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An Experimental Study on the Characteristic of Thermal
Performance according to Feed Water Conditions to of Vacuum

Membrane Distillation Module using PVDF Hollow Fiber
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ABSTRACT

In this study, thermal performance test of VMD module was performed, prior to the construction of the demonstration
plant using the vacuum membrane distillation (VMD) module of the capacity of 400 m?/day and to the commercialization
of the VMD module. For the thermal performance test, the experimental equipment of capacity of 2 m?/day was constructed.
The permeate flux test and thermal performance test according to feed water conditions such as temperature and flow
rate were conducted. The VMD module used in the study was manufactured by ECONITY Co., LTD with PVDF hollow
fiber membrane. As a result, the Performance Ratio (PR) of the VMD module showed the maximum value of 0.904
under the condition of feed water temperature of 75C and flow rate of 8 m3/h. PR value of the VMD module using
PVDF hollow fiber membrane showed linearly increasing relationship with feed water temperature and flow rate. Also,
The permeate flux of the VMD module was analyzed to have maximum value of 18.25 LMH and the salt rejection
was 99.99%.
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7holl A gro] ARE-E AL @It (McGinnis et al, 2009). Z AF o FHHIsH VMD)L 7|t Bt

2 Qs HApHo Rz oA aH|gFo] A2 A4tE 22 gEE ol &5k "] £ 3 2=t
o] T4 OE AFEIL, ATl ok GAEE &Y & A] DCMDY AGMD =t} -2 ¢F9 57]%
= AAe = 70‘4555 ol-gsto] FAdgoll AFS AR 4= glom, E}% 9 SRHED O e 2k
o]49] S 7Ieto] HE Yol e SRR oAl HFo] 7hsdh Aol gk et VMD >4
aulEeo] A1 %A e AR sl fEe] & o o &5 %w g S fAe] Sl
A2 9 f71Ee] o8 fA vo] e @k © offqA7t 71408 FQsitLawson et al 1997,
Zo| 9t} (McGinnis et al, 2009, Escobar et al 2009, El-Bourawi et al 2006, Joo et al 2016). E3+ o]t
Greenlee et al 2009). VMD F#-2 of 744 dAtgzo] wEd Ut
b o2k sfpredte] EAIEE sty 9 wepa] 2 A4 VMD 2E59] 483 9 400
aff AlA Zh=ellAe gt 4ol AHEE= 9 m’/day VMD ZES o]-§3F AFZUE T Zof oA

YA AR A7 2 X2 sleaad) 7)ol oigt PVDF AjAo| FZAM-S 0|43t 2 mYday 4552
HAF7F AEH o= o]FofR|aL §lrh 1 FoA % 1t VMD &g A2kl on VMD EEJ i e
%% (Membrane Distillation, ©]5} MD) 37> Ef%F A% Fua 2% Fua 7 Wt wE o
o} TAst e Aee] NS AHHoZ FE  Belad wa B A 4y 54S 24 sk

o 7] 2ol A '@ VeR 5 AL §l
th(Koschikowski et al 2003, Banat et al 2007, Curcio et

al 2012, Guillén-Burrieza et al 2012, Alkhudhiri et al - =0
2012, Sarbatly et al 2013). 2.1 AISIXLR|
of Furde asdlel gy Belue ol
wejute] W ulA| 7B So YRR 24w Fig 132 VMD =&9] g A 5498 =ad]
Z7l5 E3pAA B Belehs Fgolct uh gy T =59 Lab Scale afwof AEAA ] AEes
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A B3] wie] Zrlu Eejuty Eueh ®g HE °}°ﬂ‘ VMD ZE= Fadct oftf FHF=
(Lawson et al 1997, Alkhudhiri et al 2012). 9} =& & OH""‘J ==, oY 8 RS 474 =AM, oY
Hol A Z7]9] o]= )i Hajute AAs =o o EdllFA E %%ﬁ]% Sl A= WE gl vpo]
o] 929} Lro o] o Afolo] @AEE & 2 HE T 4 H dEHe 28T 5 eE A
wajo] wEo|u], o|=st iEx}o]T__ 0] 259} of T} 25tk VMD 2ES B3t s A7) SlHE
/\]-o]oﬂ =7)9} zo]2 Surste] ¢ ‘:‘H HAY ] of A7tEE & oAl Sl BaE SEhJoo et
z7)12 ofulisz oz o]Es]) 1:1]—1:1— 2Ego] g al 2016). VMD EE ylRlA EEH 3= £571E
(Lawson et al 1997, Alsaadi et al 2014). 9} % Ho
T 71 FEE TAAAITT] S8l o & e
wol Aot ol weh - I o ZR lenle G2
(Direct Contact Membrane Distillation; DCMD), &7] 7t T A Condoncer
=& u} Z28H(Air Gap Membrane Distillation; AGMD),
27 3 EF 9w ZHW(Sweep Gas Membrane :I
Distillation; SGMD), #l& 4} ZZ 8 (Vacuum Membrane U V‘ﬁ;" =
Distillation; VMD) 47}%] wrAlo g JLH3IE 4~ Qlt) ol ool Lol Fm;hufgv:w "Q*D
(El-Bourawi et al 2006, Abu-Zeid et al 2015, Joo et al 23 22 2
2016). Fig. 1. The schematics of VMD experimental set-up
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Fig. 2. The picture of the VMD set-up for the experiment

Table 1. Configuration of experimental system

Contents
Feed Tank
Electric Heater
MF Pretreatment
MF Filter Housing

Specification
0.3m°, FRP
32kW, Titanium
0.2um, Polypropylene

20¢, Titanium

Feed Pump 13m*h, E-CTFE
Flowmeter 1~45m®h, Teflon
Condenser 47,120kcal/h, Titanium

120LPM, 690mmHG
1 to 20bar, Hastelloy
Vacuum Pressure Transducer| 0 to 100kPa, SUS316L

Vacuum Pump

Pressure Transducer

Faole] g $HEY $5
of A7Fect Tpr e Hokxl
FHHE shel AHT GRS §AS] stol B
A9 JES 2T 5 opA spuas o e
= R4S ALy Fig 29} Table 12 2 <1
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FALAE VeERH AolthJoo et al 2016).
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Fig. 3. The picture of the VMD module of Econity

Table 2. Hollow fiber VMD module specification

Item Contents Material
Material PVDF
Type Hollow Fiber
Pore Structure Asymmetric
Membrane -
Average Porosity (%) 65~70

Average Pore Size (um) 0.1

Diameter (Outside/Inside) (mm) | 1.2/0.7

Material ABS

Potting Material Poly Urethane

Length / Diameter (mm) 914 / 260

Membrane Surface (m?) 5.3

Number of Membrane 6,030
Module

Packing density (%) 15

Membrane length (mm) 450

Type VMD

Filtration Flow In-Out

Temperature (C) 10 ~ 75
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Table 3. The experimental conditions
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Feed water conditions
Case Inlet temperature (C) Inlet flow rate (m%h) Inlet TDS (ppm)
Case 1-1 55 4 35,000
Case 1 Case 1-2 55 6 35,000
Case 1-3 55 8 35,000
Case 2-1 65 4 35,000
Case 2 Case 2-2 65 6 35,000
Case 2-3 65 8 35,000
Case 3-1 75 4 35,000
Case 3 Case 3-2 75 6 35,000
Case 3-3 75 8 35,000
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Al (2)@} Zrth(Lawson et al 1997, Guillén-Burrieza et al
2012, Abu-Zeid et al 2015, Joo et al 2016, Lee et al
2016).

Qheat = mfeed@)(ﬂn - Tout) (2)

2 A my = VMD BE FFEE 349
rgolH, C,= s vlg, 7,,= VMD Z& A+
Ml B LE AT 7,2 VMD BE Z7o|
9] 3% Szolth PR g3t @7 VMD Aol A Bt
s AER AGHE ouHEe A e o WHY A
ArEl geeko g7 AAkshe Al (3)3} Zth(Lawson et al
1997, Guillén-Burrieza et al 2012, Abu-Zeid et al 2015,
Joo et al 2016, Lee et al 2016).

(©)

2] 3l My = VMD BES S8 AJAbe A7t
T @egoln, 4,2 VMD HE YR AXE ¥
Atre]l HA WAook T3 VMD ZERE F4H ¥

ook A4k g4 u]Rel 848 RR(Recovery
Ratio) ZH2 4] (4)9} Q‘E}(Lawson et al 1997, Guillén-
Burrieza et al 2012, Joo et al 2016).

RR = — dist (4)
mfced
3.2 2FXZ0]| T2 VMD TEQ| S MM EN

Fig. 5= VMD Egoﬂ TEEE Y € oduA
sagel SEayrds
Aol 71& oA AAIT 7§JJr H FLsA
PVDF %-ZAH}S o] 43 VMD mE9] ojzZei~ 7}
< Fa5Y @ odA FaEol S7Hd= HlE sk
Z718l= Ao 2 YEelgti(Lawson et al 1997, Joo et al
2016). AR AT 2 A0l4) AL8H Econity A1) 5
A VMD B9 9 BFFEE didel B Aol
°F 70 kW ¥ % VMD 259 ojI-&HA 7H2 1825
LMHE Gepton, 8% 24 F b e 32 9%
Q1 30.6kWoll A= &4 7.92 LMH=E VMD RE9| &5
S F40] 9 T 20l et ol Bel glo]
oF 280 ol Ao} this Aow A=

FEU-BE |
Fig. 62 VMD REZ FF5t: 3349 &7
LEpe] W2 olpZes e el Aolth &

Ao Al AMEE Econity’s A2l VMD ZE°] &
Al Fd 2= 75 T, §3F 4 mhe] g 2 A
VMD W& Y& SR Hd] 166C2 Leby)
on 4 FF % 55C, 4 8§ mhe] A =7
o] AL Q& 2L 842TE Ut VMD

2Eo 3uEHeE surd 90 S g5 Y
I3 oA dEF 2EAE gastth 3g
o gapol FHU4F B Zejavt Frkete olf
L enud U puRIol gadtel §E F71% &
7} Z71307] w&o]th(Alsaadi et al 2014, Chiam et al
2013)
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3k 400 m’/day £5FQ] AZZIWE 120 oFA VMD feed : feed sea water
w5 FF4 FF £U0] 02 VMD BE 4 4 m : membrane
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