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Feasibility study on the application of membrane distillation
process to treat high strength wastewater
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ABSTRACT

In this study, we applied a membrane distillation process to investigate a feasibility of treating a wastewater with high
concentration of organic matters including nitrogen and phosphorus. The laboratory scale experiment was performed
by using a hydrophobic PVDF membrane with the pore size of 0.22 pm and porosity of 75%. The installation was direct
contact type where the temperature difference between a feed and permeate side was controlled to have a range from
20 to 60°C. We observed a flux variation and a concentration changes of COD, POs>~ —P, NHs*—N and conductivity
of feed side as well as permeate side with various temperature differences (20 to 60°C), cross flow velocities (0.09
to 0.27 m/s) through the module, and pH (6.6 to 12.0) of the feed that has the initial concentration of COD about
1,000 mg/L, total nitrogen 390 mg/L, total phosphorus 10 mg/L, conductivity of 7,000 ps/cm. The results showed that
the average flux was ranged from 4 to 40 L/m?/hr which was almost similar with the flux of NaCl and deionized water
used as a feed solution. The lowest flux was obtained at the operating condition with the temperature difference of
20°C and cross flow velocity of 0.09 m/s while the highest one was measured with 60°C and 0.27 m/s. Above 99%
of COD and PO, —P in the feed could be rejected regardless of an operating condition. However, the removal rate
of ammonium nitrogen was varied from 64 to 99% depending on the pH of feed solution.
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Fig. 1. Schematic diagram of lab-scale DCMD process used

in this study.
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Table 1. Characteristics of the synthetic wastewater used in

this study
Components Dosage | Concentration
Glucose 1g/1L. | COD 1,000 mg/L
KH,PO, 8.5g/L
P
K,HP 21.7 TP 1
(stock) O Sg/L 0 mg/L
N | (NH).S0, 1.84g/l. | TN 390 mg/L
— n —
3. Algizut & o3
3.1 2H ZZ0| WE Fa} 7£ Het
gole AT o1 2] WE Fih f4 st
(Flux) Fig. 20 trepfglom, 2t dzzel Aol 3
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Table 2. Flux variations with different operating conditions

(pH 6.6-6.9) (unit: L/m’/hr)
(a) 0.5M NaCl Synthetic Wastewater
(b)

@\ (¢ 0.09 | 0.18 | 0.27 | 0.09 | 0.18 | 0.27

40 20 4.21 | 3.13 | 440 | 3.42 | 441 | 5.76
50 20 7.37 | 11.68 | 12.32| 7.52 | 12.40| 13.44

60 20 |11.87 |18.15|19.33  15.10| 17.39 | 19.33

70 20 |20.30|25.73 |29.09  20.21 | 28.36 | 29.17

80 20 |23.39|34.71 | 42.15 | 26.40 | 39.43 | 39.78
(a) Feed type

(b) Cross-flow velocity (m/s)
(c) Permeate side temperature ("C)
(d) Feed side temperature (°C)

e fARE 2270 A= PVDF A E2] &
YtH = PTFE A Q9] £ oA ¢ =2 Fluxs
7H= A & 4 Stk E3F NaCle] % o
Fluxol] & %32 n|x]x] ¢k=t}(Lawson et al., 1997).

AFs7E Ul A= BE UWRE 22 §9Y
=9} 2] 2]4=2] S-<(cross-flow velocity)o] 0.09 m/sQl =7
A Fdaret Alare] &% x}o]E 20, 30, 40, 50, 60°C
2 271 AL W, BF Fluxr} 2H2F 342, 7.52, 15.10,
2021, 26.40 Lim/h& Z7}6t¢ 2, np7bA 2 §40)
0.18, 027 m/sql 7= 2% Zpo|7} F7igte| wet Bt
Flux7} Z7Feh= 2& o 4= Sloh E3F -2t A2l
o] 2% zpo]7} 20°CQl 2AA HE WHE 52+
S-A4=¢} A g]4=2] S-<x(cross-flow velocity)©] 0.09, 0.18,
027 m/is=2 =712 P4t Fluxr} 342, 441, 5.76 L/m’/h

50
€ 40/ |8 ame x
E v 0.27nvs
3 ?
= 30 1
x
E .
g 20 ; .
o
[ ®
z 10 B

o]
0 .

Feed temperature (C)
(a) 0.5M NaCl solution

30 40 50 60 70 80 920

2 Z7boke 2 B 4 glek olefat WAk st
2|42 x=xfo)7} 20, 30, 40, 50°CY wj= GASH
3k LFEPWTHFig. 2b). E3F 991427} 0.5M NaClol
-9F Qs 749 2t -2 AE Bt Flux gloll=
Z Zpol7t YtK(Table 2 =).

o]/de] Atz MDD gollA Fejuf Bt ddE =&
2xo] goddel ek whe 2e] s AfololA] by
stol, Geleet el Aole] eERolt 245 pu
W7k o] S G S g A H AR
Al 71218t Liu et al., 2013; Hou et al., 2010). E£3 X &
WHisE =2 Fdeet A9 f-5(cross-flow
velocity)o] WHE5 Ul 53 QA= A &
7] whiZoll & &4 WAsk] Foleet Al Afo] 9]
2= 2lo]E AEHA o2 FAAZ|A TN =2 Flux
£ 974 HhLiu et al, 2013; Gryta et al.,, 2001).

SHEARER, $4)0) T2 9 09 Paolng
A E 7] £13}9] pH 6.6-6.9 1 732 clean water Flux tf]
8] 0.5M NaClz} ¢1¥3}4=2] H Flux B|S(Flux ratio)
2 Fig. 39 YERRith Fig. 3aoA ®%0] 0.5M NaCl
of tHgt Flux ratio > AR A(ZEA}, 5)0f A
o] Hi 0.9710.08(X 4 0.8, ] 1.09) 08 =A%)
31, weEbA] clean water Flux@} & =}o|7F ¢l & 4=
U} ERL Fig. 3boflA] Qlgslo]l thafiA|= JA| Flux ratio
T ARAREAL 50l ARl B+ 1.01£0.11(F]
2082, Ao 1202 245, weby o] @A clean
water Flux@} & Zpo|7} gl32 & 4= Sk ol 0.5M
NaCIZ Q1FehE e @ 4ROl o 2

(wetting) @ AYo|L} 9f 3 H O] o] 7 & §F5=(cake layer)

50
= [ ] s
404 | 3 oime ®
: v 0.27 m/s
=< 30 |
5 * e
(1
g 20 | g e
© ]
3 10 - %
v
0

30 40 50 60 70 80 20
Feed temperature ( C)

(b) Synthetic wastewater

Fig. 2. Variation of average flux with different feed compositions and operating conditions (permeate temperature is maintained

at 20°C, pH 6.6-6.9).

264
ASISESIEI2| |29 A2 5 20154 4%



M2 OlE- e

72222

4

\&;

Table 3. Flux variation of NaCl solution with different operating conditions of DCMD

NaCl Cross-flow Temp. Flux Characteristics
. . . . 2 1) References
concentration (g/L) | velocity (m/s) | Difference (°C) (L/m*/h) of membrane
10 0.36 40 26.2 PTFE”/1.00/- Zhang et al., 2010
0.6 1.75 10-40 10-80 PTFE/0.22/70 Cath et al., 2004
177.6 0.145 47.5 25.2-28.8 PVDF*/0.20/80 Yun et al., 2006
0.5 - 35 13.5 PVDF/0.45/- Koo et al., 2012
29.2 0.09-0.27 20-60 3.13-42.15 PVDF/0.22/75 This study
1) membrane material / pore size (1im) / porosity (%)
2) PTFE : Polytetrafluoroethylene
3) PVDF : Polyvinylidene Flouride
141 = 09m/s 3 14 = 09m/s
- == o.8m/s 2 ] == o0.8m/s
3 1.2 = 027 mis z 12 : m— 027 m/s
2 _ - 2 40 4 ~ - —
¢ 1.0 - - - 2 M
- . 1 £ 0. -
S 0.8 - i
= 3 0.6 A
] 4
0.6 b=
e & 0.4
X
> 04 x
it > 0.2 1
= T
0'2 1 0_0 = T T T T T
0.0 - | | i i i 40 50 60 70 80

40 50 60 70 80
(a) ratio of 0.5M NaCl to clean water

Feed temperature (C)
(b) ratio of Synthetic wastewater to clean water

Fig. 3. Ratio of feed to clean water flux (permeate temperature is maintained at 20°C, pH 6.6-6.9).
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Fig. 4. Variation of average flux with long term experiment
for synthetic wastewater (pH 6.6-6.9, temperature
difference=A40°C, cross-flow velocity=0.18 m/s)
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1 9} ZdrH(Membrane Distillation)2 0|83t DT aH-H432| 7hsA ¢
Table 4. Initial and final conductivity of permeate side with different operating conditions (pH 6.6-6.9)
(a) 0.5M NaCl Synthetic Wastewater
b
EC 0.09 0.18 0.27 0.09 0.18 0.27
(e) (d) initial | final | initial | final | initial | final | initial | final | initial | final | initial | final
40 20 2.5 2.9 2.1 2.8 2.2 3.0 1.0 1.7 1.5 4.0 1.5 4.8
50 20 7.9 7.7 9.1 9.0 9.8 9.7 1.0 3.7 2.0 6.3 1.0 5.6
60 20 1.4 2.2 2.5 3.3 33.2 32.3 1.1 4.8 13.6 17.1 5.4 11.5
70 20 10.4 10.1 10.0 9.8 5.5 5.8 1.0 5.5 1.0 7.3 1.8 8.6
80 20 1.4 1.7 4.9 5.2 4.2 4.3 5.5 9.8 2.0 8.7 1.9 9.7
(a) Feed type
(b) Cross-flow velocity (m/s)
(c) Conductivity (11s/cm)
(d) Permeate side temperature (°C)
(e) Feed side temperature (°C)
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o A AT =50°C .-l-.- 216 vvvvvvvvvv
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3 4] s88¥Y T 000 3 6{®m aT-0C e ®, AA8500
S 2| _.agiisicececee 2 . 1383500 e
1 - eoeo
(& 5@88 s o 2#835“"
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0 20 40 60 80 100 0 20 40 60 80 100
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(a) cross-flow velocity=0.09 m/s (b) cross-flow velocity=0.18 m/s
14 26
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(c) cross-flow velocity=0.27 m/s (d) Variation of permeate conductivity for 36 hours
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Fig. 6. Removal rate of COD, PO,> —P and NH,;" —N with Fig. 7. Flux variation with different pH of feed (Synthetic
different operating conditions (permeate temperature wastewater, temperature difference=A40°C, cross-
is maintained at 20°C, pH 6.6-6.9). flow velocity=0.18 m/s)
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