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A novel UV/NTFC photocatalytic reactor with regeneration system
Student: Chia-Hsin Hsieh Advisor: Dr. Chihpin Huang

Institute of Environmental Engineering

National Chiao Tung University

Abstract

Nano-zero-valent iron (nFe”) and titanium dioxide (TiO,) are valid catalysts for the
treatment of organic pollutants in wastewater. In previous studies, a novel TiO,/Fe’ composite
(NTFC) material was prepared to overcome the restriction of utilizing nFe” and TiO,. The
NTFC can be successfully applied for degrading azo-dye in water. Also, many studies have
indicated the significant impact of operating parameters on using the photocatalysts.

The aim of this study was to develop a UV/NTFC pilot system to investigate the
reductive ability of NTFC, the feasibility for azo-dye removal, as well as the optimization of
operational conditions. In this. work, the reactions departed into two parts, batch and
continuous flow tests. The batch test adjusted the initial pH and ionic strength as the operating
conditions. The continuous“flow test proceeded under the optimal condition of batch test.
Moreover, the catalysts were collected by the magnet after the reaction. The UV-Vis
spectrometer and total organic compound (TOC) were used as parameters to evaluate the
feasibility of azo-dye removal. "Also,-the colloidal particles of NTFC in UV/NTFC pilot
system were determined by measuring their zeta potentials and particle size distributions. By
monitoring pH, ORP and dissolved oxygen, it suggests the reaction follows a comprehensive
mechanism of reduction and oxidation. The decolorization and TOC removal can be reduced
by the batch test under acidic condition. Nevertheless, the decolorization and TOC removal
rate could effectively decrease at different ionic strengths of solutions. In the continuous flow
test, the result shows the catalysts can be regenerated by addition of the H,O,. And the
reaction by regenerated NTFC can sustain for 24 hrs. In conclusion, the UV/NTFC pilot
system can not only be successfully applied for the treatment of high color wastewater under

acidic condition but also effectively regenerate the catalyst particles.

Key words: nano zero-valent iron, titanium dioxide, photocatalytic reactor, regeneration of

nanoparticles
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SF ECHABAET 2T PR FIAA 0 S s 0T
2006; Xin et al., 2007; Ambrus et al., 2008) y #Fl l—l"T A A = ,\ Hrid F 2 iﬁnﬁ}ﬁ-'ﬂ' w4 15%#;,&;% -4
2 5 1‘]51:’5;5‘,?—%13?&'/54*’”4%7 EES TN ’@*F&“T%ij‘
ﬁﬁﬁ%igﬁﬁgﬂéﬁ%%ilkﬁ%$@£ﬁ%iiiﬂ°i@i
HET Y P AR S AT Y TIO, ¢ A B v ot v R

f#ﬁaéf@éﬁ%ﬁ kerd - F V42 B b h G 3F S ;ﬁilg'}r;flt
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oo g Flhahz 2N o 3 ek ARt 1 2 "4 Nguyen ef
al. (2008)r2 = § 1 45ik4c F AR A & kALK P 2B By B
e R RBLATE fAY o RIS 2k g E SR Y 2§ 0
42 i 3o gt ¢h > Zhao et al. (2007)11 7 = F Y 4x2 45 £ B R R B

AR 7T

—\\

Bl MEPEITZEBLETHLF BT > SEHT 0 F BB A7 B 48k
AET 4ol 23§ CBREBRBZIRSLAFANERT 0 AT e
@-ke 2,4-- % Fs (2, 4-dichlorophenol, 2, 4-DCP)» ¥ »x % % > 5 jph ot TiO,
éﬂ?@@&%%ﬁiﬁ@%o
*t>Lietal (2009)% 4 F 46 523" = § 1 4% 3 ¥ #5(titania nanorods,

TiNR) » %] = %‘r%ﬁ?‘rﬁ & ++#2 Fe'-doped titania nanorods (Fe/TiNR) > 1/ iy fe
(acetic acid) ™2 2 ¥ fg(formaldehyde) & Bl %t % » 77 7 % % 4 . Fe”/TiNR e
LA E G2 ok Y R B2 M0y P2502 2 TINR > 7 B F B 487 5
2 g4 Fe¥/TINR & ik B2 kg it £ o

dar bR - F MR T RBEEZ RS BE 0 R F M
BB T 2 2 U AT R ek S B AT LS o
= F 1Y 4%/F W 4847 & 1K (nanoscale TiO,/Fe° composite, NTFC) » #1148 ¢
1 TiOysol B> 2 B4t B 22 5 NTFC 7 L B2 - § " 452 F B 462
AT (g g o ) (Scheal, 2010)
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2 —
-1 Ecs _
Ecs FeX +2 ¢ — Fe'
B fre—
.0 s e Er E'=-0.441V
= Er
s
Z -
4 4 Fe’' +e — Fe**
> Evg E'=0.771V
2 p—
Evg Iron Oxide
3 —
TiO,

B 2-2NTFC R Bl % - 3 i* 4582 % ,% 2 BT ]—ﬁ—](;tﬁas’ Hsieh et al., 2010)

BECHFRFAFLDED (7L 2 TO, A AL Z 100% anatase & 49 ~
Boroivs RERNERMAG ST UEAS A BT LR 05
AEET(F02~30eV)y R I BB E N ULE T BHE R F S
§;$’ﬂi£%ﬂé$?%ﬁéi§“5%ﬁ’g%ﬁ:%@ﬁfﬁqi
&= HaFe’) @ F TIO gl Heb kgt 53 54 A FE: B
S MERIAA RN TRERNBAGF L2 2 (F e Fe

.\;

E’=0.771; Fe*" +2¢ Fe’, E'=-0.440) > @ TiO, f5d % b kg 15974 4 2
?4£u@;$ﬁﬁ& I WABOBMEERRME LA R

BHBE S OBEWAT T 0 S F CHEER P kEE HNAL 2 T
FRBALTIeRIEIIFRBEAG > TR TIO, 2T FwilBEF

P R L T DR 2 T R LR TIO 3
TP T R o AR R S Ak L AR B AR
BEFEFERBRA LS 2 S5 B HpR r TiO, & 7 4k kT

;»_5 ./#L # 2 3 B (Huang et al., 2007; £ g4 > 2008; #= # > 2009; Hsieh et al., 2010) o
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2.3 ﬂzfgz F 1V 45AF & KBRS IR

B o RET R £ ‘1$’%%%§ﬁ€@ﬁ§%£§
TeBE L5 EFS A PEF B2 A AN AT FTRE T RIS
TR j\ 21 ,ﬁ > }_;J% (Huang et al., 2007; Zhao et al., 2007; Aguedach et al., 2008; Nguyen et al., 2008; Liang et al.,

OO A 2 F Y ARAF & R RLAIR S A AR 0 B AR B 2 HR T4

%%%%W%@ﬂﬁ%%iﬁﬁﬁiﬁﬁ*i%§4’Ei%%éﬁﬁﬁ
2 RS ¢ R R R O RN ;A % o

% 9
Zhaoetal (2007) 117 = § i“ 452 45 £ %2 FHABAL EHE N EE
Az KRS RBRASE KY 2,42 5 S5 KT WKk
ﬁTaﬁ%#gj 3 rhonk o FISOTRILS RERBT RS 2 SIS
VE o F R E T Y Ad Y G pd Ao L Gl I Sl
AOAFTE B P AR 2 AR Ao § N4/ §4#AF & 14 (nanoscale TiOy/Fe’
composite, NTFC) » * M g8 k¢ B¢ RAFl S5 FHEETIIRERER T
T oAk m g ap g (A, EIRS b |2 B F Y St Y
Bod' B R AR R DA e I 8 LG R e R AR 0 S
A poagaed o i s MEPRERART 0 A AF ALY B A
ARG > RESLPFE? FAY AfEE2 e P o E Py RERG L
Bo 3 th s sk v i (Huang eral,, 2007; Zhao et al, 2007, Nguyen et k., 2008)
TE R F S E RSB R S B R R Y R
2 B8 Aguedach et al. (2008)4F 347 g+ > & Z4T4EF ~ 33 ~ 4
ﬁéiﬂﬁémfﬂdeﬁM%WFWL#&Q%%%W@M@%@%
% M Reactive black 5 (RB-5)Z B8 7 % Hox >+ - 2
%ﬁﬁfﬁﬂu*”?ﬁz%Q“ﬁ@-@%ﬁé,gaw@g$%+@ﬁﬁ
Ca®">K'>Na'~Li"» R FF = » - 5 %= HH4F g2 T Fh RS
(electric double layer, EDL)IR % #& — A REW A FPLPEEEET R
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4 (electrostatic repulsive force) > & F 5 = HIF P F SR A 0 ¥ -
ROEIRLF S Z AR ¢ o0 B AR R LT R @A H
2B B R fRE S L B TR 2 B R
fErag o BRFR O BRI RARAAE S PRBRS A 4 R R
B REfRE T o m Liang et al. (2008)F7 3 = F 4k 7 K ?(TIOZ
nanotubes)&JZ K ¥ 2,3-= & 50 T 4F ﬂ‘z} Se PSS o hopl Fat s TR AT -
F 33 2 4T (NOy, HoPOy, CI, SO )67 faon 2 B4 0 B % M
TRILCA M AR R TR F S 2 B AR
ST U EoE L P R NS P g TR ST SRS PR

YRR T e & AT R R R fRn S 2 ki
JArek AR > FIF AT E 2 O GEB AL 2T FALF pd A &5
dfAcd 3 pd ARALF pd ACCH) 2 4o3t 2-19 8582200 & p o Hhee

“
E“hé
whi
S

&
W
5
Y

N

e g iAo e Hyiand 33 E 3P d A FIptid SRR 2L TR o
Cl + h" —-Cl 2-19
‘OH + CI'—- -Cl + OH 2-20
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24 Rt F BRR2LfAEE B

22 2003) ik F Tt 2 AR F BEAL Z T AN (D) s R
F J& % (fluidized bed powder reactor) ~ )% * & Tl Tk A BB B F B E
(powder layer fixed bed reactor or Thin film reactor) ~ (3)3& ~v & &+ J& B
(packed-bed reactor) ~ (4)k 4 F J& % (optical fiber reactor)? % (5)ik :lf: R
(slurry reactor) 5 # Fe i@ 82 73 fo frd 2 kot i & B BT F gk R
F-R2RE e FRRAT  RILARF U E I FE o T R R
KE B2 B e 2 ] #5132 (2003)F T L kE BELR
ix gk o dod 2-3 0

(1) intg 5 F %

AR RV R RRSL S B KT AT
CEIRE S R FE e | AN SRR O | E3rS
ﬂé?iiwyﬁﬁﬁﬁﬁﬁdw BRI R F A g gy Ot @ ol
90 ok F R EER S EAEM R LA F A AT okt Pl A
AR EdTE S E IR HETF R ORI T R Bk E REPN A S T2
B JLLiS ARG A Ac > T od R aRd AR TR0 B 7
FRemBend dom I F B o 3 X kfigendf £ > ia & @nai f ok

)3 )i:?:ag*'_w i 7; ’:'Li—’?l\ﬁ."]

Q) BARF R
HARFRET R CFARE RALE R0 A IR AL AT

S R T LI P PR S TRE Y T PR
¥ - ¥

BANE BN 5 T @RS R P D 3% M-k 4 23t B R
BB Ay RE o R REAEH D R SRS BB RR

R
B

- HENFE BRI HERALL R

_—
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B) FARHATAF BESECF BE
R FTRF BEETART N RILF RS RS o BT R AR
2Rt o HFARRFEB R E B R BEY 0 N H R
EPFEH R F REY o fMH T - W Lehy Pyrex 3 - 78 i £
IS A TR T T _Ezfgg%ﬁgii%i;élti@emandesetal., 1995) | 4 3
G BRI o F R ERT EONF BES LA ;Wé‘vmg:
B2 o i E B2 BELLEIEFZ2E L RS GRS L1 R
’%'T\i”ﬁ W F R iR o kg sy gk o Bk FlaEf

Boik F R o %-;KF}@- b K BT T R o

(4) £&F EE

WE ko kEF BESHFLBP 28 E IS ’?Xﬁ%“?éﬁwﬁéifﬁ
273 AL o B ey K SR Miaad o e B Rl 0 B R
Ao LGt R BB BB kg B A G st i
EGATH L T
NI RR NS S ST R P TR A S S
T 5 2 g (NI GHOmm 190, ok s sk ggr B2 4L i S ARE 2 W

e R g e

B RRGFEE - 2 el R o s BER K

5) FHF R
FRE R E S A AR Y LR AR PR F R E o R TR
2 ki FEER R > R BT 5 BTk sk
FRUEE ~ F BB > S BREER L IPERIEN R 2B F B E T
T Re s ME RJEZ P e
UESCER RN 2 % £ S N S SN s T e

(R #L'k}/ﬁjﬁﬁf@a‘g”‘qkﬁﬁﬁ FEY AR RBRE LTS
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R R R F R BACAAE - A2 KT ENE BER L (W
2. 3) T f” ,,\{B_ R ﬁ%gg ]_‘;K(rg] - 4) (Xu et al., 2005, Zhao et al., 2007, Bayarri et al., 2008) . _Q
%’}\,ﬁ- J\}; )@E”gﬂjiu"/\:q I%’fﬁj‘g'); )@/p/{‘é‘g‘/”.l-};r%agé ‘,E‘f:r); }:@E‘Eﬂ
o Aoyt R UTIETR R RILE R 2 P h o BRIRZ K E 5 oud hRNsR e

FRAPIREEH 2L SN EF o 4Bl 2-4 2 B 250 LR BB

—»ﬁ %gc,gg f‘?: ‘/—J ¢ —,ﬁ _ —Fl- ,‘7 %— =1 (Haung et al., 2007; Bayarri et al., 2008; Nguyen et al., 2008)

La:i'np e
F"tﬂl'ﬂbﬂliﬁ
mirrors
| OO0 stirer |

solar box

H =

/ Q00O

gj 2- /)%l BN R 2 #L’}\ SVSR ’FF }I—%gg(Bayarrietal,ZOOS)

;’IL
1m0

B _1__ /l

1

w{—.

ﬁ’;l 2-4 iR (T E b 2R P NGR ﬁJ{f}; BB 428F £y ~2. Kbk
FAOW)~3. FHEFE - 4 FEFRE S s g o ) (Xueral, 2009)
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O

Temperature and E
pH measurement
Samples Pump
Lamp
I
Feeding tank - L - 1} e
T
| I } 1
PV TV
\
e -(i L] P
.
‘/ |
Thermostatic I \
bath i ]{ solar box go ==l ‘\ MY
1 Q00 \
1
* +
Tubular Parabalic mirrors
Reaclor

Bl 2-5 ikt 30Tk Y5

Photocatalytic reactor

stirring paddle

ORP meter Ij pH meter

||§

Data logging box

Mixing tank

£\
\)ump
B 2-6 Fik & B3

ﬁ}ﬁ@¥&«iwﬁ
l&J—_‘E)& ‘r’/,\/’:)é #BF )@
EF RN VT A

s R R EY TR FRLE 0 5
F kI B2 R ]
@ Bayarri et al. (2008)#}3

2% HR3 Ak ML

B 1., 2008
EERT I A 'J\}; )'@B{Z( ayarri et al., )

~T—

UV Lamp
-k

&—— Feeding tank

Computer

Stirrer

@ ,g— -\ /ﬁ J\ 3 }% gg(Haung et al., 2007; Nguyen et al., 2008)

SRR S skl
N PSS

R F RE

20
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023 KBl F RB2 S A Ap A & ipat gl 20
F R E A FAPE A | R b

KRB
F ARk 4R . - 2. R4 o
. CHEARBEIA S o

(Peill et al., 1996) F AR 4P
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2.5 B HEZ wycs L4

2ol BAE R kTR R R N e SRR SR 0 F RS
To o 2 FRFE2 @ B R a0 T RALE 4 2 S -
SHCKFIEF BT AP P RGN R IR LAY 0 £
R R LU S PP R BT F e A g
BB N F BB LB PR # et TR Y PI/{(Xuet
al., 2005; Huang et al., 2007) = { & o0 o] (2009)#-F § 4538 3250 = § it 45 % 5F #5(titania
nanorods, TiNR) » % = A7 TE #f & 42 Fe’-doped titania nanorods (Fe’/TiNR)
CUEEEL R Y ORE G RIS G o X2 N R Y W - B Rl

(Magnetoswitchable controlled photocatalytic system) > | # #b 382 4 I 4| F &

A<

EFa iR o AR 2-7 HEREJIF R EF B2 E AR RREF
PAARK AT FRBREETRR R AFRALF BY o § RS
#Fe"/TINR M # 6 5 F e B Fido od Bkpow @ 8 F BB 4o 7 (F
2-7 (a)) > @ F PIMEABE L RA o BIE RE L > AoB 2-7 (D) o F A
Fooxit T2 R ATI 2 R R ISR W P R
PRI F BB H 2] R TR T S o 1

e Rz @ F v o

— Air
Uv e SR U R
PR MSUNEDNT [ RESETUUTINI D (TR B A «—Toluene
—

TiQ, «— Water
o
g o ¥,

g] 2_7 ,{@:'H‘K?P‘J Joﬁa ‘k;l":’:-,:l j’p(Ll etal., 2009)
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b R e 30 AT 2]~ R R e R U R g
fer B4 o G G| FRR LA T o P m A AT R X
LI B o T E P w B AR AL o T AT
BB F RN pilot FEFPLLELF RE > i F 48 Acid black 24
(AB-24): PRF 4y R * AP T Ep FFF L LS4 & MR EFP =X
SN2 RFN TR TR pHZE BRI BER > MNENF RELBGIERET
1% BB T 7 WYL R 2 A 43T AT B LR P AN 7
o (7 S Bcie 7R B K P > T R PRI ST L E o
TR w g g A o F R It Bl B 8 B - 2 AT 2 UV/NTFC £

BB B RAL AL Y b B R T 2T
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Fzg P2 RsHE

AP AR P ARA S AMAEE ) B - WALk

B F B i R R R R BB

BB pH 2 3 R4ET AT AILF L2 F7) %

BRIV ERTE £
o BREIT 4 BBEEH R f A

NSk AR

B R4k #2 UV/NTFC it fR 4 r s B2 77 3

|
' )
St iRIE

B iE R

, ; ;

y
.‘J?‘g;h N i o )
/?Jvi‘ & ;Eljgé%}ﬁ;:. L L
e pH K4 g L E R
o BIRHFRBAK
| |
i A
A ¥
«ﬁ“:;" ’}
pH~ ¥ B RTL = ~i% ¥ %4 BT i ';;f@
Wod RGBT A R T 2
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3.1 F sk

AE e ZBE AMA TR RZFREME ZAHFEAUGT HY 2K HHEL
WEe 7202 HAEUE - U pH ¥ 12 K %= § 145 sol-gel & 2
NTFC 2. ] % -

300 B A A 1Rk

AT URERED FRAZBEEESRF %4 (azo dye) acid black 24
(AB-24) 428 ¢ Rk 5 P54 % > d Aldrich Chemical Co. P18 » %!
A FFdod 3-1 21w o AT F 0 AB-24 B § AR TS NTFC f i
PlE¥ % AB-24 kB 5 50 mg/L» 12 & & & B 3+ (UV/VIS spectrophotometer)
A E e T E (o 3-1) o

3 3-1 Acid black 24 # £ gk 1 5

Azo dye Acid Black 24

Formula C36H23N5Na,O6Sy
Amax 572 nm
MW 731.72
Solubility in water 40 mg/mL
O
Chemical Structure S0
Na0sS

3.1.2 NTFC # #
RHRATRY A 22K BT R F 457 fsol 112 2K
= § 1 4%/% % 4848 & H# (nanoscale TiO,/ Fe’ composite, NTFC) » #l # = i

e F o

25



(D)7 K& Bl F (xR Ri2)

0.045 M # i 4 (iron(IIl) chloride-6-hydrate, FeCl; « 6H,0; MW =
270.30 g/mol, 97~102%, Alfa Aesar);f » 0.25 M#2 3z i* 4 (sodium borohydride,
BH,Na; M=37.83 g/mol, 98%, Aldrich)-k ;% ;% > 12 & /48 20 mL & & j§ » =%
£ A2 Z N R RBAKS A 3] ad R HBApE KA F L T
FRiBARIO§ F 47 817 B0 F AR 5 N R R 1 F
BouiEg o HEE I ARICoR 3-2 0 AnAREIE S 2 ;;MWang & Zhang, 1997) ;|

Ry

RALE T APl > MRAVUEFTHELFE (I 23K HT RS-

2 Fe(H,0)s’ +6 BH, "+6 H,O — 2 Fe’ | +6 B(OH);+21 H, 3.1

350 mL 0.045 M FeCl; + 6H,O

< 200 rpm #3¢

ol

1L 0.25M BHsNa

A
DEAR & - DI waterid e =
R BUALEFRIEXRAKS

ER A EIIRMA FIRG

B 3-2 2k ® Haaprs W
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(2) %8 pH ¥ 2 K &= % i 45 sol-gel ® #

~F 3 % B Huang et al (2007)2 M8 # 4 X Tk 5 % 72 (chemical
co-precipitation - peptization) & = = ¥ 45 kR F Rl & 1~5%-F L 11 1M
JE R 2. w % 1 4% (titanium tetrachloride, TiCly; 98%, Fluka)+4c » 4°C 2 #+ -k
Piik PE4E > - NH4OH 4c » A5 =8 Ti(OH)4 4 » i2 B % 10 mL/min > 341 /)
PO T MGR ETRCORH A ACHRE AR ) SR AL E S T
»iEF Y4 FHIEIE2 ] pES 0 12 90-120°C B (reflux)se jnz > & R 12 )
P XA pH B> 25 1%¢ B Rk TiO, » #l #& ARl 4B 3-3 #17 o
PrERFGN S g 90-120CME PN AR A RN BARES S F L ATE

M pH & 3 FeEZ IFE -

IM TiCl; +NH,OH

4

10% H,O, » R JE2/]~ H?j:-

A
90-120°C & %24/~ B%

1% P P TiO, sol

B 3-3 2 & ¥ # TiO,-sol z_ & & ;mAe
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(3NTFC @ &

Bh KR B R A K F AR DIRRGRRPT &k H
FLA G TR BB Tt 180°C § £ s

)

q a/ ’
Bl 3-4 5 NTFC 2 & iidz > 4% NTFC /24 ¥ > ¥ 0§ F RA T &

7 —

T °

—A‘-w

Fe’ + TiO,-sol

4

#3430 rpm > 30542

180°C #L ALKt 4A 2 kE

4

BRI

B 3-4 NTEC 2. % % jn 4%
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3.2 UV/INTFC ki fR4-F e E2 2 k3 vt L 4 i 26

UV/NTFC & @i fg4ir e B 5 % %p13E NTFC L5 % 4 2. 2%it 0 o
* NTFC Z 25 Btz - F MexB FRBB 6248 614 fI* B PEK
TEFN RIS RBE S KT LS L A ks H ke B 3-5
9 oo B 4 % 2 UV/NTFC ki fJ4ir BEx A = 34 » UV/NTFC
%@ﬂ@ﬁﬁ@$~&&mﬁﬁu£EW%%°

B kL PHE R F REF RHMAY 10 22 UL E 368
nm 24 £ 4& ¢ (cold cathode cluorescent lamp, CCFL)*c % ** 7 & ¢ ¢ # § %
FREFER RIS LEFN R %2300 s Br ik » 24 ki 2 &

v YRR A R A _) Ay
Ao EFRR 0 BRd FRFERNE o EA B e T B

~
&)

Bt % BB 5 4 maBiE 7 NTEC Midar fc o 4k 8 0 im i § R pt
Bk B 18 - NTFC 3 ki@ i3 UV/NTFC £ it jiier REL = @
L L R BT A S e S TRUNAS B SRUN R IR
+ ZRIORP~DO 2 pH: I #-E R #icypcsc>t T » 0 2p 5 R

Fap g @ FRRWI S R BEE TR Ol R
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B 3-5UV/NTFC * B B % 2 FIpwjca L 4 1 %
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33 %>
3.3.1 =0V iE5kE T S8 AR

PANBHRIANLFTHR AL EIAFPDHEZ 2 R AR R ERE
WA B§ A2 md@rnic 0 T S8k 3297 pH 2 AR R RBE

A ulhedo Aron o F R frhe 2 AR ECGRIER 5 50 mg/L o B F A S
10 2 > @@ F 5 50rpm > BF REFRFZ 6B F BRPFH 1| pFs
10 » &b th- = » B4pF 1 [ PERik- &> F%F R PFEF pH - ORP
2 DO SRR it 2 Rl s E 2 RERRE®RS ~ g B JERRD
ZApR M E T 2247 e

Fle? #4%F REY B re el 42 AB24 X503 ¢ Rl d i
BREB RS BAE O BF A NTEC 2 8 3k o £ 1B & FRE (7 il
oA e 10 2818 AL ARRRMKE > £ 3 F A oA 4 pH 8
EE2E TR Rk

Fe 3-2 FL= 50 kN %‘Qﬁ’t

% ¥ * kit pH & T PRBRESREF
pH 3 5 8 3 3 3
BdFEA (M) | 0.011 | 0.011 | 0.011 | 0.001 | 0.011 | 0.101
ZHER M) 50
FRERE (L) 10
£ 5 (rpm) 50
HEHBEF (min) | 0,1, 10, 20, 30, 40, 50, 60, 90,120, 180,240, 300, 360

3.32 @R RRINARE F B LK

N AR S Y S LA e i A
PSR G 2 R E ARG At B R E R ] 2 50% T B
T T NTFC 2 wigr £ 2 > w74 2 F Bids% o
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FRs® »rietllz 2 BCkER 5 S0mg/L #8453 X 5 50rpm &4 F &
WA 1022 F % FRPELKS BYRERL 6L FREdpen ik
ZEAFH60ABEFDEHEF B 60T 3604405 60 A - = o

SXA T EREE- X EIFHREL F%F RFF2F pH - ORP
2 DO SRR R 2 TRl R CRERRIEERI 2 G PR AT TR
B F flicho & 3-3 SRit o

AMPEF N REHRBEEFS L4 > £ = pEs - =
R ypan B IR ariE 2 goif pH B X R R4S %ﬁfiéﬂ@%&@ﬁ?ﬁﬁ’gi
Fed B F ARA RIS »FRE LB RGpPREZZRPFRAE 2
(8740 NTFC # A 4 » SIS 0B & peid Fpkde 2 b i 2 > 2ok 4 g

PR S 6 ) PR (3 4 E BB E G g F T D 50%: 0T
P i CRFRS A LAR R p RS TR P k2 NTFC

ST RIF REY T NEFEAFE ASpH ERTRELE L 0 FHRE D
(S SRV E K/%ﬁ\';; 50%2 T i TR - w4 ,jl',,u;fj:

& 2% pivs | piis

pH 3 3 i
E§ & RxE (mL) - i 50
BIur M) 0.011
ZAER (M) 50
F WA L) 10
®EE F (rpm) 50
k4 i2F R (hrs) 6

ES
!
2
EgS
EgS
1y
M

L
- =X
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34 &7
3.4.1 %% 4 (total organic carbon, TOC)

% ® SIEVERS = @ ] 1% 4] %5 The Model 800 Total Organic Carbon (TOC)
Analyzer Pl TR T WAER o P A7k * C FF 1 R|GEA LA R
Wit L5 b5 - F (v £ 12 SIEVERS = 2 p 7% B H /i Membrane
Conductometric Detection @ p|= % *s 2 & » H Z A7 ¥ EEH M nF oL
THEWPR AR PIEINENT P AR - TAPRE  LEFG B

B F 0§ SRR UARE AR R BRE T AT BRE -

3.4.2 % ¢ (decolorization)

KRz d 702 A Kk R 3 (UV/VIS spectrometer) 4 172 0 & 1 #* +
Rk k2 FE (lamp) Tai kR o WMEREEDFI A KREL
HiEEd ks kFHE O LEEREERRE S E - P B R kA
FHI KT EAFR HASEZRE » RASEZ R ~RE -~ AFY
kA G T 2 P FRGER b M E R (RN 2 (TISEESE) &
T_o kPR B g E(beer’s law) T EF IR ()2 kR (C)E AR %o 4o
;v 32:
Abs = -log(1/To) = log(l/'T) = abc 3.2
Abs : Absorbance; ¥ T &
[ D68 » phag &
lo: ki FBA
T : Transmittance; 7 i% ¥
a: B ) i
b kZE R(RTE bR~ FHT AR
clkR
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Aofip Rk B AT € % 4k % & 32 (NEWLAB, UV-3010)* % 42 $ i
AEEFSTRZ P L RRER R AL RRRLF S o & ARE
AR HAFR R S 800 190 nm o F 1 nm HFR - = o7 icdg
TR LA AL E PR R g1

343 MRS E RET =

T o 2 K RE A 2 i € 1 R(particle size and zeta potential meter)
5 ®F Malvern 2@ 4 & » #8735 * Mok Bisktk? NTFC z $gk i

)

= /|

o2 R ET e B a2 BRI 0 # 4 k478t (dynamic light
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