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Abstract

A hybrid oxidation-microfiltration process is commonly used to remove ferric and
manganese ions from groundwater through the rejection of ferric and manganese oxide on
membrane. In oxidation, the manganese ions ate more difficult to be oxidized than iron
because they are inactive in. water. Then the inoxidized manganese ions are frequently
adsorbed in the pore of membrane and then continuously form oxidized particles, which result
in a heavy irreversible fouling for membrane filtration. To reduce the irreversible fouling
during membrane filtration, the formation of oxidized manganese before membrane filtration
is the key to improve the performance of membrane filtration. Therefore, the study aims to
investigate the effects of the formation of ferric and manganese oxidized particles on the
behavior of membrane filtration in a preoxidation-microfiltration process. Before membrane
filtration, the formation of oxidized particles in the solution of different Fe/Mn ratio at various
mixing intensity was continuously monitored by a particle sizer to evaluate the effects of
mixing on the characteristics of oxidized particles. After that, various solution containing
oxidized particles was filtrated by microfiltration to determine the effects of particles
properties on flux decline and cake resistance of membrane filtration.

The result showed that the size of oxidized particles in solution containing the same Fe/Mn

ratio decrease but the fractal dimension increase when mixing intensity was increased. By
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contrast, the size and fractal dimension of oxidized particles increased with increasing Fe/Mn
ratio of solution under a constant mixing intensity. However, the particle formation is mainly
affected by mixing intensity rather than the Fe/Mn ratio of solution. On the other hand, the
cake resistance dominates the flux of membrane filtration. The structure of large oxidized
particles is looser and easily compressed, which results in higher specific cake resistance. On
the opposite, the small oxidized particles are more compact, which lead to the lower specific
cake resistance. Furthermore, the Fe/Mn ratio of solution can influence significantly the cake
resistance during membrane filtration. When the oxidized particles with more hydrophobic
surfaces in solution of higher Fe/Mn ratio were filtrated by membrane, the average flux was
lower. At such condition, the more severe irreversible fouling in membrane filtration also

occurred.

Keywords : Groundwater, Iron, Manganese, Oxidation, Microfiltration
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WA 442 2 (Cake formation) = f& 4 41] » 4e[B] 2-4 w=7on (Tong e, 2009,
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adsorption blocking pore blocking cake formation

Bl 2-4 34 e 20 ME Fo UF 855 v £ %82 M

WEF R TP R S o R Y ST E L B R RIS T € e
AL R RIVERR R AR R E R G oxE JD > A) = % i I % (Adsorption

Blocking) ; * $f>dr W H-€ RV F > FRIEEF >E B FR 0

I@X
£

3L jZre % (Pore blocking) » % 3% 7 < R Fi A A 6 P oo €30
# m A = g4 (Cake formation) » & A0 3 E W2 3R L 12 » i@ 'F M A K
oo @ APARRAT B TE S L IS R AP M o B I R B PR
£ o p i Birietal. 2008)

13



%>~ MF g UF ‘E‘%THKYT? ; %] —ﬂ /@ﬁﬁﬁ K‘J&F‘ fﬁﬁﬂ"xﬁ‘f FE R r‘tﬁ/@ﬁ

2P E Nz MR FUR)L B d A da TR b AR PR o N FY R TR R PR AT

B AP
MR, +R, +Ry)

(1)
;¢ AP 5 iR 4 (Transmembrane pressure ; TMP)(Pa) ; Ry, (Intrinsic

membrane resistance) & & YA £dv 452 fEde (m) 5 Re & F 4 & R 2 e
5 Ry 5 W F 2 ¥ i g (Irreversible adsorption) fv 3% ik e % (Pore
blocking)# 238 % #7 & 4 2_ prffm ) B2 2000, o o om g pe ba ik i pe prt
BB o
A IEFLR, s A b (R H B R 2 R4 om - kg8 i
25 AR M2 B G (2N & 7

R — oM _ oVC,
An A, @)

R AR EENG OV ERRERR A G AMRER Jo R R
2R - A @ T R AT d F B & TMP(Ap)E 22 if 2
TEAEY ()5 R

l_ IURm + alucb
V. AAP 2A°AP

3)

pt bt e v o d - Kozeny-Carman 2t 3% o d) b fE 2 38 25 (8 4o (4) 58 #1777

(Lee etal., 2000) .
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36 k(1-¢,)
Oc= 0 dZg3
p c

(4)
Yo RpAH2Z I M F (Porosity) 5 p, B LIRIERZ B AR 5 d, BRI

FE x5 Kozeny €% F #icod V¥ &r:

FARBEIT (A% HgAH oTig N 2 JEFRM- g AR 5 FRpAH L B d 4
SEA e S B H A e g e BRI ER R FIRAITCHT ()
R R e TR S S S R SRR R N I B
WL R 0 @ (TR Rl B Mo 4oB) 2-5 9757 o A @ Bizietal. (2008)
LR IR PR LA 2 SLHA R R AR A L b F

TEF  c PLT N ERERFRAITESSREZ Fd £ o

MM

B 2-5 SEAAT SIS 2 M (R T A (DM 3

bR 2 BB TR BT R B R 2 2 A

R T2 R TS ERRARR TR » SRR R PR 2

-

FF B AR A A A B R 5 F 20k 7

2 ¢

FARELAT 0 AR ARIRITI AR > @ B ¢ {8 2 Kozeny-Carman 2 3% 4e(5) 3% #1
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1

o < 3-D D;-3.\3 (5)
(d,/dy)” " x(1=(d,/d,)™" )

P o s A IR d B RERAC SRS S dp AR B 2RI I Dr s
FRAERE od P AT Al FRARAARARS B NIRRT g [EFLE
AL F 200 E RS MR AR B R AR L pE Fadn g (Guanetal, 2001 Leeetal, 2009)
T LI 2 T S AR R B E R E Y BRI
A % » # Chudacek et al. (1984)# i g 4 B % {445 % (Compressibility
index) » H 3+ E 2 5N de(6)58 1T
a=a,- AP (6)
B oo L hA e (mokg) op i EA A T RS 1R 5L (m- kg -bar) ;
AP % iR 4 (Pa); na Jaki /R B Rl e

Bgidpth g o B2 B FRAZ R R 2dp ik > R L H
S BRIVl g I 0 R 2 e R R R
PRI 2R 5 R 0 TR D R S o @ 2 R
MRS GEM)ET onEANO0~1 2 F on BAREIT 1 £ 7 pbiak
FRARSE A E R R n EARERIT O R A paiAR T B BB S

T B B
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43
T
Fs

gt
)
&

e

\\%

B

o

3 B3
RS AR R AR 3-1 4T 0 AR LR R

AT 2 B

AT s REAERE S RER R 1;%‘& PREe I FREFEARFERET 2

AFEG 2 F
£ AT AT

B~ SR R R DI~ 42

t o

W~ F PR e R E R

FARET FBEER Y ER-R2fl > R FHBEER . EE
w2 SA S RE o f D EERALE R (G=200 ~ 400 ~ 600 s)#E 3
e PR B AR 2 D o B ST E B R 0 4 1 (2009) F1*

M EF 2 MF E5ag® Bp s FoRGE R B bRk s FIE TS

FLIZ 0T um 2GRS § g 0 F iRk R

PP (Polypropylene) ~ 4

7 A O0SNTU » sge 283 @ ¥ F A PP~ 3425 0.7 um 2

ﬁ'v‘b ,}\H-?-— ’ Ll‘ﬁ&

B g
R

S

# Pﬁiﬁ‘ﬁ/k)i["d I/E' ~ A F\—:'%%?'#——ﬁg‘)ip}: 1=

a2
T o ) S N B

fhde2 24 UE R O #
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D — #:&=10:0

ALRKEE ( ®:&=-10:1 )

| S m:ig=10:3 |

45 LRk  BERILEENN

AACTRAL P57 G =200 - 400 - 600 s™
 BERFRARR

«/ J 7\\\

R B IR RER L2 B AR
 ABEEBEIN

EHEBEELMEA
\ﬁﬁﬁ%ﬁﬁz%%‘

W 3-1 % § % i A2
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32 F%2ERA
320 A 1oRERE

AR A LRI TR 0 A BE BETE  &F R
e ZaRRE AR A Al g2 o A TRtk ok
g ERAD B SRS PR KR B 4 100 m/L 2 4T g
2 20 mg/L 2 4533 ¢ 5 RiP AR Z Rk o B4R+ 8% 2 L 1Kk
el AeT
(1) 4 ~ &3+ %

AF2 3 & % JT Baker #72 &2 FeCl, <4H,0 % 44t %k ; J.T. Baker
04 A 2. MnCl, - 4H,0-% 2885 & J s B35 % FeCl, - 4H,0 33— < DI
k¥ 550 % MnCl, - 4H;0\ 3 %5 = 2 DE-Re 3 gl e pH @4 2
T T E R A 10K mg/L 2 83T iR 8% 2 20K mg/L 2 453+ 8% o
(2) 45 ~ &4+

ARy e * JT. Baker #74 & 2. CaCl, - 2H,O0 & 4F 3+ kiR ;
Mallinckrodt #74 & 2. MgSO, - TH,O 3 43¢5 Kk ik - B~ 22 5. CaCl, -2H,0
27 12.3 5. MgSO, - TH,O & * o
() * 1Rkl

B-60 2 p K-k 4e » 22 5 CaCl, - 2H,0 ¥ 12.3 5. MgSO, - 7TH,0 #

BEIng g Hx 2303 (58 4o ~ B33 282 60mL (fe % 14 5 10 mg/L) ¥

19



TABARER Y B4 i F 2 4R35 B (1 mg/L P4 » 6mL ;5 3 mg/L B
fer 18mL) TF A AL RORZ Rl o 2 HHmL S T Y
JE R E S 10:0 (FeMn=10:0)pF » p] X L4883 k& 5 10mg/L > ¥ & 4532
FF AR R BETER L I0mgL a4k kAR S I mg/L AL
4Rk B B S 10:1 (Fe:Mn=10:1); 483+ BB 2 10 mg/L @ 433 kR

5 3mg/L PEAL G 4B4EE R £ 5 10:1 (Fe:Mn=10:3) o

322 AR #
(1) padk &+ (pH meter)

d WTW 2 2 #74] & > 24|85 & InoLab Multi Level 1> ¥ PRl £ T &
fe pH i o
(2) % B3+ (Turbidimeter)

4 WTW 2 & #1483 > 4|55 % Turb555 0 44 508 ¥ 17 5 kiR > 2R3
P M2 ATh AR R R R E - 2RI R S 0.02~ 1750 NTU -

(3) /] & B T B ATk 4 47 & (Small-angle laser light scattering

instrument)

d Malvern = # #t#l1¢ - A% 5 Mastersizer 2000 > H 1 jp| 32 2 | *

M

33 RTHRETRTHTE- ok 2 FagELAE LR 235

bu

HiB S AR GRIBERIDEIA G R PR R R R 2 kR T

R e 45 ] 4 0.02 ~ 2,000 pm 2 e
20



MR Z AR T S RBZ Iy RO RE S R ERE Y
LH%@%’ﬂ%@ﬁ*1~3i@’%Thﬁﬁ*%ﬁ%ﬁﬁ%%’ﬂﬁHﬁ
F T IRAG o SUE ARG K 2 PR T SERAR R 0 AR AR T AR

AR i s B RERRST Flh - o
JRRZFE DL -GN 0BRSS THEE LR BT

E/‘]"/‘]l.‘» 53}% - I n r.a~ /n 'gﬁ7 ;f"l“éd-—f ) 7\4 = *ETJ"’ID'H\:EJ". = —L/ﬁ»‘VE: ’ EIJ%/{‘&’TIA

4znsin(0/2)
yl

BD)T7 ¢ log [(Q)2 logQ M52 Al @ » 2 ¢ Q2 fFFF* 107 3

L2 8 Fx%4#Q 0= » 21 QM RE1Q)eQ” B

4.5x 10'4 i i S E(Lin etal, 1989)

(4) ¥ i

(m’

TEKZ KIER/ N e R ERE AT EF PR (Zeta-sizer)

d # K Malvern = @%@l » A9 5 Zetasizer nano ZS » H ¥ 1d jp|2_ 3f
B S 0.6~6000nm ; fiE T i A4 F S R4S 43 3nm~ 10
um 2 %g e o

(5) B 48 & % 5 R 3 3 84k & (ICP-OES)

.7.

b2 R R~ 288 0 212 > 4155 Jobin-Yvon JY24 o 1/ i B 50
(Sequential) id ¢ > 3L » # ¥ 5 Ar(6L/min)> & * & § # AR 5 99.99 % >
LRGP REY 4 AR T ER o P4 Z 422 £ A ] % 259.940 nm
2 257.610nm > A {7 pF e Wl 2 4Bk R £ M 5 0~ 10mg/Las Fe s 422 Jk
B#EMRLZ 0~10mg/LasMn > # R* & %3 0995 11 F o
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(6) B S i T+ Micsi i B A 5 %2 % (SEM & EDS)

¢ p & JEOL = @ #Tlig > 4505 JSM-6330F » Wil L i & & Jf
TIHE0SKV~30KV §R4cETAZ 2 T F A0 BT T RE KA
RHREY RERERG 0 LAY F R RERATR S AR SRS
SR FIHFE o MEEEEARE (CRDTFAHEFHFR - T+ L8RS
I IEH R EEF N T FEF T R R FARNRE AR
miEM BT A L @D CRT H & B &b B #4945 CRT #7 i p|F| 2 255
P en T RSAe 2 B FET R B4 KK (EDS)
ATt dom S X R R R R RG22 F S
Fod WEN LET o mERA T P HIRSET 802 A AT o
(7) £/8 & » 47 & (Contact Angle Analyzer)

d Sindatek 2> @ %% > 4155 Model 100> ¥ £ R F4 @ 2 B8 L &%

e RAi RS %8 AT RS

e
=N

CELRME > F LMK

/ﬁ? fs

|k
¢_‘_
IR
g
|
=i
3
N
a
)
¥
|k
(ﬂ

7

e

-

Hefk S BT R  S a )
R KR BRSO TR AR EZRR kG
SREEPE  RFREESLG A - BAE AL AR LIRS

%Y & -
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323 EEERE R
Dead-end & & # 5 EHHCERK A - Y 2 RE S TR FRGH B
KFF CERE (RS- HEF R F T2 T FHXF AR 32

.
Ll

[} Computer
Particle sizer
5

o]
:LP:A

s
_; 4250.00 g —
| ees— ]
TFRF
Pump
BB

Base: tap water (60L) —1

R

®] 3-2 Dead-end It /& ¢ 3% EWHGE m K B

(1) @i &2 &%

L 1S5cm~% & 16cm 2 FlHf  p KX - mo oo XS 1.5cm>
& l6cme ATy % 2 FHA T 5 K G % (Polypropylene, PP) ~ # 343
507 pum> e B RSE R @Rk E o BAFREFL LS 1S5 cm B

B l4cm~ 23 »ciifs f 5 0.012m> > s 2 9L % 4o 3-3 i o
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B 3-3 a2 E %

EilS
»
|t

(2) 2 # RiFts

4wz

Y

10 L &4+

Yo'
o0

0

74 110V #8 % 5 60 Hze

OREEE

d Precisa = # #7848 5 XS 4250C’§‘ £ #5142 0.5g ~4,250g
% PV ST Rl AR B /FJ"‘L%“”FE%] IR ik o
4) 7%

23] % % 0 1% Precisa iy § + X LA o * T PR e T Y
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G F AL B o R A0k 4000 mL 2 okik
AEEL ARG LG P E R TR R B R R
W2 W A el B oo R BT

(1) i AL 2 2 HEARD R > £ KB ERICEN -

(2) ** F et i1 120 L20 ki # oo

G Bre 2 T ERRTFE -

@ BPRIFZRS AR SRERE LT LR -

(5) % 1B g 4000 mL F-K X GERCE Bra F 2 G B o

(6) 34 PF Y 30 & 4897 % A 2 iR M8 A
3. F iR

(D> F i ? B2 60L 22 p Rk-Ri&FA L1 R-K2Zfel o

@ I &R TSR AL AT R T R ST LR R Y R

ERF 0
(3) T B R AT 3 WAL % B G=200 s (89 rpm) ~ G=400 s (141 rpm) ~

G=600s" (185 rpm) ©
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4) B » & & padr 40 mg/L T ik 417 2 PR R 3F F A 30 4 40 LR

K MR T R Y W7 ICP 52 B o (KRS %

[<ad

S EEBAHE L 10.8mg/l 0 d AR AR R4S BT F R 2
Foito pe F B2 R e E 200 40 mg/L HHE B RA - 2 6 H 4
FF - 2 &% pH EF MR 3 gy
2 P o)
4. Rk iRk

() *F B ? L 60L 2 p k-ki&f7 A1 k2 fel o

2) F1* -] & BT S RALE RS AT RET T AT EE T PR P kT
2 i o

(3) b B2k 4T 3 WAL 8 G=200 8" (89.rpm) ~ G=400 s (141 rpm) ~
G=600 s (185 rpm) » FHILE R # 4£ 215 % » = & fedp 40 mg/L >
15 A AB R B S 30 pm (40sT) o 1 9T 2 R is g
ROGESNF i P o d AT RN R R T 4 (1)

CY AV’

2y-V M

.}

He C Ly AL BfE (M) v 5 HERERFL &

,é,\\

(ms') sy 5-ktRzid ¥ i (m>s) 5V Aok B (m) o

TR e R KR MBI N 0 AR E 0 R
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M RIS R BGE - F 2 IRGE 0 BRI T F
W2 kA G R R o @RS 0 SRR
R ELE § PR 5 AL R KR AFEE NS

LS Y SR R

o

4) BT+ 2T H TGl R GF 7
G)AEPFLES PR -CREXELFT IV -
6) B »=x & padp 5 24815 > B4 7 R-RBRFBHK o o8B RFEF 30

AT R AR L iR AR T R TRt ok Sl R

4. EE %

AR 2 R AR 1S E SR N RET R
B L R s KRB R AL A e 3-4 4 o AT % 2
R AR S R 0 B PG TR A 205 25 45 T - i K
Fgg&ﬁ}'&@fé’:”iimﬁ—gq TR E R TR R AL

Fir=> NG Fk o B3 51 0 s R EN BB g 2 g s

",/TT o AF B2 F R BE TS 10K o
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- A el g . [ - -
PR T  T Ty p—y ——y p— p—" p— pom_jo - - ;0

3 '! o
!
!
!
!
|
|
. 1
1
3
)

g

_—
-

—1

(a) (d) (e)

Bl 3-4 E0Bht F e (@B ehc (b)FAE 2ot Ao 2 2a (0):E k& i

R (R DS RS (F » f kit fbiirg
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4.1 7 FHERBEF AR Y
411 § Y248 B ER

Choo etal. (2005) 45 1 4EaE+ § i i E W& » Fwl g
AR FERETENGVR Y A i N2V 2 i RO SE o tE
SR T T SEAS B RN AT BE 1 S R

WH L oo

ARG ATE R 2.5 1

ED

& g o e d A 40 mg/L £ 2 fEiE
Fo R T HIE - AL B SRR RS (0B 4-1 7)) &7
War- ~ i P BB @R E 3 SRR 5 F PR S

oo gt e 2y R AF A ABIS IR ¢ BERT T EA R

\

-®-Fe_G=200s"
Fe:Mn=10:0 | - Fe G=400s*
~ -B- Fe_G=600s"
~ <O Fe_G=200s"
-A- Fe G=400s"
-0~ Fe_G=600s"

O- Mn_G=200s™

V- Mn_G=400 s
. - Mn_G=600 s
~ - Fe _G=200s"
-A- Fe_G=400s"
-8 Fe_G=600s"
-@- Mn_G=200s"
-v- Mn_G=400 s™
- Mn_G=600 s™

Fe:Mn=10:1

a3 kR (mg/l)

Fe:Mn=10:3

1
Time (Min)

Bl 4-1 % ~F “ B[S R B BT RREPFR MG
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4.1.2 § L1248 - B F PP R 2 RERRE

LAEABARE RV B IR R BRI T 2 M T d B 42 97 0§ B O~
FHEBHPGIS LB BT PR REA LI AE R B2 Y
VAR MR B T PR B AR E PR SR o £ 4] L4
3 C PRk S R (dsooma) ® A8 TRAE (dsoostable) 2= P $0 0 2 5% B o7 3Rk
SRS EBEERRYVEEE S 2 WERR T M R §ABEER Y BEARS
AR T AR &~ 34550 B AR B RURIS AR 3P AR RS W R R T M o

B2 DHEIMRA R ARSI ERTERERR BT R

FERRAE A e R A ARl L 0 R BRI E 2

=

AL ROKEEF IS AL BT ERERR L 405

IDICE =2 Pl i e -

500
G=200 s*_Fe:Mn=10:0
G=200 s’l_Fe:Mn:10:1
G=200 s* Fe:Mn=10:3
G=400 s*_Fe:Mn=10:0
G=400 s*_Fe:Mn=10:1
G=400 s’l_Fe:Mn:10:3
G=600 s* _Fe:Mn=10:0
G=600 s*_Fe:Mn=10:1
G=600 s* _Fe:Mn=10:3

400 A

w
S
o
1
| JNORNORNCNN BNORGN BN J

200 A

Particle size-d, (um)

W@
8 (A AR

( e,
(((((((((((((f(((((((((((((((f(@(((«((((((((((O
O
CHRLT A0
e, Q)
‘o’c"“.o & @'

100 ~

~ v ~e0 %
s (U )7 K
e, & 0@ et L

5 5 10 15 20 25 30 35
Time (min)

Bl 4-2 & fadl ~4RR RV B EBRRA T 2RI EEE LM G
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o A-148 ~ 423 PR B SRS ER RIS 2 R

G=200s" G=400s" G=600 s
WENGE | dspmax ds0-stable d50-max d50-stable d50-max ds0-stable
( pm) ( pm) ( pm) ( pm) ( pm) ( pm)
Fe:Mn=10:0 | 293.33 143.39 252.38 121.69 139.43 83.63
Fe:Mn=10:1 | 371.69 126.01 261.09 80.61 179.14 50.60
Fe:Mn=10:3 | 428.43 136.28 276.54 85.51 192.93 57.68

30 dsgomax ¢ FEAR B % BT S dsoswble ¢ REAAR TRIT

413 § ok

42 LB ~F U mfS 2 EoRF S8 pH E A 7.5~7.8 & 5 8.23
~1547TNTU - § 5 (“ BB ~ {57 A48 B~ 485 VP2 P EABE ] &R
T E AT S TR E RIS FACR 43~ 5 T o B SRR S 2
Bl 5 Sh 5 MRS BT AT P A AR RV B S 10:0 2 i
T oo Hop s A G g R A% 11.48~1445.44 um-~ dsp(Median diameter)f T 4
2 193.60 ~ 429.78 pm 44k B B 5101 P 0 2 fE A F 4 I 40 11.48 ~
1096.48 um > dso i 4 >t 219.16 ~ 338.26um ; 464E )k B v & 5 10:3 pF >
Hop s e i # [ /13 11.48 ~ 2187.76 pm > dso 4245 /1 »+ 307.64 ~ 488.68 um -

DSI (Distribution spreading index) & *| W] #f At j & i ATAZ KR 2 35

o B2 S de(1)5 4T o

sy = G —dyy) (1)
2d,,

= DSI E4x% » Ao SAaGRIE? ; F 2 o 5 DSIE4%] » Bl s

FHCE A ded T AT o g ABsE R R B 5 10:0 o H DSI 4 3t 0.82 ~ 0.84
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2R ABARE R B S 10:1 BF o DSI /13 0.83~0.85; 484 LB B L 10:3
P> DSI /3% 081 ~0.84 0 32 2 » 3 RFTF P 2 4 S A FF3 08124
ROl A RS R BB AR

K kA f 2 e B Ellisetal. (2000) 2 45485 R R A

PHL (15~50um) #3 FlEZFATEERSAIE S48 &5
e A 2 GRITY o R B2 g it 2000 rpm v @ AT R R RS

BE D B4 B 0 SET R AT 30 pm Bk AT A B B Bk

AR BT o TEREURGRIER o pt b KRR P DAL T AR BRD

R4 5 0 FAI 2 KT R

B Fe:Mn=10:0 Fe:Mn=10:1 Fe:Mn=10:3

—\

$-# &

BEBR (57 200 400 600 200 400 600 200 400 600

pH & 7.8 7.6 7.5

& & (NTU) 8.23~11.40 8.46 ~12.40 13.47 ~15.47

dsp size (nm) 429.78 | 247.99 | 193.60 | 338.26 | 256.85 | 219.16 | 488.68 | 335.73 | 307.64

DSI 0.84 0.82 0.83 0.85 0.83 0.83 0.81 0.84 0.81
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Volume (%)

Volume (%)
N

10

Fe:Mn=10:0
—e— G=200s" (429.78 um) 8
8 1 —v— G=400 s (247.99 um) |
8— G=600 s~ (193.60 um)
6 -

le-3 le-2 le-1 1le+0 le+l le+2 le+3 le+4

let+5
Particle size (um)
Bl 4-3 4BsE kAR E S 10:0 T 3FF 50 BB s w2 B R
10
Fe:Mn=10:1
—— G=200 s* (338.26 um) I
8 1 —— =400 s* (256.85 pm) .
8— G=600 s™ (219.16 um) l
6 -
4 -
2 -
0 -
T T T T T T T
le-3 le-2 le-1 le+0 le+l le+2 le+3 le+4 le+5

Particle size (um)

Bl 4-4 sk R B 5

10:1 ™ 3% R Bk T 0 w2 B %
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10

Volume (%)

Fe:Mn=10:3
—e— G=200s" (600.82 pm)
8 1 —v— G=400s™ (335.73 um)
a— G=600 s (307.64 um)

le-3 le-2 le-1 le+0 le+l le+2 le+3 le+4 le+5
Particle size (um)

Bl 4-5 4k B E5103 THRILRRE LR T A T2 B %
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4.2 4~ 5 T Fappis

- T o AR R AR S F b 2 B § MR R AR S RIRE
RO TAR ) F PR E AR o B 4-6~8 F I B EAE RIS 2 B R o
AR TARARE R BRI BERC) 0 BRI 2 M A B
Las B 0 BRI R L 2008 RS A5 400 um 5 F AR R L 600
PR AT A 200~300 pm o 33 2 0 PREEE B SRR RS X KL B R F

4’%3';‘”— E@)id‘%éﬂ ;F%—‘A}—"fm » k2 E] 3;‘{_{,4“‘{—'\ o 4: ;, ing;}ﬂ 4! y A

\&

BB 2 R A 0 L T g s T 2 SRR R DM o F R4 R AR

3o BITE® 2003 2 T4 ARAS BaR P 2 T AR ] 2 R R e

Boer et al.,1989 ; Oles, 1992 : Spicer etal., 1996 ; Serra et al., 1998 ; Bizi et al., 2008) | F‘t:}%i;l“' 5$ }i i3P
E

“u

AT 23 B BRAE o gt b BECRANIERIEARY o R BRI R S S
Ll SV M

BB HFENEERE LB A REFRET 22 BB B ACE
4-9 5757 > A 15 4TS F G RE L 2008 BFH RET B o

FRAARSPRERT T EARZTE - &

2 J y ‘BE._‘ )\ i TL‘ \S N2

ey
£

[
>
(f4
=3
Kz
B

AP ERE > PRAFNTY MFERN T2 AP YRR LG 2 F

=H

PR AR] o @R B E d AA A R R TR
FWHG AR L 200 s HEEER o F CHE A AT R B

s WRAKFP BT E LRSI AR o ISR T LA E L
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FHG R L 400 ST TG R RGE %3 2T 4 4 o
SRS LR SRR AL AR SRR R R 5 200 5T ) 0§ 4
g B L 600 sTPE o A S NEER 2 B4 ARG R L 4008 2T 4
FOERRS Bl o ARA 0 FABEIER B L 103 PF 0 A L 4008
600 s' 2 3Rk iARE 0 B A FAARE T ERRE ~ TA S 2 HREE R

CH SRR 2 AR ASE 0  EAERe S Bd A NR R B X 2
¥ 2 AT AL EERC] -

AR AR R A BGRIR R G  TR Rn e

Bl P oo od S Rz BT R 4R VAR R T

O EERRT R S R R R BIARF B o IR R
PoRmEWE RS > IR o Rad TR VER

Fok T2 BRAE S RIS R o BEEE R B R S L
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1000

Particle size-d., (um)

800

600

400

N
o
o

1000

Particle size-d,, (um)

800

D
o
o

400

200

Fe:Mn=10:0

® G=200s"
e G=400s*
e G=600s*

] ic.&w‘w W.‘“. oA A

-
R e R A A e R R T G S RGeSy

. dh?
8
[
| (@)
T T T T T T T
0 5 10 15 20 25 30 35
Time (min)
Bl 4-6 4B4Ek BOL EE10:0 T MR B SR RobT 2 B
P ?
Fe:Mn=10:1
| ® G=200s"
e (G=400s™
© G=600s"
]
[}
T T T T T T T
0 5 10 15 20 25 30 35

Time (min)

B 4-7 484k B B 5 10:1 T 35 R HON R RRT 2 BN
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1000
Fe:Mn=10:3
[ ) = -1
800 - G=200 s_1
® (G=400s
— e G=600s"
% 600
3
© [ ]
: L)
(O]
Sun] AN g,
%% (d3??hﬁ«yﬁﬁFﬂ&%ﬁRﬁﬁﬁ«é&é&éﬁhﬂé&ﬁ&ﬁﬁugﬁﬁg«h«dhaaﬂmﬁﬁaqag
= | ,
S 200 %
°
O .
T T T T T T T
0 5 10 15 20 25 30 35
Time (min)

Rl 4-8 &g kR B

% Fe:Mn=10:3 F #7495 B #308pkk s 2 B2 58

10
Bl Fe:Mn=10:0(% %)
B Fe:Mn=10:1(% i =)
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