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Abstract

Copper-contaminated sludge is hazardous industrial waste yielded in
huge quantities in Taiwan. After the copper-contaminated sludge passed
through an acid-extraction process to reclaim most of the copper ions in it,
the residue, called the low copper-contaminated sludge, may still need to be
treated by stabilization technologies. The common method for stabilization
of the hazardous waste in Taiwan is by cement solidification. However, this
method has the disadvantage of an increase in waste volume, which will
shorten the service life of a landfill. In this study, the characteristics of
microwave energy were used to offer a new method that can avoid this
disadvantage of the cement solidification.

Microwave stabilization processes used in this study include the direct
microwave process, the micfowave process with stabilizers, the
stabilizer-inertia gas-hybrid microﬁy__gvé-.process, the microwave process
with iron powder, and the microwa'i}; éintering process. The stabilization
effects of these processes -were prdmoted by changing the microwave
power and reaction time, adding’ some égents, leading inert gas, and
altering operating procedures. Furthermore, the microwave sintering
process was used to transform copper-contaminated sludge into a sinter,
thus stabilizing it and producing a material for public construction at the
same time.

From the results, it was found that the moisture in sludge was removed
quickly and that organic matter was burned by a microwave heating. At the
point of stabilization of the low copper-contaminated sludge, the direct
microwave process could stabilize only some batches of sludge. When the
microwave process with stabilizers was performed for sludge stabilization,
it was effective and a short reaction time was required. In addition, the
stabilizer amount used in this method was less than that without any

assisting process. However, when the reaction time was longer, the

v



leaching concentration of copper ions from the treated sludge increased
suddenly. The stabilizer-inertia gas-hybrid microwave process could
overcome the disadvantage of the microwave process with stabilizers at the
long reaction time. Moreover, the dosage of sodium sulfide as a stabilizer
required in the former was smaller than that in the latter. The microwave
process with iron powder was also effective in the stabilization of the low
copper-contaminated sludge and the reaction time required in this method
was little more than those in the later methods. However, re-leaching of
copper ions from the sludge treated by the microwave process with iron
powder did not occur, even when the reaction time was long and inertia gas
was not used.

The results of the microwave:sintering process show that a hard sinter
could be acquired after synthetic sludge. of high copper concentration
passed through the improved mié,gpv(za&e sintering process. No matter
whether ferric oxide or iron powdél-‘;__-.\}\'/as used._in this method, the XRD
results showed that cuprospinel. (CuE é204) was formed in sinters. Besides,
the leaching concentration of copper ions ffom the sinter transformed from
synthetic sludge with iron powder by the improved microwave sintering
process was lower than the limit value specified in the Toxicity

Characteristic Leaching Procedure.

Keywords: copper-contaminated sludge, sludge stabilization, microwave

process, microwave sintering, iron powder, ferric oxide, sodium sulfide
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> | B 0-4g‘0.8g‘2.0g1i§2ﬁ‘?2;‘?]§4ci @ B3 40.0 g $5 T R
2 FEHw P o 2SR A B4 50 mL o2 F 3ok o LA RE s (S E
o H DAY o K RLHOA T FEF PR TR TR AR o

BAGARBRARER > FLPGE SR EE
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B R Bl A R 2 BANA (1) I e % XM e
(NaQS 9H20) E}ﬂ-‘ﬁ&ﬁp‘(Nag,POrlZHzO) * = T35k FE*:’"'T%? 7 %“Jf&l‘ ; (2)/'5
HH %

W

G TAHRCEPFEFEFE2Z % 0 B)iF5F e %

(DEx 4 A R Z 25k FHTE vl £
BB 400 g i iT R 2 BT 0 A w4~ 2.74g -
6.08g~122g~152 g hmipadp 22 0.86g~1.73g-2.78g~3.46¢

«._.
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(2)i3 ik 14‘:4: THRICEPFRFEZ &5
> Eﬂ];‘f]? dv 2. 74 g e dph 22 173 g enEn it 40307 2400 g
AP o der 50 mL 203 B3 ok T e dEAE o B 10 A48 30
A1 PEN2 N4 RS2 )N R N2 X B2 4 % pE
55 g R AR T A PR B A -
(3)i3 i be % TR E R HA L Lk L F
> B e 2.74 g e dp B 173 g kR it 433 R 2. 400 g
B 2o fsE 4e r 50 mL 2o 2 B ok o LA (8 B-F

—

rHIBERT o F REA SR LR AREF B B
B o AR ETHFBERZERE CFRERFFE 9 A 8F > KT
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FER G20 A B R AR e 100TC - 200°C £ 400C

&&ﬂéﬁagﬁﬁﬁgazgﬁo
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1% T -1 1§ 882 Bk iR = s
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i FF 40.0g 2 5o Ak chEE e J o4 F 2o B S0mL
23 B R T AR > 2 (S AT R R Y o Y
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3-5 ik ek fi

&ML R L 7R mﬁﬁ%’Fxﬁﬁﬁﬂﬁﬁ?
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Be s - AR LAY ARG ELY PR R - K F T4
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PP o 3 ITHOR R TRE > MR  S R R E M p R
PR PRI K R A 0 KB T#FEHFH34 BEFMPRFET
BEMAARRE > MR ARR A S FPEET B B AL S L 200W > £
PR L 10 2485 % = %ﬁfwbﬁ § 800W FRRPERL 53304
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BRea-2/Eglecm 3 A& J4cmmlﬁ'ﬁ W BFRBEFAES D
i%%ﬁ%ﬁvr’ﬁﬁﬂiﬁ" o % iRy R RIAPT0g 2 %
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®
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it ?ir'f*ﬂm Plﬁiﬁ‘a‘l’fﬁ’t/PlFé/ﬁ’ﬁ\pH =N ULL]T Z

FB-p e fangod 20 L5k 2 pH & i be 1L.OM 2 @3 % 3.5mL 2
s .8-5.2 "}]ng =~ 7 P\»:‘/"i/ﬁ’pl%qf%ﬂ?'7-1-§"/p/7§°5 7R

9h 4
_Z‘TB’*%] 1A Pf'm E\'};}'@;] 7/‘;\/1 7&3 pH iﬂ@*rﬁ?’,fﬁz‘*
RS T - BRI IRE S Ft R R X3 B (pH &

%
%
2.88+£0.05 2. 0.1M fis ki3 i) o i€ 17 & {75 DAR B pF o L fRBF

—\\

$2_73F 5.00£0.01 g ¥ ** 100 mL 2- PE #gp > 2 {8 4c » 100 mL 2. &
Bt Bo R FW-PEALE » FBG BN R AERG ER AUET
EE L U 3042 pm i R 1822 ] B o MHiE 7 R

AZR {820 Z B3 % 01 0.45 um 2. g AR g 0 AT 19 2 iR RN RA L T

I pH o320 33— BB A ICP A4 £ & BikR o F PR
3R hE MR AR R RS E"L'/ ﬁx%” FOUE S e F R (T o ¥ Oh s
R Jﬁt’%“*iithéL’%‘*%ﬁﬁfum’?Mf FOIE T A PR AR R R
g %’%‘J’W'Uﬂ}fmpﬁpﬁlv «é'ﬁ@ mesh No. 18 2z éF (L £ 4
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% 3.3 Hohk % w o 0T 4k

.. e 5 ik £ (g) e e # £ (2/100g i3 %) % (W)/ ,
fdB ik Rl //*//v\ (L) < TR F 3 /i £ (LPM) R (C) P ¥ (min)
B OEACEE TN ALL, A0S+ 40/50 600 W 3,6,9,12,15,18

. A01, A02, AO3,
ok g zsaool%sgéixc, 40/50 E 0.4,0.8,2.0 600 W 3,6,9, 12
B 4 2.74,6.08, 12.2, 15.2
Wi 4e % A A03 40/50
P — 0.86, 1.73, 2.78, 3.46
BmEs Wl o 274 min: 10, 30
Fbed AAE Y A03 40/50 - - hr: 1,2, 4, 12,
‘ F‘uuﬁ}g fﬂz 1.73 day: 1,2, 4
L—LHR
e BEEAA 4 | 2.74 100, 150, 200,
e ii% A03 40/50 == 250, 300, 350, 9,20
" it X N | g 1.73 400 (C)
gy CEEER . 0 091,182,274
s = A03, A0S 40/50 600 3,6,9, 12
ROk % ki F it 4 0.58, 1.15, 1.73
FRELANF F, - F YA 1.82,2.74/5
M R A e A03, A0S 40/50 600 3,6,9, 12
FLiAME F, ZF YA 1.15, 1.73/5
I RER X i ES s b
ek A0S+ 40/50 Pk E N RF A 1/5 600 15,18, 21, 24
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A P HE A t® & T A% Fr .
J2 3 k] MR | AR |, | BT : oy Bk 7 F | F R | F
mam | poaw | e B g | EEEYO T (min) | % §
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4-1 75 i cng 2
241 32 FHFF LA i LI ES AL AN B o g
PEF > TRCEMBEEERDAMSnaF2 (5 F B ™A 9.08214
mg/g-itis ik 2B o V- BLBERBANEELBLIL 7 E A 6.65-12.3
mg/g-iciF ik 2B HRFV i G UMBEFRIRFERE L E D
FAFRRAE T o RRAIRAET 6 BALHE T AR R R KL EIEALT 5 A
WF P e d MERIMFTERRIRE O IMAPIFEOAKRIRT
LR R RNE Y S F R A E AT BRI e B 1A 2A
ﬁ%aa%nﬂzﬂgwﬁa%giﬁw,gaﬁa_m+%%@ﬁ
oo ko 1A~ 2A *v’t;»%z‘f}tfé o 4E Y+ 7t ¢ BRI A
O R DR AT R ‘§ﬁ$°

4050k chpH A 7-8 4 115 BA it BAetia MR AR 15

L3R K Ppen pH Bh M6149% @k BBR Y gy 5 B F 2 15
ngm’%@éj&@ﬁwh%moi%@ﬂ%ﬁ%%&%ﬁﬁﬁqmlwmz
2OA03 P 4 it E P o 2B E PRI IR ST A4S D

A FRFRE T R T RS A A BRI HG o

4-2 & Bepch & 2T
4-2-135R gRFaEeg2 B

B -5 R A0l ~ A02 ~ AO3E A4S B 42k % T s > B 5ok
FAFER RS NG AoRA1EA2 SRR T b F RPET L3N BPE
FOERAL o s F iR 2 gk dp 0 950060 HE F R
AOLE it 24 %% 1 F P S 64 48PF » %4 7 15 FA032 3 k& 7

=3 ",/TT T 580%z2 b o Hois 5 R ¢ ﬁ?fkl)a\}kij'iﬁﬁé =3 ‘ff o ¥tk BF R
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% 4.1 L3 RhF AT

AR g B (mglg)

o7 A0l A02  A03  A04  AO5
Ag 199 220 i i i
Al 758 693 171 104 330
Ba 174 158 071 138 -
Ca 799 614 1349 785  70.8
cd @ ; ; i ;
Co i i 0.25 i i
Cr i i 0.24 i 1.37
Cu 132 42142 2130 209  9.08
Fe 224 236 O 307 104
K i ALl To32 122
Li - - | M I - -
Mg | 042 | thl %/ 371 113
Mn - - 025 - -
Na 578 326 115 365 217
Ni - i 4.89 i i
Pb 1.6 123 665 i 0.01
Si 619 244 893 744 AAY
Zn i i 0.72 i 0.73

a

DA om k& M 0.01 mg/L

35



—o—A01
- A02
—&—A03
—o—A04

0 2 4 6 . “u8 10 12
g ] (min)
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0Om
0 2 4 6 8 10 12

= g (i)
Bl 42 7% dcE R0 F 9 F PR B B B(HGL P F 1 600 W)
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Pk ek 2 A e B FRGCE TR 0 B Y 5 R A0l
A025575 F £ 0 F 5 540% » @ i35k A0322 A04K) 5 15-20% -

d 3t b REPIF B 0F R R R X PO SR TS 0 F]
PR BT BN 2R AR CREFF AR ERZER T Bk

- RELFAERRG - R LR R - RS2
BSREEPE-RoBERET OE BEFERFZZ A 5EA0IZE
B #EiT100°C 5 i3 - A02¥2 A042 8 B %) 5 80°C 5 i3 - AO32 8 & B9 5
60°C o F PR 564 48PF » 5K AO12 8 B %200-300°C ; i5 & A02¢2
A042 B B &115CH ™ 5 5 R A03Z B AR A90CH T o & P/ 59
A ABPE 5 5 R AOLZ 8 B %400-500C ; 5 & A0222 A042_ 8 B %:250-350
C 5 5 R A03Z R & B B150°C o A PFR 5 124 AP > 55 R A0l
B R 2600°C ;5 5k A025A04i';§_1§: &450-550°C ;5 A03Z 8 B R
%250-400°C ° Niichter % # (2003)%&* B o B R R A e FpE
@mw@ﬁwﬁiﬁﬁﬁmlﬁ ﬁ:%» Py s EER 0ok
LR M R SR R R YR R R T e A
o RFi Ak ORERAFEZEF AR > Fa Pk
oL i ARG 20 o T dp e F R T AR kA chd g
§F TAR o T b d AR A BT 2 a0 4 3R S N F R ¢ AR
AR R AFRE MRS BT ke g FRIN S RAEE
e B AR T e

SRR S N SRR ;g¢a4u%¢ug\4w? ¢
FIF D BESAABRAIEDG P o X P EFRSERT £ RIUNK
A BE100C > Fletd 3 Bt @A 2 fa B TR E R B
P BEFRY G AR NS B RS BN
RES LI T IR 3 L T N R ot I P S s S

Y
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TRl M k) R
¢$:%%ﬁ@ﬁ%3%i%ﬁﬁﬂm¢¢’k%?é%ﬁﬁﬂ
eGP EXFRRELFG PP o

4-2-2 B Efeh T LI X 0K

Mk 7 F 600 W T » L3057 E BACA X TS 2 4
BANREH A3 BERT 0 L RMAAT THFHEFTEOEE 2
W o5k A0l 243 N EEFF RPFFH om B0 5 5 R A3 3 F
R 6 dam Hapia 3 5 B 2 84 DERARFT
7 A02 ~ A04 & AQ5 shdin B B30 F PR3 v 2 A7 W G ek
Do RA gﬁfgfﬁﬁ“%%éiigféc R T ST A I LS S S A
%ﬁﬁﬁAM”F@%WFUA?%ﬁﬁ@ﬂi xR D e d AT R
A0l & vi— ! i@mﬁ‘»ﬁiﬁ«ﬁ‘u #%‘-b 423 % ik gk AOL
Pk A2 B %\ﬁﬂﬂaﬁXRD@¢¢ @44*454wq;mﬁzw1ﬁ
Bk P
SE o FRAFAPFTZEE KGR 23R AOL ¢ BiZ 7 3 oK
7 T (CaS04-0.5H,0) 2 4 48 3¢ (NaFe;(SO4),(OH)) & 4= H 3t H ¢ o 45

600 W ~ E }%FE?F" 124,\ 52 pra f2 5 {622 XRD A4 45

Fo A0l 53 12 A 482 Bl ARR 1> XM R F ORI B APy
ﬁ%iﬂ%ﬁ%ﬁéﬁ*%%@ﬁQowH?XMI%%@%&%&&

FEF e 5k AOL ¥ A S e > A gk D EER RIS
%%ﬁﬁ@fﬁ{éiTP%%“°ﬁﬁ?ﬁﬁﬁ%i£%&ﬁ%

T N EHARBEBZ BRI ESAIEZ RO R A D E D
B RAR > T RPRF S ARILZ G AR ARG
FREGBPNEE FAAOERE- TER M T B3
WRARS Y SRS A ko S g TR R
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mg/L)
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= i i)

Bl 4.3 2050k 817 2 R A RAIEOAR I (oL 7 51 600 W)

4]

¥ CaS0,-0.5H,0
(JCPDS 19-0629)

\Y v VNaFe;(S04),(OH)s

S _
lv
v
v (JCPDS 36-0425)
v
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v
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Bl 4.4 5k A0l 22 XRD &%

Intensity

39



v ¥CaSO,
(JCPDS 37-1496)
>
B
[
()
= v
vy
N f Yvy
10 20 30 40 50 60 70
26

Bl 4.5 5555 A0 ‘;:é: % oot RGNS 2 XRD & %
(P 74 5 6OOW AR L 12min)

R

e
I
P

= IS %#f"”ﬂ“x]‘“”i’rﬂ“: WA R 2 5 R A R )

7 =

ﬁﬁ%’ﬂﬁ%ﬂigﬁﬁggﬁﬁi$%’@ﬁﬁiigﬂﬁﬁﬁ

Wyt g VR RO AEEeT

2Fe(OH), ——> Fe,0, + 3H,0

2AI(OH), ——> Al,O, +3H,0

P2 S REEE B AR P T ARSI Y
L4827 % i 48+ (Mckenzie » 1980 ; Pavlova ¥ Sigg » 1988) » F|pt 3 B
A UEERRD od A AR R KIEE L5k Y AF/ABE4ED
st 2w s A0L:0.31-A02:0.50~A03:0.14~A04:0.35 & A0S :

0.46 > ¥ HI/5F AO03 Gt B ] ~ A0l 22 A04 eh=t 2. ~ A02 £ A05

B B o 5k AQ3 AR /4B ARt B ECIK > KA H R BT ek g &
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Foie otk Rl N E R 12 A EFFEERERS P iE 400C 0 Fltis
R ¥ BB AR F PP ERE A Pt G 0 g SRR D
W] g i 0 TP A e R BRI S R RN 5 5 R AOL 4 /48
Brgmet Bk B 3T A03 0 7 iE H ot e T T S A 20 R 4 RF
WF RPER S 9 A4S LR B T 400-5000C 0t pEC FOF M g
LAEePA) = 0 X 4 7 EAPFRCS 0 FIpt o R AR R i AR ¢
PR AR 2R FI AR PR S o M dF/ABE AR B AO]
T A0 BRI FIZ AR ER T A% 0 BRASTHFHET KT 45 ¢
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%iﬂiﬁ*ﬂ@*ﬁ’kW#&W7’_ FORPER S 12 A dapbdr
B BRI AR AR EE B 2 A02 > H T W T R A

\
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R R B R R E 3507C PR G R R d T Bk 0 M
AR AR S T %%ﬁ B E PR L 12 24P
} UG T S £ B S R

PR ERMOLE RHITA SR R S 200k 0 A
AEREE MO E TP T AR T BV a2 % TS AR

PR G F MRS AR T LT 4R X M e
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422 ) S HF T B R T Av o B AR F LEATEH 0 I8 ik R
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d 3t &k R € FIHCRARA @ AL s Tk B 0 Tt A 4B
Foflen— Rz MO ESARRE Y BRI W MR T R kY Tk
ABATH ot 2Ty ¢ o d 30 F (V4R F (L 43T 637°C 11+ PF(Stewart
FAN997)i A 2 EHE T2 20 B T4 F B CuFe,0,0 #
F R 4e ™

Cu(OH), ——> CuO + H,0

Fe,O; + CuO —— CuFe, 0,

 FLE R RS R e R R FHOGLE R 2 0 K IR ok
2 e KA AT R g 2 W R BRI 2 B 0 @R 2
o R AFchE 3 M PR iﬁ#ﬁ*% f"éﬁ« F (L4pgry fb4pet > L i
- Ry sy ﬁﬁﬁ#¢r¢%$@womﬁAM@ﬁ20g
Mok TR T A L:}i,rlir\_,";%«&rgl 46° ,f*%&ﬁ":r v 75 A0l ”] S 48
Fozomn o A JUER B AR5 m-g/L T R RFER G 9 L&
%;‘?F%tiﬁh‘f’;ifé CETZ 2 F RERRC G 3 Ao it SRR 0 5k
AOL 7 Svdhols T SEMCA AR R (S AR e D TR X T2k o

1B fRE 2 ﬁ*%ﬂ@&ﬁ%%i%ﬁﬁﬁ’ﬁig%k
BREACLT THMER R TR A0l F T A R 5 A02
A03 27 AQ4 B 748 2 Mok % THMTLF R 7F R A0l Z £4F 7 % ©
472 48 55k A02 ~ A03 22 A04 & (74 2 fieil % T s % -
BRMA TR A2t 0.4 g 2 M X SR AT A B 0 F P
O mpEEY R iF4a3 N Ed 1794 mg/L g 3 15 mg/L T s e §_
WE PR S O ARG R ML F e 08 g 2 B
BE o R R 3 A AN TE @A N ER ST 1Smgll T

4



B (mg/L)

I
I

u”i?‘ffl

45 |
40
35 —o—A01
30 58— A01+2.0g48155/40gii7) % i
25
20 |
15 ¢
10 ¢
5 L
0 & |
0 5 10
Ef%ﬁf min)
(,,ﬁg(,)i;% % 600 W)
'--\::; :.:I" I.I:
| ==
. .|| n o\l W
400 't; —— 4
350 | —#—A02 S
—o— A02+0.4g515 /40giz= Pl
300

—o— A02+0.8géHiL 140G = U

0 2 4 6 8 10 12
’ZI’EE?F i (min)

Bl 4.7 5~ A02. q—iﬁ’}”\ﬁ»’(/ﬂ* TS b in A
(et 5 % 1 600 W)
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300 | —e—A03

—o— A03+0. AgEHIE A0GHAE i
3 250 1 —0— A03+0.8g1/40gHZ1%
E o0 | —a—A04
E# —5— A04+0 85 A0GHAE i

0 2 4 6 8 10 12 14
~ R ] (min)

B 4.8 3% A03 22 A04 S48 2 Mo % 2 L ivis g )k 113,
(Heika 5 T600-W)
ﬁﬁA%ﬁﬁo4g+ﬁ%;wﬁﬁﬂﬁﬁﬁwﬂﬁ@ﬁﬁp9¢?%
GIRTCE St 1156mg/L/)é“ % 15mg/L N %"‘T*‘c 0.8 g 2 4%
fo AT BRI IS mg/L e ”erﬁ ik R HT I 6 A4 o
§ BT AT Mk 2 Mok F RBRR S R 2R R T Mok 2 e B
Hivd o D ELFTLLEIZNFEREFRAEADIRA G LR -
Mg 3 AO2 e 0.4 g 2 4 R RPER G 9 R E T L 2 F G
NI G o AR FIG ARG BT 5353 0 FREF K
ARRARFEF LB m AL DT TF RAZFEERFT LIRS Flet
IR SR S SR W= TR IR I N Ry S

BRI EBRRY o

BRI B A A 0 5 A04 B TR 2 L T
AP > DR 08g 2 Mk BEFFT R - BRMT 0 578 Al
el TR FHORATA (S I RN F B G 3 A T
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2ARE o d F5E AOL ~ A02 ~ A03 27 A04 ‘S4B 2 fok & T
?ﬂt%%%é’ﬁﬁiﬁ@téiﬁwﬁﬁﬁjﬁﬁwé* LE B s 2 5

iR o

d R FFRENER FIN ST FF TR FLATESE 0
WIZfBLEXFR o AN LM AL XFRE SOIA~ 4Rk & 25 SOIB
P 4B AR R & & 25k SOIC e d 3§ (L 4pdr § i dpon g2
£ T2 4F4RS B 7 CuALO, 0 B F 5 5

Al,O, + CuO ——> CuAl,O,

OB Rk 2 it ¥ R FRASH 5 oo Tt pe Ak 2 4R
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(mg/L)
= 7o AL 0 0.86 1.73 2.78 3.46
| (2/40g-5575 %)
w| FHRNER 90.2 45.2 31.1 3.52 2.27
(mg/L)
211 3R THEBRFHBBRA ST Tk 2 PR 4.17)
4 3 1k B (mg/L)
pERF(hr) | 0.17 05 1. 2. 4% 12 24 48 98
Bifedh | 89.1 87.4 874 85.0 ~87.5(852 908 93.1 876
Frivgh | 311 37.5 347 318‘ 3374 323 436 509 435

BiFedh 12748 Rt g

1733 |

%12 R R ¥E wH % ok 2 B (R 4.18)
4% 1k & (mg/L)

I?C}i) 25 100 150 200 250 300 350 400
w9 &4 | 902 486 444 381 40.1 356 339 -
zj; 20 4~ 48 90.2 2597 - 24.42 - - - 16.3
= 9 &4 | 90.2 164 139 148 152 144 11.6 -
g\ 20448 | 902 130 - 123 - - - 8.09
ad TR RLT ETE%
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% 13 3% A03 SmRphdh 2 Mok £ TPTLS 0 i3 I EFA5( R 4.19)

43 413k B (mg/L)

(min)
AO03 90.2 90.0 66.6 59.8 69.7
AO03

+0.91g 4 s 4 90.2 994 68.7 61.5 117
AO03

P800 Bmea | 902 723 525 617 746

A03 90.2 25.3 17.9 12.0 29.0
+2.74g B e 4

=
e
L

% 14 750k A03 Sam 42 el X RLPEES s p (R 4.20)

5 4T3k & (mg/L)
F s PR 0 3 6 9 12
(min)
A03 90.2 90.0 66.6 59.8 69.7
A03
10.58g 75 it gn | 902 77.2 50.8 42.4 111
A03
F115g Fa it ba | 902 48.7 30.2 30.5 148
A03 90.2 14.0 9.17 435 76.1
+1.73g £ it 4
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15 5k A3 & (TREFLAN-F & 2o Mol IR = BTS2 4F iR )

H-4

() 4.21)
4 i3 1k B (mg/L)
F P R 0 3 6 9 12
(min)
A03
P R 90.2 723 525 617 746
¥ AO3 90.2 253 179 120  29.0
+2.74g B i 4
o 902  61.6 427 323 344
o a + w4 4 : : . : .
i3 1.82g A fik 4
SLPM
( ) A03 90.2 648 437  41.0 =
+2.74¢g 5 ik 4
ar om 4F % kR MY 0.1 mg/L
216 5% AO3 & (TREMAAN o |F IS 2L He IR A H TS 2 4 p 0 S
(. 4.22)
43 1k B (mg/L)
F s P R 0 3 6 9 12
(min)
A03
P R 90.2 723 525 617 746
F 4
* AD3 90.2 253 179 120  29.0
+2.74g B i 4
A03
- § | +1.82gmsmer | 902 553 380 312 304
L
(SLPM) A03 902 646  49.6 372 344
+2.74¢g B ik 4
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17 3k AO3 BT 4h-F F 2 Mo iR = Peis 2 4% )

(1 4.23)
4% Ik & (mg/L)

F P R 0 3 6 9 12

(min)

o A03
ﬂ};&f‘ +115g it g | 902 487 302 305 148
A03 90.2 140 9.17 435  76.1

+173g pant it ﬁ}?‘
- A03

FA I 1sgaia | 902 240 413 126 0.68

A03 902 242  9.69  3.18 2
+1.73g & 1t 4

ar om 4F % kR MY 0.1 mg/L

m—

% 18 75 AO3 & {7 fui ;[EP"-: -15P\7~4%Hv:(/ﬁ~ 7re g\'&[i/{h’w\ﬁ;/; il fi‘;]j

(@424)
43 11k B (mg/L)
F R R 0 3 6 9 12
(min)
A03
e | FLISEE A 90.2 487 302 305 148
¥ A03 902 140 917 435  76.1
+1.73g Fr it 4p
A03
S § | 4l15gaeign | 902 286 179 106 8.70
g
(5LPM) A03 90.2 298 206 101 526
+1.73g B i 4p
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£ 1975 F A0S B (7Ar T  4h 2 fii % T EL - 4h-F F
2 F B oS TS 20403 4 A5 (8] 4.25)

4 7% 21k B (mg/L)

F P R 0 3 6 9 12
(min)
A0S 587 567 534  58.1 195
TR A05
FA | 1105gasra | 587 229 152 503 424
A03 587  13.0 497 986 140
+1.73g i it 4p
A0S )
i +1.15g Fri4p | 387 20.2 12.6 12.0 -
5LPM
( ) A03 587 127 237 036 ;
+1.73g & it 4
a:% T d

T A% AR R XY 0.1 mg/L

=\

% 20 738 AOSHR (B4 2 Mok % T2 5 % () 4.26)

&g 11k B (mg/L)
FIBFER |0 3 6 9 12 15 18 21 24
(min)
R A05 58.7 56.7 53.4 58.1 195 - ] _ i
F 3 A0S+ |39.4 415 41.0 450 56.6 622 82.1 - ;
. A0S+ 394 - ] ] - 33.54 39.7 303 32.8
5
(5LPM) | A0S+ 1394 . - - - 407 27.6 696 2.84
+1gPAC

arkom kPR EFR %
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T\ 21 A é\'[ﬁ /}:"‘ SOZ-‘Z':—’-TIJ\ 4“# IL@E\‘@’}”’ q—/‘g&-/ﬁ‘ J% J‘;}[i/ﬂh‘lﬁ
WA 2 MER e R ) (R 4.29)

&% 1k B (mg/L)

F R R 0 5 10 15 20 25 30
(min)
S02 405 2658 2298 1318 1895 1586 1560
S02

tl;i‘zig 508 2587 1561 1300 1555 966 1153
E

S02
g 397 2082 227 224 219 231 255
S8t

222 b § I AB2E R 800 kS ek e LS
2 iz ﬂ!'*’*‘-’b(ﬁl 4.35)
4% 1k B (mg/L)

F P 0 5 10 15 20 25 30
(min)

S02

Hl43g | 508 2587 1561 1300 1555 966 1153

+1.43g 508 2253 2071 1450 651 734 491
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% 23 i;’ltﬁiﬁ%}?;?; & 23k S02 J§re g\ Bk IR TS 2 4R )
25 (8] 4.36)

4% 0k B (mg/L)
F P R 0 5 10 15 20 25 30
(min)
41 3249 839 246 884 229  0.73
4 397 2430 2242 405 414 163 10.4
3 3199 1670 580 390 503 1.52
Average 2059 1584 329 297 223 421
<d 459 706 296 181 256 5.34
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