1 PROCESS AND PLANT FOR TREATI NG A WATER STREAM This invention
relates to a process and plant for treating a water stream contai ning

di ssol ved organi c carbon and di ssol ved salts. Many water streans contain
di ssol ved organic carbon in the formof 5 conpounds which nmay act as

col ouring agents making water unsatisfactory for use, recycle or disposal.
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Several possible treatment strategies for such effluents have been

proposed though it is not possible to easily identify a most effective treatment
20 technology, particularly as most proposed technologies have significant economic
impacts.

US 5529697 examines a number of options for treatment of pulp and
paper effluents considering — in particular — the use of oxidants such as ozone
and hydrogen peroxide. Hydrogen peroxide requires a very long contact time for

25 effective removal of colour. Ozone has also been considered but has a high
expense and energy intensity.

US 5529697 also observes that the processes of reverse osmosis and
electrodialysis have been studied as potential techniques to remove colour from
spent liqguors from pulp mill operations. Reverse osmosis, however, has been

30 primarily used in desalination of waters for the production of potable water.
Removal of organic contaminants by reverse osmosis has been found to be
prone to several types of fouling, making it ineffective to remove the organics.
Further issues, as identified in US 5529697, include possible problems arising



2 fromthe fragile nature of the nmenbranes and the costs associated with
the operation of a filtration system capable of handling | arge vol unes of
wat er . It is the object of the present invention to provide a process
for treating a water stream which enabl es satisfactory renoval of dissolved
organi c carbon and 5 colour froman effluent stream not necessarily
confined to pul p and paper industry ef f1 dent . Wth this object in
view, the present invention provides a process for treating a water stream
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of ion eXChaﬁgﬁlOQEtsl%bds i ncl udi ng nagnetic ion exchange and use of

coagul ant s. wever, after investigation, limtations have been identified
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re-treatnment step.is therefore a ,cqunter-intuitive, but additional .
Pt erveni ng SR MAID GAUSSORGATIC 8re FaapEakaLBng of RFomeimhganes tsed in

nanofi | trati et sWy. | @ paQlidr] tHeddttPBly doldursd MhhiATCoRTRERES alsd ¥ Figh
osmosis Roc?wl’on'ne demand (about 1 - 2 mg chlorine demand per 1 mg of DOC) which, in
20 practice, prevents use of normal reverse osmosis biofouling protective measures
such as treatment with chloramines. Therefore, reducing the risk of fouling,
substantially or completely, is important to use of the reverse osmosis process for
final treatment of water primarily for removal of dissolved salts (desalination). A
suite of possible processes could be used in the pre-treatment step including
25 oxidation, a variety of ion exchange methods including magnetic ion exchange
and use of coagulants. However, after investigation, limitations have been
identified with several of them. The costs of oxidation using ozone, hydrogen
peroxide and other oxidant processes were found prohibitive for large water
volumes. Use of coagulants results in production of volumes of sludge which are -
30 excessive, presenting handling and disposal problems.
The preferred pre-treatment step is therefore a counter-intuitive but
additional intervening membrane treatment step advantageously involving

nanofiltration. While nanofiltration is a similar process to reverse osmosis (“R0O"),



3 there are differences. The main difference is that nanofiltration
menbranes are slightly nore "open"” than RO nenbranes. This neans that

smal |, nonoval ent ions (e.g sodiumand chloride) are not well rejected by
nanofiltration nmenbranes, while nmultivalent ions (e.g sulfate) are
noderately rejected. Nanofiltration 5 nenbranes can al so have specialized
surface physical effects that allow sel edtive separation for sone species.
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wth econom d|deet1m‘f|p:rocess, MBR, intermediate process and reverse osmosis allows
treatment of a suite of possible wastewater streams and allows a plant operating
the water treatment process of the invention to treat both domestic wastewater
streams (such as sewage streams which have low refractory colour), industrial
25 wastewater streams and combinations of domestic and industrial wastewater
streams using an advanced water treatment strategy. An industrial water stream
may be a stream from a pulp or paper mill.
Concentrates from nanofiltration and reverse osmosis steps may be
subjected to treatment with coagulants or oxidants as volumes of sludge and
30 costs for treatment of concentrates are within acceptable limits from handling and
economic points of view. Other concentrate treatment methods also feasible
include another membrane treatment step, such as a nanofiltration step, or a
range of ion exchange methods including magnetic ion exchange.



5In a particularly preferred enbodi mrent of the invention, there is provided
a process for treating a water stream containing di ssolved organic carbon
and di ssolved salts including sulfate, conprising subjecting the water
streamto a reverse osnobsis treatnent step to produce a treated water
stream wherein, prior to treatnent of ter in the reverse osnosis step,

the water stre is treated jn a 1 lurality of -treatnent ste to
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a menbran 'ty ¥t HQB?P%P@SOPW ?/?9{5’%'8 5Tt ration of water pretreated by
step (6i).In a particularly Nprafdridd Reib@sRREE .oft iR PHeSEdh, ithyentd gi_?o@iﬂ@dl ges a
wat er treatnent plant for treati n? a water stream containing dissol ved
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di rected iorgamt earban Bhd seiate sireotatbsi svaBdstoates revess@iasndees step,t sadt nent
steps con‘evraltésre s:,tream pre-treatment steps comprising:
i) an aerobic process reducing sulfate contained in said water stream
to sulfide while producing biogas;
15 i) aeration of water directed from the anaerobic process; and
i) a membrane treatment step involving nanofiltration of water pre-
treated by step (ii).
In a further aspect, the present invention provides a water treatment plant
for treating a water stream containing dissolved organic carbon and dissolved
20 salts comprising:
a) a reverse osmosis stage; and
b) at least one pre-treatment stage for pre-treating water to be directed
to the reverse osmosis stage
wherein the pre-treatment stage reduces the concentration of dissolved
25 organic carbon in water directed to the reverse osmosis stage.
In a particularly preferred embodiment, the water treatment plant includes:
a) a reverse osmosis stage; and
b) a plurality of pre-treatment steps to reduce the concentration of
dissolved organic carbon and sulfate directed in water to the reverse osmosis
30 stage, wherein the pre-treatment steps comprise:
i) an anaerobic process reducing sulfate contained in said water
stream to sulfide while producing biogas;

ii) aeration of water directed from the anaerobic process; and



i) an anaerobic process reducing sulfate contained in said water streamto
sul fi de whil e produci ng bi ogas; ii) aeration of water directed from
t he anaerobic process; and 4a iii)a nenbrane treatnent step involving

nanofiltration of water pre- treated by step (1ri). The advant ages of
the water treatnent process and pl ant o‘} the present invention include the
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di ssol ved . ! ration and col our nay be reduced in an
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wat er str
foullng to an acceptable level. In particular, conventional anti-fouling treatments

may be adopted.

10 b) biorefractory dissolved organic carbon concentration and colour
may be reduced in an economic manner enabling potential recycle of treated
water to an application requiring it.

C) the process may be adapted to treatment of combined
industrial/domestic waste water streams even where the industrial waste water

15 has a high dissolved organic carbon concentration and high colour contrasting to
the characteristics of the domestic waste water stream.

The water treatment process and plant of the present invention may be
more fully understood from the following description of a preferred embodiment
thereof made with reference to the accompanying drawings in which:

20 Fig. 1 is a schematic process flowsheet for a water treatment plant
operated in accordance with one embodiment of the process of the present

invention; and

25



The water treatnent process and plant of the present invention nay be nore
fully understood fromthe foll ow ng description of a preferred enbodi nent

t hereof nade with reference to the acconpanying drawi ngs in which: 20 Fig.
1 is a schematic process flowsheet for a water treatnment plant operated in
accordance with one enbodi nent of the process of the present invention; and
25 5 Fig. 2 is a block diagram showi ng the process units Invol ved
in the process flowsheet of Fig. 1. Referrin?‘nom/to_Fig. 1, there
is shown a water Figedtisramiogsidgaramebowivghe 510¢§53 WilsdR¥@Yashindhe oaesasss ( ARL
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("MBR') systens (RBlgrM@Shoanth ARR/ MOBRJe isTlsbownak vedierc treetmogrdr glant €80 r aw
influent water which. s a_conbination i f nd industrial
effluent rec eﬁ°m£83'|“9c¥w{’ gnﬁp%gp{c E?S%@é%@%h?’ﬁggﬁ@ E"agJ@P L%ﬂﬁa@ﬁ%ﬁtgﬁ an

dedi cgt ed Swagfigyalsi n@lzi Eﬂhdugém appkblg@fé-treatgarim@as wa@@mﬂ@mbaﬁi@%ﬁﬂﬁn, by
m crobes, is assjsted by addit, .0 nm c utrie e ch as
froma sl udgé“%’f’!?réa% E'Héﬁ‘cg?é é\@g 5% eg‘lsu@g/@[lp%r iR 3@%@%25 Sﬁ-HPi ci ent
nutrient shoundeR@icofeRs@nd tredt RivO\HIdentaviierWHY: Ri K eBSSIMAN6N 3F Rk e
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level s. G osshgheih Gakbicaruaentd rEmebugh dstiBfpASsseactors ARL and AR2,
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Measured in Pt/Co colour units, colour may vary in the range 500 to 8000 colour
20 units. This DOC fraction — comprising lignin degradation products — is, for the
most part, refractory to biological digestion and filtration though a measurable but
insufficient degree of removal of colour does take place in the MBR systems. The
waste is also saline containing high levels of sulfate and conversion of
degradable organics through sulfate reduction (forming sulfide) means that the
25 removal of degradable organics is actually in the range 70-90% (as measured by
CQOD).

The treated effluent from the anaerobic reactors AR1 and AR2 passes to
the aeration basins AB1 and AB2 respectively. These basins provide aerobic
digestion conditions to further treat the wastewater. The mixed liquor is

30 recirculated from aeration basins AB1 and ABZ2 into ultrafiltration modules
referred to as Membrane Operating Systems (MOS1 and MOS2). The MOS units
contain a single Memcor® ultrafiltration module each which filters the mixed liquor

to produce ultrafiltrate which has nearly undetectable levels of BOD. Each



30 recirculated fromaeration basins AB1 and A52 into ultrafiltration

nmodul es referred to as Menbrane Operating Systens (MOS1 and MOS2). The MOS
units contain a single Mencorl D ultraffitration nodul e each which filters
the m xed liquor to produce ultrafiltrate which has nearly undetectable
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sourced from chem ca
spiral wound membrane elements contained within pressure vessels (housings).

Three to six membrane elements are selected, all being connected in series
inside a single housing. The nanofiltration unit stages are divided into groups
called concentrate stages. In each concentrate stage, housings are connected in
25 parallel with respect to the direction of the feed/concentrate flow. In order to
further increase nanofiltration unit recovery, two or more concentrate stages are
used, with the number of housings in each stage decreasing in the direction of the

feed flow, in the ratio of about 2:1.
The membrane selected for the nanoflitration stage, after a testing process
30 which excluded a number of candidates due to unacceptable fouling or DOC
rejection, was a Filmtec™ NF 270 polyamide thin film composite membrane

sourced from Dow Chemical Company.



7 An alternative nenbrane that may be used in the process is a
HYDRACoRe sul fonat ed pol yet hersul fone ("SPES") nenbrane with a nol ecul ar
wei ght cut-off around 1000 Daltons. This nenbrane is obtainable from
Hydranautics. Further information about the nenbrane is available in the
paper: 5 Bartels et al., Chemcally Tol erant NF Menbranes for Aggressive

| ndustrial Applications, Hydranautics, June 2006). Use of the NF270
menbrane resulted in total rejection in the region of 98% of biorefractory
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mll ifications and varrations to ter treatnent process and
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wat er streamrepofigatmgnidistsyl 2@ dudragdiferent andolrane, a polyamide membrane
selected to have high salt rejection, is selected. Provision is made for use of
biostatic agent, such as chloramines, to prevent or reduce the occurrence of
15 fouling of the membrane and clean-in-place (“CIP") routine is implemented on a
regular — but more or less conventional - basis to prevent fouling. Such routine
cleaning is made possible through removal of the bulk of chlorine consuming
rDOC at the nandfiltration stage 20. The RO process unit 30 performs
desalination and allows production of a water stream that may be recycled to the
20  pulp and paper mill with benefit for the process economics of that mill.
Modifications and variations to the water treatment process and plant of
the present invention may be understood to the skilled reader of this disclosure.
Such modifications and variations are deemed within the scope of the present
invention.
25



and di ssolved salts including sulfate, conprising subjecting the water
streamto a reverse osnobsis treatnment step to produce a treated water
stream wherein, prior 5 to treatnent of water in the reverse osnosis step,
the water streamis treated in a pIuralgty of pre-treatnent steps to
substantially reduce the anmount of dissoOlved organic carbon and sulfate
directed kgﬁﬂ@kg; to the reverse osnbsis step, said water stream
pre-treat epS conpri si ng: An aer obi c process
reduci ng sulfate contained in said water stream 10to sulfide while

pr oduci ng b| ogas Aeration of water directed fromthe anaer obi c
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DOC, the remainj ng parsdé@bidpiotess reducing sulfate contained in said water stream
10  to sulfide while producing biogas;
i) Aeration of water directed from the anaerobic process; and
iii}) A membrane treatment step involving nanofiltration of water pre-

treated by step (ii).

2. The process of claim 1 directed at lowering the concentration of dissolved
15 organic carbon (“DOC”) in the form of lignin compounds or lignin derived

compounds, in the water stream directed to the reverse osmosis step.

3. The process of claim 2 wherein said lignin compounds or lignin derived
compounds have a high chlorine demand (about 1 - 2 mg chlorine demand per 1
mg of DOC).

20 4. The process of claim 2 or 3 wherein rejection of DOC in the nanofiltration

treatment step is up to 99%.

5. The process of any one of the preceding claims wherein the anaerobic
process involves a membrane reactor, such as a membrane bioreactor (“MBR”),
which allows removal of a small portion of DOC, the remaining portion being

25 predominantly intractable to anaerobic and aerobic microbial digestion processes.

6. The process of any one of the preceding claims wherein the water stream
is an industrial water stream or a combination of a domestic wastewater stream

with an industrial water stream.



25predom nantly intractable to anaerobic and aerobic m crobial digestion

processes. 6. The process of any one of the preceding clainms wherein the
water streamis an industrial water streamor a conbination of a domestic
wast ewater streamw th an industrial water stream 9 7. The process of

claim6 wherein the industrial water stFeamis a streamfroma pulp or

aper mill . Th . of f. the . di | aj [
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with coagylanbsHuds oppXp&amiis. 9. The process of any one of the preceding

claims wherein concentrates fromthe pre-treatnent and reverse osnosi s
steps are treated by a further nenbrane treatnent step or ion exchange
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precedi ng cl ai ns erein said treated water "10streami1s recycl ed. The
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i ndust%i al ant. 12. The process of claim 1l wherein the industrial plant
isap Ipoé aﬁ%ﬁ)er mll. 13. Awater treatnment plant for treating a water
stream cont ai ni ng di ssol ved 15organi ¢ carbon and di ssol ved salts
conpri si ng: a) a rgverse o si s stage;, and .

P % The proz‘,ess of any one o? ﬂ?e precedl% élaf?ns wherein concentrates from

the pre-treatment and reverse osmosis steps are treated by a further membrane

treatment step or ion exchange including magnetic ion exchange.

10.  The process of any one of the preceding claims wherein said treated water

10  stream is recycled.

11.  The process of claim 10 wherein said treated water stream is recycled to

an industrial plant.

12. The process of claim 11 wherein the industrial plant is a pulp or paper mill.

13. A water treatment plant for treating a water stream containing dissolved
15  organic carbon and dissolved salts comprising:
a) a reverse osmosis stage; and
b) a plurality of pre-treatment steps to reduce the concentration of
dissolved organic carbon and sulfate directed in water to the reverse osmosis
stage, wherein the pre-treatment steps comprise:
20 ) an anaerobic process reducing sulfate contained in said water
stream to sulfide while producing biogas;
ii) aeration of water directed from the anaerobic process; and
iii}) a membrane treatment step involving nanofiltration of water pre-

treated by step (ii).

25 14. A process for treating a water stream substantially as hereinbefore

described.



b) a plurality of pre-treatnent steps to reduce the concentration of

di ssol ved organi c carbon and sulfate directed in water to the reverse
osnosi s stage, wherein the pre-treatnent steps conprise: 20i)an anaerobic
process reducing sulfate contained in sgjd water streamto sulfide while
produci ng bi ogas; ii) aeration of water directed fromthe anaerobic

process; d iii) a penbrane treatnent st i nvol vi. nanofiltration
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substantially as herei nbefore descri bed,



