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>40,000 uS/cm

Bk —— KRB KO — SEEEER | -> HEOE --> BEE --> ERLE --> Q)
Na*, ClI, SO,*
@ >40,000 uS/cm B A B
G | BKBEKE — BEREER | ARG R — o §
Na*, CF, SO,
R2A: Recovery to Acid and Alkaline
BT E 5 EE L HCl
R2A (BPED) NaOH
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Solute filtration pore size

atomic/ionic low molecular high molecular micro particle macro particle
o range range range range range
Pore Size 1A 1nm 10 nm 100 nm 1um 10 pm
| N | | [ ] Lol ] [ O A | 1 ||||||! |
MWCO (D) 100 5,000 500,000
salts proteins bacteria
\ [

Removed hormones macromolecules yeasts

solutes, o .

particles humic acid viruses

clay particles
reverse et '
. Membrane distillation
0SMOosis

Membrane nanofiltration MBR

Processes

electrodialysis ultrafiltration
4 B . : -
u& *57 %1] ]%ﬁ? forwa rd osmosis microfiltration
his it /- |
HYSE I&E 7 1l | | |

Warsinger, D. M. et al.,(2018). A review of polymeric membranes and processes for potable water reuse.

O Lotz #FIRA -



3 85
C

O Lotz #FIRA -

S

% (Reverse Osmosis) vs EiZ 1T (Electrodialysis)
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cation exchange membrane anlon exchange membrane
Figura 1-1 Selective parmeability of CEM Figura 1-2 Selactive parmeability of AEM

ASTOM Corp. 2013
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Anion exchange layer Cation exchange layer

Heterogeneous IEM Bipolar membrane

H,0—H*+OH

_'”'e"gel' prased Figure 10: Principles of Bipolar Membrane
Inter-gel phase nert polymer ASTOM Corp. 2013
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Strathmann, H. (2010). lon-exchange membrane processes in water treatment. Sustainability Science and Engineering, 2, 141-199.
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{11158 15 7 (BPED)- B 7 R L/ 158 1402 47 (DD)- BE A& 4115

— — — - Repeating cell unit— — — — HsPO,
Acid | Base Acid | Base Diffusate: Cr~ Pb water
| | H,50,: 146.3 g/L Water
A IBP C A BP c As: 1.3
" o - - - s 13g/ AEM
CI- a Nat _ Cr Nat []
+ 1+ +| +
+| [+ - + — |+ -
I
+| —||+ — +] —| [+ -
| MNeosepta AFX
- - - - H,PO,
Cathode NI . L T ) Anode Cr 2P0y
-+ H - i_+ > OH — 4+ H™ = [+ > OH | Pb H3PO4
+ |— +| — 4+ —| [+ —|
+ _ _ + |1+ _
N " 1 ok I -
-F/ iR N A [Feed solution: Dialysate: 60wt% H3PO4
cr- - | Na* i ™ Nat H,50,:217.4 g/L H,50:66.3g/L Cr- Pb
- C_ L As:3.3g/L As:2.0g/L
i} SH{EH,PO,
Salt

& BHBEIY - FK - TERBEREKNRRBELL S FIAREREER BENTEEARMTRIRE
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Strathmann, H. (2010). lon-exchange membrane processes in water treatment. Sustainability Science and Engineering, 2, 141-199.
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Acid chamber
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OH-

Diluate
BPM AEM CEM BPM

S

H+

...N

pairs

Alkali chamber

H,0 > H*+ OH
Cl- + H* = HCI
Cl, Na, S0O,...etc.

H,0 = H* + OH-
a*+OH ->NaOH

BPM: E81R & / AEM: P2 BEFEI1ZE / CEM: [FEE FEZEER

Astom * Fumatech

anion exchange layer cation exchange layer
Hz0 H0 EMELSESE BB
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BEE2PENEWLE - oliisH,0
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transition layer
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EHERURKEIRIE
Y EREEEZEA (=RCHIE 1.0 CMD)

lon conversion

Novel ZLD process 539 kg/day HCI/HNO,
R2A
16,000 pS/cm —
(11 To/kg-8 Wt%H4 i)
Wastewater Concentrate Waste
300 CMD - EDR ———> 60 CMD -3 Evaporator ——> disposal
<10,000 pS/cm 40,000 pS/cm
‘ V¥ 60% V 54%
> BYEK A 15%
JI=]=| FRiEF TiZE == FiEF TiE
R2AIZIE S (CMD) : 45 BEEY)FEEHR (Ju/day) 19,650 9,000
EEK% (CMD) 240 276 (A 15%) 2B EER (Ju/day) 11,088 10,934 ZEVP+R2A
MR = (CMD) 60 24 (Vv 60%) ENE MBI IE (Ju/day) - 11,000
l 25 Z2 5 (ton/day) 1.3 0.6 (¥ 54%) #E R (7o/day) 30,738 8,935 (Vv 70%)
EME (CMD) - 4.0 Wz (70/5F) 6,542,400 (300K /%)
ERRE (CMD) - 3.5 15,000 70/ton-EIE; 2.0 70/kg-8%NaOH; 4.4 kWh/kg-NaOH; 2.56 70/kWh; 1.0 70/kg-

8%HCl; 30 kWh/m3-Z4 2 #5-8E8E; 27 JT5/L-520H; 300 K/4E; 4.0 L/m3-2h 2 45-4558
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13/2'] Wmls e AE IR R
SEEE R E BT R
l_ CaCl,, NaOH

(o

L BE R ——

» BE (BEEITR)

2 wt% PO,* )
. 300 mg/L Cu?*
Diluate ) T s
I £ 4 = A E z I % n&
L - - - REER |- T
BPM AEM BPM >10 wt% PO43' >60% PO43'CU2+
Cu?*<1 mg/L <15 mg/L
) : 25,000 500 !
OH | H* OH | H* o K PO4 450 1:2 o ;ZO
_4- 20,000 ‘ o [EK Cu 400 8.0 | aEC(kWh/kg) l 80
+ A - e 350 70 | sculmelb = |
= 15000 P @ @, [ S . S . 300 I ~ 560 i 60
E | %l 250 E B %5'0 50 §
S1000 | 0 ... 200 © 3 §4.o a |2
...... ' 150 3.0 A N
s00 | ® 100 20| T a 20
HA/ BKBET 2L X o PR P
water ° 0.0 05 10 15 2.0 25 3.0 ° 0.0 20 20 6.0 80 100 120 140
Time (h) H3PO4 Conc. (%)

o EEWARETEIR R AT{E/H,PO, 13 Wt% » Cu?* 0.36 mg/L
o MHELEIUNZT75% - BEFE3.8 kWh/kg-H,PO,
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(GBS (4-6% HCI)
P24 (4-6% NaOH)

HKEEES -

r——é%&%ﬁk%* l 7K B U= =2 IR

High conc. waste <16,000 puS/cm
~50,000 pS/cm N '

> 7|:L':|: —_— II‘/%/E\J%7J< > _
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REAK g B - BRE
AR /B
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o MIKZGERASHER BTG - = HtE o BHIHBEFEI - MREHKEEE
MK B & E20-30% o BT EEE(L AR EIENG - B/ MRk
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tal A5 % i 3k 4 1 E [B] U & R

(BB A (5% HCl)

B2 B4 (5% NaOH) S EKEE
. > R E 7Kt K l > BREl
X2 7R
= K =P A
ek T 2B3T ma —> e REK
\ B R K
5% HCI T2 ALK 5% NaOH (<10 mS/cm)
1000 CMD
AEM CEM AsEM EM AsEM
diluate o/ diluate
S0 a0
+ 4| sor | N o FRMAEIIIE>50%
wf ™ on | y | o EIEEEEFES2.0 kWh/kg HCI/NaOH
cr « N Na* p;i'rs o £ AEE>5 wt% HCI/NaOH
pairs 4 EA Lok
NaCl Pure Nacl NacCl Pure Nacl ¢ @”QE&ZEE,%EEE§95%
HCI water HCI NaOH water NaOH ° j(mgiﬂ//'\*ﬁﬁﬂ#ﬂ(ggg
K BERE / EEfE <— BEg /) B
T unit 3% HCI 3% NaOH T UuNnit
g & {C I 3 s 4 BE 1
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B i HF AR {C R BE XU BE

“nE [N fix BE
% NTD/kg kg-CO,e/kg
BAEERE 98.0 7.0 0.99
mh EEERg 99.99 13.0 2.13
2.0 kWh/kg, 3.5 NTD/kWh, 0.495 kg-CO,e/kWh, 5 NTD/L-32%, 0.68 kg-CO,e/kg-32%
B4R 95.0 5.3 0.74
BEEE 99.99 15.0 1.50
1.5 kWh/kg, 3.5 NTD/kWh, 0.495 kg-CO,e/kWh, 10 NTD/L-45%, 0.675 kg-CO,e/kg-45%

o MBFACIEERE R mZ0.5-1.5% + HCIAERAEE 98% - 15 B M BE R R AR {EE S wt% HC
. BE¥£492.0 kWh/kg-HCl

o MRHEAT{CIEIHER TR RES% - NaOHALE95% - 18 B M EE R R AT {54 A5 wt% NaOH - BEFE
#91.5 kWh/kg-NaOH -
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Applications of EDP technology (@) X ResinWaste Recovery

) ) e L. o
(Electric-Driven Purification) V48%
————— e — | i~ 5 wt% NaOH 5 wt% NaOH
, "m““?ﬁ"(v ‘J e} l ‘ 1.9 m3/month *¥ 0.98 m3/month
1SRO  —|{> AER —> 2MRO o>  Process
______ spent base Neutralized
S wt%3NaOH 1.9 m3/month discharge
0.92 m3/month
¥ T we3%
48% NaOH recovery 89 kg/month 33 kg/month
Existing resin unit With EDP technology
45% NaOH
e /m:nth) 222 115
. Purchased chemical amount S(Y/t;/:’ol\rl‘i}%H 1,897 979
Power supply = Electrolyte Pump  Diluate
50% H,SO
(kg/mc:nth4) 89 33
Module Concentrate
Power consumption Module B 24
. (kWh/month) _
Pilot scale Pumes :
. . .. Chemicals 162 82
Module size: 20 cm * 40 cm * 30 units f,fgrf’c°§;',“,:f§,',‘;',}§ ety _ y
Feed stream: 3 wt% spent NaOH Total carbon emiesions o p———y
Treatment capacity: 1 CMD (kg COe/manth) V407

0.5 kWh/kg-NaOH, 0.018 kW-pump, 35 h/month, 3 pumps, 0.495 kg-CO,e/kWh, 0.675 kg-CO,e/kg-45% NaOH, 0.14 kg-CO,e/kg-50% H,SO,
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OA“ Etching Solution Recovery

Applications of EDP technology L H,PO, H,SO, NaOH, KOH

In the aluminum foil etching process, acid pickling is followed by using K,HPO,
as a protective agent.

¢ Once Cl- exceeds 600 mg/L, the solution must be discharged and replaced.

¢ Selective dechlorination: EDP technology efficiently reduces CI
concentration from 600 mg/L down to 281 mg/L.

& Closed-loop reuse: Maintains the K,HPO, concentration without significant
loss, enabling continuous reuse of the protective solution.

aluminum foil HCl
(o)
>99.98% 32% 100% 2t
| | ™ :
\1, . 80% 2.0 §
X
Etched o Current density: 5 mA/cm? S
. . E 60% Cross flow velocity: 2 cm/s ,)A 1.5 g
_ aluminum foil g e P c
. 9 - . o
| 2 wt% K,HPO, l S 40% - 28 moft 10 &
g _— . <
Chemical o - 4-Cl- removal efficiency (%) o
FU" Scale Lé passivation g 20% /‘ -8-KH2PO4 concentration (%) 05 ;“
: . * * : : ) e
Module size: 50 cm * 100 cm * 60 units 2 Wt% K,HPO, 5 ) .
Feed stream: 2 wt% K,HPO, containing 600 mg/L CI- > 600 mg/L CI 0 10 20 30 40 50
2 4
_ Reaction ti .
Treatment capacity: 20 CMD EDP — eaction time (min)
2 wt% K,HPO, cr
<300 mg/L CI-
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Recovery of triethylamine and phosphoric acid from wastewater using a novel hybrid process of
bipolar membrane electrodialysis and resin adsorption

Desalination 576 (2024) 117363 Scrubber

TEA reuse H,PO, reuse N(C2H5)3 + H3PO4 9 HN(C2H5)3 + H2P04'

Desorbent

Bipolar electrodialysis

HN(C,H,), + H,PO,” > N(C,H.), + H,PO,

! A
AW

+
+
5 0.08 0.08
s C —— 30mA/em? D —8— 30mA/cm’
- I TEN L I —8— 40mA/cm?
:.+ % - —w— 60mA/em’ = b —%— G0mA/cm?
50_04 | —#— 70mA/em’ E 0.04 - —4— 70mA/cm?
+ -, "."wr
| B o
- 0.02 0.02
o+ =
. . U'UO 1 1 1 | 1 OUU 1 1 | 1 1 I
BPM  CEM'WAEM  BPM  Eglyate 0 50 100 150 200 0 50 100 150 200
Time (min) Time (min)
Wastewater Effluent
- - ;+ Y ls
6% PO,3 PO,3<1,500 mg/L  TEAEAL5ES O]UNZR1E96% + EC=4.3 kWh/kg-TEA
4 4
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Recovery PO, in Industrial Wastewater

Wastewater Regeneration concentrate BPED
PO,3<1,000 mg/L NaOH/NaCl/Na;PO,/Na,SO, Recycling NaOH/H,PO,
Recycle NaOH l
For regeneration
IER Material S il 9 Mixed acid
-~ Purolite A500PS poloclive
H,PO,/H,SO,

phosphate

« LANXESS FO36 lon exchange
Korean J. Chem. Eng. 29,

473-477 (2012)

m B EE RFEREER BV ITHE

Regeneration Treated water Ex  NETEEREAT KT KEAS%
NaOH/NaCl PO,><80 mg/L eit=#1174 50 mg-P/L

1195 25 mg-P/L (<76.7 mg-PO,3-/L)
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ZIBHREE (SLm) B2 4T (DD) 1t A5 PEEL (AR) 2 REG R (FC)
DEEEEY = & =) o=
= B M {51 334 i RYF RYF
BEFE 18 tHR1E HHR1E NS
22 B AN BT /K 7K 7K 0-15°C
g A E EERZE[EEL (TRL 3-4) T 2R3N (TRL 8-9) T 2R3N (TRL 8-9) T Z£RFA (TRL 8-9)
EVHREAE & & T4 B AR/ AR
i s 47 2 (30%) ST 2 (10%) e
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Separation Mixed H,PO,/H,SO,

Support Liquid Membrane

Extractant
Major H,SO, TBP/Isopar-L HO
Trace H;PO, ) 2
Key issues:
e Extraction efficiency
e Concentration factor
e Purity of Products
Mixed acid : Evaporation
— — H.,PO,/H,0 ————
H;P0,/H,SO, TBP-H;PO,/Isopar-L o 85% H3PO, (Industrial grade)
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