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Resistance

[Ω.cm2]
83 58 67 42

Co-IEC [mmol/g] 0.74 0.87 0.76 1.24

Li-IEC [mmol/g] 0.47 0.53 0.37 0.42

Contact angle

[°]
73 52 61 38

Energy 

Activation

[kcal/mol]

8.9 7.2 6.9 5.4

DHBA 5C7I8HQ 2MIM



02 COVALENT ORGANIC FRAMEWORKS IN CAPACITIVE DEIONIZATION

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

 ICOF-MW  ICOF-ST  COF-MW  COF-ST
A

S
A

R
 (

m
g

/g
s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

A) B)

C) D)

Lithium

Lithium

Cobalt

Cobalt

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

A
S

A
R

 (
m

g
/g

s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

0 100 200 300
0.0

0.1

0.2

0.3

0.4

0.5

0.6

C
/C

o

time (s) (s)

0 100 200 300
0.0

0.2

0.4

0.6

C
/C

o

time (s) (s)



02 COVALENT ORGANIC FRAMEWORKS IN CAPACITIVE DEIONIZATION

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

 ICOF-MW  ICOF-ST  COF-MW  COF-ST

A
S

A
R

 (
m

g
/g

s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

A) B)

C) D)

Lithium

Lithium

Cobalt

Cobalt

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

A
S

A
R

 (
m

g
/g

s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

0 100 200 300
0.0

0.1

0.2

0.3

0.4

0.5

0.6
C

/C
o

time (s) (s)

0 100 200 300
0.0

0.2

0.4

0.6

C
/C

o

time (s) (s)

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

 ICOF-MW  ICOF-ST  COF-MW  COF-ST

A
S

A
R

 (
m

g
/g

s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

A) B)

C) D)

Lithium

Lithium

Cobalt

Cobalt

0 2 4 6 8 10 12 14 16 18 20 22

0.02

0.04

0.06

0.08

0.10

0.12

0.14

A
S

A
R

 (
m

g
/g

s
) 

(m
g

/g
s
)

SAC (mg/g) (mg/g)

0 100 200 300
0.0

0.1

0.2

0.3

0.4

0.5

0.6

C
/C

o

time (s) (s)

0 100 200 300
0.0

0.2

0.4

0.6

C
/C

o

time (s) (s)



02 COVALENT ORGANIC FRAMEWORKS IN CAPACITIVE DEIONIZATION

Solvothermal

reaction
70°C

4 

hours

COF (2) 

ST

COF (3) 

ST

Resistance [Ω.cm2] 83 73

Co-IEC [mmol/g] 0.64 0.72

Li-IEC [mmol/g] 0.28 0.41

Contact angle [°] 78 73

Energy Activation

[kcal/mol]
10.3 8.9
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Novel chemistry of cation exchange membranes



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

A.Siekierka, F. Yalcinkaya, Separation and Purification Technology 299 (2022) 121695



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

A.Siekierka, F. Yalcinkaya, Separation and Purification Technology 299 (2022) 121695



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

A.Siekierka, F. Yalcinkaya, Separation and Purification Technology 299 (2022) 121695

0 100 200 300 400

0.00

0.25

0.50

0.75

1.00

 Co  Li  Ni

C
/C

0

t (min) 

c) d)

0 100 200 300 400

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

 bCo/Li  bCo/Ni

b
C

o
/M

e

t (min)

0 100 200 300 400
0.0

0.1

1.2

1.6

2.0

2.4

W
h

/m
g

t (min) 

0 100 200 300 400

0.000

0.001

0.002

0.003

0.004

J
 (

m
o
l/
m

in
c

m
2
)

t (min) 

a) b)



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

+-

Na2CO3 Li+

CO3
2- CO3

2-

Na+

ASEASE

Commercial – CIMS Neosepta

Li+

CO3
2-

+-

Na2CO3

Co2+

CO3
2- CO3

2-

Na+

ASEASE

Cobalt-selective CEM

H+

Cl-CO3
2-

Battery spentPermeatePermeate

Co2+

Cl-
Li+

Co2+

Battery spent

A.Siekierka, D. Callahan, W. Kujawski, L. Dumee, Desalination 556 (2023) 116561 

 Lithium – selective system  Cobalt – selective system



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

A.Siekierka, D. Callahan, W. Kujawski, L. Dumee, Desalination 556 (2023) 116561 

Monovalent selective CEM 

commercial

Cobalt selective CEM -

grafting

Cobalt selective CEM- bulk

modif.

PVC

5-Chloro-8-hydroxyquinoline

PVC

Surface grafting

PVC

5-Chloro-8-hydroxyquinoline

Blend
Mechanism based on ion

hydrated diameter exclusion

Mechanism based on selective carrier chelating



03 SELECTIVE MEMBRANES IN ELECTRODIALYSIS

A.Siekierka, D. Callahan, W. Kujawski, L. Dumee, Desalination 556 (2023) 116561 

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 Co

 Li

 Ni

C
/C

o

t (min)

Neosepta - CIMS

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 Co

 Li

 Ni

C
/C

o

t (min)

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 Co

 Li

 Ni

C
/C

o

t (min)

Factors CIMS

Permselectivity 

Li/Co
77

Permselectivity

Co/Li

0.01

Flux Li 

[g/cm2min]

1.03

Flux Co 

[g/cm2min]

0.007

Factors PVC-graft

Permselectivity 

Li/Co

0,004

Permselectivity

Co/Li
258

Flux Li 

[g/cm2min]

0.01

Flux Co 

[g/cm2min]

1.36

Factors PVC-bulk

Permselectivity 

Li/Co

0.04

Permselectivity

Co/Li
26.8

Flux Li 

[g/cm2min]

0.03

Flux Co 

[g/cm2min]

0.37

PVC - graft PVC - bulk



01 02 03 04

BATTERY 

RECOVERY PROBLEM

COF IN CDI MEMBRANES IN ED SUMMARY



02

COF IN CDI

03

MEMBRANES IN ED

SUMMARY



SUMMARY

SELECTIVITY AND ENERGY CONSUMPTION COMPARISON

COF IN CDI and SELECTIVE MEMBRANES IN ED
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