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- Sewage Treatnment Met hod and Device Technical Field The invention
relates to a super advanced sewage treatnment method and

particularly to a sewage endogenesi s-based el ectro- osmmg'ﬂm@mm, ,mexchange

met hod for the super advanced purification of the
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sewage, which is actually utilized in a biological or chemcal way and

di sappears in the formof vaporization loss, is |less than 25% Because of
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i nprove efficiency, but is also an inevitable option for enhancing the

supply capacity of urban water. It is nore inportant to inprove the

revitali zal. kon e(le ronment of aquatic ecosystem benefiting not only the

present generation, but the future generations. Advanced sewage treat nent
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adaptability, good cleaning property and easy control in the aspect of
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treatment” means that, in order to cause urban séwage or industrial wastewater, which has been

subjected to routine treatment, to reach a certain standard of recycled water and to be reused for
production or living, treatment units are added in order to further remove the pollutants that cannot be
removed by routine treatment, such as heavy metals, COD, TN, TP, TDS and the like. Electrochemical
process has the prominent characteristics of wide adaptability, good cleaning property and easy control
in the aspect of removing the pollutants in water. Combination of ion exchange and electrochemical
technology research from the beginning that the ion exchange membrane ie. the electrodialysis
technology. With ion exchangers and selective ion exchange membranes having ion conduction
capability are simultaneously used in,electrodeionization (ED! for short) and electrochemical ion
exchange (EIX for short) to overcome the defects that electrolyte addition is required in the process of
electrolytic reaction and chemical regeneration is required in the process of ion exchange. However,

polarization and osmosis, caused by the verticality of membrane surface and flow field to electric field,
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*@0002* as well as their inpacts still exist as key factors that restrict
“'the i nprovenent of operation efficiency and the w dening of applicable
scope. The objective of the invention is to provide an
endogenesi s- based new technol ogy for sewage reclamation, particularly a
technol ogy for the super advanced purification of nultiple sewages, which
can remye Lhg fG! gl %rgp SR At RalridtRt MBIpRNEmdiof chErafidhfitioRyland t he
sewage synchronously an I F pat hogeni ¢ m croorgani sns. For high-salinity
or gani ¢ wastieangef apptidatle s@péanol ogy has the efficacy of inproving its
bi odegradability significantly, The technical solution of the invention is
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an anode ;b EliMeRbické 4By Sgfificakt§r cylinder el ectrode; the cathode effluent
and the anode effluent respectively enter cation exchange columms filled
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desalted water after the super advanced treatment i Sjnf. ' ution
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disinfection solution with disinfection function; and the scaling of the electrodes and the alternate

regeneration and operation of the subsequent ion-exchangers can be controlled through electrode
reverse operation.

In the invention, the mechanism for the electro-osmosis ion exchange process is as follows: in the
electro-osmosis ion exchange process, cations with high degree of hydration take their hydration layers
to move towards the cathode direction under the action of DC electric field,. and can drag a part of
diffusion layers (hydration layers) on the micro-pore surface of resin to move together when passing
through the anion exchange resin between the electrodes. in order to implement electro-osmosis, the
discharge reaction of the cathode is as follows:

2H,0 + 2e” — H;+20H™

However, Na*, Ca®* and other cations are not electrolyzed, instead, flow by the cathode under the
driving of pressure and take out OH™ and H, which are generated by cathode reaction, thus avoiding that
the surfaces of the electrodes are covered by gas generated in the process of electrolysis to further
result in current reduction and mass transfer hindrance.

To maintain charge balance, CI” with negative charges and organic pollutants enriched on the anion

exchange resin are firstly exchanged or adsorbed, and then move towards the anode direction under the



However, Nat, Ca2+ and other cations are not electrolyzed, instead, flow by
*'the cathode under the driving of pressure and take out OH and H2 which are
generated by cathode reaction, thus avoiding that the surfaces of the

el ectrodes are covered by gas generated in the process of electrolysis to
further result in current reduction and mass transfer hindrance.
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are as fol e cathode effluent is led into an exchange columm filled

Wi t h Ht yireanpdsdfiuentthaethe mnbmomnmmsr@lnf%am ayd higbeivelboin usccur s so t hat

NaOH in the cath uent IS renpved obtain, a r f.  desal. . ter
after the suE)eT“c Q}sénﬁcek nﬁ?Jnr?x he0d% PeFss L df’\ka“I Cat%gﬁ E“‘%-”%&%%#”RE@BW

The anodeyreddibie@atind cathb@deriiuehias B .n@@m@&ﬁﬁg@@lmmefdw.theﬂyw redin, MR-fbIppiRg
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occurs owienplizagion tegction rogevss e ihei H@@hy in the cathode effiuent is removed to obtain a part of

desalted water after the super advanced purification.
R-COOH+Na*+OH— R-COONa+H,0

The anode effiuent is led into an exchange column filled with Na-type resin, and the following

reaction of the anode effluent with the resin occurs owing to its strong acidicity:
R-COONa + H*—-R-COOH + Na"

The above exchange process is to convert the acidic product generated by electrode reaction into
neutral salt, i.e. NaCl, in order to increase the pH value thereof and simultaneously finish resin
regeneration. Because the main exchange reactions of the anode and cathode effluents are counter
reactions to each other, switching can be performed through reverse operation so as to realize
continuous operation.

Compared with the prior art, the invention has the positive effects that:

1. The electro-osmosis ion exchange method has wide adaptability in the aspect of the super
advanced purification of sewage, no chemical agent is needed and no secondary pollution is caused.

2. The electro-osmosis unit is free from membrane, the cathode/anode-equivalent micro-pore



R-COONa + H*-*R-COOH + Na+ The above exchange process is to convert the
-aci di ¢ product generated by el ectrode reaction into neutral salt, i.e.
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cat hode effluents are counter reactions to each other, switching can be

per f or mﬂaﬁi%ﬂ!{éﬂge&\&\(%I'é&%d@%y%% e dé&grﬁﬁatttr% o bk ZPafaflid the1QktHicTiR@RAL | ON.

Conpared w t e prior art, the 1nvention has the positive effects that:
1. The eb®plet ah@savoiing mutial istsnaing betwednhibelcdttage wadon addibe abddeireagtignnandhe

aspect of the super advanced purification of. sewage o chem cal agent is
needed affd 1y %@6.%’5?‘59“ Lk i"B'FFf‘?rg"”gEi‘ﬂ%eeH. ich are Cg“sﬁq gyﬁ]aés Rt Iggqegager?:)si s

uni t is fres fdeoms BRERIAE Surttdifors M MAREANASHeREAlhY 81 Ridlroddt hfddgiPQédRode
‘titaniumfilter element electrode array and the design that the flow field

i's par al esbrs¢ gpetation @ldeid regapefationl ad agnéineade presalion ofteylseaueadt igh Bxghange fRgin are
mterfertfan_cte etween the cathode reaction and the anode reaction, and
reduci ng EUPPENt reduction and mass transfer hindrance, which are caused by

gas cover age riRp edsiiiRavebMthk BRARBL RS Hs Of artdiR GO bypporting dfiattl fessndaweid thene
elimnation for the scaling of electrodes through el ectrode reverse

oper at i ofimitatien erhibe elegegabecatichyity ahiofluetin Eferilplytrs2dgiBey ianptapaused WRRFLRRIFUASE on
exchange resin are facilitated. 3. Filling resin between the

el ect r od&¥" 'P‘é@ﬁ%['%a' f%&éfﬂv'tél'setﬁe?tre%l yte supporting effect, so as to avoid the
! Imtation in'hte h&vefloR Grdvideah rne@ iy Géri palilitkon @bntionEdduesdurceEkGelingObecbmesaatdi t i on
is not required when the sewage wth |low electrical conductivity is

tr eat ed. extremely romying teahp@ipryias freppyding €5Hzis HERE WERATPHE" RBY P0ESBAME 810l and

Facyol | ng i Fisibe s RRRER o e B ol g RAT et Rl i1
bring w de prosRCépat®is proviedchamgepapalidncaidi deelbmahnol tgyeldctio-béneosisiied d of
sewage recl amation. 5. A wde space is provided for the application
and deveIeécﬁﬁ@?tmeﬁpdth%tOé*IVé'é”f'?do@B@ﬁﬁ?F'g”F’é’fﬁa@i@hange met hod due to
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Brief Description of the drawings
FIG.1 is a structural schematic diagram of the electro-osmosis unit;
FIG.2 is a schematic diagram of the electro-osmosis ion exchange process flow;
FIG.3 is a schematic diagram of the enrichment and conversion mechanisms of the components in
sewage;
FiG.4 is a diagram of material balance in the embodiment;
| In FIG.1, 1—anode, 2—cathode, 3—organic glass shell, and 4—water inlet.
Detailed description of the embodiments’
FIG.1 to FIG.4 show a super advanced sewage treatment method and device. The treatment process
comprises the steps as follows: (1) a pump drive is adopted to input sewage in the form of single stream
from the bottom of an electrolytic bath to which a certain direct current voltage is applied, and the
sewage is divided into a cathode effluent and an anode effluent through a filter element electrode, the
cathode effluent and the anode effluent respectively enter cation exchange columns filled with hydrogen
and sodium cation exchangers so as to prepare a part of desalted water after the super advanced

treatment and disinfection solution with disinfection function, and the scaling of the electrodes and the

alternate regeneration and operation of the subsequent ion-exchangers can be controlled through



Brief Description of the drawings FIG 1 is a structural schematic diagram
‘of t-he electro-osnosis unit; FIG 2 is a schematic diagram of the

el ectro-osnosi s i on exchange process flow, FIG 3 is a schematic

di agram of the enrichment and conversion nechani snms of the conmponents in
sewage; FIG 4 is a diagramof material balance in the enbodinment; In FIG 1,
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a part of 'desal ted water after tﬁe super advanced treatnent and

di si nf ectHe@ecs®@baiidsie ionwikdhhngsi uader trecipeationfaamttion are, shewrdastlagle 8cal i ng of t he
el ectrodes and the alternate regeneration and operation of the subsequent

i on-exchangers can be controlled through electrode reverse operation. In
t he el ec&gtgg yt pgra,gé}g,goftggs,hqgge@mmrgg,gp|g he nethod, m cro- pore titanium
filter cyHnder—etectrodes wththearea of 07 0113ne,—whicirare three
anodes alkéctritat éencmatvmmscmnr@lw(mﬂged uni f or rﬁlybonqentrd’men/mrum of it equl ar
hexagon, _and the spaci ng between the centers of ggg adj acent anogz and

cat hode 2%5m  201x7 Q'rrnnrﬂz\q alkaline styr erfs ion-exchange r&sin-is
filled between the el ectrodes. The power supply voltage is 25V the fl ow of
influent is 7.5L/h, and the ratio of the cathode effluent to the anode

ef fl uent Tatse 4: IParahiwterof@athodmanti Ahodeciilebts indffie %lecsrbm;hasie@nﬁmhemgeﬂwpiise

(Tabl e 1) after the el ectro osSnosi S 1 on exchange uEder tI } on
condition_are shaown ass Clegpgeptrafion(mg/L)  pH lectrica Condu |V|ty ps/cm)d

Anode Effluent 2899.10 2.24 —

Cathode Effluent 120.00 12.36 4500

Table 3 Parameters of Super Advanced Purified Water

Electrical Conductivity/ (ps/cm> COD/ (mg/L> ClConcentration/(mg/L) pH

350 32. 6 120 7.28

The cathode effluent is led into the exchange column filled with H-type resin, the following
neutralization reaction occurs éo that NaOH in the cathode effluent is removed to obtain the super
advanced purified water, which has the desalination rate up to 83% and the removal rate of COD up to
92%. Table 3 shows water quality parameters after the exchange of the cathode effluent. Under
experimental conditions, material balance of the simulated water sample after the electro-osmosis ion

exchange is shown as FIG.4.



Table 1 Paraneters of the Sinulated Water Sanple Electrical Conductivity/ (
‘ps/cm) COD ( ng/L )Cl-Concentration/(ng/L)pH 2100426689. 797. 28 Table 2
Par anet ers of Cathode and Anode Effluents in the El ectro-GOsnpsis |on
Exchange Process Cl-Concentration(ng/L) pHEl ectrical Conductivity ( ps/cm)
Anode Effluent2899. 102. 24 Cat hode Effl uent 120. 0012. 364500 Table 3

Parameters of Super Advanced Purified-\ter Electrical Conductivity/ (
ps/cm) G@FH@#HG—G&H&%F%@%%H—@G@%H&GHG— . .

1. A method for super advanced sewage treatment, characterized in that: the treatment process
comprises the step that a pump drive is adopted to input sewage in the form of single stream from the
bottom of an electrolytic bath to which a certain direct current voltage is applied, and the sewage is
divided into a cathode effluent and an anode effluent through a filter cylinder electrode; the step that the
cathode effluent and the anode effluent respectively enter cation exchange columns filled with hydrogen
and sodium cation exchangers so as to prepare a part of desalted water after the super advanced
treatment and disinfection solution with disinfection function; and the step of electrode reverse
operation ,through which the scaling of the electrodes can be controlled, the alternate regeneration and

operation of the subsequent ion-exchangers can be realized.

2. The method for super advanced sewage treatment according to claim 1, wherein the cation
exchangers for the treatment of the cathode effluent and the anode effluent are equivalent, alkaline
neutralization reaction occurs between the cathode effluent and the cation exchanger, and high-valence
cations in the sewage is preferably removed to obtain demineralized water which is partially desalted;
and regeneration reaction occurs between the anode effluent and the -cation exchanger to obtain

electrolyzed oxidizing water with disinfection function.

3. An electrolytic bath for implementing the method according to claim 1, characterized in that: (1) a
cathode/anode-equivalent micro-pore titanium filter cylinder electrode array is adopted and a flow field
and an electric field are enabled to be parallel to each other, and no membrane is needed; and (2)
strongly alkaline anion-exchange resin is filled between the cathode and the anode to ensure that the
external pressure of the filter cylinder electrode is larger than the internal pressure thereof, thus.the
effluent flowing by the cathode takes out OH™, H. and sodium ions generated by reduction reaction,
and the effluent flowing by the anode 1akes out Cl;, CO,, O, and chloride ions generated by oxidation

reaction.

4. The electrolytic bath according to claim 3,wherein the electric field has the intensity from 1V/mm to

3V/mm and the average current density from 100A/m? to 500A/m?.



The cathode effluent is led into the exchange colum filled with Htype
‘resi-n, the followi ng neutralization reaction occurs so that NaCH in the
cathode effluent is renoved to obtain the super advanced purified water,

whi ch has the desalination rate up to 83% and the renpoval rate of COD up to
92% Table 3 shows water quality paraneters after the exchange of the
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sinmul ated water sanple atfter the electro-osnosis ion exchange is shown as
FIG 4. @aaiundilter cylinddr.elebtrovetaliadadbpts a singleelecthda stostires evidyeudhreieatrone meverse
characterized in that: the treatnent process conprises the step that u
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bot t om ofy, A8, ElALHERIYT bfre@ih to which a certain direct current voltage is
applied, and the sewage is divided into a cathode effluent and an anode
effluent through a filter cylinder electrode; the step that the cathode
effluent and the anode effluent respectively enter cation exchange col ums
filled with hydrogen and sodi um cati on exchangers so as to prepare a part
of desalted water after the super advanced treatnent and disinfection
solution with disinfection function; and the step of el ectrode reverse
operation ,through which the scaling of the electrodes can be controll ed,
the alternate regeneration and operation of the subsequent ion-exchangers
can be realized. 2. The nethod for super advanced sewage treat nent
according to claim1, wherein the cation exchangers for the treatnment of
the cathode effluent and the anode effluent are equival ent, alkaline
neutralization reaction occurs between the cathode effluent and the cation
exchanger, and hi gh-val ence cations in the sewage is preferably renmoved to
obtain dem neralized water which is partially desalted; and regeneration
reaction occurs between the anode effluent and the cation exchanger to
obtain electrolyzed oxidizing water with disinfection function. 3. An
el ectrolytic bath for inplenenting the nmethod according to claim1,
characterized in that: (1) a cathode/ anode-equival ent m cro-pore titanium
filter cylinder electrode array is adopted and a flow field and an electric
field are enabled to be parallel to each other, and no nenbrane is needed;
and (2) strongly al kaline ani on-exchange resin is filled between the
cathode and the anode to ensure that the external pressure of the filter
cylinder electrode is larger than the internal pressure thereof, thus the
effluent flowi ng by the cathode takes out OH, H2 and sodi umions generated
by reduction reaction, and the effluent flow ng by the anode takes out Cl2,
COX2, 02 and chloride ions generated by oxidation reaction. 4. The

el ectrolytic bath according to claim3,wherein the electric field has the
intensity from1lV/nmto 3V/nmand the average current density from 100A/ n2
to 500A/ n2. 5. The electrolytic bath according to claim4, wherein the
cat hode/ anode- equi val ent micro-pore titaniumfilter cylinder el ectrode
array adopts a single-electrode structure, and through el ectrode reverse
operation, the scaling of the el ectrodes can be controlled and the
alternate regenerati on and operation of the ion-exchangers can be realized.



