101 1111212111212122171212122112121 *159159* 1 A METHOD FOR TREATI NG
WASTEWATER ' CONTAI NIl NG HEAVY METALS Field of Invention 5 '

invention relates to a nethod for treating wastewater con%m@”@mﬂMﬂﬁﬁﬂﬂ
nmetals. Inm nore particular, the present invention rel ates for
treati ng wast ewat er contai ning heavy netals by a reverse osméi¥s%enbrane
at | ow pressure to renove high anount of heavy netals. 10 Background of The
| nvention Utilization of | ow energy nenbranes operating at | ow pressure for
treating wastewater is devel oped to reduce operational and nai ntenance
costs of a water 15 tggﬁyﬁqﬂbDﬁmgkeﬁkEgﬂﬁﬁ@g“gg12gwgﬁgngperating condi tions
of the water treatnent system the |ow energy nenbranes can renove

contam nants i ncl udi ng 'm cGONTAININGtBEANYMEIIARI ani oni ¢ subst ances and
netals. As conpared to a conventional cellul ose acetate nenbrane, an
aromati c polyan de 20 nmenbrane inproves nenbrane technol ogy by offering
better rejmeddMIntGnds salts and water sol ubl e organics, providing a
better resistance agai nst hydrolysis and biol ogi cal attack, w thstanding

hi gher Y enperatures and operating over a w de pH range of 2-10. 25 The

aromatic | ' : ran as hetter.salt rejectjion than cellul ose
acetate rrepﬁ%%lgrrr%gn ue e;[%go 5\%3{%53? f frﬂfs:tfe“\)/(li? i t(r)ff'atlﬁg&as SO C@H?ﬂnl%y‘ﬁ%‘é‘/bi lity,
sol ubi | i t ynaald. th hiorsipattionlef theapreerdGhe&sioh elabdsoBs irGethed Yemtrdgingenbr ane.
There are sone prior arts relating to several nmenbrane systens or nethods
for 30 tr&@stoNtpisieontaifng peayy @@tpigSrhé/ ERVerse [pympgy aresebrartepy. pressene1 111

| P11111 'itbirerﬁéxlelhi*l%ﬁg%*ofhga aagse Patent No. 2007105572 clains a water
purification syste%1 ere raw Wwater is filtered by a reverse osnotic
menbral® type filter nmeans separating into perneate or purified water and
retentate of non-tr% ent water. A water purification circulating route
branches fmaskerphndpidhednvention vay pours the perneate into a 5 reservoir
and supplies water to the reverse osnotic nmenbrane type filter neans
according to irrigation operation by a control neans. Another Japanese

Pat ent No.Utd@@tidn 3df3dowi sdrgy emembrapeeraperatisgosi dowr eaissmnt fatetieating

conprising a punp which rajises raw water to a, predeterm ned essure for 10
suppl yi nqu%tegva%gvlérie 61_83?14)3? s MO TRER & ]dﬁ?%%laégﬁ%’ﬁgsco tﬁs@é@ew?)ﬁi ch
bypasses rnautniéht &ystemOVDERAdINE ¢h #heS 6Paatty ThA@tehs bhenhd Wierapcathiegat hed
out fromthe pungkto the reverse osnosis nenbrane nodule, a flow-control
val ve provyeed. ithe tihw pyges sngakreagse can re@pvs tcoatapymems ingdudingf midie- r aw
water. 15 ' t Pat en 9904 describes a reverse osnosis
systenlingwﬁg%ﬁg’§£%§ﬁ%p§%%§%%%%%%P&%§5§ﬁgﬁg&feed line to generate into a
pernmeate stream and a brine stream a booster device having a turbine
portion in fluid conmmunication with the brine streamand a pu portion in
fluid conftinfBRareh o CANYaREonY ellpfose acesgte merphrang ranogromatic palyamidfod of
oper at4g i ried AL L7 , ed |ine,
gener ait(?néItl gﬁr?lsés{?ﬁ Iﬁs g%vslg?%hgﬁnéé{%%h?gigggﬁi dnfgér{hg H%B? fge# ég?) h? 19‘?1%1 giszrlll?st he

per meat e sihd esater cplabkt bregnias,varovatihe af bettpuemesigtaded wgainst hedplysiseartdo t he

first flow.signal, controllipg the notor in response to the variable

fr equency\gb‘?ﬁf’gé?al i‘j@ﬁg’r &'ﬂtgﬁ@n‘gn%é‘éé’% PRRIARTeSrad QRFTIEEL OV h 14O PE 11 ow of
fluid in theyring system 25 and control ling opening of a variable size
nozzl e coupled to the turbine portion in response to the second fl ow
signal. United States Patent No. 6162361 clains a nmethod for separating and

recoveli ng.heav tal s from a.wast [ _stream conprisi assing the
wast e e%hftqrgélﬁgg@olyﬁ% e NG S‘\fl\sﬁ"%‘%fsa dR5CH9T ?eg]%d A5F&fes bei ng
arranged inflerfbrafd HES t@lovR@! @fth&lity 3r NJANER MiHer rp@ﬁf{éa%nﬁ?, SHhieHEe and a
concentrate output stream and passing the concentrate output streamthrough
an el ect r dlifffisavipsotfovalendceass thy aramidiic papathideanerebranat i on of heavy net al

ions. The clained nethod shall further conprising a step of passing the
perneate output streamthrough a plurality of nano-filtration 5 nenbranes
arranged iThefe 8RS bdfie PrioPartl deRlindrtb ARYERAE MemPdid Gidterh®\R I BEHOSITESH S
menbrane requires high operating pressure in water treatnment systens.
Howevell itiealing WAgieW atamer Sf:lbmé’é@egym@rswémaﬁlﬁ-onal and mai nt enance costs of
the systemby utilizing a | ow energy nenbrane which can operate at |ow 10

pressure but at the sane tine provide satisfactory perfor eating
wast ewat er by renoval of various pollutants in high am)unmm"m lml l{ﬂf The
I nvention 15 The primary object of the present invention is t, o&&"e” a

nmet hod for treating wastewater containing heavy netal s by rZirg—a—
reverse osnosi s nmenbrane operating at a | ow pressure range to save
operational and maintenance costs and to increase the |ifespan of the
menbrane. 20 Anot her object of the present invention is to invent a nethod

. . o, . . T 1 o I T



By using the | ow energy reverse osnosis nenbrane which will be operated at
a | ow pressure range, the operational and mai ntenance costs of a wastewater
treatment system can be reduced. The | ow energy nenbrane shall have a

| onger |ifespan of within 3-5 years than a conventional reverse osnosis
menbrane that operates at a 30 higher pressure. 5 In the present

i nventi-on, the reverse osnpsis aronaticdgolyanide menbr ane has high salt
rejection and high water or perneate flux. A preferred enbodi nent of the
present invention has clainmed that the reverse osnosis aromati c pol yam de
menbrane caphah@EPaenBNol 208G 09978 tiamded waRA VY NBARhSyHEANEHE iR Slairat er
particularly renoval of 5 nore than 99% arsenic at optinmum operating

condi t i onsisdiltgsedBy arevesgpeimasic BgpkiRAE Sype fiH4r megage serfaratimg3nt pepmate at

roomtenperature. .Noreover, the reverse osnosis aronmatic polyam de menbrane
can also r éﬁ&@é‘%g? %ét%ﬁeatn I §et€r‘n§%t|eu8€ AR ¥ %Bn}*uma%é o%‘ﬁgtlﬂ(fa%f’?on,

ni ckel, zi tigcul ATRIPYASTES SrantBed TROHAE S Uil cd0i-gifte walyKBourk th@ REAERE lRG a

enbodi ment of the present invention, the aromatic pol yam de nenbrane has

hi gh heavy SSgvalr 1§ spligh WaeTt toc thearavgrsg fosgrotic gnsmbong, type diies megns| east
98% ni ckel : T 970 00 magnesi um  94% chrom um and -
at | east 8%&?&%%%@?%3%&§P%?§%ﬁpﬁﬁ a?@%ﬁ%ﬁngﬁ% zinc fromthe wastewater. 15
Besi des, the present invention has described the reverse osnbsis aronatic

pol yam de nenbr ane shal royi de high sodium chloride rejection to at

| east 98% (AL deRABESSHFE m‘sM@%bﬁﬁé IEHPSS | I ECUFSD PURRIS dregtngaba, pHY
and room t g8RE&S &dkiprsing B fudsh WhE$CAiset PAE I8N0 4 ?ed%mﬁfn%?g)rés@ﬂxlel fopave a
nol ecul ar wei ght cut-off of "above 100 20 and reject particles wth size of

| ess t HAn supplyingtoch sdvessd dsmosisengmimenmodnlesatblypass paksagea mdiiet bypapsek yani de
menbrane shall contain size.pgres of |gess than m apd, water flux or
perneate fi%" %ﬁ&éosv “gﬁiddaﬁy%‘%ﬂ? st‘%e &%ﬁ?@p@%ﬁireﬁgﬁeﬂ‘&i fﬁ(ﬁ“ dhF Pyap

oper ati ng foherdviefsd osmoshs nydasiaf mbead, 3aéwicontdle/abR RERHES el WobRE OF
perneate flux of the nmenbrane is 0.013n8/n2.h. In a conparison with a
convent i onBassageltp gfligstea kinassrate ofthdraneatean ar omati c pol yam de nembrane

i nproves nenbrane technol ogy by offering better rejection towards salts and
wat er sol ubl e organics, providing a better resistance agai nst 30 hydrolysis
and bi dsogUafied Stated BlatentiNoh S0GTER09Q Bésghibss 4 RVPSE akbas s REIRLE BY over
6 a wde pHrange of 2-10. The aromatic pol yam de has better salt rejection
than cel | uMEBET3E chamberhayiitah Eecd Jime to SeRsRRiE 1RIP RINFENGAtE jirepm pada bHne hi gher
per neabi | i | wbhidl .t ffusivty of 5. st he tic

Dol yam de 1esaps anpitlgy deRE hatlle & ekl Yook ALY cBEHRRAA IR IE L
pol yam de bmmbsteeam ang agrump pordeh owlpdessmimicative wsth ths faed ilisenenbr ane whi ch
has a corrugated filmlayer. CGenerally, the aromatic polyam de is prepared
by the reaction between an am de group and a carboxylic acid halide group,
to be spown ax BabOWt, LOnMMR AF P8GHns (A lerfOlmodis fliggémm@&agﬁﬁn s a
nunber or ratio; subscript nis a nunbér or ratio: and Ar Is aroniatic

radi cal s. prsssirigiigabe deddnlindyegeperesema firstvBow isignal aosgspording 10@)fldwof

treating st.ewat er 15 containin eav tal.s conprjsing a nmultilayer thin
1ot shoet DUgAIpS hertiRet Rl PR Ran s Al Fa o et awBre 0108y o
feed tank fidPHbw SghONcHtRISM hePbRr (d &hondd! BShENArIRAH FRZuéHSdrived
permeate tank (103), flow control valves (104) and flow nmeters (107). The

ci rcul at i ngensrating gnsspond flay signabcomespording e a flpst efiflid(0 thabengpsystam abl y
de f j A / high.. | | ast i O.ln th . t
Mvent o, bR LS InPHa Yo il Ll et/ edbRS' ofige el pefdig "

encl osi ng mspotist td g 8Econlidlovséigsils of aromatic pol yam de menbrane by upper
and |l ower cell franes. The cross flow nodul e has an acti ve nenbrane surface

area of 60cn2 and operates at nmaxi num pressure and tenperature of 130psi
and 40C as cpivel | t1-l.ay. t - i

pol yam de Héﬁ%{g%%%c%%&gthagggggyéﬁ§#§69%5%3§ %?qﬁﬁﬁﬁ?@%ﬁgﬁggﬁ§ﬁﬁn%ne to
t hebmanFr allr?vy ayels Vi ha i)vastﬁwet&e aﬁln wbmb}ilgih%rlggdng tenive | abwgeo ﬁt@é‘an@&

car box a am n oups, t nmenbr ane w be negatively 30 charged at a
pH aboxy§8 5t%a°§g§1 arlgg%llfy &fwaﬁggw BEMBRNGS DEIAS AT angsa iy @ g Pard
positively charged at a pH below 5 as a result fromdi ssociation of the
am ne groups. High quality glass is utilized to construct the cross fl ow
menbrane nodul e for preventing contam nation of feed solutions by corrosive
materials. The menbrane 5 nodul e shall further consisting conponents such
as a feed water spacer preferably with 0. 7nm spaci ng, two perneate spacers
preferably with 0.3nm and 1.25nm spaci ng each, a plate ring and O-ring for
fixing the nenbrane | ayer and preventing the system (100) from | eakage. 10
The di nensions of nenbrane nodul e or franmed nenbrane cell (102) are
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8 (107) to record flow rate of feed and concentrate, flow control valves
(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 nmetals in
percentage froma wastewater sanple is shown in a 10 table as bel ow

Met al s/ - Par anet er sl Per cent age of Renoval (% Arsenic99.4 Cadm um 80. 2
Chrom um 94. 0 Copper 81.4 lron 51.5 Ni cRel 98.8 Zinc 86.0 Manganese 96.7
Magnesi unm®9.9 Fromthe table, the percentage of renmoval for the netals in

average i%n%ﬁé&ﬁ'érﬁ‘tﬁgviéﬁgeggéme%é_ driaieb feehtrhd cﬁﬂ%t%’fr}?ﬁﬂ%diﬂh\éﬁﬂ lggn, a

net hod for treating wastewater which may be obtaine roma mninhg pool
wher ei n t reneradrapwatugputi streast i theaugh tan lebeetrot aalysonpdeyidei dor i auditomtled as

below. 9 Metals/ Paraneters ncentrati.on ( L 5 . Arsenic 0.52
Cadn um 0. S8 RrRteg Oh G0 EEbanD: Abe e Ttk el Griist PReniong
Magnesi umsgsp34f gmglgort@spmnehﬂavmﬁtoarm& RO EEH labpRiraityRifNeRoiMfratideat i ng
the wastewater by using a | ow energy reverse osnosis aromatic pol yam de
nenbr ane. MEMRBSATanged Mebieachel paalldhemengementl particul arly arsenic can
be removed in an anobunt of at |east 90%5 at a different |ow operating
pressure and pH Run Code 1 23 1 4

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 inéluding 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.



5 6 Operating Pressure (psi) 51.7 108.351.7 108.3 40.0 120.0 pH 3.43.4
7.67.65.55.5 Flux (x10-3n8/n2.h) 8.520.5 7.7 19.36.121.8 Arseni c Renoval
(9999.15 99.70 99.68 98.72 98.02 99.72 Exanple 3 10 For testing the
treated water sanples, perneates are collected in every 30 mnutes fromthe
pernmeate tank (103). The perneate flux and concentration are neasured until
obtaining a stable perneate to evaluate the rejection of reverse osnpsis
menbrane, Distilled water flux data shafl be deternined by passing
distilled water across the 15 reverse osnosis nenbrane for four hours at a

pressure gf §9 ?ﬁése&rm5§%l6ﬁaa 30tr@ RhRls doRhti@ pgg’aﬁlgwﬁleﬁl%%\éq{ax H‘%{S ie ng

ranges from 60%to 65% The menbrane efficiency Wil be tested by
500ny/ L Nesalt rejedtiomi Qmpqlbltmtsqhnwr@ triokecnian veights gegtef trantlfé and @xisdsg ewat er

t t t t ead t at Th eratin
condi £ ond PaEIREFEEgH o5 g saETeD, A andr ot ONraEeth LIoM eSaRPa,  pi

and w th cencefritadaifp wdstenddFddataidiig h‘éé}&)anfe@ﬂﬁ'b@'ré}ﬁo@ﬁrtgea@tlgasf |9U% of NaCl
5 collected in every 30 mnutes for a period of 240 m nutes with

repl i cal i dargef hesivijhpetalandl e dpsimymeperating corabitiens ofi arrwaﬂewﬂteatreatﬁieub(

( ngg_ 2(% 8) 6%@&03% fg\% 6:5%1"%% ég%(ﬁ% krngl%%?oi ca% el%one]:‘ %rllser(lllc%g‘ e]f I%Qrcgr:ll’tgig’e 1

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.



0115 0.01140. 0115 0.0113 0.0116 0.01170.01180.0116 0.0116 901 0.0124
0120,0.01200. 0123 0.0120 0.01200.0118 | 0.0127 0.0122 1200.0124 0.0123
01190. 0125 0.0120 0.01200.0120 0.0123 0.0122 1501 0.0120 0.0119 0.0119 |
0123 0.0119 I 0.0119 i 0.0120 0.0120 0.0120 180 0.0120 0.0123

01240. 01250. 01200. 01230. 0120 I 0.0120 , 0.0122 210 0.0124 10.0123 0.0125
0. 01250. 01200. 01230. 0120 0. 0120 1 0.0123 240 0.0124 , 0.0120 0.0120 |
.0125 , 0.01200.0123 0.0120 0.01200.0122 , The data of Nad renoval
in percentage collected in every 30 m nut es for a period of 10 240 m nutes
‘(’V{')/; hr EADLLI?Z{?R%%SQ& 1‘ﬁb£mfonsﬁl%95\ee?sé S sROarSRAMO pd1YarfidedRbifbralté ABs FgHOVal
salt rejection and hlgh water or permeate flux. A preferred embodiment of the present

‘©o—oooo00

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



1 RGR7 R8 RA,. 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 99.098.7 1 99.0
99.0 99.5 98.8 120 97.6 97.697.6 96.797.6 97.6 96.5 96.197.2 150 |

98. 11 98.298.0 1 98.097.0 97.6 96.9 1 96.5'97.5

-

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 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
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 qﬁality 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 ari 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



180,97.096.0 97.0 97.5 96.7 97.096. 0 1 96.0 96.7 21096.096.8 97.6 95.6
96.8 * 96.096.0 95.9 96.3 240 97.5 97.1 97.51 96.5 96.0 96.0 94.5 195.5
96.3 11 Exanple 4 The rejection of heavy netals in wastewater especially
copper, magnesium and arsenic is investigated under various influent
concentrations of copper chloride and 5 magnesium sul fate at 1.00ng/L,
2.00ng/L, 3.00nmg/L, 4.0ng/L and 5.0ng/L at various pressure conditions of
490psi, 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% t 0 65%oslhelyehdlgdPat LYIEHEOWG RAMERA Borh!diRsoAhti GPPREE afGOMBps( X0 1S
determ nedpf rom% 20-runs%g§peri ment, which is shown in a tabl®e b%l ow. Run
Order i Perneate Flux (Tre/n2.h) 1iFl F2F3 F4 F51F6 F7F8 FAve 112.3 12.3

+12.5 112. ﬁiéhZ qgalijt%gqgs%'l 11%1115zecjf 2t'05002nstruct 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 éoppér 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 cbncentrate, flow meters



25.025.0 26.5 26.425.5 26.5 25.8 25.825.8 3 13.5 13.8 13.8 13.813.5 13.5
13.0 13.813.6 4 25.5 25.525.528.0 28.0 27.7 27.7 27.7 27.0 5110.0 10.811.0
10.5 10.5 10.5 110.5110.5 10.5 6 20.025.0 25.0 24.0 23.5 23.523.5 23.5 23.5
7 10.5 10.4 10.3 10.810.8 10.5 10.5 10.5110.5 8 27.4 27.8 27.0 27.5 27.5
27.5 27.5 27.527.5

-

(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 , 99.4
Cadmium 80.2
Chromium : 94.0
Copper 81.4

Iron 51.5 i

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 compositioh
indicated as below:

20



93.5 3.3 3.3 3.4 3.3 3.33.3l 1030.031.5 35.0 35.0 33.0 33.0134.0 32.5 33.0
11 123 15.3 15.8 15.8 15.8 15.8 15.8 15.315.3 12 15.0 | 15.315.5115.2 15.2
15.8 15.5 15.5 15.4 1318.5 19.8 21.0 21.0 20.0 20.0 20.020.0120.0 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 1 21.5,21.5
20. 8
) 9
: . Metals/ Parameters Concentration (mg/L) + 0.05
Arsenic 0.52 |
Cadmium 0.33 |
Chromium ‘ 0.01
Copper 0.42
Iron | 0.33
Nickel 0.10
Zinc 0.56 i
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 a different 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 | 76 | 76 | 55 | 55 |
Flux (x10-*m’*/m2.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



20.8 20.820.8 1615.315.5 16.0 16.0116.0 15.4 15.015.0 15.5 1720.020.0 20.8
21.5121.5 20.8 20.820.820.8 12 18 16.3 16.3 16.3 17.0 16.81 16.3 |
16.516.816.5 1 19 15.3 15.3 16.5 16.5 17.01 17.5 1 16.3
16.3 16.3°

~

10

‘

wastewater treatment system (100) which is operéitéd 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
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 | F6 | F7 ' F8 | Fae
30 | 0.0114 |0.0112, 0.0113 | 0.0110 | 0.0115 | 0.0116 | 0.0116  0.0115 | 0.0114
60 | 0.0115 |0.0114 00115 | 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 |0.0123] 0.0119  0.0125 | 0.0120 ' 0.0120 0.0120 0.0123 | 0.0122
150 10.0120 [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 10.0123| 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 (%)

Mimutesk RI R2 | R3 ' R4 | Rs | R R7 ' R§ | R
30 | 980 | 980 | 994 . 980 | 984 | 982 | 986 , 99.0 | 985
60 | 980 | 981 ' 980 980 ' 982 985 | 980 , 982 | 981
90 | 979 | 979 | 990 | 99.0 | 987 | 990 | 990 | 995 | 9858
120 | 976 . 97.6 976 | 967 976 | 97.6 | 965 | 96.1 . 97.2
150 | 981 | 982 ' 980 | 980 ' 970 | 976 | 969 | 965 ' 975

180 | 97.0 | 960 | 970 | 975 | 967 | 97.0 , 960 | 960 | 967
210 960 968 | 976 | 956 | 968 | 960 . 960 ' 959 | 963

240 97.5 97.1 97.5 | 96.5 9.0 | 96.0 94.5 | 95.5 96.3




20 17.5 18.0 17.5 17.5 18.01 17.5 1 17.5 16.8 17.5 Another table showi ng

t he dat.a percentage of copper

as bel ow. Run Order

83.784.984.4 85.1 84.184.7 84.8 84.7 294.3 ;

10

Example 4

Renoval

(A

r enoval

for a 20-runs experi nent

Rl 1 RBRARSR6R7R8 R v,
93.691. 9189. 4191. 992. 079. 3
85.0°89.7 3 98.9 99.5199.8 98.6 98.7199.5199.5 99.7 99.3 4 88.5 88.389.4 1
89.9 89:689.6 89.6 89.6 89.3 5 96.6 96. ?196 3 96.6 96.596.5 96. 2

is 1ndicated

e 1186.1

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, 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%.

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) |
Oder{ F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | Fue |
1 123 123 ¢ 125 ¢ 125 | 125 | 125 125 125 | 125
2 | 250 | 250 | 265 | 264 , 255 | 265 | 258 | 258 | 258
3 | 135 138 | 13.8 | 13.8 135 | 13.5 | 13.0 | 138 13.6
4 255 | 255 255 280 | 280 277 | 277 277 | 27.0
5 1100 | 108 | 11.0 | 105 | 105 | 105 | 105 ! 105 | 10.5 |
6 200 250 | 250 | 24.0 ' 23.5 | 235 235 . 235 © 235
7 | 105 | 104 | 103 | 108 | 108 | 10.5 | 105 | 105 | 10.5
8 | 274|278 270 1 275 275 " 275 | 275 | 275 275
9 35 133 33, 34 | 33| 33 33 33 | 33
10 | 300 ' 315 | 350 | 350 | 33.0 | 33.0 ' 340 | 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 ' 198 ; 21.0 21.0 | 200 | 200 200 20.0 | 200
14 | 160 | 165 | 168 | 168 | 165 | 165 | 165 | 165 = 165
15 | 200 | 200 | 208 | 21.5 | 215 ' 208 | 208 | 208 = 208
16 153 155 | 160 . 160 | 160 | 154 150 150 | 155
17 | 200 | 200 | 208 | 215 | 215 | 208 | 208 | 208 | 208




96.296.4 6 96.2 96.7 97.0 96.7 96.8 96.8 96.896.8 96.7 7 96.5 96.4 96.1
96.4 96.4°'97.7 96.0196.0 96.4 8 99.197.8 99.5 99.6 99.6 99.8 96.5 99.6 98.9
9192.692.4 95.1 92.6192.5 92.4 92.4 92.9 92.9 1098.498.2 98.4,98.298.1
98.1198.1 98.1 98.21 1190.886.3 73.972.866.6 69.166.8 66.9 74.21 12189.0
89.5189. 2189. 8 89.9189.7 89.6 89.7189.6 13 72.0 70.570.570.0 72.069.5

) 12

18 | 163 | 163 | 163 | 170 | 168 | 163 | 165 | 168 | 165
19 | 153 153 | 165 | 165 | 170 | 175 | 163 | 163 | 163
20 | 175 | 180 | 175 | 175 | 180 | 175 | 175 | 168 | 17.5

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

experiment is indicated as below:

Run | Removal (%)

Oder RI ~ R2 R3 R4 R5 | R6 ' R7 RS . Rae
1 | 861 | 837 | 849 | 844 | 851 | 84.1 | 847 | 84.8 | 847
2,943 | 936 919 | 894 919 920 793 | 850 | 89.7
3 | 989 | 995 | 998 | 986 | 987 | 995 | 995 | 997 | 99.3 |
4 | 885 | 83 894 | 89.9 | 89.6 89.6 , 89.6 | 89.6 = 89.3
5 | 966 | 963 | 963 | 96.6 | 965 | 965 | 962 | 962 | 96.4
6 | 962 : 96.7 | 97.0 | 967 | 968 | 968 | 968 968 |, 96.7
7 | 965 | 964 | 96.1 | 964 | 964 | 977 | 960 ' 96.0 | 96.4
8 , 991 978 | 995 | 99.6 . 99.6 | 99.8 | 96.5 | 99.6 | 98.9
o | 926 ' 924 | 951 | 926 | 925 | 924 | 924 | 929 | 929
10 984 982 | 984 , 982 . 981 | 981 . 981 | 981 | 982
11 908 863 | 739 728 666 | 691 668 | 669 | 742
12 | 89.0 | 89.5 | 892 | 89.8 | 89.9 , 89.7 | 89.6 | 89.7 , 89.6
13 720 | 705 705 700  72.0 695 ; 689 ' 705  70.5
14 | 981 | 98.1 | 976 | 976 | 976 | 979 | 979 | 97.9 | 97.8
15 | 988 | 983 982 | 981 | 98.1 | 981 | 983 983 | 983
16 | 98.8 | 984 | 972 | 98.0 | 98.6 | 98.6 | 98.6 | 98.6 | 984 |
17 988 983 | 982 ' 981 981 ' 981 983 | 983 = 983
18 970 | 976 | 955 | 96.0 © 986 | 986 | 992 | 99.7 | 97.8
19 | 968 | 962 977 969 | 966 968 , 984 984 | 97.2 |
20 | 99.0 | 996 ' 995 | 99.8 | 985 | 993 | 992 ! 992 | 99.3 |




68.9 70.570.5 14 98.1 98.1 197.6 97.6 97.6 97.9 97.9197.9 97.8 15 98.8 98.3
98.2'98.1°98.1 98.1 98.3 98.3 98.3 16 98.8 98.4 97.2 98.0 98.6 98.6 98.6
98.6 98.4 17 98.898.3 98.2 98.1 98.1 98.1 98.3 98.3 98.3 18'97.0197.6
95.5196. 0;98. 6198. 6199. 2 99.797.8 19 96.8 96.2 97.796.9 96. 6i 96. 8 98. 498. 4
97.2 20 99.0 99.699.599.8 98.599.3

13
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
5 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-
.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 poiht 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 | Opcrat;r;ig(P)rbessure, pH () Co?rfge/r;frf‘;{,on’
1 56.2 (-1) 3.7(-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) 73 (+1) ! 1.8 (-1)
> 562(¢-1) | 3.7(¢1) L4206
6 103.8 (+1)° 37¢) | 420




99.2199.2 99.3 13 Exanple 5 To optim ze the process of heavy netals
removal, by the | ow energy reverse osnosi s nenbrane, a response surface
nmet hodol ogy is inplenented to identify the significant 5 and interactive
factors quantitatively. The response surface nmethodol ogy i s designed
statistically using response surface design, in particular, Central
Conposi £t e Rot at abl e Desi gn. Besi des, tlge Central Conposite Rotatable
Design facilitates the detection of non-1I0 |inear behavior of effect and
determ nati on of the best settl ng of the experi mental factors which can
roduce the maxi mam out come ne stl ct o t he ors |s
8et erm ned basedn?lm '—'ﬁﬂﬁ'mrﬂ ‘? X GHEH 4537}

non-1| i near| respon$e behayi or thS&ﬁh)l yzed u3|7n3g(4§t)art 15 po#.at(+and centre

poi nt runsl. The c§:nt re point,, 0u(nlr §$2)r epeat e_c#f?@ltl mes i n r(?gd") to allow a

better estiate the e nerlrmn erraor ns_afte ca aut_in

random zed order 18nd thi s V\U()|0(r+edi&2e tthe ef $8¢0) of tine- depre(ﬁjent flactors
not included in the study. bl'e belo hpw ng the val perneat e
fl ux and pLE-r cent .:}r]m of heavv ﬁr@pgﬁ rerrdlyal Wfl"?ﬁ%d dela| ar?’%g(pgprl nent runs
for rejectjion of 12 cro- pol | ut anogonot i:n r&ﬁc{ﬂar{mez)der at a3C(D(n§tant '
recovery rjate ranges from 60%tQ b% Oper ati S psi

)b pH ()b Concdntration, %‘é ( (-1) (‘ggi?) 1) 1 91151%;8%3 g (+1)
3.7 (-1) 1.8 (-1q43 80010)56 2 (-1) 753(())+1) 1 8 (5-(1Q+146812@3 8
(+1)17.3(?-‘1_)_1._8_?1_)_‘5 5 gl)o(k-l)“l-“ D3 8(+1) 3 7(=1)
4.2(+1) 14 75832 (-1)7.3 (399400 (+1) 8 1@5 @f+1)7.3(+1) ﬁ(oi(m 9 40.0
'(-1.682)5./5 (0) 360 (0) 10 1280.0 (6y*1. 692)15.55(0) 3 0] (0) 310 (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 8000 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

15



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.Q (-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) 18180.0(0) 5.5(0)3.0(0)
1980. 0(0) 5.5(0)3.0(0) 2080.0(0)5.5(0) 3.0(0) Fromthe table, abased on
standard order designed by Central Conposite Rotatable Design and; ( )b is
coded val ue as assigned by Central Conposite Rotatable Design. 5 10 15
CLaims 1. A method for treating wastewater containing heavy netals
conprising: directing the wastewater acrngss a reverse osnobsis aromatic
pol yam de nenbrane at 5 | ow pressure rangi ng from 40-120psi, the nenbrane
havi ng pore_ _size for rejecting particles of |ess than 2nm and bei ng capabl e
of renovi n&laims east 90% of the target heavy netals fromthe wastewater.
2. Anethod as clainmed in claim1l1, wherein said nenbrane has a water fl ux
ranges 10 from 0.005n8/n2. h to 0.025n81nR2. h. 3. A nethod as clained in
claim1, wheAeiathaifod tragip entevwiag deaihingbéadl niejlecémprisiog: at | east 99%
arsenic. 15, 4. A nethod as clained in claim1, wherein said nenbrane al so
has a rej e@ErF?}H‘gotgg JrasicRRUGT aGHBS 3 TEXAPE OHROSiLaeMaty RPHERNGH BSEIDIY. aos
magnesi 9 ' | : % Lej Qe Qf ] - r and
Mo r(Ljsrnq tl(%ﬁ %gﬁ:‘g&%@@%n‘?ho 19954, 8R%hEGbRGE HAPing po?@gﬂqm rfEURRE

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*/m2.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.



