J. Korean Soc. Environ. Eng., 38(1), 34~41, 2016

Original Paper
http://dx.doi.org/10.4491/KSEE.2016.38.1.34

ISSN 1225-5025, e-ISSN 2383-7810

UF-SWRO BEZHE 0|88t siEt5t TjUS! S0
siae}7jao| Ridle S5t B2 U FAUM A7 SN

Removal Characteristics of Boron and Humic Acid by Pre-blending
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Abstract : Using UF-SWRO hybrid process, pre-blending tests of seawater and brackish water were performed to investigate the
effects on removal of boron and humic acid (HA). Feedwater pre-blending was set based on TDS concentration from 15,000 mg/L
to 27,000 mg/L and analyzed for boron removal characteristics. Also organics rejection at same TDS concentration range was
investigated by injecting HA. Boron concentration appeared to be high as TDS concentration was high ranging from 76.60% to
83.27%, but boron concentration in final produced water was increased up to 0.69 mg/L from 0.48 mg/L. In cases of HA tests
at 10 mg/L, 22,500 mg/L TDS appeared to be higher removal rate of 17.59% than a very poor result of 8.43% in 27,000 mg/L.
But high HA removal rate of 57.14% was obtained in produced water with 22,500 mg/L TDS containing 10 mg/L of HA and
27,000 mg/L TDS yielded lower boron removal rate of 54.49%. Meanwhile it was found that a relatively high flux and recovery
rate were obtained following process when feedwater was injected with HA. It is considered that most of fouling substances were
eliminated by binding between HA and Ca”". Thus, when desalination using UF-SWRO with respect to boron and HA, TDS con-
centration is determined to be advantageous as lower.
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Q9 : UF (ultrafiltration)-SWRO (seawater reverse osmosis) 332 o|&3}o] &4=9} 7]—’;:/] +9a B (pre-blending)o] X
Z(boron)T} F Ak humic acid)®] A7 ol U] X+= FFS ZASFALE KU+ EdF-S TDS (total dissolved solids) ==& 7|
FO =2 15,000 mg/L~27,000 mg/L7tA] A3} o, Rooﬂ/ﬂgl HE AAEALS —‘%‘—/5, 3ot E3E U3 TDS =9 9o
A el 2 sl £71% A7) £32 doluoith, HES TDS 57t Soldss AARE 76.60% - 83.27% 7
Ve A, 2 E At Ao B2 T 048 mg/L- 069 mg/Li lno}zq 6012 ) B2 =%7} o 9918 A &9
2 Balgo] WQast Aow dug. & W‘* Fo] A9 10 mg/l 4222 A< TDS %% 22,500 mg/L7} 27,000 mg/L 2T} xﬂﬂ
&o] =7 UrEPkal‘{h FrAto] 5 mg/L 4%%1 ﬁo—"r TDS &%= 18,000 mg/L7} 15,000 mg/LET} &7 yebyt) g, F9
Kol ZqIE|gS 1] UF-SWRO ZAoIAL @518 B8 2(msh ol &(recovery rate)o] Z7bhe Ak Lherf gl of
L mge Bao] Ca'et FuAe] Aol o8]t AAE ol et Ao BaHE) meid UF-SWROE o] 3 65
g8k A BE ok FU4 A S WA TDS EIL HeSR gesivta Bekw,
FMY : g3t UF-SWRO, B3y, BE, &ulit

1. Infroduction A A EAl= dutdog 340 JRsrrt Uold4E
A0 G B YeEhvdes S UEyo, sleRE

AAZ QL 7| FHELZ Qe HY Al A1, AT 7 ° t} 7]4=(brackish water)E ©]-835lo] & =& W& o
3, 942l AR Q) S8 a0 v&) " AAko] GeFAAE oM felsH |k ey 7]
Bz 9 AlAo|th? o]t wjA o)A WEH ol Fe BHE oA &y d4E 407+ f7]E(natural
ol g3t sjEarths dutAel V)&= AR glom®  organic matter, NOM)O] SRt =2 4238 thehof,*”
°] 5 SWRO WEH L o] &3t dErais &2 ¥ A 2]5 A (pretreatment) S Fall HFHOR {FUES A
Aol Argst7] Hgdstel 7pg del ARgEa gk At A ZFslof giet olE3t ey f 2SS AAS
I8 SWROE 0|83t 94HE 342 A7 2744 £A4)| 7] $l8 285 BHoR 2Yste dleEast AldoA
of Ayttt A WA= TS o)A oA Atk A 24 UF7} @o] AMgHol” 4718 5 Y &2
49 §FS YU 5 JEA ofifon ) = W= A ol FRo|=E g REE AAVL =, 7o B wWol x5
Abgl AYARgRo] o] Mg £317|29 whEojRo|rh o Fuaba e B AAEE] o Wl(eg., pore
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©0] Ca¥'9] Ew7} ol A =g, o3t H7|A uhar
2 (electrostatic repulsion) AFEjolA= FujAl Bxl7t AME
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Table 1. Physical properties and chemical composition of the
water tested

Parameters Seawater Brackish water
TDS, mg/L 29,354 10,231
Conductivity, mS/cm 45160 15,740
pH 6.81 7.90
B, mg/L 5.453 0,940
Na, mg/L 9,319.6 30423
K, mg/L 3104 952
Ca, mg/L 3555 109.9
Mg, mg/L 8445 2784
Cl, mg/L 15,4018 51651
SO., mg/L 21732 707 4
Turbidity, NTU 0.873 1.658

Songdo,Yeonsu-Gu, North side of Incheon Airport,

Sampling place Incheon, S, Korea  Jung-Gu, Incheon, S, Korea

At QA FEATAC, 7k AH FF A2A
oA A4ste] FeAsE TFHAT Table 1o 4 ¢
S0l Bejatea 242 et s14:9 TDS b
29,354 mg/LZ dutz oz ¢4& 7 4 %= 35,000-40,000
mg/Le] swet wma w ulma WA tebge. ol
elukere] AelE Laelel Aol S AT 1A%

| ot7tol ¢l Ete] Uehd Axet gAY, BE &

5453 mg/L2 AWtz oz AR 340 Hy HE %
4.5 mg/Lof w3l =4 yebsth 7|9 TDS 5%+ 10,231
mg/LE gti}o] AMafjutcte} s A -olA A=ttt

HE 5%+ 0940 mg/LE UeERH o] o] s & &
T8 Yetdicks AMES E1eki
2.2. Pilot-plant
Fig. 12 9-2uza} ¢l x5t g+ UF-SWRO 3jj4
- U system ]

Blending tank

UF permeate
pump

k]

UF backwash

pump
L ArBlower 1
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Fig. 1. Diagram of the UF-SWRO desalination process.
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(@) Submerged UF
Fig. 2. UF-SWRO pilot-scale plant located at Incheon in South Korea,

Wt A4 wARES e dl5et 7)es
Z(blending tank) = FYE o] FYU5 SdllFo] o] FojA| =
= AZEHh EdY R4 TDS, 2%, pH, f-&Fo] A
Aoz Ag S E o 7|55 HolHE o] &kl f4
LgFo gol BYYXE V|EOE 0.6 m/hro 2 A5}
pon, 23 Faee UFE G5 S20l54 &4,
dre 2ot 59 Er—l*‘é—% AlAsHA Fr Fig. 2= UF HlH
glel X -E(Bio-cell, MicroDyn, Germany)< WEFJ 1L 0.04
um Hoo 2 o]Fojx] glom, WH el EHA(membrane
surface area)2 ©F 10.0 m*o|t}. zAFF o2 N7} o]F 0%
L2 AL on, g4 F71= GA-60 sec, th7]-15 sec,
25540 sec, @A 7115 sec2 ARE Tk AN 5e] 4
F UFE sisto] Aelel Ae|E o]&st3lth. UF A7
Jlrﬁc’ﬂ/ﬂ X%“J F(L/min), o4 (bar)o] A&HZ 02 =
AEIL 7] S ATk
SWRO+= 55 baro] gtzzolM 4dstglen, AhgH
ZE = YHE(spiral-wound) 9] Zg]|ofufo] =(polyamide thin-
film) A€ 2] CSM RE4040-SHN (CSM) A ZA} RE-L o]

gslac) WMuEgel EHAL oF 69 m*o]glom, SWRO
A Al Y-+ §5, TDS, pH7F &4 o=
SA =9t

7 240

2 RN BAE O] AR RE Blsl] S8 7 7
& ZH5T F of 1A A} olRei AT wE,

2.3. UF-SWRO =8t2 X

BE3} Fuake] AAgo] A gFe pH,Y 2w,
ok = thopst wolEo] gluh Eu pHO 24 oF
=Y AMGO R sl A e o] WS 7} L,
29} el A AgAl oA Aojstr]of 2 YA
dvlefo] @ ETh o7 A% vlwH Aoz} ki wt
HE TDS HEE W9eR £, TDS v HE 9 7
glike] AAEES dolrgtth o]F 98] TDS FEi 3

5 7158 595 SAYFORA 1500027,000 mgLe]
Welz Agstel AES ST F s3] AFS A
ABHom 1 ATE Table 20 LR itk Set 14
7FEel Felol glol sk 7148 K% EUY ¥ o

27) RESEO 2 HF A4H S84 ] HE R}

(o) SWRO

Table 2. Tests of pre-blending effects for the role of boron and
humic aicd during testing period

Feed water Blend ratio

Run DS (mg/L) (A:B) Injection
Set 1 15,000 25:75 None
Focused Set2 18,000 41:59 None
onboron Set3 22500 65:35 None
Set4 27,000 88:12 None

Set5 15,000 25:75 injected with 5 mg/L HA
Eﬁfﬁii Set6 18000 4.1:59 injected with 5 mg/L HA
acid  Set7 22500  65:35 injected with 10 mg/L HA
Set8 27,000 88:12 injected with 10 mg/L HA

A : sea water, B : brackish water, HA : humic aicd

A7 &) el EASHAT. Set 5-8E FUAE FAWS
u] TDS =7k Fulare] A7 gol v Qo] ey &
HeisiE & HEE WL AR e SYsse
A FUte FUSAN PIT ArmE SR 3

S 1ol et o1} ol ol A cfet o8 B7lo]
98] AAEA ot wre] 2.9d0] Azt Sei7h glel,

A% A NEFE IH, AT HE 7EeE ARG &
Foioleh. A 717 20159 7YY S 897K
2 AAAR 717 B SEWEs of 2508T WolE U
Ehuj otk

Hntast TRl BHA L oS3 go| AAE
A}

. 174
‘]V_ F .t (1)
o]7] A, Vi A 4eHL), F= WEF ol EHH(m), 1= A

& A17Hhn)o] e},

d EE Ul Fuae] AAES AARR, %)l
At gl on, ol& chgel teh ek

c—cC
= " 100(%) 2)

A7|M, G= APl FEE, G +Y $EE HERdH:
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SHUEMC et 712

24 Fuitat HE S

HE2 [CP-MS (inductively coupled plasma mass spectro-
meter, Agilent 7500-CE)o] &J3] & =Hglon, 28 o
RO 7 AT T 7]§(vaporization) YA} H atomization),
o] 23K(ionization)®] #Hg-S A% & HE A ¥ $I(20ppt)
o WS s,

FulAre w9 § Ej(Sigma-Aldrich) 9] FHAHS ZH4
1 Loj| 5 g& 43)A]17] & E3t o] Fulile o]L3}o]
290 F3gch Bof & =32 ¢k Fujilo] EX
OS2 93l NaOH INS F5lo] pHE oF 1002 2A3}
A0 24417F Fob ANES SHTh FUH FIU Uvass
B e o] gstgon EEgS Axste] AgAS &
gt & A5
3.7} 9

AdAe] AYHS Blsty] flel Table 30f set 1-89]
TDS, TOC, DOC, €%, pH, SDI;s @%‘7&45 LERY it

Table 20] LtefLbEo] set 143 FuARS FsHA ghoki
et 8L FUAS 2o A@Aolch Hrot A8

Table 3. Results of analysis on filtrate produced by UF-SWRO
system pre-blended with seawater feed and brackish
water feed (data derived from the average value)

Run TDS TOC DOC Turbidity pH SDlis
(mg/L) (mg/L) (mg/L) (NTU) () ()

blended water 14,326 20.96 2009 1203 9.13 6519
Sft UF 14077 1969 1926 0100 962 2.709
SWRO 111 106 104 0088 1173 0473
blended water 17,854 2148 2141 3627 961 6338
Sst UF 17,802 2091 2101 0088 999 2177
SWRO 160 101 085 0069 1288 0370
blended water 22990 3104 2742 1930 989 6.504
Sgt UF 21683 2781 2637 0097 1048 1767
SWRO 171 194 135 0084 1237 0664
blended water 26951 2672 2610 2380 953 6.333
Sft UF 26250 2602 2539 0104 852 3241
SWRO 226 194 213 0084 923 1059
blended water 14,588 2501 2239 6113 690 6.046
Sgt UF 15656 2248 2204 0229 609 3486
SWRO 78 175 157 0098 707 1606
blended water 17,530 2594 2296 5910 697 5941
Sgt UF 18022 2312 2259 0252 712 2364
SWRO 104 149 129 0065 849 0864
blended water 21,678 27.98 2325 8057 628 5203
Sft UF 21179 2380 2296 0156 6.69 2345
SWRO 107 168 162 0048 830 1148
blended water 26,584 2835 2555 9123 677 5969
Set P 25142 2471 2459 0152 727 2079
SWRO 156 159 124 0051 834 0833

EdG oA FFHE 718 ® EF35t] TDS s=&
A3l o0, TDS 15,000 mg/L, 18,000 mg/L, 22,500 mg/L,
27,000 mg/Lo] AAgkol|l 7Had At EE fgS 248
At} Table 30| A¥7|7F 549 H+ TDS =& UEHY
o, TDS g%+ UFEAolA &Z #3l7} QIR uju]
shelon SWROF A& AR HA & AA=L 25 A

AFE YAk 78226 mg/Le] W9 ZHe vreRygich
TOC®} DOC+= w9 58t =25 HolHA 342} 7]
LRSIl QJ"S’J Tgo] Y& ﬂﬁ"‘—*é =20 Aes &

=82 UFoflA i3 =] Aead

=

. [e} 1__
o o), FUAE TUW sct 58 A AAG FILE
1-49] A7}S UF AS 8 v|@ajid &

TUABHA] 2 set
LAHS 9]t set 5-89] TOC A|AE0] AF &7 Yeq
ATk ©]% SWRO F7goll Al set 1-89] A} 5T 92% o4
o] AAFTLE Kol TOC ¥ DOCE o3& A =k

9] 79, DOCet th=A| UFojA of 92%4 AARE

LRl o], SWRO A 2le g o824 UF F74o] 4]
2 &A= golgt 4= gigith FuAkS Wz ¢k
1-49] A3t= oF 0.100 NTU ZHe YeRfgloY, &
Z9]3} set 5-82] Ayt 0.252 NTU7ZHA] AF43}19]
SWRO A g]4=o] A= set 1-87}%] X5 2F 0.100 NTU

ot = HERH T

pHO| 7, ARFAQl SWRO F7ollA Afxom &}
A7)7F & FEAFE(HCOs), BAHA(COs™), EZ(B(OH))
o] AAR Qg H' o]20] 5ZE|aL o]of wtet pH7} A3}
ki dejA Qo 2ey B A date A= SWRO
Ae] & pH7} Asshs ARtE 25 Yl ol
Ze|ohuto] = AP SWRO HH#H|17} 420 2(H )7}4
HhdEo] ofsf v @ oFY) paolo] AAEL F
0]-2 @3 common-ion)S UERH Aoz Helth o]83t pH
A} AR Yaroshchuk™ 2 Nir'?e] A Anto| e U
ERLRal giich

RO o} ¢ 232 SDLs7 ARE-E=H, 94 &7
Fo] o] FojHE uf 5.29-6.529] WS UERHIL UF A
Z olHth W 1.77-3.499] HOE Uttt FUAS
T3k set 5-89] SDIis gt set 1-40f H]al] uju|stA] =7
UE o, SWROE AZ A2l 1.00 199 HME
LHER e

01_9_2.

o
=
o=z
2 set
SR
o},

l‘

31.EEMHEY
Set 1-42 %€ 27] HEFro] Wstel w2 HF Y4
9] F=W3LE Fig. 33} Table 40f Yetiict. sfjef 714~

2 495 2AY Yo A 2A7F AT TDS i}
YEUER sl vl Hop dgxe uE pEb

2.15 mg/Lo A 3.92 mg/L7}HA| A53l= F
oh UFOl 49 BE S5l Sy zo)Ae) %ﬂu} e

A =7 Uebd=tl, ol UFolA A2 & dAeR &
FE A L UF A2 g3 Hdad 245 24 2

T ghekE,
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TDS 18,000 ppm
TDS 22,500 ppm
| B3R TDS 27,000 ppm

QA

Boron concentration (mg/L)

o 7\
Blend water UF RO
Process
Fig. 3. Boron concentration in each process under different TDS

levels,

Table 4. Boron concentration in each process under different
TDS levels

1 TDS 15,000 ppm
TDS 18,000 ppm
D2 e TDS 22,500 ppm
BB TDS 27,000 ppm
T 40 o BB e
(<))
E
.é PN OSSR\ : -
o
g o
R NN L
L g % ...................................
o
2] /
% Not
. 4 Detelcted
Blend water UF RO
Process
Fig. 4. HA concentration in each process under different TDS

levels,

Table 5. HA concentration in each process under different TDS
levels

Boron concentration (mg/L)

Feed water Blend ratio
Removal

HA concentration (mg/L)

Feed water Blend ratio
Removal

DS(Mg) (A B9 e swro DS (Mmg) (A Bend e SWRO

water rate water rate
Seti 15000 25:75 215 235 048 76.60% Sets5 15000 25:75 573 525 843% ND.
Set2 18000 41:59 257 265 052 8129% Set6 18000 41:59 596 492 17.59% ND.
Set3 22500 65:35 314 330 061 8199% Set7 22500 65:35 1031 442 57.13% ND.
Set4 27000 88:12 392 400 069 8327% Set8 27,000 88:12 1163 529 5449% ND.

A : sea water, TDS 29,354 mg/L, boron 545 mg/L
B : brackish water, TDS 10,231 mg/L, boron 0,94 mg/L

i3

>
o

29 HE 5w}l Zola5E 2% AR J
W HE AAELE 76.60%00 A 83.27%7H4] 7355t
= Uepjglo, SWROS Saket HE Aels A

FE= 2358 0.48 mg/LofA] 0.69 mg/L7HA]
A4S esleh Marks 50 BUA 4

B X—]EJ—,— WY HEsk= st
A TS5 SRR &
O U RESEE F7kstel 1
9tk S2lueiot BUl A E 38
712 1 mg/LE A% 9o
Wel BE ok B A 4+

9 ofl

Y,
J;

LHE'_

et ofy o

LN OLN, >

- oo
oz O -1>
i)
N,

L2 ox Ay do off mQ B koo ox M orlr M
1A
iy

3.2. SUlALH|H EM

Set 5-8=2%-¥ TDS iE‘% FUA AAELE
Table 50 et it Fo]Ake] Y=t TDSF =0 wE
W= A 27HA 2 e de stubs, 94 5 me/Lo
A TDS 15,000 mg/L, TDS 18,000 mg/LZ TDS %7} &
7b8t o)1, T W= FulAk 10 mg/Lo|A] TDS 22,500

Fig. 49}

A : sea water, B : brackish water, N.D. : Not Detected

mg/L, TDS 27,000 mg/LE TDS =7} 2713 fja Lk
stete.

FUAL S mgLY we] A9 fol4 SAY A FH
=& set 5-FYAF 5.73 mg/L, set 6-F9AF 5.96 mg/LE UF
2 AR Z set 5-FHAF 5.25 mg/L, set 6-4.92 mg/LE
ZF JER Itk Set 59} set 604 UFS] F9Aik AlA e
ZYZ}; set 5-8.43%, set 6-17.59%5 YEMHA], TDS =
F7he set 6014 )AL AA LR oF 20 S7hsterk

FUAF 10 mg/LY o §914 EdYy A] set 7-&9]4F 10.31
mg/L, set 8-F Ak 11.63 mg/LEZ YEGI UFE 72 &
set 7-F 9] Ak 442 mg/L, set 8-F LA 529 mg/LES UER)
2t} Set 73} set 8of|A] UFQ] ZHAF Al AREL set 7-57.13
%, set 8-54.49%% UEFA XYL TDS E=7} Z7}3F set 89
A FUAF A AT 25]F 2.64%p 7AHT)

Ca-bridging & 3}9} oF7Z35}2] Hbilel(charge screening ef-
fects)o ©J5] TDSH w7} Foldss FuAl AA&L %
Zhgtcha A ok deu B AR daolds 95
A9 A3 Fulib 5 mg/Lo A= TDS $= S7te] &
A A A FE& S7HTDS 18,000 mg/L > TDS 15,000 mg/
gelstgl o, FuAl 10 mg/Loj A= TDS =7} 7t
5 S A AGEo] F71SFFTHTDS 22,500 mg/L
TDS 27,000 mg/L). ©]+= 3frol] E3HE o] = 17} 99|
ol Na™ (9,319.6 mg/L)7} 27} 9Fo]&-¢l Ca®* (355.5 mg/L)

N ox

—?l flo J}l o

A

woh 12 o

vobr

o
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Hb B8 SES Ve glof, sl49) ulgo] F7He
17} oFo]2-2] gaFo] o AA ek Ca-bridginge] €Jgh &
T} oA @apo @ mebEch
ol4ol Auts FdlE W, FUA FE7F 5 mglE W
© A% e 899 TDS FEe| A TDS SE7t F7h
T4 AA TR0 ASFAT, FUAL B
7} 10 mgL2 Ee 7 =2 Ho| TDS HEo|AE TDS
FAk AA R L] stk

3.3. UF-SWRO B Hof|Me| EHA, 3|48 2 TMP HSt

FHAE =Y ofFof whet set 1-49} set 5-8-2 H|wslo] UF
2} SWRO9 A 9] 22~ 3148, 3|48, TMP (trans-membrane

pressure) WBHE BAITE TMPE AX4 P2 ohe
g §UT fEUL) T 08 Urhh ofaso
A9 grelo] TMP ghe ekt Fig. 5% UFol Aol &3
2of TMP 73S LRI, UFol 4 TMPE: of 7} A] &
A& YeEhlaL A Al S veRdHT Fig. 62 SWROO
Mol EYrst 35S e et
Fig. 5o/ UF &2 Wgks duud, &
(b)g]_ Zolo]_x] oJ—o (a)—% ]:]]J_II__G]— m] —L{—HA oF 60 L/

T

m’-hr2 H|53 £28 Yehfi ok 22y (09 ()E Y]
s

28w (d)Q AFATE ()9 AFATHET} 13 <
gol WA et UFelA9] Fujate 2% BAR 21§
317] ok AMdE o o Sdnh FEal Sl ool whet

77ke AR (09 %% TDS FEwsie] wzt TMPe]
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