
Dr. Miren Etxeberria Benavides and Dr. Oana David

Membrane Technology and Process Intensification 

Hollow fiber polymeric 
membrane: preparation 
and scaleup.



MEMBRANE TECHNOLOGY

MEMBRANE SEPARATION

o No require a gas-liquid phase change

o Smaller separation units → small footprint 

o Lack of mechanical complexity

o Operate under continuous, steady-state conditions
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POLYMERIC MEMBRANES: SOLUTION-DIFFUSION MODEL

𝑃𝑖 = 𝑆𝑖 · 𝐷𝑖 𝛼𝑖𝑗 =
𝑃𝑖
𝑃𝑗
=
𝑆𝑖
𝑆𝑗
·
𝐷𝑖
𝐷𝑗

𝐵𝑎𝑟𝑟𝑒𝑟 = 10−10
𝑐𝑚3𝑆𝑇𝑃 𝑐𝑚

𝑠 ∙ 𝑐𝑚2 ∙ 𝑐𝑚𝐻𝑔

𝑃𝑖
𝑙

=
𝐹𝑖

∆𝑝𝑖 · 𝐴

Permeability

(intrinsic property) 𝑃𝑖 =
𝐹𝑖 · 𝑙

∆𝑝𝑖 · 𝐴

Permeance

(membrane property)
𝐺𝑃𝑈 = 10−6

𝑐𝑚3𝑆𝑇𝑃

𝑠 ∙ 𝑐𝑚2 ∙ 𝑐𝑚𝐻𝑔
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COMMERCIAL POLYMERIC MEMBRANES

L. Hu, S. Pal, H. Nguyen, V. Bui, H. Lin, J. Polym. Sci. 2020, 58, 2467

M. Galizia, W. S. Chi, Z. P. Smith, T. C. Merkel, R. W. Baker, B. D. Freeman, Macromolecules 2017, 50, 7809
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HOLLOW FIBER MEMBRANES

Asymmetric hollow fiber

Highly porous 

support

Thin and dense separating 

skin layer (<1µm)

Advantages of HF

- High packing density (over 10000 m2/m3), 10 times higher than plate and frame modules

- Can handle very high transmembrane pressure differences (up to 70 bar)

- 5 to 20 times lower fabrication costs 
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HOLLOW FIBER PREPARATION METHODS

SPINNING

Monolithic hollow fiber

Membranes 2021, 11(8), 557; https://doi.org/10.3390/membranes11080557 

DIP COATING

Composite hollow fiber

Porous support

Single step process: simultaneous formation of the porous support + 

dense selective layer

Multiple step process

Porous support

Gutter layer

Selective layer

Porous support

Gutter layer
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Intrinsic separation properties

Permeability and selectivity

Separation properties

Permeance and selectivity

Dense film preparation and 

characterization

Dense film preparation and 

characterization

Possible to Scale-up, Prototype??

Defining target performance

MEMBRANE DEVELOPMENT STRATEGY

Material development

and/or selection

Material development

and/or selection

Hollow fiber preparation and 

characterization

Hollow fiber preparation and 

characterization
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Example 1: “zero defects”
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Selective layer (defective)

Porous support

Protective layer

“zero defects”

J. N. Barsema, G. C. Kapantaidakis, N. F. A. van der Vegt, G. H. Koops, M. Wessling, J. Memb. Sci. 2003, 216, 195.

P84 polyimide

Development of defect-free as-spun ultrathin P84® 

asymmetric hollow fiber membranes that do not 

require a silicone rubber coating post-treatment 

step

Selective layer (defective)

Porous support
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“zero defects”

Process parameters

Dope Composition

Dope Flow rate

Bore Composition

Bore Flow Rate

Spinning Temp

Coagulation Bath Temp

Air Gap height

Take-up rate

Room T

Humidity
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“zero defects”

L. Xu, C. Zhang, M. Rungta, W. Qiu, J. Liu, W. J. Koros, J. Memb. Sci. 2014, 459, 223.

Figure. Gas separation asymmetric hollow fiber formation process 

represented in a ternary phase diagram

Figure 1.6. Typical viscosity versus polymer concentration curve and the 

determination of the critical polymer concentration, c.p.c.

Dope composition: key parameter
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Dope composition

- N-methyl-2-pyrrolidone (NMP) Solvent

- Tetrahydrofuran (THF) Solvent

- Ethanol (EtOH) Non-solvent

NMP/THF ratio = 0.52

“zero defects”
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Spinning session D1 D2 D3 D4 D5

wt% P84® 28.5 28.5 28.5 28 28.5

wt% NMP 64.5 62.5 58.7 46.9 35.2

wt% THF - - 9.8 19.1 35.3

wt% EtOH 7 9 3 6 1*

NMP/THF ratio - - 6 2.4 1

Dope composition

D1-2

D3

D4

D5

“Asymmetric membranes are defined to be “defect-free” if the ideal 

selectivity is greater than 80% of the intrinsic selectivity of dense films”

“zero defects”
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Spinning sesión D05

Spinning parameters influence:

- Spinneret temperature (25-40ºC)

- Air gap height (2-10 cm)

Separation performace for single gas permeation at 35°C and 7 bar transmembrane pressure

“zero defects”
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- Spinneret temperatura: 25ºC

- Air gap height: 2 cm

- Spinneret temperatura: 40ºC

- Air gap height: 10 cm

“zero defects”
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XXX

Barsema et al. (at 25ºC)

2.2 GPU CO2

46.8 CO2/N2

500 nm (selective layer thickness)

PDMS coated

TECNALIA (at 35ºC)

23 GPU CO2

40.4 CO2/N2

56 nm (selective layer thickness)

With out PDMS coating
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Example 2: “Bio-Based HF membranes”
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Co-polymer Polyamide block Polyether block Main expected result

A

Reference bio-PEBAs

Bio-based 

polyamide 11 

derived from 

castor oil 

(𝑷𝑨𝒓𝒆𝒇
𝒃𝒊𝒐)

Fossil based 

polyether block

(𝑷𝑬𝒓𝒆𝒇
𝒇𝒐𝒔𝒔𝒊𝒍)

Composite HF 

Membrane

B

New bio-PEBAs

Pathway 1

aromatic/cycloaliphatic 

polyamide-b-polyether

Bio-based 

polyamides derived 

from new building 

blocks (𝑷𝑨𝒏𝒆𝒘
𝒃𝒊𝒐)

Fossil based 

polyether block

(𝑷𝑬𝒓𝒆𝒇
𝒇𝒐𝒔𝒔𝒊𝒍)

Better processability: 

(Monolithic HF 

membrane)

and

Higher gas separation 

performance

C

New bio-PEBAs

Pathway 2

lignin-g-(polyether-b-

polyamide 11)

Bio-based 

polyamide 11 

derived from 

castor oil 

(𝑷𝑨𝒓𝒆𝒇
𝒃𝒊𝒐)

Bio-based 

polyether block 

derived from lignin-

g-polyether

(𝑷𝑬𝒏𝒆𝒘
𝒃𝒊𝒐)

Better processability: 

(Monolithic HF 

membrane)

and

Development of PEBA 

type co-polymer with 

bio-based components 

in both blocks

Co-polymer Polyamide block Polyether block Main expected result

A

Reference bio-PEBAs

Bio-based 

polyamide 11 

derived from 

castor oil 

(𝑷𝑨𝒓𝒆𝒇
𝒃𝒊𝒐)

Fossil based 

polyether block

(𝑷𝑬𝒓𝒆𝒇
𝒇𝒐𝒔𝒔𝒊𝒍)

Composite HF 

Membrane

B

New bio-PEBAs

Pathway 1

aromatic/cycloaliphatic 

polyamide-b-polyether

Bio-based 

polyamides derived 

from new building 

blocks (𝑷𝑨𝒏𝒆𝒘
𝒃𝒊𝒐)

Fossil based 

polyether block

(𝑷𝑬𝒓𝒆𝒇
𝒇𝒐𝒔𝒔𝒊𝒍)

Better processability: 

(Monolithic HF 

membrane)

and

Higher gas separation 

performance

Co-polymer Polyamide block Polyether block Main expected result

A

Reference bio-PEBAs

Bio-based 

polyamide 11 

derived from 

castor oil 

(𝑷𝑨𝒓𝒆𝒇
𝒃𝒊𝒐)

Fossil based 

polyether block

(𝑷𝑬𝒓𝒆𝒇
𝒇𝒐𝒔𝒔𝒊𝒍)

Composite HF 

Membrane

RESEARCH LINES 
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Co-Polymer Tg [◦C]
Tm [◦C]

PEO/PA

CO2

permeability

(Barrer)

CO2/N2

Selectivity

CO2/CH4

Selectivity

1 -45 n.d. / 30 20,87 22,5 n.d.

2 -45 n.d. / 37 150 12,6 n.d.

3 <-40 31 / 102 139,4 24,3 8,0

4 <-40 40 / 98 47,5 23,76 8,4

5 <-40 16 / 80 237,0 30,1 9,9

6 n.d. 53 / n.d. 40,1 25,5 8,8

Prototype B – Polymer Properties

https://www.tecnalia.com/
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Literature background: Procedure for casting integral asymmetric PVDF pervaporation hollow fiber

membranes with a dense layer on the inside bore of the fibers

Prototype B – Polymer spinning

K. Jian, P.N. Pintauro, Asymmetric PVDF hollow-fiber membranes for organic/water pervaporation 

separations, Journal of Membrane Science, Volume 135, Issue 1, 1997, Pages 41-53

Xc Tm (°C) Tc (°C)

50,7 168,3 142,1

Coagulation bath: 

30 vol % acetone, 70 vol% water

Bore fluid:

Rapid acetone evaporation and 

water-vapour adsorption from the air

Instantaneous 

liquid-liquid demixing, 

POROUS MICROSTRUCTURE

A
ir

 g
a

p

20 s, 

22 ºC, 70 % RH

Delayed onset 

of 

liquid-liquid 

demixing, 

followed by 

gelation

DENSE 

LAYER

70 vol % water

25 vol % acetone

5 vol% DMAc

Polymer dope composition:

25 wt% PVDF

30 wt% DMAc

45 wt% Acetone

https://www.tecnalia.com/
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Prototype B – Polymer spinning

Coagulation bath: water

H2O
78 %

R. Humidity
78 %

R. Humidity
A

ir
 g

a
p

Coagulation bath: water

H2O/NMP N2N2

S
o

lv
e

n
t 

e
v
a

p
o
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ti
o

n

N
o

 p
h

a
s
e

 i
n

v
e
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n

S
o
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e
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t 

e
v
a
p
o
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o
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Forming the selective layer at 

the outer part of the fiber:

Forming the selective layer at 

the inside part of the fiber:

https://www.tecnalia.com/
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Polymer dope composition:

Pump 

temperatur

e

(ºC) 

Spinneret 

temperature

(ºC)

Bore liquid 

compositio

n

H2O/NMP

wt%

Air gap

(cm)

Air gap 

environmen

t

Hollow 

fiber?

50 50 100/0 26 78% RH

50 50 30/70 5 - 20 N2

50 21 50/50 5, 11 N2

MS-2021-035 20 and 23 wt%

LiCl 3.67 wt%

NMP 73.33 wt%

Gel at RT liquid at 40 ºC

Prototype B – Polymer spinning

https://www.tecnalia.com/
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Cross section – outer 

side

Cross section – Middle

Cross section – inner 

side

Surface – inner side

Surface – outer side
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Eskerrik asko zuen arretagatik!

Thank you for your attention!
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