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ABSTRACT

The development of alternative water resources has emerged as an effective method for solving drought of water resources
due to extreme weather and increase in water consumption. Recently, in Korea, there has been active research on reverse
osmosis desalination technology, wastewater reuse using forward osmosis membranes, and the forward osmosis(FO)-reverse
osmosis(RO) hybrid process combining these two technologies. In this study, the basic performance of FO membranes
manufactured by three domestic and international manufactures such as Microfilter Co., Ltd., Toray Chemical Korea
Inc., and Hydration Technologies Inc., were investigated for wastewater reuse. In addition, as an experiment to select
feed solution, the selected membranes were operated 48 consecutive hours using three secondary effluents pretreated
by the UF membrane with a pore size of 0.1 pm and auto strainer with pore sizes of 1 um and 100 um as feed solution.
Although there was not much difference in the operating performance. Thus, the treated water using the 100 pm auto
strainer was selected as feed solution applied to the assessment.
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.M E Ao ARG ol gote B4d FHOR FELAS
Qlete] o] o] BT R 713 A7|7t AL 2
HAFE(FO, forward osmosis)E o83 B4=8t Wy 2luboll A o Bl FEEQl AR WAAA of
2 19705 E MR st Aol grow, ik el WA RR oI} vlmE golstAut PiE
(RO, reverse osmisis) S0l H|slo] o]2H O 4F  7]&o] BAX AUBE Yol ofy sjAs|of
FIES o] 87Fo g o x| v ZHA 1/10 4= 3 TA|7} dolgith(Han et al, 2016).
ZO02 @4 YAabo] 7Hsst Aoz Rud wh gl AT 3AHL NEo] frgAS Hgsly] g7
(McGinnis et al., 2007). 12U}, FAFEE 44 e o] £ 58S AW f=8do] 443 84 357}
S5 A, % 88 A% 5o BAR A8t 8% g9low zgei, Bd Ag A AFagle
AR gapglou, AT ARl Aol o] = g3 S gl R FEEIPLS Hast o
offol wet Bhakst At NFE T ok FAE T S 9

w44S AAsorstti(Yoon, 2013).
2 ®ol7] 98 A%y B,

2 R o] 1EA B2 o] AurE T 9)
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2012). spA|Gt, HAHEFH-2 AA7HA] H A SHEA] oF et ek 7124 Bl AYS AAE 712
S A2 &2 3¢ Al oHR] AR} Fa, golst X5 H7}= TDS(total dissolved solids) 1.8 mg/Lo] x>
Wetomy SHoly g4tE 34 5 odEt g4 = FYTE 283 452k 100 um Auto strainer=
S AESIT lck(Hong et al., 2011), o7}t TDS 190 mg/Le] Bl 2] (314 RA) S &

AAE A8 BEa]uhe Cellulosic membrane, Thin-film Qla=g 83l Ao sl Zhzk ST, B A
composite membraneX} Chemically modified membrane of tf3t =8 (Draw solution)> TDS 35,000 mg/L
T 3A 37 FH7F MEEI tHZaho et al, NaCl(sodium chloride)= A &35}o] AMR3FIT) <=3
2012). HAE Rt ke Ealigs olr] A8 £ §olEi $EENE WS 07 Unmind 851500,
A RIS Eojof o, RIS =o|7] 9|3 ZY A (flux)= 1A 7S] Hit o2 AHAsHeich T3t
Ae w2dre 2435 YR sEEaa4d HHol Hol49F S golo] 220 25°CE §R|5lo] T3
2e AN 2L AHAAE Tt 2702 AFS WPt

o4E BN o i 4] A U HEEY B
2Al2 Sdel] glat et HAlol SitEs §7 2.0 [HAF 24 U ST
= FORO sfo|HelE 4 0= F4o| Thgelth &

H A3 5 AL A Sk S22 2] AF

BHE R BRI ft sipneim gg§ TR AT A EETEE S A ol Aes

9 stA Bl (e[S 1 tm H 100 ym®] Auto
strainer2 A 2|gh A 2|2} 0.1 yme] F=37|E 7}
Z 7FHA] UF membrane(ECONITY, Inc. Korea)o 2
oet Ae4F FO 2299 Y42 4§35t 4

458 B

a1, FEGA O RN FaE Ao RN HAET
oA ot sk E]eet FEgH o =N ARRE
7} Z3tE|o] TDS sk A3tE 53 J4H% T oA
ofuz] AmEFe Yol Zo2) Aujgoz YArE

AL = Y= FIE 7PA2tH(Zaviska et al., 2015).
& & gl 2AE JPdEthZaviska et al, 2015) orgoom AlLy 01£6H/\% ;HA o] By

FO-RO 3lo]|Hej= 342 7} 349 B3-S 7j4lah]
JAF °l 672 o] oJSkS w45t 23l H(salt) 5

ffste] AIFE ZEolAw, 2F A2leE Yibste o e A
AE ZA O AHTRZH FO 2HLS AE h:}L Ao E=RhE st AREeEAAL, < Jé.‘ 9 deEs
A~

HAL LS =Zz=lod
SRR o] Ao 2 Tlo) AR AAE 2 9ok Z HEAZS "He j]S ,000 mg/L= x]_ :LMq;\ivoﬂd
aL e tal=1
ok on), 10 B9 wE Ak g Ay O A e e
X7 &
o] ﬂao}u}ﬂ thdo] 9lrh(Bamaga et al, 2011). F8-5H21al, Na F A ghds] gajaA A 1_
TDSE Z%5}0] 35,000 mg/Lo] G-& 8ol #2519}

oZ{
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O

wpebd, B ATelAE AA| SRS g
2 el AR R RS BA T A .
239 A4e] Ba 9uE wols] ol g Ay 20 BHT B
2] FA O 2R Auto strainer?} HE-2|9H(UF, ultrafiltration) AAFE A2 9] FAR A= Fig 19 eI,
S Agsiol PAE polue AHe AW Eay 92 2As] AAE el ofzh A FUXAO
2 st sk 2 o)t RsehER 4N PAskn B B4
= welok FOMS AR Belukg Abolo] Fi1 g4l

2 AISIElR| U HpH o FrEgo] NEH o R £FEo] oI} 7hssleS
sEetl = o 7] b AR PASA, A2te) 2 o) 77
HAME ot cm, UH] 2.6 cm, Z°] 03 em& 20.02 c22] F-& 2 A

21 ooT -I'_-E'l_l ~

2 0.78 cm29] {2 EW‘H% Al--ghet.
AA e 24 45 Frto AR HAHE(FO) owgole AZE AAE 3o AxIAS(A&D
w9 A3 f1stod polyamide(PA) A1 Q] thin  company Timited, FX-5000i, Japan)& E5to] AlA]7HO.
film composite (TFC) E}Y S 2 A|Z % Microfilter Co., T EnlsTrs 245191, Srgolo] 2sle o3|

Ltd.(Microfilter, Korea), Toray Chemical Korea Inc.(TCK, Gear pump head(Omp, MG317XK, China)Z #1x2] 7o
Japan), Hydration Technologies Inc.(HTI, U.S.)2] A% 7)o AZslo] AFREIG oM, O EQoho] 2Bl 94
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I ZZ(SHINMYUNG SERVO Co., Ltd., 6IN6S2H-2, 3. 7E=|J__l_|. I;ltl ﬂ’él-

Korea)5 AHE-slo] mjA|£H 0] 753k Needle " H 2

F S =243} t) Variable Area Flowmeter(Blue-White 3.1 X ME A| 22|29 HIEAME HME EnMds
Industries, Ltd., F-450, U.S)& Al&35lo +3-o3F 9 Alsd

439 4E2 A3 o, Sy S rgol=0] ofy
Aol W £30] FH5etES deAS P £
ot FEGH O p22 2o A4 2 H Heater 3
FAl 25CR 4718 4 S 619

3
(e}
o, §-A5-x9 AL wwt7|(SPG Co., Ltd., Korea)E
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Foll A&mntsto] AR Fdo] AR s f\];# o
4% e Ak st
- 0. 2= A7} 2 ZeA W3], Fig 32 2%
TDS =A< 2J3j TDS meter(HQ40d Portable Meter, a]iikztﬂ i | :]E?th ETCKQ]— 15[1} F;gl 34 ;:}j
= - = H3l S crofilter®
HACH)E A}g3to] =899 Az 9 34, 5= e = _];;}T

HEE ZRSUL, Uvis Z3L Ulmavioletvisible o)1 % oF 1042F Ay Sema)q 2apd

N ’ = 59 Aol7h WStk 271 1412k Beke) Bt B
spectrophotometer(DR6000, HACH)E ©o]-8-3}o] B A5} A Microfil 008 IMHE 7% oto

Fal 7 7
Atk £%9] 287]eA(TOC, total organic carbon)= "FCK‘_ 2, ;cgo;;;r/{ ]-HTI 1 LlL[H N :E o,
Total organic carbon analyzers(TOC-LCPN, SHIMADZU) w# 744 3 o T’;‘“ ﬁ:
25 mm 045 pm)oZ oqz} T 82978 A(DOC 2= TCK gaqu 19.16 LMHZ 714 =7 ubet
. —_ [e] > .

dissolved organic carbon)Z ZA3lo] FE-LS H]Wa% %O, Microfilter”} 15.91 LMH, HTI7} 4.34 LMH £

Yoz odEgo o Haja}
t}. E3L secondary efﬂuent./] EXS ulotslr] ko] '“EML}E} o2H E/H /\] (‘)— Bl= ;T
A A = dolu
suspended solid(SS)S Z=A3}1.0 1, Turbidimeter (2100AN, jﬂ;‘;ﬂ} mep SISOl AolE Hele Ao
=70 AT

HACH)E A}g-3}o] TurbidityE =735} ch
= e SR 17A7F Eob ARe] P Ze Al TCK7} 22.19

[ LMH, Microfilter’= 21.44 LMH, HTI:= 4.57 LMH=Z
: TCKO| Z2jufo] 7 &2 %a A5 BT, B
i 39 A% o AL A% TP TK geAte
& —C) o Microfilter E-&]at3} 2}fo]7} WAlE Aoz bt}
A I B L R R R TR erae @ 100
oF 755 mlE 7} &o Euegos yehyta,
:Eﬁ Microfilter7} 2F 730 ml, HTI7} 9F 155 ml=2 é@ﬂ‘”
o Table 12 Z4e429] ofahiztel w2 Fei2 st
i S Uehie, oAt HAE EesE dgos
—t= o3t Aol = Bstn 7] Tes thu] ofxt
= N7l whe Zejavh dolAe @Ak olitE 22
Qo o =g sAor Qs AFEeto]l Hopyo
Fig. 1. Schematic diagram of FO unit. ua} Eypgefo] vrolx] Ao 7 ALgETh
Table 1. Comparison of pure water flux at different FO membrane
Item Microfilter TCK HTI
271 1At Ft E22 (LMH) 30.98 29.50 7.17
16A17F & 1A1ZF Bt 282 (LMH) 15.91 19.16 4.34
17412 A H+t £ (LMH) 21.44 22.19 4.57
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Fig. 2. Variation of pure water flux at different FO membrane.
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Fig. 3. A comparison of accumulated permeate flow rate of
using pure water.
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2042 AMgStO] ofTa A9 AR Hejute] Fap
At ARSH] Qo] et Aol Lheh7] wEe]
PR} 3 fU5Z Akl B ot

Table 2. A comparison of flux of using Secondary effluent

AR A AT Bl A2 RIS Bk
T4} Sk U Sl A (e R 100
ume] Auto strainer= gt A 2|45 ARSI AL, 24
Q1zfol ofgt S A0 P B flste] oF 5447k
AL A oM, 2oE ARSIE A2k vl
= fd 16A7ks 7o 2 SEAE ALt
shpAlel ofahg 4% TCKe} HTIS] 44t
YUt 2a4E oIt A9t FARE 4
© 1}, Microfilter?] 4% Eajate 424
25 Ueh I Fig. 4= ofpA|7tof ot
IS YEtH, 2350k Sh4%
T 27| 1AZF EHe] Bt S0 i
1}, Microfilter7} 19.61 LMH= °F 10 LMH 4315
, TCK: 25.19 LMH=Z ¢F 5 LMH @& 718 e
o, HTI?| Z$-o= 736 LMHE 2&4ES AR
Aot AR 43 el glch
3, 164170 AE S 1A7F 59He] Bt &
2= Microfilter7} 8.70 LMHZ H243] AL o0
TCK+= 21.03 LMHZ Z32 ZF47} Microfilter E.Th
A el o, HTIE= 3.74 LMHZ A% A% 7
Fe wolth 1647 B WA W Bas
Microfilter7} 12.76 LMH, TCK7} 23.04 LMHS] S,
HTIZ} 457 LMHZ 2552 485198 399 59
3 A3E Bk S3AZE ALeH T 1A Ebe]
B 2849 7S, TCKE 13.32 LMH, Microfilter7}
470 LMH, HTI7} 2.86 LMHO.2 Uteblo o, 5447}
el HA B E¥ A= TCK7E 1744 LMH,
Microfilter7} 7.92 LMH, HTI”} 3.31 LMH=Z ElGTH
Fig St ozt w2 A eeTe ey,
5427} T3S W] TCK7}F oF 1,991 mlz 743 =
L EglLgFo g ey, Microfilter7F @F 904 ml,
HTIZ} ©F 378 ml2 A9tk Table 2- 8} 2]4
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¥ ko o P

o ofapAlzre] W Felsolm, AXe] 27W A
< 98 AiHoR Eapkol e TCK AR &

2ule 285l s,

Item Microfilter TCK HTI

z7] 1A B 94 (LMH) 19.61 25.19 7.36
16A17F & 1A17F Bt &4 (LMH) 8.70 21.03 3.74
53A1F & 1A% Het A (LMH) 4.70 13.32 2.86
54417t A Hdt A (LMH) 7.92 17.44 3.31
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Fig. 5. A comparison of accumulated permeate flow rate of
using Secondary effluent.
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UVass, SS, Turbidity S Z75}91 0™, 71 ZA 3= Table
3o YEt ik

DOC9] 7, 2%79] Auto strainer X Z4E 3.1
mg/LE FUst S UERRla, UF A= 2.8
mg/LE2 7Hg 2| yEbgth UV254—4 3%~ 1 um Auto
strainer A &]<=7} 0.102 em'2 7HR =2 Ax} 7S

o™ 100 pm Auto strainer %24 0.096 cm' 2
UERETL UF #2i4e0] 49o 0061 om-12 713
SR SAZEE ek S kel A4, UF A2l4
7} 2 mg/L, 1 ym Auto strainer *]2]<5=7} 5 mg/L, 100 um
Auto strainer #2471 9 mg/L2 SA LU, &= E
Sk 0.1 pm, 1 pm, 100 pm &2 2 Z+zZF 0.181 NTU,
2.403 NTU, 4.643 NTUQ] A3} ZIS Ho|H, F=+37]
2 7F0 2 24Helho] Bueln Qe U] BE
= gigHon o=g] B 2 9r}

strainer, 100 um auto strainer®] 7] 1A|7F E9t9]
T EEn, 47407 oj3 B 1A Boke] B Fela,
4847t ATt & AA| HoF S AE Table 40 LpER
%7, Fig. 63} Fig. 7 %ﬁﬁ 4 5 el
& Uehdich A9 AT UF A2l4] 49 100 um
Auto strainer #| 2|2} H]n_o Fqe ELH 7_}7_} 21.45
LMH, 2156 LMHZ 2204 §A12 2718 29
©1}, 1 um Auto strainer # 2o A= 20.8 LMH=
Char WE A S Yetioh =2 A g eFY 4
£ UF2} 100 pm Auto strainer #2|4= Z}ZzF 2,016
ml, 2,072 ml=2 §A}SF 23S H¥ O} 1 um Auto
strainer & 2o A= 1,998 ml=2 71 Xe X4
= Btk ®3h f7]E AP &2 dotEr] {5t
A2} S4E FESS] DOC B UVaE 24
A34E Table 50 UERYSCh UF £ejut A7 2)5o)

Table 3. Analysis of feed solution for each type of pretreatment

Item DOC UVas4 SS Turbidity

UF membrane 25 2.8 mg/L 0.061 cm™ 2 mg/L 0.181 NTU

1 um Auto strainer <= 3.1 mg/L 0.102 cm™ 5 mg/L 2.403 NTU
100 wm Auto strainer 2|4 3.1 mg/L 0.096 cm™ 9 mg/L 4.643 NTU
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Table 4. Comparison of flux for each type of pretreatment using TCK membrane

UF membrane Auto strainer Auto strainer
Item
(0.1 um) (1 pm) (100 pm)
271 1ARF et Z384 (LMH) 29.96 30.35 29.17
A7 & AR Hy E824 (LMH) 16.86 16.57 16.42
48A17F A Hat 82 (LMH) 21.45 20.80 21.56

Table 5. Analysis of permeate solution for each type of pretreatment using TCK membrane

UF membrane Auto strainer Auto strainer
(0.1 um) (1 pm) (100 pm)

DOC (mg/L) 0.4 0.6 0.5

UV254 (cm-1) 0.006 0.009 0.009

Item

® UF membrane

. B 1 ¥im auto strainer 0.6 mg/L, 100 ym Auto strainer 2|45 28430
301 v 100 ¥im auto strainer

¢ % 05 mgL2 SAEULL UVas®] 4-¢- UF, 1 um,

257 °, A ‘:;xw 100 ym Z+ZF 0.006 cm-1, 0.009 cm-1, 0.009 cm-18 =
20 w ey, ° o, HJHo &M UF AA= oA7gt H9 f7]=<) gt

LY _
TS A sdo] 14 28 & 5 AUk
| |

35 DOC+= 04 mg/L, 1 um Auto strainer #| 2|49 7%
%7

15

Flux (LMH)
| |
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10 | 4. 7E:| E

[—

H J3Lo]| A= Microfilter Co., Ltd., Toray Chemical
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Time (hr) AR 2Yute] 7| 2445E H7hetal, FO 549 HA
Fig. 6. Variation of flux decline for each type of pretreatment Y24 0.1 ym, 1 pm, 100 ym=Z o3} 3 FII37)d
using TCK membrane. AAAEZ A S-To] w2 AAe] 2AY =74
e AER A e 2o 2ES maSn
20 D) 2ok SHRSE UPOR 7MY e Fabg

- UFmembone 52wl AR Hejuhg AR 8] 3570 A4
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