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AL IR T AR A (ACF)$3g~ 25 #84 H acid
(1-amino-8- naphthol-3, 6— disulfonic acid)=*t% ik
£ A2 o or* ACF 5 3.5 g/L > H acid k& 5 50 mg/L >
s E P F (ACF-Cw | & 7% 2 % Cu2tik & 10 mg/L ~ &7
%R 277 A/m2 ~pHO 2 2 R 45 10 sec o & % 4p &1 ACF %
ACF-Cu # H acid % 7 24Fsgaasd > w3 % pHO 4 5
o2 1 )yt s ACF 2 ACF-Cu 4 ®w*t 87%% 90% H
acid -

H bk (MW) 30 sS &2 »xf 4 =t H acid 2 ACF 2
ACF—Cuz>ﬁF4c 2 x 10-3 M PS# 5 »cigse ACF(61%t = 2
87%)% ACF-Cu (62%% T4%) » B E i R 5 30 so M
MW/PS £ # p% ACF-Cu +* ACF 3 # 3 £ 2 =t #c - MW/PS £ 2 5
RS R A o ACF 2 ACF-Cuf 27273 73 % 69 mg/L
COD » mritie B3 L H acid B~ = % & 358 nm % ¢ 2
“$ o {2 & A220-A250 3 k3 F o MW & MW/PS 7 5 »xat
ez it ACF 2 ACF-Cu 2} el acid - Vibrio fischeri
light inhibition test &%tk 2 4 Higsdph » &
7 e Na2S203 & & #£ = 84 & 55%-5T% > % 71 Mg 5 04
AP FAS T A AT ;‘ﬂ‘»(US)é"ﬂLﬁ]& 4v PS 2 H202 & 4 ACF
% ACF-Cu #4371 - B % 4p 1 US # i s H202 $F H acid-
sorbed ACF £ # 1% o iz US/PS 4 &30 min p 5 £ 2
ACF » US/PS 5 — #4 > # # 3t 4 H acid %" ACF > 2
RAKREFENAY o

T, &, BT, Mol

This study investigated the treatment of recalcitrant
organic pollutant, H acid (l-amino-8-naphthol-3, 6 -
disulfonic acid) by the activated carbon fiber (ACF)
adsorption and microwave/oxidant regeneration. The
ACF dose of 3.5 g/L and H acid of 50 mg/L were
utilized. The ACF-Cu was prepared by the
electroplating method. The Cu(NO3)2 of 10 mg/L was
used as the electroplating solution. The current
density was 277 A/m2 and the electroplating time was
10 sec. The results indicated that both ACF and ACF-
Cu effectively adsorption H acid at pHO 4. About 87%
and 90% of H acid were removed within 1 h. Microwave
alone did not effectively regenerated H acid-
adsorbed ACF within 30 s of irradiation time. The
addition of 2 x 10-3 M PS effectively regenerated the
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ACF (61% up to 87%) and ACF-Cu (62% to 74%) after 30
sec of irradiation. ACF-Cu had higher resistance to
destruction of MW/PS than ACF.

The desorption solution of MW/PS regeneration
contained 73-69 mg / L of COD. Spectrum of
regeneration solution showed that the maximum
absorption wavelength of 358 nm of H acid vanished.
However, there was absorption at the UV absorption
bands of 220-250 nm. The results indicated that MW/PS
effectively destroyed the H acid adsorbed on the ACF
and ACF-Cu. Vibrio fischeri light inhibition test was
used to assess the toxicity of desorption solution.
After addition of Na2S203, there was 55%-57% of light
inhibition ratio was present in the desorption
solution. Ultrasound/H202 did not notably regenerated
of ACF and ACF-Cu. However, US/PS promote the
regeneration of ACF within 30 min. The US / PS is a
potential technology which may can be used to
regenerate H acid adsorbed ACF. Further study is
suggested.

Electrolysis, Copper, Activated carbon cloth,
Microwave,
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AT ERE 2B S HEE M AT (ACF) ¥ &7y i A %47 H acid (1-amino-8-
naphthol-3,6- disulfonic acid)T [T K U AR - FrA ACF & 3.5 g/L » H acid
S By 50 mo/L o SEHEIEMERRAT (ACF-Cu)B4E (1 By Cu®* 2R 10 mo/L - B
& 277 Alm? ~ pHo 2 Ky EESERERT 10 sec - 455454 ACF K ACF-Cu ¥t H acid &
H RIFR MR - UM LUBRE pHo 4 B2 © &5 1 /N\EF T » ACF k2 ACF-Cu 43 71l
Wz 87% Kz 90% H acid -

BHETIOR (MW) 30 sS fi 55 %P AR T H acid 2 ACF Kz ACF-Cu< /4%l 2 X
10° M PS B[ A% ACF(61% 7% 87%) K ACF-Cu (62% % 74%) » S{ERLE
HEME] B 30 s « DL MW/PS F4:0F ACF-Cu btk ACTF Hir 5 4 - MW/PS B4
Wb RS SR 45 Y » ACF J ACF-Cu F4ER & 73 k& 69 mg/L COD - AR
s 28 P H acid f KRG £ 358 nm & L2 FR  (HAE Azzo-Asso HIRIOEREFAT
MW & MW/PS B] 5 50k 1520k [+ 5> ACF 52 ACF-Cu _FHY H acid- Vibrio fischeri light
inhibition test FE{ERR TR AV B IELE TG T2 NaxS:03 123 R E 701
55%-57% » IR A B B E R R EYIEAE - 88 E R (US)EIRIN PS S H20,
4= ACF K2 ACF-Cu #7#EET - 455235 H US “NEE(E#E Ho0, ¥) H acid-sorbed ACF
FHAELFH - {2 US/PS DIFE 30 min A& %42 ACF » USIPS Fy—78 J15cdlr » =]
A4 H acid Bt ACF » AR SRELR AT

1. 7S

TEROKE &S EEYE A Y ERE H-acid (1-amino-8-
naphthol-3,6- disulfonic acid - Fig. 1) - H-acid J& 7575 F:he % EkE (aryl sulfonates ,
R-SO;H) » HH N &R B ##(direct) ~ Bf(acidic) ~ [ 4 (reactive) k2 & (azo) F
ifh(Li et al., 2007; Zhang et al., 2007; Sun et al., 2008; Arslan-Alaton et al., 2009) - ifi
A] fi By BUEE R (Arslan-Alaton et al., 2009) - H-acid E.=i7/KAM: ~ m4ewEER
EeAEY)57f#(Sun et al., 2008; Arslan-Alaton et al., 2009) » 5 A48 2= 5 F{EEHE
o e IR S ARG (Arslan-Alaton et al., 2009) « AR [E] 775 A FH R BE
H-acid 57K » BFEEMERKMT - (B2 MR RS - BLE - & LoEE b
7£Z (Faria et al., 2008; Sun et al., 2008; Socha et al., 2006; Sun et al., 2008;
Arslan-Alaton et al., 2009) » {H & fef g FEHE fifir PRI 25 PR AR B S BOARPR FIELAE A -

vt P L B R F LI R R TSR, » A FH IS 7 R R o o5 ek o it R B 1 1
Pi(Faria et al., 2008) - sZ 28 & MR b TR+ EFE 5 Z4RHE ~ 57 pH ~ TEME
et (Faria et al., 2008) - (REMENR(EIS S > TR AR DR A HE A& A]
171 - HATE N EEERBGEI - WA S IR (800 C)E#EEH
ST ECINES (RS MR R T P A TR - (ERE A B E T ok B s SR
FERE ~ FHAENE R - FLIRGERENIR B R AN S -

AFARBO FAECZES - HE S TF4hnE(molecular level heating) » 7£
SRR BN T FIEEUE MR ok ARl (permanent dipole rotation)
FfE-{#2E48#E (ionic conduction loss)fEH] - JA7& b PN BB TE BT 2 BEG
(hotspots) » EFEA S MEmRF LIS N BRI ER  AHEC B EL T A4 RON PR BV A RE -
BRI HR - JERERSTE/]N  TEMERRFLIS IR N AT H E 3R (oxidizing atmosphere)
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R 155 1 %5 /B BE(Ania et al., 2007; Cherbanski and Molga, 2009; Yuen et al., 2009;
Zhang et al., 2009)  {H & {E0R FFAETEIE N > SO S BUE ERF LIRSS » &
AR A E(Ania et al., 2007; Zhang et al., 2007) - i DL {a] AR AI0RE ¥ 75 bk
FLIRESREAE - RfoR P AR JE MR (T ol 1T M B 2 R s N 1~

2. WIFEHRY

At A AT A DR SR E R AT > B DA e 0 DABCR 2B e bt
H-acid 2 ACF J ACF-Cu K » DUZZIBIRAIY) - Sk i Ams - feis
PEORSERE ~ SO AEREECR - FRREIIR IR AR - VSt s T2
HURE - AWFEEE SRR TRE LUPR A 8805 U8 ACF-Cu > feFH HARE M AL
RETT > IHRE RIS R REK B A1) -

3. SRRERET

H Rl - & R FE P RO A= E MR AR BRI Ze i B B TR - (EfE e REE
A1ECWAO) T - Bl MR O N R R A Y (Bo et al.,
2008; Liou and Chen, 2009; Yamamoto et al., 2009; Dhaouadi and Adhoum, 2010;
Lai etal., 2010) - fE{LB A LA 8 KOG RIS BRI A HY) - TR
[EIF TN R » <5 s AL AN D T B S0 (R PR S e 40 0 S MERF [ (Bo et al.,
2008; Britto et al., 2008; Rodriguez et al., 2008; Liou and Chen, 2009; Wu et al.,
2009) - Bo et al. (2008)#ff55 45 Cu-/&Ehx ]2 CWAO gEJ1EALST - B/ DHIUR
B LIRRE » Fr UNIIAE S E MR IE R — o] 1T J70% ©

ANETJTE A AR B R A E MR B85 - Hh &% A (impregnation) £ & FH VA
Z— (B HAE B EAE F iR (Foo et al., 2012) - EETIA T I & @ i L H e 8G -
DI RS e i R BB A - MERLIR G MR (GAC) IR FERL i R 29 4 > A5 LA
T B B AR - AT AR E MR 84T (activated carbon fiber » ACF) L%
FIREE /KRR - ACF B¥g 5B aFs: - nHINETARE ACF-Cu - AR -

4. BRFTTIE
A1 T e

PRETA [N R B s S E AT 2 15T - BB B - S Al
BRI ~ MiNNEER v R BT H B gy s B U E MR T KB 2 434
B ~ #l/ACF EL{ESE -
4.2 CulACF Z 80l

FEIRER A 2B e RS SRR R 2 &k KT 9% R PRaT
TR E N E IR FEE R WE RS pH B REMERIAEIE - BReTE0R
R ffT e
4.3 TR AR

freoRz P A= el Rs ik B H-acid 2 ACF Kz ACF-Cu > DIfUR: S FEZS A T AEME
F o S8R0 AR 2 E MR T B e bt H-acid 350K » DLEHE RO B AR - B
RO R SRR E & S SURPTIE R 2 &0k RS Ak 9T R PRe TR E
HEBIRE BB R WO AR R 2 8846 pH B FCR 8 > ROR IR -
B SRUE I S P AR B [EIRSFF0RE PR BRI (A1 A T4 - B 4E H-acid JEFS
M - DL COD ENAEWYIRE - DLAA 731 ACF filik 2 HRE -
4.4 FLYE N

RAEYIEERE AR FEHE 1SO 11348-1 T Water quality-determination of
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the inhibitory effect of water samples on the light emission of Vibrio fischeri
(luminescent bacteria test) ; (ISO, 1988)f2 71T °

5. GEREE

5.1 ACF & ACF-Cu #fH-acid 215577

H5eERET ACF Jz ACF-Cu ¥4 H acid W3R » ARGt DR AR
ACF-Cu- g FRIF FyEMEmxAm 0.35 g B 0.5 L BB HLEL#HT 10 mg/L
PHo{E & 4 » BE)fiFy 0.6 A > ACF B etk - [Giifs Ti/llrO, » EEHEIFE /& 5 ~ 10
J¢ 20 sec - [& 2a Jz 2b Ky pHo {E¥ ACF k2 ACF-Cu IRfiff H-acid 5228 - EEa{R(f:
£y ACF £ 3 g/L>H-acid J&fE £ 50 mg/L- & 2 5+ A i ACF 5 ACF-Cu ¥} H-acid
e Bt pHo 7 By 4 » ACF-Cu bE ACF ¥t H-acid W gE JIf8 s - 78 1 /NEF A m]
PLZEFR 84% K7 88% H-acid -

BT ACF-Cu T H-acid BE I <E T 8] 3a fi5 & (5 H B HE% pHo
2> EEFENFE] 10 sec BF > DLEEHEE Cu(NOs)2 10 mg/L #iff 2 ACF-Cu EERL Cu(NO3),
10 mo/L Fyf - [l 3b BIURPLEFIRA K pHo 2 A ACF-Cu ¥f H acid R [ff5E
=Y pHo 6 Sz pHol0 » H T2 FH A R e BE M@ ML T - s T8 5 DL A
RIRETFAE » FrDABE SRR o - [8] 3¢ fo R [EEEHEHFRE (5 ~ 10 ~ 20 sec)¥f ACF-Cu
W FRE SIR2 2 > Hr DLEEHE 10 s 2 ACF ¥f H acid WSS » 2 {ENEEHE 5 sec
J¢ 20 sec - [ 2a z[&E 2b [FEEFfEH ACF K ACF-Cu REFH A% » HRFFETE
RiKH1z, v DASER HUR TS S8 T4 » ACF & ACF-Cu FEHETHA » DUE
T AT -

ACF 12 1 /NEFRI RT3t H-acid (fE] 2a) » ACF 220K [ fir B B F ACF 3%
[ » BT AR 53R o R E E R b pHo &y 4 » 22 Fy H acid J A 7K Hrfi
B TR & B IEIER (SO4™) » ACF 2 pHpx €75 3.0 » ACF {EBEMERIA T (pHo 4)
1% > ACF RIHIZHEER rIAE A @k T-(H") » ATl H acid TRFHAE /748 pHo 7
Kz pHo10 W[t 2% H acid -

78 ACF-Cu FEIgEAHE - # n]RE(L 1 ACF Wb iz 2o M . ACF-Cu R
FgEST - (EAE L33 ACF-Cu tb ACF IR fff H-acid 5EJ7rs (&l 2a & 2b) » #0122
JRRIE R ACF RIIDIRER: » LB HT B #ETIEZ S (Liang et al., 2009) » Fr2LHA]
1 ACF-Cu W fffgE J1 H S 72 =040 Eqgs (1) k2 (2) -

AC-OH + H* >AC=0 (1)
AC-COOH + H" >AC=0 (2)

41 Gomes et al.(2010){ H HoSO4 2B V& MR BRI S5 RSB %05
PEbE > FTDAFRTHE HoOo (LR » FERFEA T LT A B A - DR A9
Chromotrope 2R - Dhaouadi and Adhoum (2010) DL K it 8 bEidE GAC FHEIIIEE
B SR —UE EMERR T DUE(L H202 - Ji5& % prarquat [FfFEE

TEIL > DAAREDRE Cu(NOs), BEEHTR N i ACF-Cu I » 2§35 10 mg/L
Cu(NOs), &% 20 mg/L Cu(NOg), Fr#dft ACF-Cu EA#: =2 H acid IR fTAE
(& 3a) - F SR AE & SR EE 20 mg/L Cu(NOs), #fsE Il » Cu HTRE(L R ACF
FIHELRIAIE > FrLAHS ACF IR & [F#(K -

AWFEdE HE A pHo 2 #ETTHEHII (B 3b) » Firfs 2 ACF-Cu IR & A
LA pHo 6 K2 pHo10 #iff5 2 ACF-Cu » 41 Rl » $hRIE 3= 22 [F PRI FE By 178 7R Rl
PERS - BE¥ ACF IUE SRR E(Liang et al., 2009) - [FEEHY » BEHEFR] 10 sec iy
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£ - EE9% 20 sec RIRAEAERAEZ Cu BET-(51% ACF RIEIRIIE -

5.2 PS MW & MW/PS #/ACF Fi43¢4H

AW [EIIESEE PS ~ MW K2 MW/PS F4E H-acid sorbed-ACF %58 » A
P2 ACF BRI 35 mL (S/L EE Ay 19/100 mL) « &5k > R[EDRFE PS %
ACF AR L > KB 1 /N o [ da F5HE BRSPS B - FAERRIE
PS B[ EEANTIMEAN, B PS B 4 x 10° M % - & BAFHIF A R0R - Bk
¥t ACF FA R MR - [B] 4b 5 EERUR 30 sec ¥f ACF AR ANE » Fon
BEIRMOR? 30 sec i EA R E 4 ACF - MW/PS ¥ 4= ACF R W a k(i - [ 4c F5
HE PS B 2x 103 M > #4057 20 sec - MWI/PS &) DLARFE4: ACF » {541 MW alone
FFAE ACF IR ff 2 /)N {2 2565 50% H acid 7 » {2 MW/PS F§4E ACF [ DL 89% -

K[ PS FI &5 MWI/PS F4: ACF R4 2T4ih » [B 4c FeHE PS FIE By 1 x
10°M > F4: ACF W H acid PU/NES By 40% » EHEF; PS E 2 x 10° MBS » MW
P4 ACF AT 85% - (HE B R FEHE 2 4 x 10° M B » F4E ACF WZfif
SRR N FE(45% » 4h) - FECR ST MWIPS 54 ACF s225phiest » H9ets
HEfE MW FPE0Ey 30 sec > S U HFEIHE 2 45 sec > ACF FRAERSREHS % -

DL &SRR, {5/ MWIPS w] DU A0 H acid 22 ACF([& 4) » HFH
AEMEHITTRES = ¢ (DZMARHT > (2)PS EAEaRERR IR ACF £ Hacid » (3) PS
LR OR 2E A B AR S EREE H Acid - 2810 > (EARHSE R {E AR E PS RE Hi
4% pH {EAE 2 /545 - {1 2 x 10° M PS 5 BUF AR R » Hh—%5 5 Fs L iR b
sl s IR MWIPS Fi4: ACF EZHA - £ MWIPS %47 » PS & e EsdH
AL (IR EEIR SO~ K OH %) » HACH M ML K fER(Eq. 2) » HATLA
WERAEREYI17, 19-21] - E5 PS B2l (S:08”, E° = 2.01 V) AT &8 i BuE b 4
BRIBHR I FEE | (S04, E® = 2.40 V) (Eq. (2)) (House , 1962; Liang et al., 2007).
S,0g” + heat > 2S0,” (1)
FEREMEFR T > PS [ERF o] DAgtRg b, AW AR B fH % (Eos. (2) and (3) (House,
1962; Liang et al., 2007) -
S,0¢” + H" > HS,08" (2)
HS,05 > HSO4 + S04~ (3)

WEEIR B (S04 ™) i DLAE HH L N E2 /7 (Egs. (5) and (6)) (Liang et al., 2007,
Pennington and Haim, 1968; Chawla and Fessenden eta al., 1975):82 H,0 EE4£ G &
[ HAE(HO, E =27 V)

All pHs: SO4™ + H,O > HSO, + HO' 4)
Alkaline pH: SO, + OH™ > SO,* + HO’ (5)
PRt 2o 2 ACF BT » JEMERRIR 7] LUEAL PS (Egs. (6) and (7)) (Liang
et al., 2009)
AC surface-OOH + S,05° > SO,” + AC surface-O0" + HSO, (6)
AC surface-OH + S,05” = S04~ + AC surface-O" + HSO, (7)

Yang et al., (2007) f5H 48 GAC-PS Z 44 2 H HiAk v DLE B BRI [
£ GAC ZFmE Y Acid Orange 7 - £ MW/PS/ACF 24513 SO, FEAE 200 » Bl e
X H SO, 8, PS 7l 2 JFE (scavenge reaction) i 25 » HoKZ FE4 Egs. (9) and (10)



[20].BRitb 2 4h - SO, &8l h OH" & A: DU T K (EQ. (11)) [Liang et al., 2007,
Criquet and Leitner, 2009; Das, 2001]:

SO4” + $,08° > SO + S,0¢° (8)

SO,"+ HO" > HSO, + 0.5 O, 9)

TEARIHFEH H Acid -ACF 1] DLEE T MWIPS K7 EFE 5ERFfE 30s [ AFR « HE
TR R £y PS 1] DATE MWIPS Z47 Hp i e A4 H FH - 57 26 I E 1T BE (Eas.(1)-(9))
TR 354 7E MWIPS/ACF - & MW BF[Eg iz 45 s i - 5 ACF FARERK M
IR - AR IR O] E A R ORI - S MiE ACF flfLIR SRS - s AT
B RE JTEAS TR » AL E RO PR A R B 0 P A4E ACF EEEE S8 -

AWFFEEEET t-butanol (free radical scavenger)¥f MW/PS F4: ACF 228 » HEi
gk S L, 2 t-butanol 7T 0 4% 1 x 102 M % » 48 MW/PS Fi4: > PAC HIE
Free JJBREE T > —45 3R 80 MWIPS 4= ACF 22445 f MWI/PS EE 4 H A
G - SN ACF #2552 F MWI/PS JEFERTIE » $ESH/ R SEHG TN PS 2 3%
5 AWH5EERET ACF JE#H(ACF-Cu)i2 & 7] DU MWIPS #f ACF B -

5.3 MW/PS #/ACF-Cu A4 57E

AIHFEEIFERET MW k2 MW/PS I ACF-Cu FRAERR - &5k » BE PS
¥ ACF-Cu AR - [B] 5a fi5 1 ACF-Cu FAER SIS PS RGN A
hiEEEs - [E 5b Ky BEMHUR ¥ ACF-Cu FRAERUR » EHUR 30 s I > A AR AE
ACF-Cu ([& 5b) - MW/PS %f ACF-Cu 4k R w5t [B] 5¢ 5 PS 5 2 x 10°
M > MW/PS a]LIA %4 ACF-Cu » #1121 MW alone 5z MWI/PS F4: ACF-Cu
1, FAESEMEBR Y BIFT LLZERR 62% K2 74% - B 271 PS 2 4 x 10° M B > 41253
A4 ACF-Cu W ffBEJ17A N (58%) - Ui RET¥T Y ACF-Cu B AERUR #EER
=V (& 5e) - &= MW BEfEES 15 sec 712 30 sec i - 4 ACF-Cu I &E J1 0]
60% - Ff 2 63% > {H{FEURZIFEIFFAE R 2 45 sec [Ff - S5FR T4 ACF-Cu IZF{fRE /1A
TEHS (58%) -

FH LA B FEsE H MWIPS B] DA ACF-Cu» H 122 H R fEAN EFralk - fy MW
&OEAL PS EEA H A (Egs. 1-9) » H AT DURHE K P AE R T 7 ACF-Cu 2 H
acide EE#E Figs. 4 k2 5 0] L3 MWIPS ¥ ACF-Cu - FAE RS EHE E ACF -
HEHIETBE ACF-Cu 2 Cu DURFRIREIFAE » (£ MWIPS FAEZEHE » FirEE 4 H A
FrRé b H acid 4 > JRAIgE LR T > AUV ACF-Cu FAERE ST © BfEZR<E
J& It P R LB FHAE i {oge =X 22 SR & {L A (catalytic wet air oxidation, CWAO)jz
=R e a1 E 9555 ST (Bo et al., 2008; Liou and Chen, 2009; Yamamoto
et al., 2009; Dhaouadi and Adhoum, 2010; Lai et al., 2010) - {22 REEE
(CWADK - BN EERIER L S/E Bk EIR R ER > 75
PRIV R FE F - S8 s 0 m] DABH AR (R PR R S R 4 50 S FERF Rl (Bo et al.,
2008; Britto et al., 2008; Rodriguez et al., 2008; Liou and Chen, 2009; Wu et al.,
2009) - {EAMFE T Z EALE R PS » HARRUN B E b K E PR 2R 4 5
B BEAREATDURE H acid, (HEC[SRF AT LI Cu JHF-KFE - i PALL MWIPS FiAE
ACF-Cu 7 RSB RA HE Y ACF AR -

5.4 AL TEF MWIPS /74 ACF & ACF-Cu ;Z&F
A FERRET A MWIPS Fi4: ACF B ACF-Cu s (1E 6) - fEATZE
FEAE (P EEBR G By PS 2 x 107 M~ 408 30 sec - [ 6a f5 % MW/PS P4 ACF
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IRF - SRS A > F4: ACF ZIRTRETTHARE NIk - AHEHY > & MWIPS
4z ACF-Cu i » F§4: ACF-Cu {EBRIR T R] OrA BRI M RE T (1] 6b) - AhiFess
B MWIPS F4:1; » ACF A Dy A AL - ERIRINFRE Ry ACF Ry F-IiddE
& BN T RS &) - B DABSOR IRF 8 2 M WK PRI - i ek DI B RE
ACF-Cu tt ACF A H R B [RIN A RE By ACF-Cu > fEFA:I - T
STREESE PR T B o $N gD B A ACF B > FTLL ACF-Cu 55K
OB o

5.5 ALEREHTRIFIESTT

P A PTEE A R MRFFI4:(COD ~ [BIRE K s M) ERe T « 72 H acid BZF(T{E A
BT Ry 100 mL > Y08 P4 TR % 35 mL > #4057 30 sec > PSJEE A 2x 10° M -
Ta Ry AN [EIF AR TRZHS % COD » T LAFH MW/PS F54: ACF B ACF-Cu KF »
H COD JREIr A Fs 73 Jz 69 mg/L - HATHE MWI/PS szE4: B FHEL » EbBEK
Fff 7> ACF k2 ACF-Cu I Hacid - [& 7b Ry P4 IR < S EERE o &5 LA E
Hacid 7 235, 354, 446 nm (Swaminathan et al. 2006) 5 & Zk UK & @ (BEFEEA
Hit B R [ il i H acid RHEIR O & - BRMTRETE Ao A/INEEEFE « For
H acid AR R REIEY S TTRER By MWIPS R A4 H FHAEE  {HER R RRbr
REHE S COD ([E 7a) » FoRle kbR A RYIE RS 7 2k B IR R EY)
WEHERE(LEY) -

PRI 2 £V FRF ARS8 7c) - FEAmHZE MWIPS H4:1% ACF
HERhR - REAIIA NaS03 %5 (20 g/L) » HALEEHEE 55%-58%fH » 7=
RS B AL o S94E MWIPS [R3 ACF-Cu FAREME =2 82% » &
NayS,03 » FMEIAHT N 58% o AWt AR MR EAH 75N - B 7b
Fi5 R EEIRE AT Aoo HEETRIREAEFAT - MR IR 14 vT B8 Ryl R R EE )
FITEl - ABH7EERET ACF-Cu BRI HEEEFF/E 15 - MW K& MW/PS F§4: ACF-Cu
kiR, HEEE RS/ N L mo/l > HERZ B PS JRE A, H ACF |
RE UL HEEE 1, Pt DA BR s RS R e e

5.6 US/ & /LA 4 ACF & ACF-Cu 3¢-#

DA EEERTE M - ACF 4518 5 K (WURz = iR - AW FEEIRFERET PA US JE bR
FUERI(H202, PS)FE4: ACF Kz ACF-Cu R (8 8) - A B B I US BF i £ 15 min
8 fEHE (E ] Ho02 RS IIsR AL - US I MEA AL I H-acid ACF
Ko ACF-Cu = 41T} » BRI PS 5REALR » US HILIAREE ACF K ACF-Cu »
TR R FRa F A2 G USIPS PRI H acid 2 ACF 248 - [ 9 15 LL US/PS
R ACF 55720 > F4: ACF Ielffae I MR SR - 8] 9b Ky US/PS FAHR IR
Bl - 7] LUE HE MWIPS Jif R H acid RSO EEFAE - For USIPS HH
U H A AR H acid HE ACF HAEMER] - DL E&EREUR USIPS Jy
—JBJIRONT > AT A H acid IR ACF, HLiss MW A& ACF ZE2EERE B
B BHORRITERE R AR -

HIFERR B EF
sTERCRERFENMD « ARTEIT N E BT EMETT, AbTIess REEEt S

> EER I EE - B RcR B2 R EREE - BEERMIITEER - Ek
THIARCRER 7> B G AT R Cu/ACE LSRR ~ CU/ACKE IR H-acid BISSRURY

6



R CUIACF ZUR, MRbftiReE B R A natiat il - AR FEEc R S b FeHET
SERESN SCI TR - EREFEER E RS MR BRI AR
CU/ACF Sl fHBREEEE - T S E S8~ 120 CulAC RIS R iRz F AR B T
SRR KEE T A Y i B LIR VR IR O - Ry A — PR MR AR AR w1
A FE R0 F R E R USIPS FATEMERR » DRI ARGiT e A7 - A&
o T BN T [E] Ay ) ok e e B2 A S B/ K R B AR R RE 07 > AR (R g /K i B 25 A T
& > BHE S IF RS LR KR ERMT T 8T8 T A - AR FesE R TS
EEERHII EAR - WIS R BT A EE - BEER 5% -

NHz OH

HO3S 504Na-1.5H,0

Fig 1. H acid » Amax 358nm » &fif& 85%

° O
v
B
g g _
= < —
3 =
2 =
1 £
5 40
2 S
8
—e— ACF-2nd —e— Cu-2nd
(a ) O— ACF-H-acid-pH 4 2 (b) O Cu-H-acid pH 4
¥ ACF-H-acid-pH 7 ¥ Cu-H-acid pH 7
—4&— ACF-H-acid-pH 10 —&— Cu-H-acid pH 10
0

time (hr) time (hr)
Fig 2. pHo ¥f ACF K ACF-Cu I [fff H acid 522 - ACF & ACF-Cu F& 3.5g/L°H
acid 50 mg/L, A HEEfE 100ml - (a)ACF, (b) ACF-Cu

100 100

80 80 4

60 1

60

40 40 4

color removal (%)

color removal (%)

(b) 2
20 20 g —e— pH2
T o~ pH6
v pH10
0
o 3 0 -
0 1 2 3 4
time (hr) time (hr)
g
B
3
£
I
5
8
.
o
(c) -

time (hr)

Fig 3. EEEEM-%F ACF-Cu [t H acid 522 - 7 ff{&4 ACF 3.5 g/L » H acid 50

7



mg/L - FEFERIE 1 (a) CUNO3 JRIE - (b) &I pHo fE - (C)EFEFVEL -

100

100
v
80 4 X B 80
v
o O
g v g
5 601 o 5 601 © y
3 3 o v
£
2 o E v
& 404 5 40 I
3 3 —e— Original
¢ O~ Readsorption with MM
—e— ACF-2nd v Mw
20 4 d O~ PS(1x10°M) 20 (b)
v PS(2x10°M)
—2— PS(4x10°M)
0 T 0 .
0 1 2 3 4 0 1 2 3 4
time (hr) time (hr)
100 100
N
— — A4 — . A
R / 7
g =
< 604 &
g / T 1 RN
£ / H —
[ / £ __— 4
s 40 o _— v
3 / —a— MWIPS 5 404 — v
© —m— readsorption without MW K
—— MW
2 4 v o~ PSOM
9
201 v PS(1x10°M)
o —A— PS(2x10°M)
(c) —8— PS(4x10°M)
od C d
=7
0 1 2 3 4 ° . . .
time (hr) 0 1 2 3 4
time (hr)
100
80 1
A
g s
s _—
= 60 —
54 o
3 3
£ o v —
o ——
v -
5 40 ° o=
2 —
3 =
° o MWOs
v MWI5s
20 4 —&— MW 30s
( e) —m— MW45s
4 T
0 1 2 3 4
time(hr)

Fig 4. PS, MW Ez MWI/PS ¥t ACF F4:&E - F4E% 35 mL, ACF/solution Ef 1:100,
pHO, UK 30 sec; Wz fff{ic{4-: ACF 3.5 g/L > H acid 50 mg/L> MW 30 s- (a) PS alone,
(b) MW alone, (c) MW/PS. (d) PS JEfE K MW BEfEi% MW/PS F4:= ACF -

100 100
80 4 (a) A 80
- —— (b)
= 3 =
IS v S
= 601 o S 60 -
3 <]
£ o
g 3 g
5 404 S 404
s 8
—e— Readsorption wiht MW
—e— ACF/Cu-2nd o— MW/DDW
] y 20 4
20 0 PS(1x10°M)
v PS(2x10°M)
—&— PS(4x10°M)
0 T T T
0 j j ) 0 1 2 3 4
0 1 2 3 4

time (hr) time (min)



100

100
80 4 80 4
(C) v v [ ( d ) ]
g g — ]
< 60 v ] S 604 = B s
3 /D/ g — /
£ g ;
5 vy e
5 40 5 40 v
8 ]
© (=}
—e— Readsorption without MW Y —e— Cu
2 4 o MW 0 ACF/Cu/DDW
v— MW/PS 20 4 ¥ ACF/Cu/PS(1x10°M)
—A— ACF/CUIPS(2x10°M)
—8— ACF/CU/PS(4x10°M)
0 J ! ' 0 - - T
0 1 2 3 4 o i M 3 N
time (min) time (hr)
100
80 4
g
= 607
g
3
£
<
5 40
]
8
—— Cu
20 | O~ ACF/CUIDDW
v ACFICU/PSIMW(155)
—A— ACFICUIPS/MW(305)
—m— ACF/CU/PS/MW(455)
0

0 1 2 3 4
time (hr)

Fig 5. MW &z MW/PS ¥ ACF-Cu Fi4:=5E JJ - F§4=%% 35 mL, ACF/solution [f 1:100,
pHO, 50K 30 sec; Ik [ ACF 3.5 g/L » H acid 50 mg/L » MW #)# 30 s - (a) PS
alone, (b) MW alone,(c) MWI/PS , (d)PS JEE K (e)MW time ¥f MW/PS FH 4248 -

=
100 100
80 4 (a ) 807 ( b)
v v
= v - _ - —
g e S — ——*
= 604 = 604
g g
g o
8 g
5 404 0— Readsorp. without MW 5 40 /
3 v Ist ] / o Readsorp without MW
—4— 2nd /, v 1st
—=— 31t / —4— 2nd
204 —o— 4th 20 1 —=— 3rd
—0— 4th
0 T T T o - - -
0 1 2 3 4 0 1 2 3 4
time (min) time (min)

Fig 6. MW/PS 4= it ACF, ACF-Cu W[ 8E JIs22E - IR {F:ACF 3.5 g/L >
H acid 50 mg/L > FF4 &, PS 2x10° M, MW time 30 sec. (2) ACF, (b)ACF-Cu.

100 4
80 ( )
g
= 601
g
o
£
o
[a] 40 4
o
o original
MW/PS/ACF
20 MW/ACF
—-—-+—  MW/PS/ACF-Cu
— — —  MWI/ACF-Cu
MW/ACF  MW/PS/ACF  MWJ/ACF-Cu MW/PS/ACF-Cu 500 600 700 800

wavelength (nm.)

{~\



Light inhibition (%)

100

80 1

60

40 4

S

20 +

(c)

o

T T T T
oW IPS 20% poW WPS 203
[ted) A:\/PS'W\ (Ne2s ‘\QF‘C“‘ »&F‘(‘;P it Na2S’
ACS CFICY
I

Fig 7. RIEHEERREFFFAERKNRZ COD, it KEEE - 4K MW 30 sec » PS
2x10°M - (a)COD, (2) [El#% > (3)FEMEAFEARNN NazS;03 of 20 g/L

color removal (%)

color removal (%)

100

80 4

—e— ACF/Cu-2nd

O— ACF/Cu/MW/PS

w— ACF/Cu/MW/H,0,(5M)
—a— ACFICUMWIH,0,(25M)
—m— ACF/CUIMW/H,0,(125M)

60 4 R
o
40 4
//{——————————I——————————— ;
20 4 — M
' T
0 i T - |
time (min)
100
o
o
80 - o . |
A
v
7 o v
v
40 4
—e— ACF/Cu-2nd
1 (C) O— US/PS-1st
v US/PS-2nd
—4&— US/PS-3rd
0 ‘ ‘ ‘
0 . T - |

time (hr)

100

(b)

color removal (%)
3

—— Cu

O— ACF/CU/DDW
20 A ¥ ACF/Cu/PS(1x10°M)
—&— ACF/CU/PS(2x10°M)
—m— ACF/CU/PS(4x10°M)

0 1 2 3 4
time (hr)

(d)

Abs.
N

14 — R

Cu-US/PS-1st % %k
Cu-US/PS-2nd % *it i
Cu-US/PS-3rds *iti

0

400 500 600 700

wavelength (nm.)

200 300 800

Fig 8. #5} US/H,0, K US/PS % ACF-Cu SR - Hy0, of 2 x 10°M; PS of 2 x 10°M,
reaction time 15 min. (a)H,0, (b) PS(c)US/PS FA ¥, (d)FF4: B

color removal (%)

Fig. 9 US/PS FA= R8T ACF I [ffAE

100

80 1

60 -

40 4

20 4

0

o
o
(a) ]
o
v
o v
v
—— ACF-2nd
O— US/PS-1st
v US/PS-2nd
0 1 2 3 4
time (hr)

US/PS-F54: K b 7 [ 5%

4 (b)

Abs.
N

33
US/PS-1sts it
US/PS-2nd ¥ \it 7t

300 400 500 600 700 800

wavelength (nm.)

B RIS () A KB (b)

10



R e /B E 28 = %488 T £

p#:2012/09/29

PR LA MRATIE WA /R AR B R e/ A AR A A 75
WK PRI, B T2 3 g

3% % 100-2622-E-040-001-CC2 BEAR:

5
e
5
[
p.&

RFTHE S g T




100 F R EHFETHEFL SR EL

LA

33 S5 0 100-2622-E-040-001-CC2

PE AR R AT R S AR B e/ Bk 2 AT A A 24 18 Aok 4
%, B IR A 4 B

£ i B (F o
*EF Pode il B R
5 %57 p RFe LS s FFRE | g TR
fe (L (E(ZRES | ) R B oM 2
feg) | 98 H e o ¥
)
LEEN 0 0 100%
o e [PAEEE AR |0 0 100% fa
¥m ¥ FE
B 0 0 100%
N 0 0 100%
A== R 0
51l Rl 0 0 100% .
¢ JEEE 0 0 100%
s e 1 ! 100% o
B RS
1 & 0 0 100% + =
LN 0 0 100%
S RN P 0 0 100% L
(+®#E) LT R 0 0 100%
202 : 2 100% g s i
B~ 0 0 100% Ehdfee
" RN T R 0 100% %
Fm N FIE
it e 0 0 100%
%3 0 0 100% /4
o4 s 0 0 100% "
C EE g 0 0 100%
AW {,}
" i 0 0 100% &
P
£ & 0 0 100% + =
e 0 0 100%
e RN E 0 0 100% e
(PR Bl R 0 0 100%
Lizptse 0 0 100%




Hof o5
(i Bt iigz &
%ﬁrﬁ: TS

wEn s £k W% E
,«t—\x;:rmgk,gt@g]xﬁzﬁ 3'>rs
4£ﬁw%¥é%ﬁ
Vo SIS | 2
FE MY F AR

}ljo)

?%*%ﬁ?mﬁiA&%F NEERIRAR G, *F*“%*@“%ﬁ
FocEXTFYPR AL S FLEE BB EFEAENPFL o
TN S DAY #p’\?ﬂ}‘r@l% Cu/ACF 1 45t ~ Cu/ACF =% %¢ H-acid = »zic
#E 2 Cu/ACF 2 5% BR’,T,,Q B2 25480 2 2 %305 o 3 31
FEARSG SCI e~ -k o B §E g, &k A TRE Rtz AR
Cu/ACF HcjisAp b 5 12 » 48+ % #ﬁf T 58k~ ik CwW/AC S 2 ol £ 24 72 il
E J\EF‘—/”\)@J}’ B bl CHETIEE o L B- B L/ L A B T A
Mo rET - B AgF R US/PSE 2B ni 2 AR 7 712 -

A EHR mFEF&b”'“ﬁRr@ OB A AR REfRAN 4 o T3k B AR ARIE L IR AR
MR B E TR ARk ST R RS 2 A AT RRE RS

ipft o e EAGFHPE TSI LG B G E G E AT L

’i & %P £ SR FRT RS
FORIRL L (5 e 0

K |3/ 0

’i’«*”m& ek kA1 8 0

;%ﬁ 0

i B2 BB R 0

g |[F3 e/ vy 0

b B A - BN A 0

Plerdasnpz g (BR) ‘¥ 0




AABLITITEAFES KX 2 FracE A FAp F=4

o~ % 78 P

AAFEEFHERAL %2 Fod ik
(Fahid b E 42 344

A

R EEE 158

e pERiE 18

PR 1 FhY G 0@ kw0
e g 1 dre F?‘O =+, E® 0 #

~
ol
R
<}

L 14 2EEmE R LA

L 04 2EEBEROA

ML 14 BEERE R 1L

AL 04+ ZEEgatERon

His 14 2EEgaER 1A

His 24 ZEEBER04

B P

Hp :njgﬁ < 1 &

FEPINHmE 0 &

By 1

T\

FAFHEH 0

SCli#+ 1 & # 4 SClh® 0 #
L% 01 23 %% 0

P 1

wdpR A 1@

Hrwm= 1 @&

FAPImY 0@

Fiemhe 1

FLEHY 0 B

ity 1@

FAEHEHY 0 ¢

SCI/SSClzm~ 1 #

# 4 SCI/SSClzm < 0 ©#

PR

Zd k3 0

P 1

R RN

U A e AR S A S

St

-3:;

2FFRP AL 2P (L)




it F sat
Yy

R kPR 'Snr PRV EFLIMNFER L%a‘w, AT RRERIRNP 2 &
é“ PﬂP PR 5L R W E S Y TF A ST A KRS
THHEA Cu/ACF 845 R ~ CUACF v H-acid = szt £ 4 CWACF 2 7%
a:, wm.s EA U A I L T A ¥ e S RS G IR
o BB BTG L TR ﬂfr,z‘@i»f CWACF $Ljirin b 532 » 48412
B m}ﬁ: i CUWAC rit 2 ik £ 24 2 rd2 1 FBORELA f37 4840 By 1 F (T0%
o 5 LaE- HRARG/E B HFLT A1 AT LR H I &S L USPS £
R R D AERY VA AP ERERPEVIURT 2 54 HACk AR
R I a‘%—.f—'%‘ KT & B AR 3 0 3248 & TF R i K A Hiera o 4 2 4
1AL RFERV AP ESTRH IR LR EENE BT R E RS
p%ﬁ”ﬁﬂ‘r' ’@‘T\ °




