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Abstract: This study is to evaluate the performance of draw solutions in the water reuse of sewage discharge water us-
ing fertilizer drawn forward osmosis. Feed water used in all experiments was the effluent from secondary sedimentation tank
in activated sludge process. Considering osmotic pressure, solubility, and pH, NHsH,PO., KCl, KNOs, NH4Cl, (NH4),HPOs,
NH4NOs3;, NH;HCO3;, and KHCO; were screened from a comprehensive lists of fertilizer. Their performances were evaluated
in terms of water permeate flux and reverse solute flux. KCl showed the highest average water flux followed by NH4CI,
NH4NOs, KNO;, KHCOs;, NHsHCO;, NH4H,PO4, and (NH4),HPO,. Using KCl as draw solution, the average water permeate
flux was 13.49 LMH. There was no big difference in osmotic pressure between the effluent from secondary sedimentation
tank and deionized water. NH4H,PO4 showed the lowest reverse solute flux followed by NH4Cl, (NH4);HPO4, KNOs,
NH4HCOs, and NH4NOs. Using NHsH.PO4 as draw solution, the reverse solute flux was 4.96 x 10° mmol/m” - sec
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Fig. 1. Schematic of FO experiment apparatus.
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B A0 AgH A FEE VIR, AR 2 ZolE 7
7 110, 36 mm 2 3 mmyt HEE ofa g A ZaHY
on 9L 3960 mm’oth FF-&H(feed solution,
|3} FS)2 tho]o] Xz i (DWP-62163A, Moterbank,
KOREA)E ©]&3}3, § %89 (draw solution, ©]3} DS)
< 7193 Z(WT3000-1JA, Baoding Longer Precision
Pump Co. Ltd, China)E ©] &3} A5 Ag-g Ao

FEAAL. MBS FEGUOE AGT YUF 4
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& Ao 2=E dASA #A] Sdd Fex
(M20, LAUDA, Germany)E ©|&3l4lom, &7 &%
T 25 £ 1°C2 LA FA8H3T

FO 92 &/ Z(activated layer)©] 9=, 353 (porous
layer)o] ©Oog g% Ao ;‘“LOPOQ o, 3589
2 FO #o] glieg 524 393, f=8%4& FO

oto] dHoE FHE&ddy FFRE UEﬂ] st &
ATl A" FO =2 HTIAIA A %3 cellulose
triacetate (CTA) A2 2] 3 2H(OsMemTM CTA-ES)°S. &
A B AT AHEE FO 2] AAY EA4E Table 1
of et

2.2. A Y

PE A2 FS 2 DS #3° FS 9 DSE 77t 2 L
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A¥g Az ZTIL 3 25500
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Membr. J. Vol. 26, No. 2, 2016



110 Seung-Geon Kim - Ho-Won Lee

Table 1. Physical and Chemical Properties of FO
Membrane Used

Table 2. Experimental Conditions

Membrane area 3,960 mm’
CTA (cellulose triacetate) Flow rate of FS and DS 500 mL/min
Membrane type with embedded polyester o
screen support Temperature 25 £ 1°C
Salt rejection 999, Initial volume of FS and DS 2L
Maximum operating . Flow direction of FS and DS Counter current
71°C .
temperature Operation time 24 hr
Maximum transmembrane 70 kPa
pressure TEEN) 2AGE FALTNE BAdAT. 34
pH range 338 &E persulfate digestion method (Method 10072,
Maximum chlorine 2 ppm

Use only cleaning chemicals
approved for CA/CTA RO
membranes

Cleaning guideline

Table 20 & A79 &x2AE A8 Ve Tt
HEES FEEY0E ARES ANE APddAY +
E3A S (water permeate flux)S FE89 B3 Y9
FEdde] AdFHste e AT 899 2
FH3= 108 HA0 2 22l 3 HFHA A4
H AAAES o] &sto] A&EH R 7|55, o] F

HE oA Fatste] ALbs T

B AFlA s ATty 22 JAA FE27E5
TEEHORE AgsH o, FEEAEE NHHPO,,
KCl, KNOs, NH4Cl, (NH4):HPO4, NH4sNO;, NHsHCO;
g KHCO; & Z7F ARgskith. f C%"%‘_ FEELS
go| 2o FofA Axdglon, fEE&YY v
mol/L H,0Z 552 YA o};’it} ATl A A
£3F NH;H,PO;, KCI, KNO;, NH4Cl, (NH4),HPO,,
NH4NO;, NH;HCO; 3 KHCO3; 2 25 <% 99% ©]4
9] Al%¥(Samchun co. Korea)= AH-83}% T}

GUHIEE FEEEE AHEE FE&HY RS
pHE OLI Stream Analyser 3.2 (OLI Systems Inc.,
Morris Plains, NJ, USA)E ©]&3t9 A4stdth
SH FEE&Y o] AEGA ] o) FEE “ow f

=302 ABSHE PRAAGE UAT O §S

df B2 AFHYG egelos AZ9 AAAL 9
SHFI 108 HH0E ,4_ sk %751*3}@1 T8

FE8Y Ho &do] FEdYor oFde 9&
2 M4 (reverse solute flux, RSF)% Aol £75H Fo
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HACH, USA)ol ¢Js] #33=7(DR-5000, HACH,
USA)S AH&3t S48

3.1. RESU A% U pH

AT FAA Mg 8P dAE FEEAH T
TFEA AEAoIt. &, FF LA} FEEY Aol
o AEFATF 255 oAU RIS S
o =3 AT 3 Agshe S A w5
& pHO| W7F 2] g2 2§93 5899
pH =& AT FAdM 83 AAEA o1& W4
g Hojue =89 &2 TFEAE AT A5
AEee Wys 4o & ok

2 A7olM AR =899 AR OLI Stream

Analyser 3.2 (OLI Systems Inc., Morris Plains, NJ,
USAYE ol 83te] ALSIITE FESe FRo] ne
AR WSHE Fig. 200 YERIITE ol vekdl ke
2ol BE7} F7kel mak AEe WugH oz 2}
34t Fig. 3L 899 %5 2 mol/L H,0Z 3}
A< W, NH;H,PO,, KCI, KNOs;, NH,Cl, (NH,),HPO,,
NH4NOs;, NH,HCO; 3 KHCOs9 254 vehd 1
golt}. NHH,PO,, KCl, KNOs, NH,Cl, (NH,),HPO,,
NH:NOs, NH;HCO; % KHCO;9| AHE3t2 247} 86.3,
89.3, 64.9, 87.7, 95.0, 64.9, 66.4 & 76.3 atm©S.Z L }E}
Womn, (NHs),HPO; > KCI > NH4Cl > NH4H,PO4 >
KHCO; > NH;HCO; > KNO;, NH;NO; A2 YEy
I, KNOs % NHuNOz 9| AHFHe 79 27 ety

Fig. 4= NH4H,PO;, KCI, KNOs, NH,Cl, (NH;),HPO,,
NH,NO;, NH;HCO; ¥ KHCO:9 ¥ %7} 2 mol/L H,O
9 W] Stream Analyser 3.2 (OLI Systems Inc., Morris
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Fig. 2. Osmotic pressure of draw solutions as a function of
concentration.. Prediction made using OLI Stream Analyser
at 25°C.
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Fig. 3. Osmotic pressure of draw solutions at 2 mol/L
H,O. Prediction made using OLI Stream Analyser at 25°C.
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2ot} NHH,PO,, KCl, KNOs, NH,Cl, (NH,),HPO,,
NH,NOs;, NHsHCO; 2 KHCO:9 pHE 27 4.0, 6.9,
7.0, 4.6, 7.7, 49, 7.7 2 7828 JEPF O™ Table 1
of Yebd uie} o] B Ao ARE3 CTA-ES A4
E o] A& pH HAE 3~80|E2 BF AU
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Fig. 4. pH of draw solutions at 2 mol/L H,O.
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ull Scale 873 cts Cursor: 0.000 ke

Element Weight% Atomic%
oK 54.81 68.65
Mg K 14.65 12.08
P K 27.25 17.63
Ca K 3.30 1.65
Totals 100.00

Fig. 6. SEM-EDS images element analysis for substance
formed on top-surface of membrane. The DS was
(NH.4);HPO4 of 2 mol/L HO.
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(NH4);HPOs & AH&-35

HAL, UYmA] FEEAS AL3A S
o= oudt AR = FAEA Foheh. mebA ol
ARl A7 olfre =&Y F9 < AEo] g4t
Ho] 47 Ao g AokHET)

2 mol/L H,09 NH;H,PO,, KCl, KNO;, NH4CI,
(NH4),HPO,, NH,NO;, NH,HCO; ¥ KHCO:;ES z7
FELNOZ AE3IHS o, 24417 Bt B FF
A LS Aaksto] o] 2 Fig. 79 YEMAUY. BT &
EgHLS KCl > NH,Cl > NHNO; > KNO; >
KHCO; > NH4HCO3 > NH4H,PO4 > (NH4)2HPO49/] &
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Fig. 7. Average water flux for each draw solutions using
sewage discharge water as feed solution.
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SEDR R
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Tgdox7  NHMH.PO;, KCI, KNO;, NH4CL
(NH4),HPO4, NH4NO;, NH,HCO; ¥ KHCOsE AH-§-3}
Fe W, B FEFAEE 247 9.04, 13.49, 11.87,
13.42, 439, 12.05, 11.13 2 9.53 LMH°| 3t}
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4ol e NHHPO;, KNOs, NH.Cl, (NH4)-HPO,
NHNO; 3! NHHCOs= A& 497F Ao ARl
U= KC1FH KHCO:ol B3] ANE A $o 358
do] A FE7F dutdos EA Yeyth ol

Aste Aa ARl GE FESAS AET ol



Water Reuse of Sewage Discharge Water Using Fertilizer Drawn Forward Osmosis 113

5000
N Before
3 After

4000 M

=

b=d —

£

= —

h

1000 -
o>c>owo\o>omoc~os
< oY R S O o
& NS S E

Fig. 8. Before and after total nitrogen concentration
changes for each draw solutions.
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Fig. 9. Reverse solute flux of nitrogen for each draw sol-
utions using sewage discharge water as feed solution.
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él’\ o"‘% ek FE8&9 984
A48 NH4H,PO; < NH4Cl < (NHy),HPO; < KNO; <
NH4HCO; < NH4NOs¢| &=A=Z Yeltt. NHHPO,
E FE8IY0E AE3AS W, 9825 L 496 x
10° mmol/m® - sec®] U TF. NH4NO;0] T2 FE82 9
Hlg) HE&dAdLo] AA Yyl olgd olf+
NHiNOs°] 2 mol/L H,Ool A &gl =7} war, vlsfed
4L o] &(NH, =& NOy)ET 984 Fibo] 25
7] WjEoz AETH12].

3.4. ol2=(DNoll i3t SEIMS Y ASTML

o] 2HDDE FHEYOE BIE W, 8FF(INHH,PO,,
KCI, KNO;, NH4Cl, (NH4),HPO4, NHsNOs;, KHCO; 5 L
NH,HCO3)9 FE&H(2 mol/L H0)E B¢ +FIHA
45 Fig. 1001 YERISIT NH4H.PO4, KCI, KNO;,
NH.CI, (NH,),HPO,, NH,NO;, KHCO; ¥ NH,HCO;
o B FEFAELE Z47F 9.16, 14.37, 12.11, 1435,
8.67, 12.74, 11.32 2 9.55 LMH°|qlt}. o|#3 A=
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Average water flux (LMH)
®

Fig. 10. Average water flux for each draw solutions using
DI water as feed solution.
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Fig. 11. Reverse solute flux of nitrogen for each draw sol-
utions using DI water as feed solution.
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