﬁﬁﬂ&nQﬂ§ﬁé&§Q9 ém%ﬁ&?ﬁﬁﬂ@oEﬁ&ﬁH@QQMmﬂREM%&ED&&?EQQ@%Qh&0 the
first flow signal, control?lng the notor in response to the varrable

f r equencyoutenirete geiert astraagn athserghndnf ledastrei gitedysic odavéspdndi adlitionad f | ow of
fluid in the brine st em and.contr ol |.i.ng ,openi a_ variable.size nozzle
coupl ed EONCRETH 6 FE BoPERbTn Tespintd hetphaedh e e Bwtrng:

Uni ted Stabhest Padseidt 1HNOperRb8R36dptd airdn ahidREh d pfu@dlits effanato-Merafos
recovering heavy netals froma wastewater stream conprising passing the
wast ewat erensirprssrartangerdighs serips of pdrelis) agpngemreatfi | trati on menbranes being

arranged in a series or parallelarrangenment providing a perneate and a
concentrate output stream and passing the

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
10 pressure but at the same time provide satisfactory performance for treating wastewater

by removal of various pollutants in high amount.
Summary of The Invention

15 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.

20 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.

25 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

30 metals from the wastewater.



concentrate output streamthrough an electro dialysis device for additional
concentration of heavy netal ions. The clainmed nethod shall further
conpri si yoaoswBmw4of passi ng the perneate out put streampComovayho/eopssur al ity
of nano-ftration nmenbranes arranged in a series or parallel arrangenent.
Typi cal reverse osnosis nenbrane requires high operating pressure in water
treatnent systens. However, it is inportant to reduce the operational and
mai nt enance costs of the system by utihézing a | ow energy nenbrane which
can operate at |ow pressure but at the Sane tinme provide satisfactory
performance for treating wastewater by renoval of various pollutants in

hi gh anountthe SHEERY MvehitioH)@ deMedbiBssis B nitic W Yartldk 864mSHnd Res RIGSent
invention is to invent a nethod for treating wastewater containing heavy
met al s byselitpietiamepn aoleeris haviog modeailarevdighin grasprerthan hYP and existvg ipr essur e

range to ' I . maknt enange costs and to increase the
i fespan %gxﬁﬁ%p“%g%%%ﬁgs a%]b%tl(‘fq%rbgtg%eégfheo?ﬁ?%éalnﬁ roggreaﬁ s gt ﬁ\}%‘ﬁtpf%sﬁuﬁes to
i nvent a mRihad fretingl wadttngenasitenwaizeica®9ih&hRi sfrciRavY tdTet &last byvpassi ng
the wastewater across_a | ow energy reverse |
> 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

10
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
15

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.

20
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.

25
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

30  higher pressure.



osnosi s nenbrane which has high salt rejection and high water flux for
renmovi ng various pollutants including high anmount of heavy netals. At |east
one of theoppexBd4mg objects is net, in whole or in parPCThyyioheoqosssent

i nvention, in which the enbodi ment of the present invention describes a

met hod for treating wastewater containing heavy netals conprising directing
the wastewater across a reverse osnosis aromati c pol yam de nenbrane at | ow
pressure rangi ng from 40-120psi, the nbrane bei ng capabl e of renoving at

| east 90% of the target heavy nmetals fromthe wastewater.In the present

I nvention, a reverse osnosis aromatic pol yam de nmenbrane has hi gh salt

rejection,en ;%@Lén%%hﬁomﬂé RGeRBloeaHtif i oWeit8 oy sati8a i trRahab0fgtand
exl st ng .In anoneter .sizes such as anioni c substances. The ne rane

oper at es salt rejedtiow apddsghuweter angernfeste e Atniregrnd srdpdinesnt odthedirpieny heavy
metal s of. renoval to.at.least 90%target.heavy .netals.. At t opt i mum
oper at i ndn‘f?BﬁDa]lq ?ﬁaﬁ) ﬁgau&ed éﬁé&/até? EWAr e O YT ek ?Fé)ﬁ%éu% )Pso?seai;ﬁnd? ﬁ%er?%\?\?éé fner gy
reverse QsHB& & 1BRIDOG QAR dvTRME S FoSE e Gvatevait@epLabiiagds r@hovbe t han
99% Bri ef Descruftlon of the Drawings FIG 1 shows a schematic view of a

syst er ( 100} thasy 9%% azsenitpt wRsmain oraratingrroaditiong 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,
10 magnesium and the like. In a preferred embodimerit of the present invention, the
aromatic polyamide membrane has high heavy metal rej ection 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. '
15
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

20  and reject 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 0.005m*m>h to
0.025m3m?2h, depending on the operating conditions and types of feed water. The

25  preferred water or permeate flux of the membrane is 0.013m?*/m?.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

30 hydrolysis and biclogical attack, withstanding higher temperatures and operating over



heavy nmetals by a | ow energy reverse osnosi s nenbrane. Detail ed Description
of The Invention One skilled in the art will readily appreciate that the
present iwoentwsm4its wel | adapted to carry out the objeeCI/Myadi@aoessn t he
ends and advant ages nentioned, as well as those inherent therein. The
enbodi nent described herein is not intended as limtations on the scope of
the invention. The present invention discloses a nethod for treating

wast ewat er contai ning heavy netals conprising directing the wastewater
across a reverse osnosis aromatic polyénide menbrane at | ow pressure
rangi ng from 40-120psi, the nenbrane being capable of renoving at | east 90%
of the targge phearye dretads fromthe wastewater. By using the |ow energy
reverse osnosis nmenbrane which will be operated at a | ow pressure range,

t he operational and nai ntenance costs of a wastewater treatnment system can

55 yenr & R At A RRED brE PR AF S R R St PR e S st T
hi gher predswee diffustvite ¢ BRENthut MVEHRE iRAnedbikyl yebisty @8ATEEsiaitPMaL i C

pol yam de nmenbrane has high salt rejection_and high water or perneate fl ux.
A pr ef¥er MEdereeheditierpmgtic PRlyaprde Bgmbrane. 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:

10 »NH;-Ar-COCl — -(NH-Ar-CO),- + nHCl
wherein # 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
15 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.
20
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
60cm? and operates at maximum pressure and temperature of 130psi and 40°C as

25 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

30 charged at a pH above 5 as a result from dissociation of the carboxyl groups; and



i nvention has clained that the reverse osnosis aromati c pol yam de nenbrane
can renove at |east 90% target heavy netals fromthe wastewater,

parti cul WDROHEIDMAl of nore than 99% arseni c at opti nuBRCHHEY29014/9§085
conditions of pressure 80psi or 552kPa and pH ranges from3.4 to 7.6 at
roomtenperature. Mreover, the reverse osnosis aromatic pol yam de nenbrane
can al so renove other netal s including cadm um chrom um copper, iron,

ni ckel , zinc, manganese, magnesi um and7t he like. In a preferred enbodi nent
of the present invention, the aromatic’pol yam de nenbrane has hi gh heavy
metal rejection particularly of at |east 99% arsenic, at |east 98% nickel,

at | east pB4iflvemneanes et 2pH RBRWadBeRes ftom d@ﬁ?&ﬁi@h@ﬂ%ﬁ@@r&%&l east 80%
rejection of cadm um copper and zinc fromthe wastewater. Besides, the

present invention has described the reverse osnosis aromatic pol yam de

menbr ane I oyji.de : k: | Lori rej | 98%
when tes?%gfvdutaﬁ&%j@g%/l { u@%‘g%hur%ﬁog or %gég %tcgogsrs e@s"gﬁé‘%@%ﬁ&gaﬁs%%%g%d room
t enper at pe®enting cbetapiesent ofl fi¢érbiutions biyecomeRive angtefhlal Thhaveantran®! ecul ar
wei ght_ cut-off of above 100 and rej ect particles with size of I%?s t han
onm 2 module shall er 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.

10 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.

15
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

20 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
25 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 25+2°C. The system (100) is installed

30  with pressure gauges (105) to record pressure of the feed and concentrate, flow meters



As clainmed in the present invention, the aromatic pol yam de nmenbrane shal
contain size pores of less than 2nm and water flux or perneate flux ranges
0. 005nB/ mROol0ton13@4@25n8/ n2. h, dependi ng on t he oper at i hg@Ctondioté/enessand
types of feed water. The preferred water or perneate flux of the nenbrane
is 0.013nB/n2.h. In a conparison with a conventional cellul ose acetate
menbrane, an aromatic pol yam de nenbrane i nproves nenbrane technol ogy by

of fering better rejection towards salt% and wat er sol ubl e organics,
providing a better resistance agai nst Rydrolysis and biol ogi cal attack,

wi t hst andi ng hi gher tenperatures and operating overa w de pH range of 2-10.

The aromgth 1 bAITHES AR BRu8H ceAdchirt@R] 86 RRrbNAlv&ael b4) osenaget at e
menbrane duée to lower diffusivity of NaC but hi gher perneabili

ty,
sol ubi | i tlye Bow afi dohessitsate gndofermatte rand eEosrobehel 08) émeacord pdl wadus Qfgfhﬁrerrbr ane.

The present, i nvent.i on has.d Kbed that th mati c pol yam de nenbrane is
an ult ra-??egﬁopl%téosnslﬁr%%e gsiéﬁzfélé%SF%ne%erﬁ%Pg@ﬁm ch has a corrugated film

| ayer. Generally, the aromatic polyam de is prepared by the reaction
bet ween an am:de group and a carboxylic acid halide group, to be shown as
bel ow> NEEamRled - (NHAr-CO) n- + HC

Example 1

The removal of various metals in percentage from a wastewater sample is shown in a

10  table as below:

Metals/ Parameters Percentage of Removal (%)
Arsenic 99.4
. Cadmium 80.2
Chromium 94.0
Copper 81.4
Tron 51.5
Nickel 98.8
Zinc 86.0
Manganese 96.7
Magnesium 99.9

From the table, the percentage of removal for the metals in average is calculated as
87.5.

15 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: '

20



wherein n is a nunber or ratio; subscript nis a nunber or ratio; and Ar is
aromatic radicals. As disclosed in the present invention, a system (100)
for treatwogowasrawat er contai ni ng heavy netal s conpri siPag/mMy2oud/0Gobssy er
thin flat sheets of aromatic pol yam de nmenbrane framed inside a cell (102),
a feed tank (101), a |l ow pressure punp (106), pressure gauges (105), a
perneate tank (103), flow control valves (104) and flow neters (107). The
circulating or transporting pipelines of the system (100) are preferably
made from stainless steel and/or high quality plastic. In the present

I nvention, the nmenbrane cell (102) is preferably a cross flow nodul e

encl osi ng a rrult EHE; heets of{ aro [rqﬁ@gane by upper
and | owey ﬁMeM?/rP tel% +-ow-+od nEEhﬁenﬁ%E&igﬂ\f/i‘) -Ferbrane surface
area of 60ch and opArsnes at maX| mum pressure and &¥nperature of [130psi
and 40C fas respecti yely. [Ihe mul tiTayer flat sheetsofgf aromat 1 ¢ pol yam de
m%rane@m&p&@&aﬁ”ﬂ#w%m%&%b

menbr ane | ayer whi c@hicsnipmesent ed wi th charged chei®dal groups of ¢arboxyl
and am ne gr oups,ﬁh&ogggfbr ane Wl FbWe negatively 0.42 :

Iron 0.33
Nickel 0.10
Zinc 0.56
Magnesium 2.34

~ 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%

5 atadifferent low operating pressure and pH:

Run Code 1 2 3 4 5 6
Operating Pressure (psi) 51.7 108.3 51.7 108.3 40.0 120.0
pH 3.4 34 7.6 7.6 55 5.5
Flux (x10-*m?/m?2.h) 8.5 20.5 7.7 19.3 6.1 21.8
Arsenic Removal (%) 99.15 99.70 | 99.68 | 98.72 | 98.02 | 99.72
Example 3

10  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
15 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 the



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 di ssociation
of the amvopeogridmps. High quality glass is utilized to ®OmAMY20¢4/000D8S Cr 0SS
fl ow menbrane nodul e for preventing contam nation of feed sol utions by
corrosive materials. The nenbrane nodul e shall further consisting
conponents such as a feed water spacer preferably with 0. 7nm spacing, two
perneate spacers preferably with 0. 3mné@nd 1. 25mm spaci ng each, a plate
ring and Oring for fixing the nenbrane”l ayer and preventing the system
(100) from | eakage. The di nensions of nenbrane nodule or framed nenbrane °
cel | (102yassgveatiriedaemh el syst8RNMO0 )nvivicll idopeZik€inm d fleddgngitd) and 82mm i n

hei ght. However, the franmed nmenbrane cell (102) has inner dinmensions of
46mm in wdth, 180 in length and 82mmin height to fit in all the parts or
conponent b Sl s Al LGPl I gle ter and
ermeat o Ssadarait MAd: Al SRTY o e eI PP (g
wast ewat egH'e and siithi crgrebigaipn et SA0m,g/L. HEhS éed réganding perh)eatesfipx ef &fadlll vy

filled.with 2 liters in capacity of, t ter. As_ described in a preferred
enbod Terfolsret bt edl ARy G Briod R I Gtirues BRES FBT SR Louhi ni ng
heavy nmetghsdsss aQeai£dofer om a mning pool or synthetically produced into
pol l uted water :

Time Permeate Flux (m*/m?.h)
L1\/Iinl.1’£es F1 F2 F3 Fa F5 Fé6 F7 F8 Fave

30 0.0114 | 0.0112] 0.0113 | 0.0110 | 0.0115 | 0.0116 | 0.0116 | 0.0115 | 0.0114
60 0.0115 {0.0114]| 0.0115 | 0.0113 | 0.0116 } 0.0117 | 0.0118 | 0.0116 | 0.0116
90 0.0124 | 0.0120] 0.0120 | 0.0123 | 0.0120 | 0.0120 } 0.0118 | 0.0127 | 0.0122
120 0.0124 10.0123] 0.0119 0.01'25 0.0120 | 0.0120 | 0.0120 | 0.0123 | 0.0122
150 0.0120 {0.0119] 0.0119 | 0.0123 | 0.0119 | 0.0119 | 0.0120 | 0.0120 | 0.0120
180 0.0120 |0.0123| 0.0124 | 0.0125 | 0.0120 | 0.0123 | 0.0120 | 0.0120 | 0.0122
210 0.0124 [ 0.0123 0.0125 { 0.0125 | 0.0120 | 0.0123 | 0.0120 | 0.0120 | 0.0123
240 0.0124 1 0.0120| 0.0120 | 0.0125 | 0.0120 | 0.0123 | 0.0120 | 0.0120 | 0.0122

The data of NaCl removal in percentage collected in every 30 minutes for a period of

10 240 minutes with replication of eight samples is also shown in a table:

Time - Removal (%)
Minutes| Rl R2 R3 R4 RS R6 R7 R8 | Ruw
30 | 98.0 | 98.0 | 994 | 98.0 | 984 | 982.| 986 | 99.0 | 985
60 | 98.0 | 981 | 980 | 980 | 982 | 985 | 98.0 | 982 | 98.1
90 | 97.9 | 979 | 99.0 | 99.0 | 987 | 99.0 | 99.0 | 99.5 | 98.8
120 | 976 | 976 | 976 | 967 | 976 | 976 | 965 | 961 | 972
150 | 98.1 | 982 | 98.0 | 98.0 | 97.0 | 97.6 | 969 | 965 | 975
180 | 97.0 | 960 | 970 | 975 | 967 | 97.0 | 96.0 | 96.0 | 96.7
210 | 96.0 | 968 | 97.6 | 956 | 968 | 96.0 | 96.0 | 959 | 963
240 | 975 | 971 | 975 | 965 | 960 | 96.0 | 945 | 955 | 963




by di ssol ving magnesi um sul fate and copper chloride in distilled water. The
feed solutions of wastewater will be drawn fromthe feed tank (101) and
punped bywoheldBmw4pr essure punp (106) across the nenbrameTowY101¢/A0285 at a
specified range of |ow pressure. The perneate or purified water obtained is
collected in a perneate tank (103) whereas the retentate or concentrate is
returned or circul ated back to the feed tank (101) for maintaining its

vol ume and sol ute concentration at coni%ant. Herei nafter, as discussed in

t he present invention, the feed sol uti treated in the system (100) is

mai ntai ned at a tenperature of 252C. The system (100) is installed with
pressur e Bauges4 (105) to record pressure of the feed and concentrate, flow
neters(107) to record flow rate of feed and concentrate, flow control

val ves (104) to regulate the flow of concentrate and perneate and pH probes

(108) to C .ét. : ' ot 1 ) or
per nmeat e jghg}n%ﬁ ng) gﬁhgi\ﬁg}néeté %%ﬁ\%%é&%t%g%g% a%g%le’\?%? ‘%%Eis&r(ne]agél sin
per cent ageschicoin iavewtightedainder saiplsantlsers hontentntiand abtep@s chierida anBr om t he
table, _th cent f | f t s i ' I
able: s the, RRLSEMaRE. °f TIRAE, S8bublS TROLR. RoBifL 285 Sauspl oy ated =
various pressure conditions of 40psi, 60psi, 80psi, 100psi 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
from 60% to 65%.

10 The data regarding permeate flux of copper removal (%) is determined from a 20-runs

experiment, which is shown in a table below:

Run Permeate Flux (m*/m*h)

Order | F1 F2 F3 F4 F5 F6 F7 F8 | Faw
1 123 | 123 | 125 | 125 | 125 | 125 | 125 | 125 | 125
2 | 250 | 25.0 | 265 | 264 | 255 | 265 | 258 | 258 | 258
3 135 | 13.8 | 13.8 | 13.8 | 13.5 | 135 | 13.0 | 13.8 | 13.6
4 | 255 | 255 | 255 | 280 | 28.0 | 277 | 277 | 277 | 270
5 10.0 | 10.8 | 11.0 | 105 | 105 | 105 | 105 | 105 | 105
6 | 200 | 250 | 250 | 24.0 | 235 | 235 | 235 | 235 | 235
7 105 | 104 | 103 | 108 | 10.8 | 10.5 | 105 | 105 | 105
8 | 274 | 278 | 27.0 | 275 | 275 | 275 | 275 | 275 | 275
9 35 | 33 | 33 | 34 | 33 | 33 | 33 | 33 | 33
10 | 300 | 31.5 | 350 | 350 | 33.0 | 33.0 | 34.0 | 325 | 33.0
11 | 125 | 153 | 158 | 158 | 158 | 158 | 158 | 153 | 153
12 | 150 | 153 | 155 | 152 | 152 | 158 | 155 | 155 | 154
13 | 185 | 19.8 | 21.0 | 21.0 | 20.0 | 200 | 200 | 20.0 | 20.0
14 | 16.0 | 165 | 168 | 168 | 165 | 165 | 165 | 165 | 165
15 | 20.0 | 200 | 20.8 | 21.5 | 21.5 | 20.8 | 20.8 | 20.8 | 20.8
16, |- 153 | 155 | 16.0 | 160 | 16.0 | 154 | 150 | 150 | 155
17 | 20.0 | 200 | 20.8 | 21.5 | 21.5 | 20.8 | 20.8 | 20.8 | 20.8




87.5. Exanple 2 In the present invention, a nethod for treating wastewater
whi ch may be obtained froma mning pool wherein the wastewater is

est i mat edwoaotvensev4tt he conposi tion indi cated as bel ow. Thecpmesmmnd/oGomssent i on
has described a nethod for treating the wastewater by using a | ow energy
reverse osnosis aromatic pol yam de nenbrane. As shown in a table bel ow,
heavy netal particularly arsenic can be renpved in an anmpbunt of at |east
90% at a different | ow operating pressg?e and pH Exanple 3 For testing the
treated water sanples, perneates are coflected in every 30 mnutes fromthe
perneate tank (103). The perrreate flux and concentratlon are neasured until
obt ai ni nq; algst chbllg:;pérp@gt 1t603 evql7l{)at elg@e rgggct | %150 TEYET SR, osnosi s

N |L
menbr aneai brst+ ed—ypatrer—+Ht—data—shal+—b deter-m-ned uy pasS+Hhg

distilled we er é&ﬁmsli&e réverlsdbesrodTd medBbaneld.dr | fdud howrd at a
pressure ofz(ﬁOpswngS/!@gZ!?_Pa g ja g of +1§ At @7go_ms}ﬁ§t recevery sate

ranges frem-60%t+o0—65%Hre+rerbrane—effteciency—wll-beltested by using

500ng/L NaC solution to acquire the mn| mumtinme for thewastewater

treat mentA suatemud 0o Wil Ghe | St RREGLERe b RofhGAWMSR I Rr 2 20-runs

experiment is indicated as below:

Run Removal (%)

Order | R1 R2 R3 R4 RS R6 R7 R8 | Rawe
1 86.1 | 83.7 | 849 | 844 | 851 | 84.1 | 847 | 84.8 | 847
2 94.3 | 93.6 | 91.9 | 89.4 | 91.9 | 92.0 | 793 | 85.0 | 89.7
3 98.9 | 99.5 |' 99.8 | 98.6 | 98.7 | 99.5 | 99.5 | 99.7 | 99.3
4 88.5 | 883 | 89.4 | 89.9 | 89.6 | 89.6 | 89.6 | 89.6 | 89.3
5 96.6 | 96.3 | 963 | 96.6 | 965 | 965 | 962 | 962 | 96.4
6 96.2 | 96.7 | 97.0 | 96.7 | 96.8 | 968 | 96.8 | 96.8 | 96.7
7 96.5 | 964 | 96.1 | 96.4 | 96.4 | 97.7 | 96.0 | 96.0 | 96.4
8 99.1 | 97.8 | 99.5 | 99.6 | 99.6 | 99.8 | 96.5 | 99.6 | 98.9
9 92.6 | 924 | 951 | 92.6 | 925 | 924 | 924 | 929 | 92.9
10 | 984 | 982 | 984 | 98.2 | 98.1 | 98.1 | 981 | 98.1 | 982
11 | 90.8 | 863 | 73.9 | 728 | 66.6 | 69.1 | 668 | 66.9 | 742
12 | 89.0 | 89.5 | 892 | 89.8 | 89.9 | 89.7 | 89.6 | 89.7 | 89.6
13 | 72.0 | 705 | 705 | 70.0 | 72.0 | 69.5 | 68.9 | 70.5 | 70.5
14 | 98.1 | 981 | 97.6 | 976 | 97.6 | 97.9 | 979 | 979 | 97.8
15 | 988 | 983 | 982 | 98.1 | 98.1 | 98.1 | 983 | 983 | 983
16 | 988 | 984 | 972 | 98.0 | 98.6 | 98.6 | 98.6 | 98.6 | 98.4
17 | 98.8 | 983 | 982 | 98.1 | 98.1 | 981 | 983 | 983 | 983
18 | 97.0 | 976 | 955 | 96.0 | 98.6 | 98.6 | 992 | 99.7 | 97.8
19 | 968 | 962 | 977 | 969 | 96.6 | 968 | 984 | 984 | 97.2
20 | 99.0 | 99.6 | 995 | 99.8 | 98.5 | 993 | 992 | 992 | 99.3.




The operating conditions for rejection of sodiumchloride are at pressure
of 552kPa, pH7 and with concentration of 500ng/L. The data regarding

per neat e Wour100f37MaCl col |l ected in every 30 m nutes for PaTHEYio0e000685240
mnutes with the replication of eight sanples is shown in a table: The data
of NaCl renoval in percentage collected in every 30 mnutes for a period of
240 mnutes with replication of eight sanples is also shown in a
tabl e: Exanpl e 4 The rejection of heavy metals in wastewater especially
copper, magnesium and arsenic is investigated under various influent
concentrations_of copper chloride and magnesi um sul fate at 1.00ng/L,

2. 00ny/ L, §m@Bﬁh§ L, 4.0ng/L and 5.0ng/L at various pressure conditions of
40psi, 60psi, 80psi, IC{psi 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

dat a regafdioptinfies thegirecebd ofkhefvycngprremenmiVial the W wicse 6t Rverko ognbdiom a
20-runs experinment, which is shown in a table bel ow 18 "16.3 16.3 16.3 17.0
16. 8 16. 3TEF1HanG agespgnss syrfagemethogopeyds Brplgmsnied toideptiy the sgEnificast 16. 3 20

17 .5 8. ani-ZntéraétheSfagt%rso &a%ﬁ%‘atljvglys ThE + éoél_Zsfeu%is%ﬁ% Iﬂ%th&fo%g%f @h&%\é\fgﬂgdt he

dat a percentage of copper ‘renoval “for a
statistically using response surface design, in particular, Central Composite Rotatable

Design.

Besides, the Central Composite Rotatable Design facilitates the detection of non-
10 linear 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
15  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.

20 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%:

"Run Code Oper at;r;ig (P) ressure, oH ()° Concenﬁr?t)il?n, mg/
1 56.2 (-1) 3.7(-1) 1.8 (-1)
2 103.8 (+1) 3.7(-1) 1.8 (-1)
3 56.2 (-1) 7.3 (+1) 1.8 (-1)
4 103.8 (+1) 7.3 (+1) 1.8 (-1)
5 56.2 (-1) 3.7(¢-1) 42 (1)
6 103.8 (+1) 3.7¢D 42 (+1)




experinment is indicated as bel ow. Exanple 5 To optim ze the process of heavy
netal s renoval by the | ow energy reverse osnosis nenbrane, a response
surface eEOhouol3oyy is inplenented to identify the si gniPCIroayzo1@endoss
interactive factors quantitatively. The response surface methodol ogy is
designed statistically using response surface design, in particular,

Central Conposite Rotatable Design. Besides, the Central Conposite

Rot at abl e Design facilitates the detectj,on of nonlinear behavior of effect
and determ nation of the best setting of the experinental factors which can
produce the maxi num out cone. The synergi stic effect of the factors is

determ ned basedyon Haddmar d55@t(11i)x ang cenﬁg%ﬂgm nt iruns 4vgwgrl§as t he .
non- | i near—response—behavior—+s—afatyz ustAg—Start—potnt—ana—€ W.rc e point
runs. The centreSpoint run il838dpéht ed| si x z%@ in order %b0E)l ow | bet t er
o derandt-hi-ow i reduce CAe S E et b1 Jopendant Fastelh morl o
i ncl uded fi n the 1§t udy. A t 9.6 (Heb8 showi né 5@ val Je of pBi@eate flux and
percentage of hagvy metal — g4 () 2.5 (-1.682) 3.0 (0)

12 80.0 (0) 8.5 (+1.682) 3.0 (0)

13 80.0(0) 5.5(0) 1.0 (-1.682)

14 80.0 (0) 5.5(0) 5.0 (+1.682)

15 80.0 (0) 5.5 (0) 3.0(0)

16 0.0 (0) 5.5(0) 3.0 (0)

17 80.0 (0) 5.5 3.0 (0)

18 80.0 (0) 5.5(0) 3.0 (0)

19 80.0 (0) 5.5(0) 3.0 (0)

20 80.0 (0) 5.5 (0) 3.0 (0)°

From the table, *based on standard order designed by Central Composite Rotatable
Design and; ( )°is coded value as assigned by Central Composite Rotatable Design.

10
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renoval obtained froman experinment runs for rejection of mcro-pollutants
not in random order at a constant recovery rate ranges from60%to 65% From
t he t abl evoabugB®m4on st andard order designed by Central PCompYiLe/@0bkst at abl e
Design and; ( )bis coded value as assigned by Central Conposite Rotatable
Design.C ains 1. A nethod for treating wastewater containing heavy netals
conprising: directing the wastewater across a reverse osnosis aronmatic

pol yam de nmenbrane at | ow pressure rangkpg from 40- 120psi, the nmenbrane
bei ng capabl e of renoving at |east 90%of the target heavy netals fromthe
wastewater. 2. A nethod as clainmed in claim1, wherein said nenbrane has
pore size(lams ej ecting particles of |less than 2nm 3. A nethod as cl ai ned
inclaiml or claim2, wherein said nenbrane has a water flux ranges from
0.005n8/ni2.h to 0.025n8/n2.h. 4. A nethod as clainmed in claim1l, wherein

sai d menbr ane,dasd ek Ate Wl SESARine hedly heakloBR M fifoSeni €. 5. A

nmethod as clainmed in claim 1, wherein sard ménbrane al'so has a rejection of

at | east @Bestiigctelyasktwat@awtosd A%eHenganmess a8gndls prgmesicungmbées ehr om um

and at Ie?st 80@6re'ecti%9 of gﬁ%ntun& copper and zinc Erog1the.mas ewat er .
5 "Ilow pressure ranging from 40-120psi, the metibrane being capable Of removing a

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.

10
3. A method as claimed in claim 1 or claim 2, wherein said membrane has a water flux

ranges from 0.005m*/m?h to 0.025m*/m>.h.

4. A method as claimed in claim 1, wherein said membrane has heavy metal rejection

15 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.
20

25

30



