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Abstract: An organic citrate series draw solute was synthesized using diethyl malonate for forward osmosis. The structure
of the final compound potassium pentane-1,3,3,5-tetracarboxylate was confirmed by 'H-NMR and “C-NMR analysis. Osmotic
pressure, solubility, water permeability and reverse salt flux were measured for the properties of the draw solute. Forward
osmosis results showed that the draw solute exhibited higher water flux than other draw solutes of trisodium citrate and
tripotassium citrate. Reverse salt flux of all the organic daw solutes was much lower than that of NaCl. The osmotic
pressure of the synthesized draw solute was 25% lower than that of NaCl. The solubility of the draw solute was 317 g/ 100 g
water, which is 8.8 times higher than that of NaCl. A commercialized nanofiltration membrane was used for the recovery of
the draw solute. The draw solute could be effectively recovered at low pressure.

Keywords: forward osmosis, draw solute, reverse salt flux, water flux, nanofiltration
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sulfate (Samchun Co., 98.5%), potassium hydroxide
(Samchun Co., 85%), *l&F2{Samchun Co., 99.5%), ™&t
<(Samchun Co., 99.5%)S A3l HE. 574+ EXL-3
water purification system equipmentE ARE-SIHTE 5
442 TR e uF e vlasty] #ske] NaCl
(Samchun Co., 99%), tri-sodium citrate (Yixing-Union
Co.), tri-potassium citrate (Hangzhou-DayangCo.)E A}



Potassium Pentane-1,3,3,5-tetracarboxylate Draw Solute Synthesis and Application of Forward Osmosis Process 113

o]

0 ° 0
\ S~ 1 —
B \\/Lo/\ Etogc\/._,)*‘o \\‘Vl‘o”‘\ ELO:CK,J-O

4 -
(ethyl acrylate) | E10;C Et0,C \aT'O\—-
4 o

4
Et0,C

(diethyl malonate)
KOHMH,0
} {hydrolysis)

Qs OK

\“/\/\IOK
0 k0“0 ©

Fig. 1. Synthetic process of draw solute.
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Table 1. Properties of PFO-20 Membrane

Operation pH limits

2~11

Water permeation at 1.0 M NaCl draw vs warer (FO mode) (LMH)
Water permeation at 1.0 M NaCl draw vs warer (PRO mode) (LMH)
Reverse salt flux of element (g/L)

Head loss (psi x m?gpm)

33£2

58 +3

0.2~0.6
0.2

Electronic scale

HH

FO membrane

Draw solution Feed solution

Circulation pump Circulation pump

Fig. 2. Schematic diagram of bench-scale forward osmosis
process.
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Table 2. Properties of NE 20 Membrane

Table 3. Structural Formula of Synthesized Compounds

Membrane code NE 20 Compound Structure
- °
Manufacturer T(éray lCl}:mlc;ll. Ko??( INC,, Tetracthyl B K,f-o :
coul, Republic of Borea pentane-1,3,3,5-tetracarboxylate EOC N0
Membrane type Thin-film composite °
. . Potassium ™
Membrane materials Polyamide
Y pentate-1,3,3,5-tetracarboxylate “ mo/ IDK
Water soluble monomer Piperazine
Nominal MWCO (Da) 1,000
tane-1,3,3,5 tetracarboxylate-/] 39 CDCl, HEHo=
I 584 potassium pentane—l 3,3,5-tetracarbox-
FloWmeter e @P’“:“’eg*‘“‘* et D% AH83ART, W TS 3F 4=

aive V Retentate

P

_ A cross-flow
membrane cell

s
————

Permeate

1
i
V
i
i
1l
1]

S E——

Pressure gage E
@

Pump

Fig. 3. Schematic diagram of bench-scale nanofiltration
process.
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Lth-h(T) 2015.395.1.1r - .
NF16-3d3 b 01538510

|

[ ,H L }

f1 (ppm) f1 (ppm)
. 1
Fig. 4. 'H-NMR spectrum of tetracthyl pentane-1,3,3,5-tetracarboxylate.
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Fig. 5. 'H-NMR spectrum of acetone.
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& i
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Fig. 6. "H-NMR spectrum of potassium pentane-1,3,3,5-tetracarboxylate.
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Lin(Tx) 2015.396.L.1r
NF16-3d3

20 200 19 18 170 160 150 140 130 120 110 100 % & 0 6 50 4 30 20 10 0 -0

(b)
Fig. 7. ®C-NMR spectrum of (a) tetraethyl pentane-1,3,3,5-
tetracarboxylate and (b) potassium pentane-1,3,3,5-tetracar-
boxylate.
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Table 4. Osmolarity of 5 wt% Solution of the Synthesized
Draw Solute

Solution Osmolarity
(5 g solute in 100 g Aqueous solution)  (mOsmol/Kg)
Sodium chloride 1,609
Trisodium citrate 495
Tripotassium citrate 240
Potassium pentane-1,3,3,5-tetracarboxylate 458

Table 5. Solubility of NaCl and Synthesis Draw Solute

Solute Solubility (g/100 g water)
Sodium chloride 36
Potassium 317

pentane-1,3,3,5-tetracarboxylate

wt% FZolA FAHH F=8Z(synthesized draw sol-
ute, SDS), NaCl ¥ 49 =847 Y3 citrate
AES tri-sodium citrate (TSC), tri-potassium citrate
(TPC)E Bl olu, F+ =& 45H7IE
st FEIE Bk oy} vHiEe] fY HAEE
SAE At dEEAEE SAML A9 Fe
Fig. 80l YERAATE 508 53] S+t +FF5+= SDS
30.17 LMH, NaCl 44.46 LMH, TSC 26.29 LMH, TPC
27.31 LMHO.2 YERyith HtES 2 o] WA o me} 2
T, 8, 849 AFe] ZoH Aol F4E EF
7} ZopA 1 EFEE T Lol BRE 4HEQto] yrolxl
o} whebA B oF 400.6 gmold FAE =84
B} 2o BAeF 5844 g/molS ZHE NaClo] &
E=rt ety 2L citrate A9 2] TSCE 258.06
g/mol, TPC= 306.395 g/mol®] EAFS Zhed), FA<
ol 7ML 559 e Hol EAEe] AR E
Eata, A538e7t AA SpSe FEHE} M =
S Ao g oadn w3l TSCRY TPCe +E3 =7}
B AL FELY ATEE At Qs
5 wt% 59 TSC 58 HEEE 2747 ms/omE
Yela, 5Y3 59 TPC €99 M==& 30.83
ms/cmZ T B o] EAE FEHZI} FolH S
Ao AT} A7te] 38 ule} FEHE} 7had}
= AFE Hole AL, 9 A Y $EET EE
YA AESY 4 wEd

—— R [e)
Zlot}. 504 Bete] Wit AFAEE SDS 0.903 gMH,
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Fig. 8. FO performance of (a) water flux (b) reverse salt
flux. Feed solution, DI water; draw solution, 5 wt% of NaCl,
potassium pentane-1,3,3,5-tetracarboxylate (SDS), triso-
dium citrate (TSC) and tripotassium citrate (TPC).

NaCl 10.12 gMH, TSC 11.38 gMH, TPC 1.101 gMH
o7 F4E FE&Zo] 7 AL #E YEHTh o
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Z SDS, TSC, TPCY FE8FS ALg3sld] 508 5
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Table 6. Result of Nanofiltration Using Commercial NE
20 Membrane

Draw solute Flux Rejection
(L/m’h) (%)
Potassium
4.52 75
pentane-1,3,3,5-tetracarboxylate
Trisodium citrate 10.1 37
Tripotassium citrate 7.33 51
18
—e— SDS
16 L o TSC
—v— TPC
14+
=
g 121
4
5 1ot
[
8 F
Qe .-
6 o o 77X
4 |
0 10 20 30 40 50 60
Time (mins)

Fig. 9. FO water flux. Feed solution, 3.2 wt% NaCl; draw
solution, 20 wt% of potassium pentane-1,3,3,5-tetracarbox-
ylate (SDS), trisodium citrate (TSC) and tripotassium cit-
rate (TPC).

T3 50% B HEF FEAEE 127, 6.3, 6.8
LMHZ 48 fF=820] o 2u] &2 & Yehl=
AL Felagitt o)A -COOH7| 2t} -COOK7]7} H

2 AFAE Y -CO0K719] 47} ol Wl o
| 2& A wEoltt

O

o] YelItE SDS, TSC, TPC F=89S G-z
Pl Yozt A A9E Table 69 JeERARIT viw
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