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Abstract: This study is to find the optimum draw solution in fertilizer-drawn forward osmosis desalination. Considering
osmotic pressure, solubility, and pH, 20 blended fertilizers were screened. Their performance were evaluated in terms of
pure water permeate flux, reverse solute flux, and specific reverse solute flux for nitrogen, phosphorus, and potassium. The
pure water permeate flux of blended fertilizers including KCI were relatively higher. The reverse solute flux and specific re-
verse solute flux for nitrogen of blended fertilizers containing NOs ion were relatively higher than those of the nitrate
ion-free draw solution. Those for phosphorus, and potassium of blended fertilizers including NHsH,PO,, and KNO; were rel-
atively higher than those of the phosphorus-free, and potassium-free draw solution, respectively. The blended fertilizer of
NH4H,PO, and KCI contains all of nitrogen, phosphorus and potassium which are essential elements of fertilizer, and has
the relatively high water permeation flux and the low reverse solute flux for nitrogen, phosphorus, and potassium. Therefore,
it is the most effective draw solution for fertilizer-drawn forward osmosis desalination.
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Table 1. Desalination Costs[9]

Method MSF MED RO FO
Energy consumption (kWh/m?) 10~16 6~12 4~6 < 0.5
Installation cost ($/m3/day) 1,200~1,500 900~1,000 700~900 -
Production cost (Cents/m’) 110~125 75~85 68~92 -
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Fig. 1. Schematic diagram of FDFO system[11].
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Table 2. List of Selected Chemical Fertilizers, and their Properties

Fertilizer Cfgir;ﬁ:l Mﬁﬁgﬁlf (rr?gll/uLb il}%) @ moll)/llj H.0) Pﬁzﬁy Abbreviation
Ammonium nitrate NHsNO; 80.04 24.0 4.87 99.0 AN
Ammonium dihydrogen phosphate =~ NH4H,PO, 115.03 3.59 4.01 98.0 ADP
Diammonium hydrogen phosphate  (NH,),HPO, 132.06 9.9 7.74 99.0 DHP
Potassium chloride KCl 74.54 4.6 6.95 99.5 PC
Potassium hydrogen phosphate K,HPO, 174.18 8.6 8.94 98.0 PHP
Potassium nitrate KNO; 101.10 3.1 6.95 99.0 PN
Potassium hydrogen carbonate KHCO3 100.12 33 7.84 99.0 PHC
Calcium nitrate Ca(NOs), 164.09 7.4 6.71 98.5 CN

9 D. R. Lide, “Handbook of chemical and physics™ 84th., p. 40, CRC press, London (2004).

" Solubility at 15°C.

Table 3. List of Blended Fertilizer Used for Draw Solution

Blended fertilizer Abbreviation Blended fertilizer Abbreviation
NH4NO; NH4H,PO, AN + ADP (NH,).HPO, KoHPO4 DHP + PHP
NH4NO; (NH4)HPO, AN + DHP (NH4),HPO4 KNO; DHP + PN
NH4NO; KCl1 AN + PC (NH4)-:HPO4 KHCO; DHP + PHC
NH4NO; KoHPO4 AN + PHP (NH4),HPO4 Ca(NO3), DHP + CN
NH4NO; KNO; AN + PN KCl1 K,;HPO, PC + PHP
NH4NO; KHCO; AN + PHC KCl KNO; PC + PN
NH4NO; Ca(NOs), AN + CN KCl1 KHCO; PC + PHC
NH:H,PO, (NH4),HPO4 ADP + DHP KCl Ca(NOs), PC + CN
NH:H,PO, KCl1 ADP + PC K,HPO, KNO; PHP + PN
NH:H,PO, K,HPO, ADP + PHP K>HPO, KHCO; PHP + PHC
NH4H,PO;4 KNO; ADP + PN K,HPO, Ca(NOs), PHP + CN
NH4H,PO;4 KHCO; ADP + PHC KNO; KHCO; PN + PHC
NH4H,PO;4 Ca(NOs), ADP + CN KNO; Ca(NOs), PN + CN

(NH4)>HPO, KCl1 DHP + PC KHCO; Ca(NO3), PHC + CN

2 Aol AHgE EE FEEEL Samchun Co.
(Korea)®] 19 A& ARRsIRoH, 7 &4 &
= 9 pH 3¢ =33t 44-& Table 20 UERY
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Fig. 4. Osmotic pressure of blended draw solutions.
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Fig. 6. Performance ratio of blended draw solutions.
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