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Effects of various foulants on flux changes in membrane distillation
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ABSTRACT

The effects of dissolved inorganic and organic matter in seawater and the characteristics of fouling on the membrane
surface were investigated within membrane distillation (MD) process. The changes of the membrane flux of PE and
PVDF hollow fiber membranes under natural and synthetic seawater were compared with given variances of temperature.
The flux of both membranes under the synthetic seawater, without any organic matter, were higher than that of the
natural seawater, indicating the organic fouling on the membrane surface. The surface of the membrane was analyzed
using scanning electron microscope (SEM) to examine the fouling. The experiment with organics has shown the formation
of thin film over the membrane surface, while the experiment with inorganics has shown only the formation of inorganic
crystals. The results indicated the organic matter as the major foulants and that the organics affected the formation
of the crystals. Permeate water conductivity of all conditions verified the quality of the water to be better if not similar

to that of RO.

Key words: CaSQa, crystallization, foulant, hydrophobic membrane, MD

ZHO: 2T, ARABY, UBT, R|ARY, BMLE

[S ]

Received 21 April 2016, revised 3 June 2016, accepted 7 June 2016
*Corresponding author: June-Seok Choi (E-mail: jschoi@kict.re.kr)

G7h WA Rl golste] slaEaat 714
Aol W A47F A= Qlek A siE3) Al
Ao &Aooz Z7)E|] AR oF 512 77‘(-]1:!}m3o] XY
Ea Qo I = SWRO(Seawater Reverse Osmosis)+=
oF 63% Z}A|8taL glom, &5 4H3Mum’e] Ys
Aakstar Qlek o] A SWRO Aol 43| 47st
I XA @E uke O]Q_a} Ftrastm Yozt
o %% Al o] tH(Godino et al., 1997).
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Table 1. Composition of the synthetic seawater

Salt g/kg, %o
NaCl 27.21
MgCl, 3.81
MgSO, 1.66
CaSO, 1.26
K,SO4 0.86
CaCO, 0.12
MgBr, 0.08
Total 35.00
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Table 2. Properties of the membranes

PE PVDF
Material Polyethylene Polyvinylidene fluoride
Type Hollow fiber Hollow fiber Flat-sheet
Produced by Econity Econity Milipore
Pore size 0.4 micron 0.1 micron 0.22 micron
Porosity 77% 81% 75%
Out/inner 0.65/0.41 mm 1.2/0.7 mm -
Membrane area 0.0408 m® 0.0754 m® 0.0067 m?

Table 3. Operational conditions

Mem. material w/ NaCl (35 g/L)

w/ seawater Experimental time

PE 50, 60, 70/20°C

50, 60, 70/20°C 2 hrs

PVDF (hollow fiber) 50, 60, 70/20°C

50, 60, 70/20°C 2 hrs

Mem. material

60/20°C (w/ NaCl 35 g/L)

Experiment time

PVDF (flat)

Inorganic (CaSO4, Kaolin), organic (Humic acid), SW

20 hrs

Pump

I
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Fig. 1. Schematics of MD operation (hollow fiber and flat
sheet).
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Fig. 2. PE hollow fiber membrane performance at various temperature differences (flow rate: 0.6 L/min).
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Fig. 3. PVDF hollow fiber membrane performance at various temperature differences.
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Table 4. Permeate flux at various temperature differences of PE and PVDF membrane
PE PVDF
Membrane Type
NaCl Seawater NaCl Seawater
50/20°C 1.5 LMH 1.1 LMH 1.0 LMH 0.8 LMH
60/20°C 2.8 LMH 2.3 LMH 2.1 LMH 1.1 LMH
70/20°C 5.1 LMH 4.2 LMH 3.1 LMH 2.0 LMH
Flux change w/ temp. Flux with different material
16
——e—— Inorganic [CaSO,]
——@—— Inorganic [Kaolin]
14 Y Organic [Humic acid]
——-y———Inorganic + organic
— Seawater
= o 12 4
5 Y =
2 B E 10
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—a— 54~56/24~26°C Flux [ 235 &% R ST
—o— Permeate temp.
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Fig. 4. Flux change with temperature.
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Table 5. Flux at the beginning of the operation

Synthetic seawater
Humic acid | (NaCl, Kaolin, CaSQO,, | Real seawater
Humic acid)
5.2 LMH 5.8 LMH 5.4 LMH
He AU HE BUS Yo 490 vt AU
et f71&9] F3Fe] 7 & AR HdEL =

d
7] EYaet A TR EY29 WPt A9 gle
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3Fol% v} QT Srisurichan et al., 2004).

Fig. 63} Fig. 794 CaSO42] ZAFE 7} AFolst A
& % 4 9t CasOu A5AT 27 i A%
stel=d] f71Eol Qo S+t AA3}Eo] Fig 71t &
o] thokst |2 ZA3}IE] ) th(Takanori et al., 2015).

Organic: Humic acid 1 mg/L
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Fig. 7. SEM images of synthetic and real seawater.
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