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Abstract
In order to reuse and concentrate the sewage, a forward osmosis using fertilizer as draw solution was applied. Sewage-1,

which is the supernatant after settling for 30 minutes for the primary settling basin influent, and Sewage-2, which is the super-
natant after settling for 30 minutes for the effluent, and Sewage-3, which is the filtrate filtered through a 1 pum cartridge
filter for the effluent were tested. Eight draw solutions of NH4H,PO,, KCl, KNO;, NH4Cl, (NH4),HPO4, NHsNO;, NH4HCO;3,
and KHCO; were used in consideration of osmotic pressure, solubility and pH. In the case of Sewage-3, the permeate flux
was almost similar to that of the discharge water of the sewage treatment plant, and was larger than that of Sewage-1 and
Sewage-2. NHsH,PO, was the smallest, and NH4sNO; was the largest in the specific reverse solute flux. NH4sH,PO,4 was found
to be most useful for the reuse and concentration of sewage because it contains nitrogen and phosphorus, which are the major
components of fertilizer, as well as low specific reverse solute flux. When NH4H,PO; was used as the draw solution, the
concentration factor after 24 hours for Sewage-3 was 1.72.
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Figure 1. Forward osmosis using fertilizer as draw solution.
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Figure 2. A Schematic diagram of FO test system using fertilizer as
draw solution.
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Table 1. Operating Limits and Guidelines of FO Membrane Used

Membrane type
Maximum operating temperature (C)
Maximum transmembrane pressure (kPa)
pH range
Maximum chlorine (ppm)

Cleaning guideline

CTA (cellulose triacetate) with embedded polyester screen support
71
70
3 to 8
2
Use only cleaning chemicals approved for CA/CTA RO membranes

Table 2. List of Selected Chemical Fertilizers, and their Properties

Fertilizer Chemical formula Molecular weight Purity (%) Solubility (mol/L H,O) pH? Osmotic Pressure” (atm)
Ammonium nitrate NH4NO; 80.04 99.0 24.0 487 86.3
Ammonium dihydrogen 2
phosphate NH;H,PO, 115.03 98.0 35 4.01 89.3
Calcium nitrate Ca(NO;), 164.09 98.5 7.4 6.71 76.3
Diammonium b)
hydrogen phosphate (NH,4),HPO, 132.06 99.0 9.9 7.74 64.9
Potassium chloride KCl1 74.54 99.5 4.6 6.95 87.7
Potassium hydrogen K,HPO, 174.18 98.0 8.6 8.94 64.9
phosphate
Potassium nitrate KNO; 101.10 99.0 3.1 6.95 95.0
Potassium hydrogen KHCO; 100.12 99.0 33 7.84 66.4

carbonate

9D, R. Lide, “Handbook of chemical and physics” 84th., p. 40, CRC press, London (2004), b)Solubility at 15 C, 992 mol/L H,0
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Figure 3. Variations of water permeate flux with operating time (draw
solution: 2 mol NHsH,PO,/L H,0).

20

Water flux (LMH)
=]

—@— Sewage-1
—O— Sewage-2
—w— Sewage-3
—A— SDW

0 T T T T
0 5 10 15 20 25

Time (hr)
Figure 4. Variations of water permeate flux with operating time (draw
solution: 2 mol KCI/L H;0).

Water flux (LMH)

57 —@— Sewage-1
—O— Sewage-2
—w¥— Sewage-3
—4A— SDW

0 5 10 15 20 25
Time (hr)

Figure 5. Variations of water permeate flux with operating time (draw

solution: 2 mol NH,CI/L. H;0).

32l 9ol vlall 2A R, Sewage-10]4F Sewage-25 o2
& 422 wregdo] Sewage-34 sk RS o R A
FETE A dolds & AUk

Figure 4 ¥ Figure 5o+ 52892 % KNO; % NH,ClS 717} A}
F30E AT, SRR ME FEAAEGE] WskE YERITE

==
INF=

o]-&3t sk Aolg U = 125

Water flux (LMH)

Time (hr)
(@)
20
T
=
=
5
o=
g
©
=
Time (hr)
(b)
20
T
=
=
x
=
9]
®
=
0 T T T T

0 5 10 15 20 25
Time (hr)
(©)
Figure 6. Variations of water permeate flux with operating time for
Sewage-1 (a), Sewage-2 (b), and Sewage-3 (c) (@: NH,H,PO,; O:
KCl; V¥: KNO;; V: NH,Cl; Hl: (NHy),HPO;; [: NH,NO;; #:
KHCO;; <: NHHCO:).
L8N 2 NHHPOS AHE3IS 499 A9 wd3 AdE
Ehglom, olefdt B FEgAe] FRel Bl A0 A
o grelay.
Figure 6°] Sewage-1, Sewage-2 % Sewage-3 35 Tl o=
B, SN ME FEGNE FEAASS 27} ekl

Appl. Chem. Eng., Vol. 30, No. 1, 2019



126

]

1 H
'l Soale §73 et Curer D000

Element ~ Weight%  Atomic% Element  Weight’s  Atomic% Element ~ Weight%  Atomic%
M, 16.32 12.48 Mg 9.99 8.37 Mg 16.35 12.67
Pg 17'32 10'40 P 21.06 13.84 P 18.03 10.97

: : Ca 13.02 6.62 Ca 126 0.59

Totals 100.00 Totals 100.00 Totals 10000

@) (b) ©
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