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Removal of Natural Organic Matter using Nanofiltration Membrane

ABSTRACT

This research investigated removal efficiency of natural organic matters (NOM) and NOM
fouling during nanofiltration (NF). The experimental results revealed that 96 percent of NOM was
rejected by selected NF membrane. Increased NOM concentrations from 0 to 25 mgL_1 increased
membrane fouling, leading to a reduction of permeate flux. Mathematical models of NOM fouling
were applied to evaluate NOM fouling mechanisms on NF membrane. It exhibited that fouling
mechanisms from complete pore blocking model (at low NOM concentration) to cake formation
model (at high NOM concentration). In the absence of NOM, increased ionic strength from 0.004 M
to 0.1 M decreased solution flux, possibly due to reduced double layer thickness on the membrane
caused by reduced charge repulsion between negatively charged membrane and positively charged
sodium (Na'), while the solution flux curves were fitted to the complete pore blocking and pore
constriction model. However, in the presence of NOM, solutions having high ionic strength (0.05 M)
showed greater flux decline than those having low ionic strength (0.01 M), possibly due to NOM
accumulation on the membrane surface. This evidence corresponded to cake formation model.

Increasing pH caused an increase of flux decline.

Keywords— Cake Formation; Flux decline; Fouling; Nanofiltration; Natural organic matter
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A9 n MIAY 1.5 udasna lnmsnsouneadosnumsinagaduuesoyninlugues

Aveugensowh 1dsinasvesglivuiaanas (Pore constriction or standard blocking)

16



masiives » whdy 2 weasnalamsnsesfedesiueumaiianazneuunfveude
nseuazilagueabonseniIisuauguesbonseslisiuauanas (Pore blocking or Complete
blocking)

dmsumsnseaiifannmssuiuszuunuy lavig (Crosstlow operation) UUUS1a84
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< 1A ] 1 A g’ a o Y 9 J :JI = 1 1
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CaCO,/L
1A 1 :j = 1 o 3’ a dyw ]
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ABSTRACT

A field-scale polyamide reverse osmosis (RO)
membrane was used to remove natural organic
matter (NOM) from surface water. This system
was investigated with different operating pressures.
Increased operating pressures from 554.9 kPa to
1413 kPa increased water recovery from 7% to
23.8% and increased permeate flow rate from
192.3 to 429.7 L/hr. The increased operating
pressures provided higher removal efficiency for
NOM and dissolved inorganic up to 99.1% and
98.5%, respectively. NOM rejection at long-term
filtration period was greater than that at the initial
period of filtration, possibly due to an increase of
NOM accumulation on the membrane surface.
Mathematical model based on mass balance model
could be used to evaluate the performance of RO
system.

Keywords

Humic substances, Natural organic matter, Reverse
osmosis, Solution flux

1. INTRODUCTION

Natural organic matter (NOM) is widely
distributed throughout all aquatic environments, for
example, surface water and groundwater. NOM is
composed of a heterogeneous mixture of complex
organic materials, including humic substances
(humic and fulvic acids), low molecular weight
(hydrophilic) acids, proteins, carbohydrates,
carboxylic acids, amino acids, and hydrocarbons.
Humic substances are the main compounds of
NOM in surface waters, typically comprising 30 to
80% of dissolved organic carbon (DOC) (Thurman
et al."). During chlorination in water treatment

processes, NOM may act as a precursor of
disinfection by-products (DBPs), possibly damage
human health. Membrane filtration, especially
using reverse osmosis (RO) or nanofiltration (NF),
is found to be effective in removal of NOM, i.e.
DBP-precursor (Kilduff et al.?). However, NOM is
considered as a major cause of membrane fouling
in water treatment applications (Hong and
Elimelech®; Braghetta, et al.4; Manttari et al.s).
Reverse osmosis is a pressure-driven membrane
process which operates at high pressures. The
objectives of this study are to determine the
removal efficiency of NOM using RO system, to
investigate the effect of operating pressures on
rejection of NOM and dissolved inorganic matter,
water flux, recovery, and feed flowrate, and finally
to evaluate mathematical model for characterizing
RO operation.

2. MATERIALS AND METHODS
2.1 NOM-source water

NOM-source water for RO membrane process was
obtained from a reservoir located in Ubon
Rajathanee University, Ubon Rajathanee, Thailand,
This reservoir serves raw water for water supply in
university community. Dissolved organic carbon
(DOC), representing NOM, from source water was
about 4.54 mg L™ while the ultraviolet absorbance at
a wavelength of 254 nm (UV,s4 ) Was about 0.185
cm™. The ratio between UV,s4m and DOC, ak.a.
specific UV absorbance (SUVA), was 4.1 L.mg 'm™
! approximately. Hardness  concentration
(containing Ca** and Mg”") was relatively low about
15 mg L™ as CaCO;. Conductivity was relatively

low about 31.9 uS.cm™. Sulfate and chloride
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concentrations were 93.3 mg.L™' and 5.4 mgL’,
respectively.
2.2 RO filtration procedure

RO system was previously studied to isolate
organic matter from surface and ground waters
(Sun et al.’; Mattaraj and Kilduff’; Kilduff et al.®).
This RO system was a polymide thin-film
composite (AG4040F) in a spiral-wound crossflow
configuration housed in a stainless steel pressure
vessel (GE Osmonics, USA). The effective area of
the membrane was 8.36 m®>. NOM-source water
was initially prefiltered through sand filter, 5-um
and 1-pm PP filters. The pretreated water was then
pumped through 5-pm filter, cation exchange resin
to remove Ca’*, Mg”, and hardness, and 1-um
filter and followed with 0.45-um filter. The
pretreated water was then stored in a 150-liter
reservoir. Before RO system was started, a 20-liter
NOM-source water was used to flush the RO
system. Pretreated water was passed through the
RO system using high pressure pump. Back
pressure valve was used in order to adjust the
desired operating pressures. The concentrated
water was recirculated to the reservoir while the
permeate water was collected in 200-L permeate
tank for cleaning the RO system. During filtration
period, a 20-L pretreated water was added to the
reservoir until the total volume of 1000-L
pretreated water (measured using electronic
balance) was reached. The sample was also
collected about 15-20 min each for chemical
analysis. After the system was terminated, the
concentrated water in the reservoir about 35- 40
liters was collected in two 20-L containers. The
permeate water was used to flush the system. The
flushed water was collected for mass balance
analysis. Chemical cleaning (pH 10 adjusted by
NaOH) was subsequently applied for 40-min each.
The system was flushed with permeate water until
pH of permeate waster was achieved. The RO
system was then stored in 1% Na,S,05 solution.

3. RESULTS AND DISCUSSION

Figure 1 shows the effect of operating pressure on
flow rate. It was observed that increased operating
pressures increased permeate flow rate but
decreased feed and retentate flow rate. Increased
operating pressures from 554.9 kPa (80.5 psi) to
1413 kPa (205 psi) increased permeate flow rate
from 5.34x107° m’/s to 1.19x107* m’/s (192.3 to
429.7 L/hr). The relation between solution flux (J,
= Qp/An) and operating pressure (AP) can be
written as follows (Eq.1):

v

Jo=LaPotm = 28

m

where L, is the membrane permeability (LMH
kPa™"), o is the osmotic reflection coefficient, At is
the osmotic pressure (kPa), Q, is the permeate flow
rate, and A,, is the membrane area (8.36 m?).

The osmotic pressure can be neglected in the above
equation due to relatively low conductivity in source
water. The membrane permeability (L,) can be
calculated by the ratio between solution flux and
operating pressures as shown in Eq. 2.

L9 @)
" T AP A, AP

The membrane permeability is approximately 0.0378
LMH. kPa™' (at 29.3 °C) while the membrane
permeability recommended by the manufacturer is
0.032 LMH. kPa™'. Figure 2 illustrates the effect of
operating pressure on recovery. It was found that
increased operating pressures ranging from 554.9
kPa (80.5 psi) to 1413 kPa (205 psi) increased water
recovery (Q,/Qy) from 7% to 23.8%. The relation
between water recovery (R) and operating pressure
(P) can be written as R = 0.0017 P"*! ; r* = 0.996.
Based on this relationship, the recovery for this RO
system of 15% should be operated at 1036.6 kPa
(150 psi).

3000
NOM solution y =-1.1002x + 3366.6
2500 A R?=0.9974 (Q))
<
3 2000 A y = -1.3793x + 3327
~ R?=0.9988 (Q,)
Q
w 1500 +
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Figure 1 Effect of operating pressure on flow rate
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Figure 2 Effect of operating pressure on recovery
Figure 3 presents the effect of operating pressures
on conductivity rejection It was observed that
increased operating pressures increased
conductivity (dissolved inorganic matter) rejection.
The lowest operating pressures of 554.9 kPa (80.5
psi) gives the lowest conductivity rejection at the
initial stage of filtration while the rejection
increased with increasing period of filtration. At
high operating pressure of 1413 kPa (205 psi), the
averaged rejection of dissolved inorganic matter
was relatively high about 98.5%. However, at low
operating pressure of 554.9 kPa (80.5 psi), the
averaged rejection of dissolved inorganic matter
was about 92.7%. This suggests that operating
pressures has a significant effect on conductivity
rejection over the increased concentration of
dissolved inorganic matter on the membrane
surface.

Figure 4 shows the effect of operating pressures on
DOC rejection. It was evident that increased DOC
concentration increased the rejection of NOM
while increased operating pressures slightly
increased DOC rejection during long-term period
of filtration. High NOM concentration obtained
from long-term filtration showed greater NOM
rejection than low NOM concentration at the initial
period of filtration. However, the averaged DOC
rejections were relatively high for greater than
98%. This was possibly due to NOM accumulation
on the membrane surface, thus increased NOM
rejection.
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Figure 3 Conductivity rejection
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Figure 4 Effect of operating pressure on DOC
rejection

Figure 5 shows the schematic diagram of RO
operation. Mathematical model can be developed
based on mass balance equation. The equation can
be written as shown in equation (3):

dCV

- 00406 -0€

dcy, A3)
- 0.0, - 0,

”’STV - 0., - 0,1-R)C,

where C, is the retentate concentration [mg.L™']; Q,is
the retentate flow rate [L.min"']; Cj is the pretreated
water concentration [mg.L™']; Qs is the pretreated
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flow rate [L.min"']; C; is the feed concentration
[mg.L™']; Qs the feed flow rate [L.min™']; C, is the
permeate concentration [mg.L™']; Q, is the permeate
flow rate [L.min"']; R,, is the retentate rejection
(1-C,/Cp)x100; V, is the reservoir volume [~150 L];
and t is the operating period [min].

Q, C;
Q,C, Q, C,
Reverse osmosis

: \ membrane

AVA : (polyamide)

Yy :
Q, C;
Reservoir
tank # 2-150 L
------------------------------ Q,C, Qp, Cp

»
»

Figure 5 Schematic Diagram of RO operation

Figure 6 presents the retentate concentration on the
RO membrane surface. The dot points were
experimental results while the solid lines were
determined based on mass balance model. From the
graph, there are two stages of filtration. At the initial
period of filtration, the DOC concentrations
increased slightly during constant volume operation
(0 to 186 minutes) (adding pretreated water in the
reservoir). Subsequently, the DOC concentrations
increased  significantly with variable volume
operation due to decreased reservoir volume in the
system. It was found that mass balance model with
DOC rejection of 99% was fitted very well with
experimental results, suggesting high NOM
rejection. Mass balance model with DOC rejections
of 90% and 95% showed relatively lower DOC
concentration in the retentate line than experimental
results.
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Pressure = 830.6 kPa (120.5 psi)
1 20 ~| Reservoir volume = 150 L
100 I < Experimental data
:T —model (R = 99%)
S 801 —o—model (R = 95%)
£ —x-model (R = 90%) .
\: 60 ,
) .
40 _| Constant volume up to 1000 liters
20 M o
operation
0 T T T T
0 50 100 150 200 250

Operating period (min)

Figure 6 Retentate concentration on RO surface

4. CONCLUSIONS

Field-scale RO system can be applied to remove
NOM from surface water in the water treatment
applications. Membrane operating pressure affects
system performance of RO, (i.e. NOM and inorganic
rejection) and increases system operation (i.e.
solution flux and recovery). Increased operating
pressures slightly increased the rejection of dissolved
inorganic matter and NOM concentration, especially
at low operating pressure. Increased DOC
concentration provided higher DOC rejection during
filtration period, possibly due to NOM accumulation
on membrane surface. Mathematical model based on
mass balance model can be used to characterize the
filtration behavior on membrane performance.
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