1 A METHOD FOR TREATI NG WASTEWATER CONTAI NI NG HEAVY METALS Fiel d of

I nvention This present invention relates to a nethod for-treating

wast ewat er contai ning heavy netals. In nore particul ar t
invention relates to a nethod for treating wastewater \M\h@%‘%‘m@meavy
nmetals by a reverse osnosis nmenbrane at | ow pressure t e hi gh anount
of heavy netals. Background of The Invention Utilization Jfl%8w energy
menbranes operating at |ow pressure for treating wastewater is devel oped to
reduce operational and mai ntenance costs of a water 15 treatnent system

Dependi ng on the operating conditions of the water treatnent system the
| ow ener gy nenbranes can renbve contam nants includi ng m cro-pol | utants,

nano- si zed ani oni ¢ subAMREHODRARERBATING WASHY o a conventi onal
cellul ose acetate nmenbrane cEQTRANORRE HE RS Yot Aes 20 nmenbr ane |Hmmmmmmum“|”“l

menbrane technol ogy by offering better rejection towards salts

sol ubl e organics, providing a better resistance against hydrol ysi s «@hh:

bi ol ogi cal i.t hst andi ng hi gher tenperatures and operating over a
wi de pH rarll:(igléelagf@-e%MES The aromati c pol yam de nenbrane has better salt
rejectidn than cellul ose acetate nmenbrane due to lower diffusivity of NaCl

but hi gher .perneabj | it sol ubi lit nd. di ffusivi f water across the
aromati c pol a}?ﬁest%{ Wéﬁ%ipﬁr{gll.at%s 0 a'f%eéﬁoéjd for dregt W?Js&%(@?eraﬁpf‘@mﬂr@ VAg to
several menmdptad) enSysleepdti@ilarTeHehmdsent Mvedort Fdatd AYaVvaGhQIVrelreaihg Sal i ne
wat er by reverse osnosis. . 2 Japanese Patent No. 2007105572 clains a water

puri fi cati SYRSEYatersniHeing heany metels byjagreysree eymogis gyembransal 1o PESHEE | c
menbrane t YpRafdvk hgh JARAASOIIERF ALY | nto perneate or purified water and
retentate of non-transparent water. A water purification circulating route
branche) from an injector-pi pe way pours the perneate into a 5 reservoir
and suppl i se osnotic nenbrane type filter neans
accordi ng %e%?é%%ﬁ%@ﬁn&e?éﬁ on by a control neans. Another Japanese
Patent No. 2001113136 di scl oses a reverse osnpsis treatnent device

conpri sing.a.pu ich raises raw water to a predeterm ned pressure for 10
suppl yi ng t]‘%‘ligat?(;pé‘v\é\’?sl8wo§ﬁ?5§¥ smﬁ‘B%P%?nQP?‘FB?Rﬂ é’? oW PERsEEe 8 SERFENG A ch
bypasses r awstevhRr iPaovicped tb educdi speRab®® ant dBaiffenddie Butsvrandaky eat hed
out fromthe pu to the reverse osnosi s nenbrane npdule, a flow control

val ve plr%vit@ét&lerqﬁ sYstan- bl preading 1k Hiseoregatingj cpaditigny ph 48% Water dregfmenke 1 aw
water. 15 & edst 2007 289724 10 . : osnosi s
system i ncllsjggé%rﬁ’gﬂg ?r’ewn%?g%;ée[gﬁg%gs gﬁ’w ng a ?%g%ﬁﬁérﬁgq?cgu(ge Zrﬁlglt%e into a
per neat e sipebumtamanesiped angonig substances aisbmstelsr devi ce having a turbi ne
portion in fluid communication with the brine streamand a punp portion in
fluid conmunication with the feed line. 20 In the prior art, a nethod of
operati ng tAseconguerse acmoaitionaycsilelnsecaeiatd siemyrape,emsaromatinpolydisidé eed | i ne,
generatinhg a first. fl ow signal correspopdi .to a flow . of fluid in the

Der meat & S EIARIEJPRFES FSTRrAPS PhBPIBEY PYUIEHRS bENET (ReSHAN [N t o t he
first flowasd Giddr, sohgBM foBganic8d iR RIifED b Obette N résR8R08 SBathQ hylolyAs land! €
frequency drive, generating a second flow signal corresponding to a fl ow of
fluid in tROpHcahSttacks vathstanding dighghtsmperatygs apbAPSTALngs Oer iapidspid si ze
nozzl e couplpd fe.iphe turbine portion in response to the second flow
signal. United States Patent No. 6162361 clainms a nethod for separating and
recovering heavy netals froma wastewater stream conprising passing the
wast ewajer 1§l ra?&ﬂﬁtéop&l?;rﬁﬁgbnﬁ%lfgn%r P’&lslt;e}(tero fsaltn ?e{i]e%fi]:)rll ltktnar %e‘ll?lfg)sgg&%tg nes being
arranged in a series of parallel "3 arrangenent provi di ng a perneate and a
concent r at enembrgiet dust to daweradiffugiasys ofi laCh éutchigha et déabiloyt Jolitbilay naém t hr ough
an electro dijgla}%si ?rgdevi ce fb)r addi.ti qnal. con&gntrati on of heavy netal

i ons. The GHEISHEY ohBPiRbACeTANT 2P HAliGRY YL MEYPHea step of passing the
perneate out put streamthrough a plurality of nano-filtration 5 nenbranes
arranged in_a series or parallel arrangenent. Typical reverse osnosis

menmbr ane r d&Eier 88 RVIMGhPTisedty fehging rtassstieral mempeang rsystema tofeAgthedssosns .
HOeVEr 30 | lychiing! WA r Lolink GAKE By [ErsORGHAN] Onal and mai ntenance costs of
the systemby utilizing a | ow energy nenbrane which can operate at |ow 10
pressure but at the sane tinme provide satisfactory performance for treating
wast ewat er by renoval of various pollutants in high anount. Summary of The
I nvention 15 The primary object of the present invention is to invent a

met hod for treating wastewater containing heavy netals by utilizing a
reverse osnosi s nmenbrane operating at a | ow pressure range to save
operational and nmi ntenance costs and to increase the |ifespan of the
menbrane. 20 Anot her object of the present invention is to invent a nethod
for treating wastewater containing heavy netals by passing the wastewater
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"Size pores of |less than 2nm and water flux or perneate flux ranges
0.005nB/n2. h to 0.025nB81nR. h, dependi ng on the operating conditions and
-types- of feed water. The 25 preferred water or perneate flux of the
menbrane is 0.013nB8/n2.h. In a conparison with a conventional cellul ose
acetate nenbrane, an aromatic pol yam de nenbrane inproves nenbrane

technol ogy by offering better rejection towards salts and water sol uble
organi cs, providing a better resistance agai nst 30 hydrol ysis and

bi ol ogi cal attack, w thstandi ng higher 4 enperatures and operating over 6 a
wi de pH range of 2-10. The aromatic pol yam de has better salt rejection
than cel |l ul ose acetate nenbrane due to lower diffusivity of NaCl but higher
per meabi | i #3panesgPatsnt Ne209A05372 tlasnsa wyteppurificgieresysigay whese faye watebnat i ¢

pol yani de FEfiaNGy a FRRrsLIoSRERE mbAYEAL bpe 1R milERGebR&ithet iR pelgardr Omat i ¢
pol yam de nenbrane 1s an ultra-low pressure reverse osnosi s nenbrane which
has a corr ayagtueified i wated apérrete@atse phiinoy-transpareat omaier A pedtsrapurifecatisn pr epar ed
by the reacgt)gn. be en an an de aroup. and a carboxylic acid halide group,
23 boCshondraliser R BRI 40 RR MR nEAr PR e ok "hef i o n T
a nunber5 oresemxbir candssulppliasi whten té shearaversb exsmotic madnbpanearygle Aflter Snaanomat i ¢
radi cal s. As dij.sc] ased..in th%. resent invention, a system (100) for
treating WASPEURY O rrEdtionoRery ‘r‘?grt?é 6RANRIMAARS| s comprising a multilayer thin
flat sheets of aromatic pol yam de nenbrane framed inside a cell (102), a
feed tank (101), a | ow pressure pu 106), pressure gauges (105), a

per neat e t AfRthen dapanese| Batent oler %‘FOIEE?I 8sdigclepay aqFrycme ARMAES dFedtngeid7) . The
circul ati ngeqfe ESAMBRRY 4| ' W Y, EeloNE] referably
made from st ai nldess st eaelpﬁlgﬁg’y}g@ H‘%ﬁ r%ﬁ%ﬁpﬁ%ﬁi@ité 20 lﬁﬁggrﬁeﬁér esent

i nvent i Bh, suppdyingtobs caverse ebrhosisl®@nbiage prodhiler abypasapassags svHi¢hobypassdsil e

encl osi ng i f.l at,.sheets .o romati c pol yam de. nenprane by upper
and | ower %le"frlkU aﬁek gﬁo&g«;{ed%gdés?%g ¥ %F%é\f%ﬁ&‘iiﬂg aﬁg;%reéiﬁleggfj f@%m%en%l#%e surface
area of 60cnte acvdrse pemadiemembran@xioduls) Pfles sote] adlde pevijded at the ®ypuss 130psi

and 40C as 25 respg.ctivel . The_nultilayer flat sheets of aromatic

pol yani de RENHF4RE Jl:‘%{r?%ésé?téog?‘eéawaér'range of pHfrom2 to 10. Due to

t he menbrane | ayer which is presented with charged chem cal groups of

car boxyl . and am ne groups, the nenbrane will be negatively 30 charged at a
pH abovk 5 Uaifed States Platent Nond 097289804 descaibesdreyaies esaosissysteryrinslighing and 7
posi tively pehargedpahy ,hatingalfpéenﬁwq& Enck 9 i a e 30 a4 L @RAOT the

am ne groups. Hgh quality glass Is utgl Ized to construct the cross flow
menbr ane netdedns af brosisr deder haygng e riurhime rEtrticoninofluifl @ethmewicatipromathizhie cor r osi ve
material s. b;lihtaestx%grrﬁbalhgg%ur% r;r)%gtylnem ﬁﬁ%l | furtlcggcl;n &Rgﬁieﬁleldqg]eponponent s such
as a feed watéer spacer prgfera VAR RO spacl ng, b per meat e spacers
preferably with 0.3mm and 1.25mm spaci ng each, a plate ring and O-ring for
fixing the rregbrane | ayer %E&dﬁreventi ng the system (100) from | eakage. 10
The di nghsiHAL BFOhEHbraRE | WEEHNE GV FENBIANE BDEtIM CREPYISIBS e
preferably pRQsizing the @el, ind 1 BeHtak g laBfHEit flovAREEnSI2dBMeE bR ABta. fid¥pwever, the
framed memr))ran.e cell (102) has inner dinmensions of 46mmin width, 180 in

| engt h and {188t theperateaiststredn.fqperating &l veriehie fisavansy grve Brigensert 1 henpri si ng
the flat am%'“ﬁsigﬁgl,y%ﬁh‘gﬁing‘%ﬂ@ﬁﬁ%’infré‘sggnéé’att)%e @Mbﬁeﬁgﬁh@y FRCEr s,
plate ring and O-rrng. 15 In"a system (100) for treating st'ewat er

cont ai ni ng ghresating reetead s, flavn sighad edrrespokdifd 6013 flow qfrfbifice inatht yrihe kysean wi t h 2
liters J apacity.of wastewater., .described in a preferred enbodi nent of
the pr ettt souiaihorie Lo Fio o GEbeliaraped SRRl R RES) et ai s i s
col | ect ed tesponsa tarihnisexgngh@ow siphalsynt hetical |y produced into polluted water
20 by dissol ving magnesi um sul fate and copper chloride in distilled water.
The feed solutions of wastewater will be drawmn fromthe feed tank (101) and
punped by tUited Gitdd P& G0, PAIBDR3E1108Ims2S hRsifodt A€ sBRfim@nfdCRtdvefid®2) at . a
specified range of |ow pressure. The perneate or purified water obtained is
col | ect ed ihpRvy PeiplydEare aosasteyyfter (SO CRABFISAS Pesng die aypsteratepstredmcent r at e
I's ret uque%rgﬁghcd ﬁlﬁf‘élli (ﬂqlap@fﬁlﬁrattign bRt eEdbdi grré(nkgci'iniggriem ﬁ(}\trale'i" ng its
vol ume and solute concentration at constant. rernafter, as discussed in
the present invention, the feed solution treated in the system (100) is

mai ntai ned at a tenperature of 252C. The system (100) is installed 30 with
pressure gauges (105) to record pressure of the feed and concentrate, flow
meters 8 (107) to record flowrate of feed and concentrate, flow control
val ves (104) to regulate the flow of concentrate and perneate and pH probes
(108) to record pH value of the feed solution in the feed tank (101) or
perneate tank (103). 5 Exanples Exanple 1 The renoval of various netals
in percentage froma wastewater sanple is showm in a 10 table as bel ow

A 2 s ~~ o o, s ~~ o v Y 7 AA A= A ~ 1 e~~~ N



-Manganese .96. 7 Magnesium 99.9 Fromthe table, the percentage of renoval
for the netals in average is calculated as 87.5. 15 Exanple 2 In the

" - present invention, a nethod for treating wastewater which nay be obtained

froma mning pool wherein the wastewater is estimated to have the
conposition indicated as below. 9 Metals/ Paraneters Concentration (ng/L)
0.05 Arsenic 0.52 Cadm um 0. 33 Chrom um 0. 01 Copper 0.42 Iron 0.33 Ni ckel
0.10 Zinc 0.56 Magnesium 2.34 The present invention has described a nethod
for treating the wastewater by using a {ow energy reverse osnosis aromatic
pol yanm de menbrane. As shown in a table below, heavy netal particularly
arseni c can be renoved |n an amount of at least 90%5 at a different |ow
operating @BFrasgsnicat pieyidyig: a permeatschad B gongendraty gutpyestraam ggd pPasinguthe (psi )

51.7 108.3 8.3 40. 0 7 6
(x10- 38/ mfé CZ"%Q Ogtpé]t Sg%al’%gthgo%h' iy elgaili’r sdéagl s(?:s F?@?}-'ocga (0‘1‘/95‘h igne

concentratlon of heavy metal ions. The clalmed method shall further comprising a
step of passing the permeate output stream through a plurality of nano-filtration

5 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
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 0smosis 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.



-99:70 99.68 98.72.98.02 99.72 Exanple 3 10 For testing the treated water
sanpl es, perneates are collected in every 30 mnutes fromthe perneate tank

'-(103): The perneate flux and concentration are nmeasured until obtaining a

stabl e perneate to evaluate the rejection of reverse osnpbsis nmenbrane.
Distilled water flux data shall be determ ned by passing distilled water
across the 15 reverse osnosis nenbrane 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 menbrane efficiency wll bestested by using 500ng/L NaC
solution to acquire the mnimumtine for the 10 wastewater treatnent
system (100) which is operated at a steady state. The operating conditions
for reject ilBiheoPreseaEinystian 8 TEFESCASEIOBIS apnealis nodyaptidesmepabeane hpsrhighd wit h
concentrati . L : 1 5

ol | act ed 1o e Do et o e, AoleaRy Ol RETF Bkt (00 ke iRl

repl i cati omandmesproiges sughyss @sionis subrtamaes. hamepibtane oférates Rex lnwatressiie ux

(nB/ ne. h) t | .F2 F4 F5 FE6 .F7,FE8 FAve, 30 0. 01 0.0112 0113
o TS 07 o F et B slphuinswhTestalert bl niddvEg¥Els 37 remd e do 2t adt a0 1o 31
0. 0116 05 OXdrgettheddyl Biefals) Al theOopditrihin §ferftinglcdadibiokl @0a GafidRiteOtréhirnéht0. 0120
0. 0120 O. 011% 0. 911 7 0.0122 120 0.0124 Q.0123 .

Sys €m, the low energy reverse 0Smosis membprane 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.



-0..0119 0.0125 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 0.0120 0.0120 0.0125 0.0120 0.0123
0.0120 0.0120 0.0122 The data of NaCl renoval in percentage collected
in every 30 mnutes for a period of 10 240 mnutes with replication of

ei ght sanples is also shown in a table: Tinme Renoval (%9 Mnutes RIL R2 R3
R4 RS R6 R7 R8 RA,e 30 98.0 5

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
5 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,
10 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.
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
0.025m’/m>.h, 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 biological attack, withstanding higher temperatures and operating over



-98:0 99.4.98.0 98.4 98.298.6 99.0 98.5 60 98.0 98.1 98.0 98.0 98.2 98.5
98.0 98.2 98.1 90 97.9 97.9 99.099.0 98.7 99.0 99.0 99.5 98.8 120 97.6

"-97.6 97.6 96.7 97.6 97.6 96.5 96.1 97.2 150 98.1 98.2 98.0 98.0 97.0 97.6

96.9 96.5 97.5 180 97.0 96.0 97.0 97.5 96.7 97.0 96.0 96.0 96.7 210 96.0
96.8 97.6 95.6 96.8

a 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

5 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:

10  nNH,-Ar-COCl — -(NH-Ar-CO),- + nHCI

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 bipelines 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



"96.0 96.0 95.9 96.3 240 97.5 97.1 97.5 96.5 96.0 96.0 94.5 95.5 96.3 11
Exanpl-e 4 The rejection of heavy netals in wastewater especially copper,
-magnesi um and arsenic i s investigated under various influent concentrations
of copper chloride and 5 nagnesium sul fate at 1.00ng/L, 2.00ng/L, 3.00ng/L,
4.0mg/L and 5.0ng/L at 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 from60%to 65% 10 The
data regardi ng perneate flux of copper renoval (% is determned froma
20-runs experinment, which is shown in a table below Run Order Perneate
Flux (nB1nR.h). FlI F2 F3 Fﬁ FF F6 F7 F8 FAve. 1 12, 3 % .3 12.5 12.5 12.5
12.5 12.5 Posigvelychargedsaba gHpsloy Hes aresit fomgissoosgion obHiegmyng gioups. g 3
13.513.8 13.8 13.8 13.5 13.5 13.0 13.8 13.6

High quality glass is utilized to construct the cross flow membrane module for

preventing contamination of feed solutions by corrosive materials. The membrane

5 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.

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



4 25.525.5 25.5 28.0 28.0 27.7 27.7 27.7 27.0 5 10.0 10.8 11.0 10.5 10.5
10.5 10.5 10.5 10.5 6 20.0 25.0 25.0 24.0 23.5 23.5 23.5 23.5 23.5 7 10.5

©-10.4 10.3 10.8 10.8 10.5 10.5 10.5 10.5 8 27.4 27.8 27.0 27.5 27.5 27.5

27.5 27.5 27.59 3.5 3.33.33.43.33.33.33.33.31030.031.535.0

(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).

5 Examples

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 994
Cadmium 80.2
Chromium 94.0
Copper 81.4
Iron 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



-35:0 33.0 33.0 34.0 32.5 33.0 11 12.5 15.3 15.8 15.8 15.8 15.8 15.8 15.3
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Metals/ Parameters Concentration (mg/L) £+ 0.05
Arsenic 0.52
Cadmium 0.33
Chromium 0.01
Copper 0.42
[ron 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 at adifferent 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 34 | 34 7.6 7.6 5.5 5.5
Flux (x10-*m*/m?.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



150 15.0.15.5 17.20.0 20.0 20.8 21.5 21.5 20.8 20.8 20.8 20.8 12 18
16.316.3 '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 17.518.0 17.5 17.5 18.0 17.5 17.5 16.8 17.5 Anot her
tabl e showi ng the data percentage of copper renoval for a 20-runs
experinment is indicated as below. Run Order Renpbval (%9 RL R2 R3 R4 R5 R6
R7 R8 RAve 1 86.1 83.7 84.9 84.4 85.1

10

wastewater 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 S00mg/L. The data regarding permeate flux of NaCl
5 collected in every 30 minutes for a period of 240 minutes with the replication of eight

samples is shown in a table:

Time Permeate Flux (m*/m”.h)
Minutes| F1 F2 F3 F4 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 10.0120| 0.0120 | 0.0123 | 0.0120 | 0.0120 | 0.0118 | 0.0127 | 0.0122

120 | 0.0124 {0.0123| 0.0119 | 0.0125 | 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 |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 | Rue

30 98.0 98.0 99.4 98.0 98.4 98.2 : 98.6 99.0 98.5
60 98.0 98.1 98.0 98.0 98.2 98.5 98.0 98.2 98.1
90 97.9 97.9 99.0 99.0 98.7 99.0 99.0 99.5 98.8
120 97.6 97.6 97.6 96.7 97.6 97.6 96.5 96.1 97.2
150 98.1 98.2 98.0 98.0 97.0 97.6 96.9 96.5 97.5
180 97.0 96.0 97.0 97.5 96.7 97.0 96.0 96.0 96.7
210 96.0 96.8 97.6 95.6 96.8 96.0 96.0 95.9 96.3
240 97.5 97.1 97.5 96.5 96.0 96.0 94.5 95.5 96.3




-84:1 84.7 84.8 84.7 2 94.3 93.6 91.9 89.4 91.9 92.0 79.3 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 88.3 89.4 89.9 89.6 89.6

" -89.6 89.6 89.3 5 96.6 96.3 96.3 96.6 96.5 96.5 96.2 96.2 96.4 6 96.2 96.7

97.0 96.7 96.8 96.8 96.8 96.8 96.7 7 96.5 96.4 96.1 96.4 96.4 97.796.0 96.0
96. 4
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Example 4

The rejection of heavy metals in wastewater especially copper, magnesium and
arsenic is investigated under various influent concentrations of copper chloride and

5 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, 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 | Fy F2 F3 F4 F5 F6 F7 F8 | Fave
1 12.3 12.3 12.5 12.5 12.5 12.5 12.5 12.5 12.5
2 25.0 | 250 | 26.5 | 264 | 255 26.5 25.8 | 25.8 | 25.8
3 13.5 ¢ 13.8 13.8 13.8 13.5 13.5 13.0 13.8 13.6
4 25.5 25.5 25.5 28.0 28.0 27.7 27.7 27.7 27.0
5 10.0 10.8 11.0 10.5 10.5 10.5 10.5 10.5 | 10.5
6 20.0 25.0 25.0 24.0 23.5 23.5 23.5 23.5 23.5
7 10.5 10.4 10.3 10.8 10.8 10.5 10.5 10.5 10.5
8 27.4 27.8 27.0 27.5 27.5 27.5 27.5 27.5 27.5
9 35 33 33 34 33 33 33 33 33
10 30.0 | 31.5 35.0 | 35.0 | 33.0 | 33.0 | 340 | 325 33.0
11 12.5 ¢ 153 15.8 15.8 15.8 15.8 15.8 15.3 15.3
12 15.0 | 15.3 15.5 15.2 15.2 15.8 15.5 15.5 15.4
13 18.5 198 | 21.0 | 21.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0
14 16.0 16.5 16.8 16.8 16.5 16.5 16.5 16.5 16.5
15 20.0 | 20.0 | 20.8 | 21.5 21.5 | 20.8 | 20.8 | 20.8 | 20.8
16 15.3 15.5 16.0 16.0 16.0 15.4 15.0 15.0 15.5
17 200 | 200 | 20.8 | 21.5 21.5 20.8 20.8 | 20.8 | 20.8




-8 99. 1°97.8 99.5 99.6 99.6 99.8 96.5 99.6 98.9 9 92.6 92.4 95.1 92.6 92.5
92.4 92.4 92.9 92.9 10 98.4 98.2 98.4 98.2 98.1 98.1 98.1 98.1 98.2 11 90.8
-86.3 73.9 72.8 66.6 69.1 66.8 66.9 74.2 12 89.0 89.5 89.2 89.8 89.9 89.7
89.6 89.7 89.6 13 72.0 70.5 70.5 70.0 72.0 69.5 68.9 70.5 70.5 14 98.1 98.1
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18 | 163 163 | 163 | 170 | 168 | 163 | 165 | 168 | 165
19 | 153 ; 153 | 165 | 165 | 17.0 | 175 | 163 | 163 | 163
20 | 175 | 180 | 175 | 17.5 | 180 | 17.5 | 17.5 | 168 | 17.5

Another table showing the data percentage of copper removal for a 20-runs

experiment is indicated as below:

" Run Removal (%)

Order | R] R2 R3 R4 RS R6 R7 R8 Rave
1 86.1 83.7 84.9 84.4 85.1 84.1 84.7 84.8 84.7
2 94.3 93.6 91.9 894 | 919 92.0 | 793 85.0 89.7
3 989 | 995 | 998 | 98.6 | 98.7 | 99.5 | 99.5 | 99.7 | 99.3
4 88.5 88.3 89.4 | 89.9 | 89.6 | 89.6 | 89.6 89.6 89.3
5 96.6 96.3 96.3 96.6 96.5 96.5 96.2 96.2 96.4
6 96.2 | 96.7 | 97.0 | 96.7 | 96.8 | 96.8 . 96.8 | 96.8 | 96.7
7 96.5 96.4 | 96.1 96.4 | 964 | 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
9 926 | 924 | 95.1 92.6 | 92.5 924 | 924 | 929 | 929
10 98.4 | 98.2 | 984 | 98.2 | 98.1 98.1 98.1 98.1 98.2
11 90.8 86.3 73.9 72.8 66.6 69.1 66.8 66.9 74.2
12 89.0 89.5 89.2 89.8 89.9 89.7 | 89.6 89.7 89.6
13 72.0 70.5 70.5 70.0 72.0 69.5 68.9 70.5 70.5
14 98.1 98.1 976 | 976 | 976 | 979 | 979 | 979 | 978
15 98.8 98.3 98.2 98.1 98.1 98.1 98.3 98.3 98.3
16 98.8 | 984 | 972 | 98.0 | 986 | 98.6 | 986 | 98.6 | 984
17 98.8 | 98.3 | 98.2 | 98.1 98.1 98.1 98.3 98.3 98.3
18 97.0 | 97.6 | 955 96.0 | 98.6 | 986 | 992 | 99.7 | 978
19 96.8 96.2 97.7 96.9 | 96.6 96.8 | 98.4 98.4 97.2
20 99.0 | 99.6 | 995 99.8 | 985 | 993 | 99.2 | 99.2 99.3
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97.6 .97.6 97.9 97.9 97.9 97.8 15 98.8 98.3 98.2 98.1 98.1 98.1 98.3
98.3 16 98.8 98.4 97.2 98.0 98.6 98.6 98.6 98.6 98.4 17 98.8 98.3 98.2
98.1 98.1 98.3 98.3 98.3 18 97.0 97.6 95.5 96.0 98.6 98.6 99.2 99.7
19 96.8 96.2 97.7 96.9 96.6 96.8 98.4 98.4 97.2 20 99.0 99.6 99.5 99.8
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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 non-
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
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%:

*Run Code Operatrl)rsltig(l’)rbessure, pH ()° Corncgfr;fr(a;:,on’
: 562 (-1) 37 (1) 18 (-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)
> 56.2 (-1) 3.7 (-1) 4.2 (+1)
6 103.8 (+1) 3.7(1) 22 (1)
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16 80.0 (0) 5.5(0) 3.0 (0)

17 80.0 (0) 5.5 (0) 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.
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-11°80.0 (0) 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 80.0 (0) 5.5 (0) 3.0 (0) 17 80.0 (0) 5.5 (0) 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, abased on standard order designed by Central Conposite
Rot at abl e Design and; ( )b is coded val ue as assigned by Central Conposite
Rotatable Design. 5 10 15 dains 1. A nethod for treating wastewater
contai ning heavy netals conprising: dingcting the wastewater across a
reverse osnosis aromati c pol yam de nenbrane at 5 | ow pressure ranging from
40-120psi, the nenbrane having pore size for rejecting particles of |ess

t han 2nm afdaimsi ng capabl e of renoving at |east 90% of the target heavy
metal s fromthe wastewater. 2. Anethod as clainmed in claiml1, wherein
said nmenbrane has a water flux ranges 10 from 0.005n81n2. h to 0.025n81n®. h.
3. Anethod as claipned in claiml1, wherein said nenbrane has heavy netal
rej ection df AdnethedfSr trepsing Yyasteppter coptaining heayi imebals epsnpsisiigived in claim 1,
wherein said nenbrane al so has a rejection of at |east 98% nickel, at |east
97% nangand¥EStngGhoWAsAHI SCIP8T @ BAGHE ATRASISAROTERTY Pelyamidesebiens & ecti on of
cadm um 5 CQRP@Fesdéranbing ffof4D- 1 J0Rsihe Rk &ie-haviflg B8re size for rejecting

particles of less than 2nm and 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 a water flux ranges

10  from 0.005m*/m%.h to 0.025m’/m?.h.

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

of at least 99% arsenic.

15 4. 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.
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