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BEPY IR B K FKK B AL - R KA PR AR R b SR RN - BB
R KSR REEIE T AN{E GBS 2 B R A E A 57 R R R o
RALPRER - (AT A T B R R EE A N T » RACE KRR R Rl
REEERF R - ML - RSB B R KR R R - (SATR LN B S I
FPRIFTZER] - s s (i) Ry UK IR EREER - JEURBEEAS(LIhRE - BAERTE
SR TV TRA LR » AR KRR AR SN B R T - N T ROt 5
BTy - BB~ FoK P SARTRY) TR IER B YR A RS & 2 ik
R 8 Ry Sk En B BT - AR SERE H S KRS SR ME T AN BT SR HRa R ES Ry
T B B R P8 (B B R T 8 o DA SR/ [ R (R

S (S () B WIAE 1702 4 HiRPE257 Stahl {E2F5R-P 545 - [E1% Eckenberg A1
Becquerel 7ESIREL G S LEFIR & I BR P U E AR E1 R R oty L 9 ELRETE Kb 53Rt -
SCIRRECHL LA Ry KoFeO,(Jian and Lloyd, 2002) - AEEEA AL - HE(LEIAE
BV R R IR IR T3R8 220 V R 0.70 V(#1221 FOR) » EHAELE, ~ ERIE ShRes -
TEALRIIERT - SRR = (O TR AR E R - 15K R o (o P A B ] A o
TRESLA(LN T - f2 B SR F K (Sharma et al, 2005) -

NIE 2R FeOs™ » {EIAMRARER (0 2 %04 (5(Delaude et al., 1995) » Ll X-ray
powder pattern 5347 7S (EISS/L KoFeO, Hillh 15 R VUTRI4E RS - EUFEVUE S ERLE S
B RN ERHREE T IERETK e SRS R - e 1 R -

R 1 e S A S BRI OH SR E 2 B R
Oxidants pH Reaction Potential, V
Ferrate Acid  FeO,+8H+3¢ —» Fe' +4H,0 2.20

basic  FeO,+4H,0 +3¢” —» Fe(OH):+80H  0.70

Hypochlorite acid HCIO+ H'+2¢' —» 2CI+H,0 1.48
basic ClO+H,0 +2¢¢ —» 20H+2CT 0.84
Ozone acid 01 2H +2¢° — 0,+H,0 2.08
basic O3t H,0+2¢° — 0,+20H 1.24
Hydrogen peroxide acid H0,+2H +2¢ — 2H,0 1.78
basic H,0,+2¢ —» 2 OH 0.88
Permanganate acid MnOs+HH 43¢ —» MnO,+2H,0 1.68

basic ~ MnOs+2H,0 +3¢° —» MnO,+40H 0.59

-0 (0 -0
LR E Ky
- Fe\ — //Fe\ — //FE\
0} 0} 0 0] 0 o
| 2 3
1 ASIESAE KR TR B B = FE LIRSS RE(Yoon et al., 2004)

DIALEE I e Eh S =S R[5 pH (E &6 # A OfE S s T 2UEE » S RIE

HsFeO," ~ HyFeO, ~ HFeO, ~ FeO,” » [ 2 B R[E] pH 1B RS ESSEIE > S fE T asLLfiE -
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IS FeO  TERRIEIRIE FEIRRE » ARIMERMENRIE T HIZ L HFeO, #efR E (L et al., 2005) -
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H AT sl ONE#) A =fEE RVRE L > ohlkicAS(bE - EEf il Em
FENREEAY) - BEFE © UdaE RIS f S bR S b fF RERR
#EITERME - RARILE - NHRERIAE SRR R = (HEE RO EE > Z&EIAS
LA S (L P {8 R G = SRR S U HH 2K > PR /KRR TR - H S e A RE =40 (1)
EEATR

3+ _
Fe +30H — Fe(OH), (1)
2Fe(OH), +3NaClO+4NaOH — 2Na FeO, +3NaCl+5H O (2)
NazFeO4+2KOH — KZFeOAJr 2NaOH (3)

EE BRI ZE AR DL KOH B2 & e s fE 1Y 26 5 fo U = SR E R (B, Ry EE SR
515 (Schreyer and Ockerman, 1951) » 7Ky R ARl BI X AR A 1 - S 2 —(Ei
HEESE e R ER S EE > (EORFHE = EEIIRRE - 280 - ANEEFRE MR MREF > (iR
Fri s E bre ST IREREREZRIE > {HDA— Rz AR 7L BB (i B4 Rl i R T
o > B S R STV R T g RS LB E AR E M B miIE S » BRAE(LEKR
e DI R 8 R 83 IOIR o AR R A RSN RS E A ER N RERINEE S EED
s > EREFIRE AN S S ES R R (REES(4) ~ (5) I SAIE & RN E i
BepE . — o
Cl,+ 2KOH — KCIO + 3KCI + H,0 (4)
2Fe(NOs)3 + 3KCIO + 10KOH —> 2K,Fe0, + 3KCI + 6KNO3 + 5H,0 (5)

R R E R VIINEREZ — - R R m [E B & 6 75 E A [ A 2R 5 0
(Schreyer and Ockerman,1951) - 5EakinZHEL 5°C LU NR{F » R LRETIPRISFEZ HUIRAS -
HLIRRER T3 AR R -

R R B ERURAVE B > BT AR - S (ER BT E SIS
1 {58 P (R e e A S B B B e A R ) R B B 2R SR IO 5 5% (H = s iR
i PR ORAV R EREEN] - AN E S IRGE - AR MR EREME -

Al - i B3 SO AT ER SR aS At oe 2 HEVATTR
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(1) STIREAGRS 2 5T FRS AR 5 138, S0 & BLL - 12 75 S T 0
SESRTF I, -

(2) SPGB B KSR ) L B8 5 R e B~
WL BAT -

(3) &lnpf R s TR (e B BB KO T RB R & Z i BR s oy B S B ~ Sl

FULER LU S B S I E T2 BEETEBE TR FAEHA R T2 S B N
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& HRRHEE

1. KBS R NEET R

{5 FHZK 7 RIE BaRke 5 etz 22 57K 50% » FEAY 25 5e)50E » A 50mL Hy 2.0M
HNOs » L 100 rpm #3$f 1.5 hr(EEFESERIRHIEL 20mL HYEL 5k » I DR2800 734f
#435) - 100mL 4°C NaOCl (10%~13%) + 30g NaOH & £ 5825 -« GRS
25~30°C) ¥4 - TIARR R 5JE/RE » DL 100 rpm $#8#+f 20min » fj1 A 70g NaOH
LA 300 rpm #&#E 20min(ZE/KAH2EE 25~30°C) - fiii A 100mL 10M KOH » [} 300 rpm &
FE 20min(ZHUK A28 25~30°C) « K| F DR2800 437N {Ei; o S ESEA R 77 i B AR S
ORFE » TEKFE SPC LAT -
1. HHERSANIMIURER ERRESE B N ERE R B

HfF 3000ppm HE % EE 50 mL - (K7 HIAGH L SR 0.6853g ~ 0.45699 ~ 0.22849 ; & (L
0.2374g~ 0.1583g ~ 0.0791g ; & {1:§F 0.5404g ~ 0.36g ~ 0.18g ; =7 /% #H 0.4315g ~ 0.2877g -
0.1438g - 100mL 4°C NaOCI (10%~13%) + 30g NaOH $#HEE 2205 - VA/KREZEE
25~30°C) #1945 - TIARR R 5JE/RE » DL 100 rpm $##+f 20min ; i1 A 70g NaOH
L 300 rpm $8+E 20min(ZE /K825 E 25~30°C) « il A 100mL 10M KOH - [ 300 rpm #&
FE 20min(CH/K/A 1326 25~30°C) » FIJH DR2800 734 /B o /N EE0A K 7 Bl B AR
[R7F  FEKE 5°C LIF -
2. ERME - BHEESFITA

AEHFEFTEH 2 B g mEE A K E W #I(NaOCl » 10~13% - LR AR
&) ~ |EALEH(98%Na0H » 5/ H]) ~ A L#H(95.5%KOH » Merck) ~ TiF % (G.R.4K
70%HNO3 > Merck) - f¥figdm (5 &4 97%Mn(NO3), « 4H,0 » Panreac quimica sau) -~ 4
{E#RGEREELR 90%MNO, > Merck) - iff 52 H DL S 5 (Hach » DR2800) » 55 i K7 4% 510nm
HIE AN EEIREE TR E7/KERALIZK 73 K- (AND NL-50)#ETT 73477 - Hofe RFF& £ 519
FEHREE A 22 0.005g » S/KEAEHER Ry 0.5% o B35 FIJedH A LRE E AU LRt (Energy
Dispersive Spectrometer, EDS) fz {# 17 ZE4T /MR EELHE(FTIR » JASCO FT/IR-410)#E1 T E M
&=y war i

2~ EREER
1. BKGEE5 R EME
{i¢ FTIR oyt HEF 5 R HVAR RS 08 3 AT » AI{5401 OH £44F 3400 ecm™ 451
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K2 FKGESGSESTIIREN I G E
Element Weight% Atomic%
C 25.55 40.61
0] 36.46 43.50
Al 0.85 0.60
Si 4.98 3.38
P 2.01 1.24
Ca 2.14 1.02
Mn 12.37 4.30
Fe 15.65 5.35
Totals 100.00
. BB HED T

2 3 Bt E 2 R B AR 5 R B /N E IR 2 B AU B R DU IR 5 fi# Fe(OH)s A= pici:
FIFA K FERY Fe(NO)s » AR EZ(B) P » By T it e = & (RIS Ao H Lt e ¥ 7S (E5
A AR LI EIR AR 0.5M ~ 1.0M ~ 2.0M ~ 3.0M ~ 4.0M L/ 50ml J%/&
259 7508 > BT B HESELA N S ERE > 11% 3 BURPRE LR SR RS
AR - Harpldm o AN EEREAR > HPHIOREE 2.0M Bz e 48 =
Bil§T Byl o 4EEHIE 24750mg/L ~ $57E 6500 mg/L o FIAES - g5 S LEREER R 2 AL
M2 522 MmiattHEME > ARSI T E SR — -

Fe(OH); + 3HNO; — Fe(NO);  + 3H,0 (6)

72 3 AEHFORS ZEUTERTe 2 4888 KRS

B4H: Conc.(M) 05M 1.0M 20M 3.0M 4.0M
yagh (mg/L) 8350 11100 24750 10000 9200
$7(mg/L) 500 1500 6500 1750 1500

. FKGEEET e NERZ SR

FEARHESRT T e 2 /2 Fe(OH)s » AIA Fe(OH)s + 3HNOs; — Fe(NO)s +
3H0 1R TIERE LR I s Bt 1T/ (E s B - W0 B85 e i E (R Eeias
R GERAIFR 4 0 BT R DA Be s Bt/ s R BT R (K - SSREURE S
IR T R EY N E SRR By 65.027% - [T s BELK BH Ik P 5 A 73 (B SRR By
28.109% [R5 e {74 Fe(OH)s LAYh - i@ HANR B/ (il EAE IR AR 2
INFs AR 2 F TR B Y
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K 4 B S ROTIE Z BT RS (i SR
K ERT e AR AR I

4agg (mgl/L) 27450 3025
$% (mg/L) 6500 0

VaXlt: 17850 850.3

HELH %0/ 65.027 28.109

4. FHEESERINUREA [FIRIRGE: < Bt N EEEER
Bt Mn? SN E SR 8 8 AT LIS E ERCTIE 2 Mn A HE B
6500ppm - FREAGEAYEE G VUEE — » SN BRsR A 7S S0mL 3000ppm 4 Ek# - AE T

3000ppm ~ 2000ppm ~ 1000ppm HRINR + Fi4s o Al A PRk S Bt B2 SR A T
JRFHI% S -

£ 5 REIRY R BREESE (M2 RG] R 2 A B =
B4 s 5 14 W £ (MIn?")

(/L) 3000:3000  3000:2000  3000:1000
Fe (g) 1.085 1.085 1.085
Mn (g) 0.6853 0.4569 0.2284
NE (mg/L) 1544 1422.5 991
R (%) 51.47 47.42 33.03

FRoPRat MnO B /NEEEE 222 - M FTIR SERl TSRS SRR £ RT R
{bdd > AW AL IR0 MnO2 2T/ IR - S bEd/A R 50mL 3000ppm £
Wz # 3 T 3000ppm ~ 2000ppm ~ 1000ppm HYARAIE » HI4ER n] KA AR InEA bR LR IT
MnO; FYEE = HIETS » SEREUREH MnO, G2 B NEMAVER » 11 MnO, (£ T 20T
FeEE T ALEI AT » 7T RITIJEHRA MO Z 17T » Ry i /N ESH A e
Bz aIE £ -

% 6 A ERH RS E LR INER B N 2 N ESHE E

BRECRIESE 30003000 3000:2000  3000:1000
(mg/L)
Fe (9) 1.085 1.085 1.085
Mn (g) 0.2374 0.1583 0.0791
AN{ES (mg/L) 849.5 827.6 769.8
R (%) 28.32 27.59 25.66
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P63-72
{b8d S = b S E R RaT Y S R S Ldh R = 3 i PRV AR 7> 50mL 3000ppm % it £ - 7
7 3000ppm ~ 2000ppm ~ 1000ppm HYARNNE @ HESR A S baY P e A &8 T
T S T-0 2 BB S E R E iR A IEEAER) -

(@) RREEH B =%

%7 REHEESESESRRIIEEE N 2 A EENES
/P AL A=
BB SR Lk 3000:3000 3000:2000 3000:1000
(mg/L)
Fe (g) 1.085 1.085 1.085
Mn (g) 0.5404 0.36 0.18
g8 (mg/L) 1585.1 1443 1100.8
REHR (%) 52.84 48.1 36.7

# 8 IF iR B SRR ST R MILL ) T A e
W S SRS 3000:3000 3000:2000 3000:1000

(mg/L)
Fe (q) 1.085 1.085 1.085
Mn (g) 0.4315 0.2877 0.1438
NEH (mg/L) 1276.9 998.5 942.8
REHAR (%) 42.56 33.28 31.43

AT EEN S SR E TN ESE > OiT& 5R LR I EHE R
WS EE » Gie DA am - SiamEBLER A T
1 EENEEEET  HERAVRERE R 2.0M - aIERH 2 S e B RS - [k
st N & &S - HANEEREEZERA > EERGR ] REINMIE RN
BT (EfS AR B R A E a R B N E S H E R TT -
2. HEAFESREKSEEG TR EEE ST E Fe(OH)s - ] Fe(OH)s + 3HNO; —
Fe(NO)s + 3H.O HHEETREE LRI b Bt 17/ (E s B T3 K5 e &
(B B LA IR S RSBV E RIS J5JE bR 7 F1E Fe(OH)s BAAH
A HMB T SN (E R E ISR R 2 -
3. KIS EIM N EEES  BREFTAH Y MnT BEDNEMER T AR A A
BEONA DA AT Mn i1 1] (o e B R P A = A 1T R B 7 (H s A B AV EET 1T
T B N IR BB 5 SR AT AE Y A B S N (B SR EL AN sy e B A > 0
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ABSTRACT

The ideas of industry waste reduce and environmental friendlily has thought as common
sense to date in Taiwan. This point of view also exist in the drinking water treatment plant
(WTP). Water treatment plants with ground water to be raw water content iron and manganese
ions always produce large amount of metal sludge. Although the sludge is in noxious, it’s
treatment and disposal still being a high-cost work. Therefore, the purpose of this study is to
change the sludge with major content of iron and manganese to be a green chemical, i.e.
ferrate, using in water treatment with both coagulation and oxidation effect. Ferrate was
product with wet-oxidation method in this study, and the production parameters of ferrate
from the sludge were discussed. In addition to the sludge from the WTP, a synthetic sludge
using ferric nitrate and adding KMnO4, MnCI2, MnO2, and Mn2+, the common species
existing in the WTP sludge, was applied to check the effect of compositions in the sludge on
the production of ferrate. The results has shown that the nitrate with concentration of 2 M
could obtain the most amount of Fe during the Fe extraction process. The ferrate production
from synthetic sludge using ferric nitrate was low, and the addition of KMnO4, MnCl2, and
Mn2+ could promote the production. However, the increase of production was not significant
in the test of MnO2 addition. Overall, we could conclude that the existence of some
compositions in the WTP sludge could help to increase the product of ferrate.

Keywords: ferrate, sludge recycle, water treatment sludge, iron and manganese sludge
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