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Abstract

The aim of this study was to investigate the nutrient removal using Mg-Sericite flocculant in the dyeing wastewater.
Mg-Sericite flocculant was removed successfully > 98% of the Color, SS. COD and BOD in the dyeing wastewater at the
following optimal Mg-Sericite dosage: 100 mg/L for Colour and SS, 300 mg/L for BOD and COD. The removal of TN and TP
was obtained 92.00% with 50 mg/L and 87.80% with 100 mg/L Mg-Sericite dosage, respectively. These results was indicated
that the amount of 0.79~1.31, 0.22~0.37, 0.5 and 0.16 mg/L Mg-Sericite was necessary for 1 mg/L removal BOD, COD, TN
and TP, respectively. The biopolymer, Mg-Sericite, can be a promising flocculants due to its high efficiency and low dose
requirements. In addition, Mg-Sericite does not contaminate treated wastewater, which can be recycled to reduce not only the
cost and the demand for water but also the extra operationa costs for reusing wastewater. This flocculation method is helpful

to lower the wastewater treatment cost.
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5 2014), BESH A2] 9] A= dAEAol AR
= FUE A= tiFie] rpEl 545 7HAAL 9l
o A A o] anpAlo]x] gt A o= vehd glrk
(Rodrigues 5, 2014). 2=4]2|9] AL EAddgs
Aeet A9 BE HRS] MEAA aapHo|x|qt
COD= & AASHA] HohH, T3t Flof| E<i 50l
k= 9ol L BAdo] WolR|aL @20 AN
2 Aefulgo] S7FsHA HlthWang 5, 2011). whbA
aE ARE0] 2 28}AQ1 Ao A2
ol B asit.

Eo)/3srA191 57 © & Brownian motion (perikinetic
coagulation) E+= 22 YRS 2 SHAIE FAT &
W, Fr Em ool e i o = ol A of 5=
£ HRlo] Eji= FRo|=E4S AA AASK=H] A8-E]
£ 7189] SAAE W EAdRe 2 584 ¢
20| MrA|Aols Aot 844 Aol thaliAl
+ apolA] FBiiLu 5, 2010). EYE A=
AES= 7 wlEe] 71l ot Al A ks v
2| & Ho U, A 3 X Aol ofsl] w21
< wAPE AtKyzas 5, 2011). o]2F 22 A= -4l
W] A A UARE A2 39 HieE Af2kE
S}ALA} Bk A9 712 0 & A A 2] o) vl-go] ARgETh
T3 dF0lEHe AR AMSke A= Ay =
Hl=0] M7} Foskar, £ 3ol pHE S ot
7] 913t S5t oFFY AMERRS Y 4 o =
of thet AlARE-S HTl(Chen -5, 2010). o]2{3t 7]
Al Hiaeo] oo W A9 SRl aso] ol o
o] SHAE Fofsliorstar, AA=]e] ARt =& 4
d& 7ML QltKWang <5, 2011). o]t 71&9] -S4
Ao AR Q] 7ol Azet RARe-& o
7= Q7] whzoll aLa-Eo] ZHAF ol 2Hg XakA]l 3
A2 7o) B astet

Mg-Sericite A= 31 2lskalel A= 37
o tjeto] = 2= 9lr}. Mg-Sericite A= ik &
71e9Ed, w4 Y ledEd B Fa500 it
E2k-go] Hojuk Ao g Ud#A glrKLee and Tiwari,
2012). Mg-Sericite g-4Al= ol2/d =& W=
9] F(van der Waals force) W =423t oJsto] 2
ol flocs FA FAgslo] FAAGES okt
(Abidi 5, 2015; Guo 5, 2008). Mg-Sericite SA|1=
AREBRE o= & Ul AISRE S avet 199 A
G 7hA7]7] SlRtoleh 7SRl Hehat 2
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ol g3to] PANTA T2 54 Sk} ShL.
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+ Gk o= Aebde)dolal AEshe Ao 2adt



7Nt sericiteg o185 BA Hl=3]2]

1191

Coolin Equalization
Influent — Screen —>| Water Tank > Towerg —> q Tank —>| pH control Tank
- - - n g
Discoloration 2t Settling Aeration | | 1™ Settling ¢ | 1™ Flocculation
Tank Nl Tank < Tank Tank Tank
2™ Flocculation
Tank —> Effluent
Fig. 1. Process of dyeing wastewater.
Table1. Characteristics of dyeing wastewater
COD SS Color TN TP
H BOD L
P (mg'L] (molL] (mglL] [ [molL] molL]
7.1 382 1,370 190 25 8.2
(65-7.9) (320~450) (1,100~1,554) (130-238)  232(205°2710) 4y g (6.6-11)
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H(F) AP L Agatgon] Al 8
o Table 20] LRSIt} Sericitel= SO, 324
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©] 500~1,000 m’o|| G3Itk. o150] FHL (-) E= (+)
O] HlE Ziar Qlar Hith 0] HekE 71 o2&
o= S tlorsl FARS elo it o|sk Héz
st vjsEHA, ?JZH A7 B3] X3k B
o3lo] A= (Rahman %5, 2013; Hadjltaief 5, 2014),
sericite®] A 59} ozt BEELE] o)L )

oM FEE 2 F-F7E0] AAEHGW 5,
2008).
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Table 2. Composition of sericite by XRD

Compound Natural [weight %]
SO, 57.9~59.5
AlOs 17.0~185
Fe0s 5.9~7.0
K20 2.8~35
MgO 15-26
Na.O 0.9~15
TiO; 0.6~1.0
Ca0 0.25~0.35
P20s 0.09~0.15
Other 8.9~10.5
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H ofTte) AkgE MgCl,-6H0 (>98%)+= Junsei
Chemical Co. Ltd (Tokyo, Japan)2] A& ARSI
o ol 20] 47t EetE Te] §-571RS 9
3t 4= 9lon, 271 52 Tl ofoleo] ke Ha
3 shte] HERET} ot shie] ol 2ol Agel]
U ERE) B3sle] S31E0] AHETHAbid
. 2015; Rahman £, 2013). Fe**, Ca™*, Mg™, Fe®" 1
2L AP 52 Tke] ol T1gel L3t olefat
thbe] ool WEGET E3stH Mg-Sericite- §-
D718 210 FAIsle] WAL 5, 2011). Sericite
= wle] §-171 83} MgCl» 6H,02] S3le] 7hmelat
< o] a0 whes SRy e Flolek. o]
3 Mg-Sericite Sl AR 2 QA 83
g} 2= 9ItGuo 5, 2008).

213, AU

Mg-Sericitel= ofefo} o] A|zstgc). BB A7)
2 9Jsle] ZR40l Al AR sericite £7H(325
mesh)2 100°Coj|A] 24417t E<t AXS}o] sericiteo]]
FoElo] Q= 425 9I5| Al shgick 250 mL A}
ZrEetAT 0] A5t sericite £ 2 g} MgCl2-6H,0
(IM) 200 mLE ¥ & 43 G715 AREsto] 250
(MO 24417k Sk WIS}k 24417k Fof) kgt
AFSNS- B2 31 A28 MCl2-6H-0 (IM)Z w513
31 9j0] 34E 3 HREsIGICk Wk F sericitel 55
552 3| M|A1E ke 85°CollA] 24417k AxS1o] Y|
AlAoTE o] Baksto] Aol ARSIt AE-2 batch
teste] PO R Alagslelon], QA 1 Loj Az
Mg-Sericite SAIS A3 Aol wh} thefzt &
(0~500 mg/L) F<Jsle] 5E7FS 150 rpm o2 &l
Hist 5, 2087k 80 rpmoE kit wHlkskoic).
Mg-Sericite 9} E¢5F FMHla~= 2,500 rpm o2 205
7 YAHEIRE 5 AFSS MY 5to] Gaso] 3

o O

2.2, EAMurH

Sericites] FHREI0] ks F7] 4g-0] A oA A
2 X-ray fluorescence (XRF-1500, Shimadzu, Japan)
& AMgsiol RElT mH R4S Sl SEM
(Scanning Electron Microscope) ©|u]X|+= (SM-300,
Topcon, Japan)< AR5 Sericite &R0 =71=

Q=R XA7](Laser Diffraction Master class 3 & 4,
Malvern, England) S ©|-835}5317, sericite?] QR A}
Z2(XP26, Mettler Toledo, Swiss)= =431t} pH
= pH meter (SevenGO pro, Mettler Toledo)E ©|-8-5}
o] 24319 om, M= UV/Vis (JASCO V-550)-2 A}
85} 54 200 nmoflA] 900 nm 74| scanningdle] &
FEree] wske S4s5Ieick SS (Suspended solid),
COD (Chemica Oxygen Demand), BOD (Biological
Oxygen Demand), TN (Total Nitrogen) 12|31 TP
(Total Phosphorus)= 42 @ H37 A HS 085t
ZS7SIATHAPHA, 2012). 32 551 HhEsie)on 7
<t HloJElE ARSI

3. Znt A n¥

3.1, Mg-Sericite 2| ¥t WHIA|Zt0]| M2 pHL| 3}

w0l R 12E S3s] Sigh Fa gl
A= 2, pH, G2, ik 9 33EE Folct
(Moghaddam 5, 2010). 53], #4:2] pHi= §-77]%
O] AAe W B vXth Fig. 29 aRbARE}
Mg-Sericite F5=0f| w2 pHo| HoHE HERHITE A
AT} 27] pH 6.59)4 Mg-Sericite 10 mg/L 7[R]=
2420 & pH7F ARSI oL}, Mg-Sericite 10 mg/L o]
golk= pH7E 7.7~7.82 “steof TAIglo] Uitk
Sericitet= 71 ApAREo 2w oRIzke|(pH 8~9)5 UEl
W, A7 a1ebes pH7F o A3tk o= o]
2X|H5Eo| QA EHAT Hle| MO 2E3p| wE
otH{Li 3, 2011). E3t sericite= AMJHIE FIAIL
4= ghzd] ol sericited] 3 Alololl FiElo] gz O
ol 2o AMu=2] H+ol2a} AgfshA &Eo] o]
w31, o]zt Hk3-5oll oJ5f] sericite= pHE $/d3A12
4= QJt(Rahman 5, 2013; Hadjltaief 5, 2014). A13)
Atoll ofsh Fhge] golsto] F== Aol wol
AEERE AT A(AI(SO4)5-18H20, NaAIO,, Al,
(OH)nClanms) & pH 6~8 12|31 2 pHofl 2-80]
Thsslo] 72 se] wslo] wol AMgER= A
(FeSO4-7H20, F€C|3-6H20, Feg(SO4)3-nH20 %)9—] %
FAR=5~110] 2 pHolcl(Yang 5, 2012). Mg-Sericite
9] ofof] u}E pHE 7.5 £ 0.32 YERY Mg-Sericite?]
SHA AR 1Rt A pHolt mHEATEe] 23t pH
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Fig. 2. pH change process by various Mg-Sericite dosage
and different mixing time (mean values £ SD; N=5).

O] ¥i3k= %7] pH 6.50]14] 30 & wRE7EA] 7.8714] 4
551501 304 $HE 180427149 wRkAEs <t pH
= W3 gloi) wheba] 30E2te] Mg-Sericite@} s>
7} So] SRS o 4= Qlsich

A} X $i(zeta potential)et AL Alo]] whdE ot
1ol =70 thigh &=, Aebd] S5 24|
UES AHAI8] olslidt 4= JIE= a5 HH7] Sk
Alojsl= Hl F-83F 8aolrt. AlEbdS] gho] =ohd ¢
2= Atole vhdlgo] & Ao]ar, Ao g3eo] & A
oltYang 5, 2013). &, AlePAL]] Arigto] AthH
SPgshtar & 4= Sl whebA] Alet 9] 5742 sfHl4
A2, A= A 5 G Fofoll A vl Fa5kA A
£=]= gefu]Elo|h Fig. 3¢ Mg-Sericite®] <ol wh
= A eie] ¥isksE vepigich 271 223 £ 24 mV
of|A] 2=} ZF2=5to] Mg-Sericite 300 mg/L 8] Jollxl=
-1.23 + 0.4 mVE UERASITE Al AhHo|
Aol [etE Wb, Z=olt o] A714 A&
=], 35S S2IA717] fleliA= AlEbdL)7H0 £
o] 7} Zti(Abidi 5, 2015; Rahman 5, 2013). A
Epie] gro] + = -2 I YRS 7] A7 vt
wgo] =27 Ag3it). Moghaddam 5(2010)-2 + 10
mV7} Ee= X615 525 van der Waals 2 3loj|
oJsff Z=o|=rt Aol 71sshH, Ying 5(2011)2 -5
ol 7F¢ & 24 AP fhi=+ 3mVolzgt sieik &2
Alslof| A= 60 mg/Lof|A] 2.0 £ 0.2 mV , 80 mg/L of|A]
1+£0.05mV 18]32 200 mg/LojA] -1+ 0.02 mVE
el %o 300 mg/LofA - 1.2 £ 0.05 mVE YE}

HEr
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Fig. 3. Variation of zeta-potentia with Mg-Sericite dosage.
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o] 200 mglL oPoA AERASZE A oA
of, Mg-Sericite 60 mg/LoJ42] ofo] $512 517] 9]
2)210) AEFASIRLE o 4 3T

3.2, Mg—Sericite 0| 2 SS 2t M= H|7g

AR BARE BAEtE ko] o 1l
m=719] FEo|E YA}t AALIEl ARgshH, SHAE
FRA5] FRo|E RIS F EF0= THE T 30|
1} o7tz Eelslt{Moghaddam £, 2010). Fig. 49
Mg-Sericite®] Fof| = SSo}F M= A AE-S UEhfigl
t}. SSo} M= vt AlA e LERAS.CH 50
mg/L 2] Mg-Sericite oollA] ZHz+ 94.217} 94.83%2]
AAES eI Mg-Sericite 5% 100 mg/L 2}
150 mg/L of|x{ o] AAES 2fo]7t §lGlom SS oF M
= 27} 99.14%¢2} 98.98%2] a1 AAES VERSL
). wka] ARl e gt SS(Z7 s 190
mg/L)et Mw(Z7ME 232) AAE flEiil= 100
mg/L ] Mg-Sericite®] 57} 2[#o] k.
7o) ool MEFET} E3lel Mg-Sericite-
715 S BAdste] JAER=), Sericite= w4
7= W A=l MgCl26H09] 330l 7k
1S sto] Ao o =2 whE | S/ ER= Aot Lee
, 2011). w2bA] Mg-Sericite S3Al= A& ofo g2

22 A AT 4 Slek

a5

r

[e)

i 1o do

ol

3.3. Mg-Sericite®| 0j = CODLt BOD H7ig
thfRt Mg-Sericite?] ¢fof| w2 COD2} BOD #|A
&5 Fig. 50 UeRfigIch 1,370 mg/Le] 27|5%
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Fig. 4. Removal of SS and colour with Mg-Sericite dosage
(at pH 7.5+ 0.3, mixing time 30 min, mean values +
SD; N=5).

COD<= 300 mg/L. Mg-Sericiteo]|A] 99.12%, 500 mg/L
] Mg-SericitedolA= 99.42%9] AlAe2 UeEho]
300 mg/L 2} 500 mg/L &] Mg-SericitefollA 2] AAS
o] Afoli= A7] ¢itrt. wka] COD 1,370 mg/L 2] &
=2 AASE | $fsliAl= 300~500 mg/L 2 o] 2#o]
%o, ol=1mg/L e CODE AlAsH| flsiA= Mg
-Sericite?] 9k °F 0.22~0.37 mg/L7} 2 3ct. BOD
L %7)%s% 382 mg/L oA 300 mg/L<} 500 mg/L <]
Mg-Sericite2] ool Z}z} 98.16%2} 98.69%2] A7
&= LER o] COD2} HIE=s1A] 300 mg/L 2} 500 mg/L
] Mg-Sericite®] ol o] AALL] Afol= A &
ATKFig. 5). FMFATolx 27| 382 my/L 9]
BOD 1 mg/L& A|A3}7] $JsliAl= 0.79~1.31 mg/L <]
Mg-Sericitee] o] Lasl COD &f A|AE Hlashd
BODE A|A3F] ¢3 t] We oko] Mg-Sericite 3%
A7l a3k E3F Mg-Sericite®] ¢t COD A|l7&
O] A= 0.6647 Z12]32 BOD AlA S| 4wt
A= 0.7604= o] Mg-Sericite2t CODAA &

o] At A= BODAAER] AftA|e} vlulsto]
ok}

3.4, Mg-Sericite®| S0 M2 TNZ} TP H7HE

TNE} TP2] Mg-Sericite?] oo w& A48 Fig. 6
of| LFERAIEE TN 27152 25 mg/Lof|A] 15 mg/L 9]
Mg-Sericiteol| A 409%2] AjAE-& YER}e] Mg-Sericite

O] W& Jolld= AAEe] Wkt Z12{u 50 mg/L 9
Mg-Sericite®] Jollx] 92%2] Al &= YeRH]laL, 1

Mg-Sericite dosage [mg/L]

Fig. 5. COD and BOD remova by various Mg-Sericite
dosage (at pH 7.5 + 0.3, mixing time 30 min, mean
vaues+ SD; N=5).

oo ol AlAEL] Bis L §Igic). wheba TNS
92%A|A317] $8liA= TN 1 mg/L & 0.5 mg/L 9]
Mg-Sericite?] oFo] " Qgict Ismail 5(2012)& ferric
1} ferrous sulfatesE =350 50 mg/L 2] ko & U+t
s=2 S ElSt 23} 75% TNO| #4782 ®st

Ao, Amudaet Alade (2006)2 HA1E-dwl=olA]
Alum= 750 mg/L-& o]83}o] 48%2] W& TN AJAE:
RS LR 14-4 Y AHEE 0 U]
sl Hleled Qe o] SR At e A

52 e ok 18] S5t e
ol it
100 100
T T
o 3 0
Z 3 g
£ 5o+ J 50 E
i | ® g
z * k
+
0 T o
o 100 200

Mg-Sericite dosage [mg/fL]

Fig. 6. TN and TP removal by various Mg-Sericite concen
-tration (at pH 7.5 £ 0.3, mixing time 30 min, mean
vauest SD; N=5).

TP o] A7&-2 30 my/L 2] Mg-Sericite o] of|A]



7N &%t sericites o]-8%F

21.95% O] W2 AlAEE UERASLeL, 50 mg/LoflA]
75.61% ~12]37 100 mg/L oj| 4] 87.8%2] A|A-&-2 LIEF
Wit} 100 mg/L o] Mg-Sericitefoll A= AlAES] ¥
S} ¢l Alhamad -5 (2005)2 HAs-dl=ofl A
Alum, FeCl; 12|31 PAC 9] SXAIE Z2F 150 mg/L
AR5} 69.2%, 53.8% “12]11 69.2%2] WS TP A1 A
o Harsigitt & AdEa Qg Tl 1 mg/L
9] TP (=7]%s= 8.20 mg/L)E Mg-Sericite SHAIE
olgslo] 87.80% AASH] YalAl= 0.16 mg/L2]
Mg-Sericite®] oFo] T Q3ict,

71E0] FYAIE o183t Al HY 2
FrlEHe] SAAE B ARESEAL, SR EEA
£ AESHAY B AR S AR & S459S O
Sz ARGt 2t AEe SRR ANk 5 |
752 f7=el tigt AAR = HlwA] & Holu,
A & 27 Aol olsf w7t 2= A7 ek
(Lee and Tiwari, 2012). o9} 7+ BA|l= -4 WA
O A TAI= QIARE A 30 #l-E Af-gstarst
Sh= B¢ F7H o= A2 ] vlgo] AREITh T3
PFEES AR AMEShe 7= AP 5 Hl5=9
A7} Fostal, 3304 pHE T4 357 9
St 3fe} OREO| AMHRE Y 4= Ao, f71E] tigt
AlA AL RrRong 5, 2014). o213t 7] S--Al=
SlH|=0] Fo] W - S aE&0] Rol v 34
AE Fofeforstar, A 2e] A9 =& FA3E 7}
A3 QJc}. Catonic poly acryl amide, catonic starch 2
chitosan 5] £7] A= SAlo] Wi RS} e
HHA 7| &4k 7FA2- 10 $lkg, FH-2 1~-3 $kg= HIg0]
ti{Choi, 2015). 124 & 5Lojlx] AE3T Mg-Sericite
SHAAR= °F0.18 $/kg o= Bl-go] AL e+ Z1s}
ZoJt}. Mg-Sericite -3-3Al= &=2-318H2191 S H
2 A2 ZRol= YRIA] 3YA & = ik of= 3}
SFA1Q] SR R h= 1} |2 HkA $l(van der Waasforce)
of o3t EefAel gzte] H =4 2R8s1] whzolch
Mg-Sericite S5Al= 7159] -§5A9F vlasto] 2
For IaEl] AYE & 4 glon 7HAo] AFslal,
sHElE LAAZIA] Yot shHl=o] Aulg-S Et

S os
4= SQlek

Qag A 1195

4. 22

SericiteS MgCl.2 7§23 Mg-Sericite -35A|1E o]
goto] AT HE Aefsh At Mee} SSi= 100
mg/L Mg-Sericite®] oFof|x] 212} 99.14%2} 98.95% =
2 AAES UER$em, COD2F BOD= 300 mg/L
©] Mg-SericiteolA] Z}zF 99.129%2} 98.16%2] =2 A
78 Yehjglon, 500 mg/LojlA] 99.42%2} 98.69
%2 AJA-E-S LrEfo] 300 mg/L 2} 500 mg/L 9] A|A
go] 2ol= Yk TN 2 50 mg/LojlA] 92.00%, TP
L 100 mg/L 2] Mg-Sericite?] Fof|A] 87.80%2] 7]
& VERfSItE Aalggulla=ol|A] BOD (98.16~98.69
%), COD (99.12~99.42%), TN (92.00%) —18]3 TP
(87.80%)= 1 mg/L A|7|51=d| T3} Mg-Sericite2]
oFS 7}7+0.79~1.31, 0.22~0.37, 0.5 18] 31 0.16 mg/L
%k Mg-Sericite $-3Ak= 212 ofo & 118-89] -§5
IS Yefo] as o] iAol ARgSE 4= 9lom
Aeug-S Heh 4= qlck

A 2

B ol SheiTARke] obTisk 2] 2A1R)(2013
006899) © 2 o]0} .0, ool ZAR= ALY,
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