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Abstract: Pressure-assisted forward osmosis (PAFO) process has recently been under spotlight for its potential to im-
prove forward osmosis (FO) process performance by applying low hydraulic pressure on the feed side. Structure parameter,
one of the governing factors in estimating water flux and solute flux across FO membranes in the solution-diffusion model
(S-D model), determines solute resistivity in FO and PAFO processes. This study aims to estimate the trend of structure pa-
rameter change with respect to varying additional hydraulic pressure condition in PAFO.
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Fig. 1. Concentration variations across an FO membrane.
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Table 1. Operating Conditions for PAFO Tests

Variables

Description

Membrane
Effective membrane area
Membrane orientation
Pressure
Feed solution
Draw solution
Feed and draw flowrate
Temperature
Operation time

Membrane compaction

HTI CTA-NW
18.75 em® (L 7.5 cm x W 2.5 cm)

FO mode (active layer facing feed solution)

0, 5, 10 bar

0 (DI water), 0.05, 0.1, 0.3, 0.5, 0.8, 1.0, 1.3 M NaCl (2 L)

1.5 M NaCl (2 L)

300 mL/min (6.67 cnv/s of cross flow velocity)

25°C
2 hours

2 hours using DI water prior to operation

Gear pump

TDS -
(pressurizing)

meter

@ Pressure gauge

solution Pressure gauge

End
valve

Data
acquisition

Temperature regulator

Fig. 2. Schematic of a lab-scale PAFO test system.
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Fig. 3. SEM images of HTI CTA-NW FO membrane (Top
. active layer, Middle : support layer, Bottom : cross-sec-
tion view).

117 AFYste 7hskzdo A A Aol 7HsA
ST =S, 5 bar @ 10 bar &3 Aol FFH(DI

water)E ©]-83te] 2417t ¢ YA E sk, &
SANAM AAEL] WS HadstaA sild. &
A 27] 208 &% dL dolEHE AAst Holy ¢

o
BAE FHT A4 2A40A AP 23] FHEHA
on, Holee HEAE &85t Table 1= & 4
T AYzAL Qokd o



Structure Parameter Change Estimation of a Forward Osmosis Membrane Under ~ 191

16 - - " Bulk Osmotic
Feed Concentration "
n Pressure Difference
(M, NaCl)
14 (bar)
0 6351 410 bar

Hydraulic
Pressure PR

12 0.05 6241 WS bar sm-Y
01 50.31 0 bar ]

10 - 03 5091 ¢

05 4248 [ ]

0.8 2080
1.0 24.49 .
6 13 854

Water Flux (LMH)
®

4] 10 20 30 40 50 60 70
Bulk Osmotic Pressure Difference (bars)

45E-04
y = 3.402E-06x
RZ = 09939

4.0E-04
3.5E-04
3.0E-04

2.5E-04 y = 1.918E-06x

2=
20F-04 RZ = 09997

15E-04

Moles of MaCl in Feed

y = 9.7502E-07x
R? = 0.0954

10E-04

5.0E-05

0.0E+00

o 20 40 60 80 100 120 140

Time (min)

Fig. 4. Water flux variations for varying bulk osmotic pressure difference (Left) and reverse solute flux change (Right) with

hydraulic pressure on the feed side.
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Fig. 7. Cross-section images obtained using FE-SEM for 0, 5, 10 bar of hydraulic pressure conditions.
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Fig. 8. Characteristic variations of key theoretical components of structure parameter (i.e. D/J,, and In((Js+1,.Ca)/(Js+5C)).
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