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Wastewater in most cases contain high levels of the nutrients: nitrogen and phosphorus.
Excessive release of nutrients to the environment can cause severe environmental problem such
as eutrophication leading to algal blooms, oxygen deficiency, and fish kills. The secondary
treated effluent of wastewater treatment plants usually still contain nutrients at levels that
commonly less strict than those for eutrophication control. In consequence, wastewater treatment
plants need to implement advanced treatment.

Advanced treatment such as forward osmosis (FO) can be used to separate nutrients from
secondary treated effluents. Forward osmosis uses the chemical potential across the membrane,
which is the osﬁotic pressure gradient, to induce a net flow of water through membrane from a
feed solution (FS) into a draw solution (DS). The performance of FO is affected by membrane
characteristics, composition of FS and DS, and operating conditions.

First, to elucidate the effect of the FO cross flow velocity on nutrient rejection and water
flux, a series of FO processes were conducted at velocities of 0.17, 0.25, and 0.34 m/s. The same

concentration of 1 M magnesium chloride (MgCl;) as DS was applied to the commercial



membrane Hydration Technologies Inc. (HTI-NW) in these experiments. Nutrient rejection was
successfully achieved by a moderate velocity of cross flow at 0.25 m/s in which retain NO,-N,
NO;-N, NH4-N, and PO4-P in FS side until to 51.22%, 95.11%, 99.17%, 97.03%, respectively.
The higher velocity that resulted higher flow rate is possible to increase random or mixing flow
condition. This condition will increase the potential back-movement of nutrients from passing
through membrane active layer surface to move back into the bulk of FS. Therefore, it restrain
nutrient to transfer to the DS side and increase nutrient rejection. Temperature had less of an
impact on nutrient rejection than the velocity, but temperature did have an effect on the water
flux. A temperaturelof 25°C exhibited good nutrient rejection rates.

The second, FO process presents the results of using four kinds of variation in

concentrations of DS and the two kinds of membranes for the nutrient rejection in the same cross
flow velocity at 0.25 m/s and temperature 25°C. The nutrient rejection by high concentration of
-DS 2 M MgCl, and membrane HTI-NW was more efficient than was procesé by low DS
concentration and membrane HTI-ES. For instance, when low concentration MgCl, was used as
0.5 M DS, the rejection of NO,, NOs;, NH; and POy in membrane HTI-ES yielded lower
rejection 15.9%, 67.7%, 44.5% and 35.8%, respectively than using 2 M MgCl,, the rejection of
NO3, NO3, NH4 and PO; in msmbrape HTI-NW were measured high rejection as 89.0%, 98.7%,
96.2%, and 99.6%, respectively. The performance of nutrient rejection was supported by lower
TEVerse solu-te flux rate at 3.38-5.26 g/m*-hr and the specific reverse solute at 0.45 to 0.55 g/L in
membrane HTI-NW than that in membrane HTI-ES, which could suppoﬁ the efficiency of the
FO system. The concentration of DS MgCl, less affect to reverse solute of membrane HTI-NW
than membrane HTI-ES. The reverse solute in membrane HTI-NW seemly constant along all
concentration of DS MgCl, that the chloride diffusion slightly higher than magnesium. In

membrane HTI-ES, the reverse solute of chloride was almost three times that of magnesium.



Conversely, the water flux in membrane HTI-NW achieved lower 7.55-9.61 L/m*hr than in
membrane HTI-ES that exceeds until 13.58-15.10 L/m®-hr. The characteristics of the ionic
nutrients, such as ion size and ion charge, and membrane morphologies affect the performance of
FO process. The concentration difference between the dissociated ions of MgCl in the DS plays
a significant role in rej ecti.ng ion nutrients in the FS by the Donnan potential effect in lower
concentrations DS and by diffusion constant in higher concentrations.

The third, the resulfs in this study show a potential MgCl, as DS to enhance ﬁutrient
rejection performance. The cleaning process mostly could achieve similar performance on
nutrient rejection as well as before cleaning that promisingly could extending membrane’s
longevity and reducing cost material. The compete price of MgCl, with NaCl and sea water was
considered with its l}igh performance on nutrient rejection. Interestingly, using MgCl, as DS, due
to the high difference of diffusion constant between Mg”?* and CI, the CI" more dominantly to

diffuse from DS to FS. Compare with NaCl and seawater, the comnion DS that have been used

in FO process, Na"and Cl™ have very similar high diffusion constants whereas seawater contain
complex diffusion constant that more difficult to predict the dominant diffusibn thereby
generated varied result in performance of FO. In addition several important consideration should
be taken in the FO system by MgCl, for rejecting nutrient. 1) The concentrated FS contaminated
by low magnesium chloride due to reverse solute should be considered, 2) The forward osmosis
that considered as pre-treatment, especially in clean water production, which need further

treatment of recovery MgCl, from diluted DS needs to be investigated.
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