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(@) Cross section
Speed: 3.3m/min

PSU layer

L 10pm JEOL 5/9/2019
5.0kV LED SEM WD 6.0mm 15:38:12

Top surface Top surface
Speed: 3.3m/min Speed: 4.8 m/min

Fig. 7: SEM surface view of different types of cross sections and top surface morphology of a PSU layer
with a casting speed of

(@) 3.3m/min

(b) 4.8 m/min
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Critical casting parameters of the PSU
support layer influencing the RO membrane
performance

In order to ensure a consistent quality of the PSU layer,
several parameters should be controlled during casting
process: the casting thickness and speed, the ambient
temperature and relative humidity, the coagulation bath
temperature and the solvent content in the coagulation
bath.

Casting thickness

Besides a controlled polymer concentration and good
precision of the casting blade, the temperature of the
polymer solution should be strictly monitored to minimize
variations on the thickness of PSU layer. Higher casting
temperatures lead to lower polymer viscosities and, as a
result, to thinner PSU layers, and vice versa.




Some thickness variations could be also due to non-uni-
form mechanical stretch and pull of the (non-)woven
along the guiding roller. This potential issue could be
minimized by regular calibration in the production facility.

It is important to ensure uniformity of the PSU layer
thickness in both longitudinal and transverse direction.
Regular checks on the uniformity of the PSU thickness is
recommended in both directions.

Casting Speed
The optimal casting speed is important to

S
o

Figure 7 shows that the variation of the PSU casting speed
significantly influences the top surface and cross-section
morphology of the PSU layer. A higher casting speed
results in a more sponge-like structure and a thinner PSU
layer with rather similar surface pore size and porosity.

In terms of UF properties, the PSU layer cast at higher
speed shows thinner thickness with higher water permea-
bility and comparable pore size distribution (Table 3).

\

Casting Speed (m/min)

Parameters 3.3 4.8
provide sufficient adhesion between the support layer HiFe s o S EVEr i e g
and the PSU layer Pure water permeability (ml/min) 9.7 40.8
allow for polymer relaxation in the cast solution after

MWCO (kDa) 73 75

the casting-blade induced shear-orientation of the
polymer

ensure a uniform PSU layer thickness (a casting speed
too fast could lead to uneven coating)

Table 3: Properties of PSU layers with a casting speed of
(@) 3.3m/min
(b) 4.8 m/min
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Ambient temperature and relative humidity

] . ] (a) Top surfaces | (b) Top Surfacé A Siag (c) Top surface
During the PSU casting process, the ambient tempera- ’ RH = 54% Fia : Ui o, e e RH = 9994

ture and relative humidity must be controlled for a stable
quality of the PSU layer.

€
More porous ( ‘ e PR S Denser

Although the exposure time to the ambient conditions is
quite short (before immersion into the coagulation bath),
it can lead to a variation of the PSU properties in terms

of surface pore size and porosity.

The effect of the relative humidity is shown in Figure 8. Jais R 48
The pore size and porosity of PSU membranes is grad- Cross section. . Spongedike Cross section \ Cros% section |
ually reduced from large to small as the relative humidity s 3 - la%'er - . :gg%f’
is increasing from ~50% to ~99 %. With the higher s < Fam ; : ‘
relative humidity, the precipitation rate of the PSU layer = = S = e N 1
increases, which triggers the morphology change from - € ' -wove R -
a sponge-like to macrovoids structure. Such variations
can easily occur in regions with a high fluctuation of the
relative humidity between winter and summer. Therefore,

{ \
PSU layer with

macrovoids

e »
Non-woven layer

lopm JEOL 5/9/2019
SEM WD 6.0mm 15:38:12

it has to be well controlled in the PSU membrane cast- Fig. 8: Effects of relative humidity (RH) on the top surface porosity and cross section morphology of PSU layers at
ing area exposed directly to the air. Therefore, a housing (@) RH =54%
is recommended. (b) RH =72%

(c) RH = 99%
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Coagulation bath temperature Limit of the solvent content in the coagulation bath

Low coagulation bath temperatures, i.e. in the range of In a continuous production of the PSU layer, the solvent
5 to 15°C, are typically used to obtain sponge-like PSU concentration in the coagulation bath would constantly
layer structures with a controlled pore size on the top rise due to the solvent removal process from the casting
surface. solution.

The coagulation bath temperature allows to control the Since the NIPS process is critical depending on the pre-
resulting pore size as well as the overall porosity. Thus cipitation strength of the coagulation bath, the limit of the
this parameter should be well controlled during casting. solvent (DMF) concentration in the coagulation bath must

be defined and controlled in a narrow window.

Such a steady state can be accomplished by constantly
replacing a certain amount of the coagulation bath with
fresh deionized water. A too high solvent concentration
can lead to a larger pore size. The optimal solvent con-
centration is depending on many factors like the width of
the cast membrane, the casting speed, the temperature
and others. It needs to be determined on the production
equipment used.




Ultrason® S

Troubleshooting for problems in RO membrane manufacturing

Description of Problem Root Cause Location Impact on RO Performance
Delamination between non-woven No sufficient penetration of PSU solution into the non-woven during Interphase between PSU and = Salt leakage/reduction or fluctuation in salt rejection
and PSU layer membrane fabrication non-woven layer = Mechanical failure during RO operation

Defects or uneven coating of PSU layer

High compaction in PSU layer leading to
densified support layer

Collapse of PSU or non-woven layer
under high pressure

Uneven PA layer/Blisters in PA layer

Variation in surface roughness in PA layer

Non-woven with too high porosity (too high permeability)
and/or non-uniform porosity
Non-woven layer

Non-uniform pulling force across non-woven, i.e. weaker/stronger
in different area

Air bubbles were not completely purged from the
PSU polymer solution

Too high coating speed

PSU layer
Insufficient flow of polymer solution
Non-uniform thickness of casting gap/wear-off casting knife
Large macrovoids structure in PSU layer PSU layer
= |arge macrovoids structure in PSU layer

2 - . 4 PSU layer

= |nsufficient thickness of PSU layer
Insufficient mechanical strength of non-woven Non-woven layer
Too large pore size or uneven pore distributions on top surface
of PSU layer

PA layer
Uneven wetting of PSU layer during casting
= Variation in the pore size in PSU layer PSU layer
= Variation of wettability of PSU membrane surface PA layer

Salt leakage/reduction or fluctuation in salt rejection
Increment or fluctuation of water permeability

= Reduction in water permeability

Increment in salt rejection

Salt leakage/increment in salt rejection
Spike in water flux

Lower salt rejection
Increase in water flux

Variation in water flux
Variation in fouling behaviour
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Analysis Method

Recommendations

= SEM morphology
= Salt rejection test
Water permeability

SEM morphology
Thickness measurement
Salt rejection test

= Optimize casting speed (to provide sufficient time to anchor PSU into the non woven during casting process)
= Select non-woven with sufficient and uniform porosity, and high surface roughness
= Check the viscosity of PSU solution (too high viscosity could prevent the penetration of PSU into the non-woven)

Select non-woven with smaller air permeability and uniform porosity

SEM morphology = Salt rejection test
Thickness measurement Pulling force testing

Check pulling force in different points along the width of non-woven

SEM morphology = Salt rejection test
Thickness measurement = Visual check of polymer solution for bubbles via viewing glass

Prolong degassing time/increase degassing temperature

SEM morphology
Thickness measurement
Salt rejection test

Water flux and salt rejection test
SEM morphology

Water flux and salt rejection test
SEM morphology

Dye test to check uniformity of PA layer = SEM morphology on pore size of PSU layer
SEM morphology in PA layer = Water flux and salt rejection test
(represent only very small area)

Adjust coating speed

Increase polymer solution flowrate

= Calibrate casting gap in the knife
= Check knife condition

Change macrovoids into more sponge-like structure by:
1. optimized formulation for PSU layer, i.e. increase polymer concentration
2. adjust casting parameter, i.e. lower temperature for coagulation bath

= |f macrovoid structure is observed --> adjust to sponge-like structure (see above)
= |f thickness is too thin, increase casting blade gap

Select non-woven with higher mechanical strength

Check if process parameters during PSU casting are well controlled, i.e. any variation in polymer viscosity, coagulation bath temperature,
casting thickness, ambient humidity / temperature, calibration of casting gap, etc.

All above + visual check on the excess water on the PSU surface during coating

= AFM characterization
= SEM on PA surface
= Water flux

= Check the drying process particularly for deposition of MPD coating
= Add surfactant in the MPD solution to improve wettability of PSU layer

= Check if there is any change in pore size and porosity of PSU layer
= Check if there is any change in the type or concentration of surfactant used
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