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Abstract

In this study, low cost bio-flocculants, chitosan, cationic starch and M g-sericite, were used as a flocculant to harvest freshwater
microalgae, Chlorella vulgaris. Chitosan, cationic starch and Mg-sericite separated successfully >98% of C. vulgaris at
following optimal parameters: 90 mg/L chitosan at pH 6-7, 70 mg/L cationic starch at pH 9-10 and 50 mg/L Mg-sericite at pH
4-5. A relatively high correlation coefficient (Rz) of 0.9993 for chitosan, 0.9971 for catonic starch and 0.9924 for Mg-sericite
was obtained. The investigated flocculants amount increased linearly with increasing the microalgae amount. The biopolymer,
Mg-sericite, was more effective than that of other investigated flocculants. These results indicated that a bio-flocculants,
chitosan, cationic starch and Mg-sericite, could prove to be an effective flocculant for economical production of microalgae
biomass. In addition, Mg-sericite was more effective comparing to the other investigated flocculants.
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1. Introduction ol tAS e F JE AHI 222 FHT Ik
A vk 23 spllA, od F9] vHERE Ax TF
oY A AR 9 F g0%E 34 Az ZRE B 50-70%7H L& FHT 4 UTH(Huang et al., 2010).
AzE 9o, 34 dmel JHYs AR AT 7B Al 27 9ol FEol e AN TR bole
W3l #7409 2 A% EAE FEstal UtHChen et al,  HAS B A7, HIAERFE olEste Hielend
2011). o]o] wWe}l Be FrlNE 8438 Fo|1 A& 7} < Adshe 7P 2 g2 FE2 9 58,700 LY Hiel e
53 Q2 oY Aol BAL Ew)a 9} Al gdS A F gt Zlejth ol tE ZEH Hla
A oA 9] gk AAAQ A FellM s S st 2uf ool Be oS NS Y] Wi dF
T 9= HloledUAE mE e ZEW oA ozl W oy x| AYaksE o]tiGouveia and Oliveira, 2009). 3}A]
AR 98 3 Aoz 7)Y HTKChoi, 2015; Rashid W HAERE o] &3 vpolorAle] AR ALY, wt

et al, 2013). 714 dutzgog AEEHE Hlole A7 F
3l Hiole TAL 8 Jed F8 duURdeEZH
A 71 o)A AEE duAEeR QAAEI ok
AA) FE&3lEa Qe vloletAle FEA AW, T
I AEFEA TR g =To] AHE] A&y
2152 715A AAHETHChisti, 2007). 29} wHA
ZRE olglgt =AM AHFIL oSt 17
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o9 vz 53 2 0 FF 59 7% TAo 4w
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ek, mepy EeHolx AAHS vlolov)z 58 R 2
U FFo) U J1EThgel Wy Bashn
MAZFE BE WE W AL 7] FO2 Asfel vy

oy dot} FAERFY F
HE F 20~30%S A3
(Hansel et al, 2014). 53], 7% ulo]Quj=9] 82
g HAge] wgt dx 22 FEY 0.3~0.8% °Jth

Z7 dgdo] 99.2~99.7%2] Eo] EFE o] Utt=
9wt Danquah et al., 2009). wWebA wA|ZF] 4
=ol7] fEiME PAERY FEE F7HAIIAWY, 5
FEFA 9 & o] BFHolt). AR HAEF
YA1E-2](Show and Lee, 2014), &¥}(Dassey and Thee-
gala, 2013) == $-F(Liu et al, 2013)2.2 &3l U=
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v, ol 2 A271(5~15 im)d] PAERFE A3t v
o 9] F&o] gon, oA okl diEe= uHE
o] mEA|2rt dasith 7|E SR AL ol
Qw2 3|ggo] oF 80%=E k= oM, At EEl¥
AL ES AAS L @2 8
o|QujAE IgEled B AR
(Barros et al., 2015). wekA it
A 2] WA 279

—'&: ‘i E HHNERE FE3H H}ol—-‘:];‘é o]F9 A}
, YoFE ToE AMEE A Oﬁ?ﬂ]i g fFaf=de
A BARS FaEde] $A7 e gle FEA4
840 S AR 71EAK(chitosan), cationic starch 1
I sericite® Mgl & 7HA3F Mg-sericiteE ©o]-&3fe] n
AzRE T3 st £8E87% F8=218 Hlaste A
v 18&9 vAxRF SHAE Fux soch 715
cationic starch 12]3 Mg-sericite= A Ao a3k &
vulEs gretar slol &9 AERRE AEH 491k
o2 AT S dagh vMES BEFE 4 o
o] etjA R A8 A vlo]etjAl e V|Ed IS F
A e

%2 744
o EHM e
52 A
_/F_
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2. Materials and Methods

2.1. Materials

B Agol A9 Chlorella vulgaris (C. vulgaris; KMMCC-
355 IM Medium$ ©]83te] 25+2°C £59) g27]0]
1097 24 A71 Fo A4Ete] M HA 1 Lo| 2

Age] wet FR SO VAZRE BFst] AHEHA
o C vulgaris & 213F, QoFE, nloletAd Fo=z dA)
F&3tEa sl= Ulﬂuvolfﬂ Aol wal, A37gol i

23 A Aol A3 wAlzFolth IM HiA o A4
AEL 200 mLY EFHFE 71FOE 4.0 g Ca(NOs)H0,
248 g KH,PO4, 10.0 g MgSO, - 7TH,0, 3.18 g NaHCOs,
045 g EDTAFeNa, 0.45 g EDTA Na;, 0.496 g H;BO;,
0.278 g MnCl, - 4H,0, 0.20 g (NH4)sM0;0,4 *+ 4H,0, 0.008
g cyanocobalamin, 0.008 g thiamine HCIl, 0.008 g biotin,
16.0 g NaNO; 12|31 7.2 g NaHPO4 - 12H,0 ©|t}. w]A|

ks 28] wiYkr]e] #Y> white LED (Light
Emitting Diode)E AMHE-3HTh A3o| AME8 LED #==
el AT=E FEA7171 A18) bar ffWQ] LED #Z&5 5
H AFstien, LEDO gwHe 92 29 FP-60-12
9] FF71(AD & Lighting, Suwon, Kyonggl-Do, Korea)E
AHESHTE BE FYe floA ol FFstch ol
Bl AREE W e YERlE BFE 200~250
pmol photon/mz/s A H(Choi, 2014).

Aol AR SR ofelieh o] ATk Mg-sericite
AZE 28ted WA Sericited] FF-F o U= Fe 59 F
B35 ALOs= NaOH (pH 3.4-3.5)2} 14N-H,SOs (pH
9.0-9.2)% °o|&3t Zt7F 2A17H wRkete] A AT &
EBSEI ALOZF AAY sericite L FFHF 53]

JH

JK‘

SI2EaAsE| x| M31H H6s, 2015

Tl

L m’ﬂ- MgClL-6H,05 142 & L
£ wol A4 15 A wdsidth. FES S 9
3t 9o FAS 3¥ HEESIRTh ww
1500 rpmo.2 YAlE sl AHE
oAz o dA[AClEd Baste] A
2015). Cationic starch starch ¢} ¥4 FFE F, Y|
& vu Yes FEYE G(N-(3-chloro-2-hydroxypropyl)
trimethyl ammonium chloride (CHPTAC))%} 2,3-epoxypropyl
trimethyl ammonium chloride (EPTAC))9] ¥H-5-& 53}
FEHoZ AHH stacch EEE At Axgh
Hansel et al. (2014)2] A= W we} A= cationic
starchi= 24412} 70°C A Z7]0] AZ3s] AMEEIh 71E
AFe- chitin & 50%%] NaOHol %Il 100°ColA 6A17HS
7tgste] golAdslete] A 23 A THLee et al., 1995). &
O}Aﬂ%ﬂﬂ 7]54 100 mg (dry weight)g 10 mL2] HCl
0.1%)0] L3 30 B2 wuk 2, S 100 mLe] R4
of ¥ J"”\]?ﬂ]/ﬂ AH&-5FtHRashid et al., 2013).
7)EARS chitin®] oFAH| Eo}u| = 7](-NHCOCH;)o A o}A
97](-COCH:)7F "oizl Aftrzxolw Ao =o} Sl=
A A] ool o 2 thAstE HA ol EAolth 71E
kel HAZRR $RVES FolREE obueY](-NH)o]
ofa LAE |, doleshd ofnmr]eh WAl zFe "ﬂE
HE PAskE ol Azt oA o] dojun &%
HThH(Ahmad et al., 2011). Starch«] Mo o3| Fole
ZA == cationic starch S0]&S e vAZFo9
< 33HEs yehfo] Hold UW]ZE THELE YERH
Ch(Hansel et al., 2014).
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batch-test®] F2]o 2 AdPslom, M HjR] A
A 2R 1 Lo Az SJAE A48 A wa}
8ted 80 rpm ©.F 1-600 sec ﬂﬂh‘?}“
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2.3. Analytical Methods

FFe ZEA(HOBO-Light Intensity, Onset Computer,
USA)E ol&3le] =43t ZTAE LI-193SA AlA 9}
LI-1400 7]SAI(Li-COR, Inc., Lincoln, Nebraska, USA)E
o]-&3le] JYHEAE o, F4 Al AXLe] PR
£ AASIA pARFE QS FFFF] S/FE HAis)St
At E49 FFES AMete FEES Utk okt
THAE o] &g vAZRF FHEES I T FFHe
Z7tollA AMEL AJFSH spectrophotometer (Beckman Coulter,
model DU 730)E& ©]&3te] 3 YEE SH3IATHAPHA,
2012). HNZF EEEE&2 ofFet Zo] AXFSIATH
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Recovery rate (%)= {(OD,, - OD,) / OD,} % 100 (1)

9714 OD, & 339 ¥ "W=xo|H, OD, = &3 +9
Aad A A7t g F dxojth RE AP 5w A4
3to] Bt dlo]ElE AHE-3IATE Sericited] FEO] e F
7] AR89 AR F3F E24L Xray fluorescence (XRF- 1500,
Shimadzu, Japan)S AF&3te] 43891, T B8 93
SEM (Scanning Electron Microscope) ©]U| A= (SM-300,
Topcon, Japan)S AHE3FATE Sericited] %8 HAA-E(XP26,
Mettler Toledo, Swiss)Z Z743IM o™, pHE= pH meter
(SevenGO pro, Mettler Toledo)E ©]-&3}e] =A% Th

3. Results and Discussions

3.1. Mg-sericite Flocculant

Fig. 1] natural sericite®} magnesium©.2 7§&3} Mg-sericite
2] SEM AFAS YERJ T natural sericite= ©Hste] 7]
Fo] H HhH Mgo 2 /NES sericites THF A A3H
oz MAHY deSs & F AUtk

Sericite®] FQAR-L Si0; (59.9-72.1%), AlLOs (17.0-18.5%),
Fe:05 (0.5-1.2%), KzO (5.8-7.1%), MgO (1.1-1.6%), Na,O
(0.1-0.2%), TiO2 (0.5-0.8%), CaO (0.2-0.3%), P20s (0.09-
0.15%), 71E} (4.9-6.5%) S°lH, 2 FAME 53] Si09+
ALOsE sericite?] iAol w2} 68-85% HEE g3t
I 3tk Sericitee Si0, FAES] W FRE ALOs 9
2o AEEO] AMHA e FHA Y TRE AERYoR
Ad=e] Qa, o] TR ol Z4F dFEFE 2L gL
EF< o]S ¥gslal JtkReddy et al, 2013). Sericite
o 27} & tirfe] Folo] HrbEW HAS e A
EFEY FHom sl ofoleo] AFsAY ke HEZ
B3 E9ste] E¢Eo] AADTHChoi, 2015). Fe*', Ca™,
Mg"', Fe' 22]a Al 5L tte] dole gl Saehcr
olgst bt ol2S HEFET EFSHH Mg-sericite-
v FEZ 35S FAdsted " (Choi, 2015; Farooq
et al., 2013).

Mini-SEM

Fig. 1. SEM image natural sericite (a) and Mg-sericite (D).

3.2. Influence of pH
3L Fishe dAES SHAE B3 JtuE ¥4
st & 59 = vt=s EYHA oty A
ZES YA dA= &Y SollA sl BT 4 9
THGerde et al., 2014). ©]2]3F & wHh pH, £, 47
g%, $HAY FT7F ¢ T JFS w=Th(Papazi et
al., 2010). ©}3 pHo A 7]EAF, cationic starch 12|31
Mg-sericite & HAE o]&3td AFS rAz=F FHES
Fig. 20 YERATE 71EARS pH 49} 9ol XE 40%
ojste] w2 FaES YEhRloY pH 6-79] TN E
98% ol & FEES Ueo] T4 pHIF HF o
Stk ol9} "M 2 catinoic starch= pH 7 ©|3lllME 40%
BES YA, pH 9-10014 99% ©]4
=2 FEES YT Mg-sericites &2 /dolA
FeHgo] wtom pH 4-59 ofrhgolA 98% ©]%e]
2 HAzR FEES e meEkA Mg-sericite=
pH 4-5, 7|E2F2 pH 6-7 Z12]1L cationic starch= pH 9-10
o] WAZFE Fgst7] A% HZH 9 pHelATh

pHel w2 mAzF FIdE2 A TR wet
g2 7 VeEhE=H Semerjian and Ayoub (2003)S Mgo] 3

[

-
S
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rlo
—r

Hr orr Lo

100

Recovery of microalgae (%]

0 2 4 6 8 10 12
pH
=—#&—Mg-sericite =®#=Chitosan = Cationic starch
Fig. 2. Recovery of microalgae at different pH with various
flocculants (C. vulgaris concentration 4.35 g/L, floc-
culants loading 80 mg/L, volume of microalgae 100 mL
and mixing time 2 min).

Mini-SEM 20KV x1.0k
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frEe] e FFAE ARSI PARRE FEF AS T, pH, 2% To| 9FS v sEolAt wwHkdk Ax u)
Hio FE8ES 3= pH 5-6°] FHo|H, Vandamme AZF Bass 2-13%E Zador, 53 108 A%
et al. (2013)2 Mg oxide7} IS do7|& A= L el A3l 7| EARS 35%, cationic starch™ 45%% 745}
pH 4.00]8} B3ttt ol B AT Azt dAshk= A Atk 28U Mg-sericite= 103% Rkl % 56%2] wAZHF
oty ¥ Mt ®WigE= dAE AlolY A3 gl o FE8S Yehfo] 7]E4MT} cationic starch$} B8}
S F7] W7 $H H& FEFS vtk APAT 3 Egol 2 FA=HL, o Anxgs & & AT w
ot Mg™, Ca¥ 59 il F& o]L&S Fhata Jde HEA 7 WE 33 Z3 o] 7HAg-S Mg-sericite, cationic
S3AE T4 pHAA ZY & 722 EASIAT, 244 starch 183l 7| EAFS] A2 JehgTh

pHAAE gzt=e] ZAgo= Q3 o & F55 FATH SHZH AAANTE IdFoz ZEH Ay IF
(Semerjian and Ayoub, 2003; Vandamme et al., 2012). =, S e Zgo] F A$ole wEA AASATN 2o
HAEF A4 wReA deElE F4 oles 3 2 A gAY JAAEEE Ag JARHAT w2 AR
£ 3}, wdstd SIS Ha e vH 2/ AXE B a8 J|EA cationic starch 1231 Mg-sericite B
33t SRHEES UM YRS R sericitee pH 38 olollA 100%] ¥ E&S Yehia, Stz
784%9] oFAZATE Wi Yor Mg-sericite SHAEF Zee FYo] A% Al N9 A EF vk Fig. 3
AHEE A SAAY Sl wet mARFIF dhE 9 of Aol AR SA FolA 7 - &80l T2 Mg-
© &9 pHe st metA 3 a&s HolV] sericite® ©]-&-3 WAZF S UEMIATE Mg-sericite=
A= Mg-sericite®] Foll we} pHO| o] Hasitt floco] 2 FoJX|A| ka1, A HA Alzte] gol A go]

=

3.3. Mixing Time and Settling Time
SFA AHEA] mixing time¥} settling time2] # & 3}= &
A 5 BYAREE 9EA1Z 4 J3, EE 89 mixing time

N

S S2AA wRkeE A HE-& HeFE 4= 9. Table 1
of 7]|EA} cationic starch 71231 Mg-sericite -5 HA|S o] &
sto] ohekst nHRAIZEE A E WA 2R EEE
€S YeERSIh 7184k catonic starch Z12]31 Mg-sericite
B5 289 mixing timeolA 7HE 28 nAZF EYas
S e gutr oz SHEYS wNkAIT wnkg

Table 1. Recovery rate of microalgae by different mixing time
and settling time with various flocculant (flocculants
dose: 80 mg/L, C. vulgaris concentration 4.35 g/L,
volume of microalgae: 100 mL, pH 6 for chitosan,
pH 9 for cationic starch and pH 4 for Mg-sericite,
Mixing rate: 80 rpm)

Chitosan ‘ Cationic_starch ‘ Mg-sericite
Mixing time [sec] Recovery rate [%]
30 70 68 68
60 92 86 84
90 98 96 97
120 100 100 100
150 98 100 100
180 82 86 92
300 62 62 73
600 35 45 56
Settling time [sec]
30 62 68 75
60 78 86 87
90 94 90 92
120 96 96 97
150 99 98 99
180 100 100 100
300 100 100 100
600 100 100 100

ot

ZEHASS(X| M31A AH6s, 2015

With Mg-
sericite

Fig. 3. Flocculation of microalgae with Mg-sericite (flocculants
dose: 80 mg/L, C. vulgaris concentration 4.35 g/L,
volume of microalgae: 100 mL, pH 5, mixing time:
2min)

3.4. Recovery of Microalgae with Various Flocculants
A2 g SFAE o83t mAERF EE
& Agk A7 98% olFe] WARR FEaEES 9}
o] 7)E4F 90 mg/L, cationic starch= 70 mg/L 12|31 Mg-
sericite= 50 mg/Le] o] IR FH(Fig. 4). Mg-sericite
HAZE 71 AL doz2 1E&9] BHEES YRS
©. cationic starch &} 7|EAF M2 el vlA 272
EHL oS Wi o] AL Fol2 Ut BSF
2 NHERFE & ST & dvh JEFE 271 52
trte] Golo] HrbEW HEZEF vARFIL Afst
o $3, At ¥Ho| FolS Hil Y' J|EAL, catio-
nic starch 18|31 Mg-sericite= 2°]2g i = vA|
ZFE Van der Waals®] 3ol 29J3le] <ol wmA=HF
£ SFAIZItHFarooq et al., 2013; Reddy et al., 2013).
71824} cationic starchE o] &3¢ PMER SHFES
A3k AagAte] o)A Rashid et al. (2013)2 100 mg/L
o] 71E4RS o] &3te] 3% o|ule] 9240.4%%] FIES H
T8}, Letelier-Gordo et al. (2014)= 60 mg/L2] cationic
starch o]-83ke] 98%9] PAXF F&&ES Hilste J|E
AFR T cationic starch7} F& o] SHAE AME5H

o
o) o)
2 4
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100 —a——A—h
- : r & ¢ § 13
o 80 3
% ]
£ = i
z
S 40 *
B
g
8 20 -
& A o
o i+ ¢ -
0 20 40 60 80 100

Amount of flocculant [mg/L]

# Chitosan Cationic starch A Mg-sericite

Fig. 4. Recovery of microalgae with chitosan, catonic starch
and Mg-sericite (C. vulgaris concentration 4.35 g/L,
pH 6 for chitosan, pH 9 for cationic starch and pH 4
for Mg-sericite, mixing time 2 min and settling time
3 min).

g g2 WAzR £EES eI o # dF 27
o} Hl=gt AyE 2 ?j:rLOﬂ/\iE 7] E4FS cationic starch
o} Bluate] 98% o] FEES 91814 20 mg/Lo] T
0o oko] ek T3 M gJ%- sericiteS 7H‘ﬂ“4°§ ")
126 Sl AR A 247 52%9F 40%9] 3
5319 tH(Choi, 2015; Reddy et al., 2013). ©]= MgJJ-
sericite® AR NEHOZ AMEE 79 Mg-sericiteS
Zo] AMEE wEg FFFEEo] Y-S ¢ F Aok xS
Papazi et al. (2010) Aly(SOs); 1000 mg/LS AH&3le] C
vulgaris & 60% <83t AzE H3gk v, Lee et al
(2013)2 71" EFE(organo-clay) 60 mgLE ©]-&3}]
304}kl Chiorella sp. & 100% HEjste] B ATl H|S=3t
éﬂ-‘—?— Raustch B A= 50 mg/Le] Mg-sericite
o]-§3t] 98%2] EEEES Ve OH, olg A+
F}= organo/inorgano clayS ©|&3te] aFo gz wA
FE 8 5 S ¢ 4 Aok Sericite, chitin, starch
Zvzy NAsta ®WAgAElste] ghE Mg-sericite, 7] &4t
I2]3 catinic starch SFA= st FASE WA Hof
HHo] SR3E W e vARFe g4 AFete] w
24 3 3h(Farooq et al., 2013; Reddy et al., 2013).

e N my ml

3.5. Relationship between Amount of Microalgae and
Flocculants Loading

oheet SAAY G wAEFY e FABAE Fig 5
o Yetisler, ol SHAE o83t 95% o]/de] wlA|
27 FEES YIS wy *‘4&4&741011‘% A Y
A ZF SHe] JadAe Toj&
tion coefficient)E AFE-3}Fo™ R %
FTYsHd +1, A8 th=2W 0, W
W18 7R weld RPE X2 —3— &g 4 e
AT E ougith, gurz o= Rt -1.03 -0.7 Atelo]H, 7
st 54 *W%ﬁﬂ R7} +0.73 +1.0 Alolold, 73 %7
13 L}E‘rﬂlﬁ} AEA7 300 mL ©|3tY] PAERE

HAIS(Pearson correla-
9+ Y7} &8

1500 s 4 *
R?=0.9924 R?=0.99
= R* =0.9993
T 1200 =
o
g 900
g # Chitosan
‘s 600 Cationic starch
)
E A Mg-sericite
°
5 300
0 T T T T
0 100 200 300 400 500

Amount of flocculants [mg/L]

Fig. 5. Relationship between amount of flocculant and volume
of C. vulgaris (Recovery efficiency >95%, pH 6 for
chitosan, pH 9 for cationic starch, pH 4 for Mg-
sericite, mixing time 2 min and settling time 3 min).

o, 1000-1500 mLe] WAHZEFE SFFFstr] A
= 7184} 300-450 mg/L, cationic starch 260-380 mg/L 1
2]al Mg-sericite 170-280 mg/Le] ko] Ha 3ty Uubzo
2 uAEFY dol F7H wet $3AY 4= A F
Zvstedl, AR A viAlzFRe e daEd
(RHE W$ =o} F|EARS 0.9993, cationic starch® 0.9971
83 Mg-sericite= 0.99249] FHTAE YEAT 7
Esto] ohE SANS Hlaste] FiiFo g =& Jad
= Yepfidlon), A3 A8 2E SAT >0.99 o]
o] FHTAE YERN AT

B Ao A3 7B, cationic starch 12|31 Mg- seri-
cite® o83 &3 WHL st maFHolt xR
Hi

PN
T=

o 492 YR WHoE B 4 Ad 255, 3, o
32 Q4 Belsh ge ABHY S8 Wy EF 4T

o2 ggs A 2/HE 7
WS dquR e} Hlgo] Wo] =
al.,, 2009; Salim et al., 2011),
9 HAFG e 77 SHAVE FF AHEEHAR, IAFEH
2 3 77 $AE #HEE A E AAZ ] g2
F714<91 H]go] ZQ3sltkSalim et al, 2011; Show and
Lee, 2014; Sirin et al., 2012).

nAER fre glolet]Ade] MA it HIE&FolA oF
85%= 7Z Hlo|ufx AAL7|Eof S|FHTHGouveia and
Oliveira, 2009). 71E4+} cationic starch & Z+2; 1-3 $/kg =
A E3slH, 1 kg 9] 71EA2F cationic starch 2 2F 500,000 L
o] MAHZRE F88 4 Ui(Hansel et al. 2014). 12}
B Ao A AFE3E Mg-sericite - A= <F 0.18-1.25 $/kg
o2 Hlgo] A FAHHSH o)X A Hl-&o] I
231A] oft). kA Mg-sericiteS ©] &3l PHNZERE $
A £ A HERFE o)&e vt A&
S A7sted =% 2 4 Aok =3, Mg-sericite &FA
AREEE A9 R/ Mg 17 FEOAl Bas I A
YZ2ZA Q7 FEA FA %2 H(Habib and Parvin,
2008) WAIZF fref vlo] TR ALEE BT FIIE
AABA 3 vlo]l Lt E Ag-ato = QHHBITHIEA, 2014;
Lee et al., 2013).

ATk 2 olgh
@Ho] Jom(Lee et

=g, FFolE 9, okl 9

rlr 5

ol
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4. Conclusion

AHE SHAE ol &t MAHERE S I3 A

= obgfieh 2ok

1) 98% olde] wAZzFRE &
sericite= 4-5, 7|EARS
9-10°] Stk

2) 71EAk, cationic starch 18|31 Mg-sericite =T 2%
mixing time 12]3 3%9] settling timeol 4] 100%<] ¥ A
Z25F FEES YRR oY, floce] == Mg-sericite”}
71wt

3) 98% o] HlAzF FE317] st 71E4H 90 me/L,
cationic starch= 70 mg/L 18|31 Mg-sericite= 50 mg/L
o] <ko] PR}t Mg-sericites 2> YOE uFE
SHEIAE Yol vAlzF 85| 7HE FUTh

4) S3A Y] F vAEFY FHe] FABAE JEAS
0.9993, cationic starch= 0.9971 ZI12]3 Mg-sericite=
0.9924¢] ZBHAE Uetlo] wAERF Fol 7t
o wet SHA d= FTIeA

5) Mg-sericite= #H]&o2 wAZF 3 32 &8
Ao & 4 glof WAEF fef vlole 2o A &

7HE Bl 4S5 S Ao JgEnh

sk517] 913 249 pHE Mg-

6-7 1¥]3l cationic starch©

>
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