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The study investigates the treatment of 4-
chlorophenol (4-CP) wastewater by the combined metal-
ACF adsorption and microwave/PS regeneration process.
4-CP of 100 mg/L was used for adsorption experiment.
The optimal initial solution pH ranged from 5.4-7.
The 4-CP adsorption increased with the ACF dosages.
For example, when 1 g/L of ACF was used, about 70% of
4-CP was removed. However, without regeneration, the
re-adsorption of ACF decreased to 30%. Microwave
alone for 30 sec only slightly regenerated ACF (40%
adsorption). H202, MW/H202, 03, MW/03 also did not
noticeably regenerate ACF. However, when PS alone was
used at pHO 6, the regeneration of ACF increased with
PS doses. The optimal PS dose was 4 x 10-3 M. The
application of MW only slightly enhanced the
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regeneration of ACF by PS alone treatment.

The best pHO0 for adsorption of 4-CP by ACF-Cu was pHO
5.4. When the electrolytic times for preparation ACF-
Cu increased, the adsorption ability of ACF-Cu
decreased. When the ACF-Cu which was prepared by
electrolysis for 20 sec, microwave alone effectively
regenerated the ACF-Cu after 60 sec of irradiation.
When PS of 8%10-3M was used, PS alone and MW/PS also
effectively regenerated the ACF-Cu. However, the
MW/PS did not well regenerate the 4-CP adsorbed ACF-
Ni, ACF-Fe0, ACF-Fe2+. The UV-visible absorption
spectra of the desorption solution from regeneration
indicate that MW alone did not effectively diminished
the characteristics wavelength of 4-CP (A283). In
contrast, PS alone treatment effectively destroy the
4-CP. The toxicity of the PS alone- and MW/PS-
regenerated solution was high. However, after
addition of Na2S203, the toxicity of the desorption
solution was low. The desorption solution from
regeneration of MW/Ni with and without Na2S203 was
high. Because PS alone could effectively regenerate
the ACF, further study on regeneration of ACF by
US/PS and heat/PS was suggested.

ACF, electrolysis, metal, microwave, persulfate,
regeneration, toxicity.
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PHo 6 [, ACF | 35N [ PS LTI HT 1 RN 1T 4 x 10°M, 07 MW
5P LR PSS ACF ] 2 #5 «
ACF-ZES I 1 | 2 A 37 > ACF-Cu fet (I pHo £ 5.4 HiSSrff T i -
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The study investigates the treatment of 4-chlorophenol (4-CP) wastewater by the
combined metal-ACF adsorption and microwave/PS regeneration process. 4-CP of 100 mg/L
was used for adsorption experiment. The optimal initial solution pH ranged from 5.4-7. The
4-CP adsorption increased with the ACF dosages. For example, when 1 g/L of ACF was used,
about 70% of 4-CP was removed. However, without regeneration, the re-adsorption of ACF
decreased to 30%. Microwave alone for 30 sec only dlightly regenerated ACF (40%
adsorption). H,O,, MW/H,0,, O3, MW/O3z aso did not noticeably regenerate ACF.
However, when PS alone was used at pH, 6, the regeneration of ACF increased with PS doses.
The optimal PSdosewas4 x 10° M. The application of MW only slightly enhanced the
regeneration of ACF by PS aone treatment.

The best pH, for adsorption of 4-CP by ACF-Cu was pHO 5.4. When the electrolytic
times for preparation ACF-Cu increased, the adsorption ability of ACF-Cu decreased. When
the ACF-Cu which was prepared by electrolysisfor 20 sec, microwave alone effectively
regenerated the ACF-Cu after 60 sec of irradiation. When PS of 8* 10-3M was used, PS alone
and MW/PS also effectively regenerated the ACF-Cu. However, the MW/PS did not well
regenerate the 4-CP adsorbed ACF-Ni, ACF-Fe°, ACF-Fe**. The UV-visible absorption
spectra of the desorption solution from regeneration indicate that MW alone did not
effectively diminished the characteristics wavelength of 4-CP (A283). In contrast, PS alone
treatment effectively destroy the 4-CP. The toxicity of the PS alone- and MW/PS-regenerated
solution was high. However, after addition of NaxS,;Os, the toxicity of the desorption solution
was low. The desorption solution from regeneration of MW/Ni with and without Na;S;03
was high. Because PS alone could effectively regenerate the ACF, further study on
regeneration of ACF by US/PS and heat/PS was suggested.

Keywor ds: ACF, electrolysis, metal, microwave, persulfate, regeneration, toxicity.
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I o ifl[*ﬁﬁé‘ﬁ |BFPamfiff = Rt SRR R 5 J(lr W’?ﬁr ”yﬁ;*lﬂy J9)

CEAURIERE R A IR pH A o3 S IR 2R e ESPU benzene
phenol P4-CP = PCB =(Yuen and Hameed, 2009) - | [ﬂif[[fkﬁﬁvﬁ‘yiﬁ FZ,IJF
1A R SR T o [SRE) :ﬁfiﬁﬁwﬂ%f’~@¢ﬁﬁﬂmo
°C)[?E?E“ P2y COR ISRk [HaBhfef 1 sl ILARFE 48547 l‘%“l%ﬁ?fﬁﬂéf

FFRE MBI~ ACE RS 0 B ikigup to 50%)79%3[@(%3;]:’%2@%%'%* %Hi%ﬁ
(Cherba’nski and E. Molga, 2009; Yuen and Hameed, 2009) -

f%dEIiFJéfiﬁ MR = w{&@l ;niEy(molecular level hesting) » ﬁ éiF;@rHﬁELlﬁ[
EFJT’EEITJFH“EE? 1855 X |]E\7Ej74 fizfHl (permanent dipole rotation) F[I#E L {E £
(ionic conduction Ioss)?fi&ﬁkﬂﬁl '*’Jpﬁ*ﬂ)ﬁ?iﬁ[&ﬁ%&‘“ﬁ%j B Ifm ) [ﬁ %ﬁ/ggir %Fg TEL Al
Eﬁ(hotspots)g& FEf F?”(plasmaarc) LR & PR IpEE S ~ PRI~ F
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e 4 5 | WL (Cherba nski and Molga, 2009; Yuen and Hameed, 2009) -
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H,0,, O3 % S,05” » (2Ef¢ ﬂf"ﬁz pH [l = Osflipd&E % Hyk & o [{ ™ 7 HaSO4 1Y
NaOH IFF e pH ff -

2.AF PR [ BN 4 I T

= IR IS MWIACFToXidant F| % ACF ¥4 » S5 13
Fe®, Fe™, Cu™, Ni*" o SIS ML= s (IIFIRG o0 o 20t B 5 L 2
Os [l &g & 38k & JE?{%'(?@E%EI}%LE@ Fl# 1%‘(72 H,0, ¥ SQOBZ_EIJM\%"J['?J
U PR o BOPLE S ACE SR 3§:W@Yﬁ‘[‘§ﬁ%$]ffl Frififf 4-4-CP
Tl > PHREUE | 2 S 10 4-4-CP [RITAES « PEFTIR VARG, pH 3
H gy o

2.5 I | 2 BRI 153 477

SRR WA R ~ I E%#’J[ﬁ\‘rﬂ FRSPRE o E P It o 2P
o 1 (RO ¥E L A V. fischoeri SIS0 8RR > = I RETW L ESARUR S o A
TP £ A TR (B FMNH M IV TSGR R & R (RCHO) 5
Rl BRI A (PR T 465 nm)» BESL 2 SRR AR %lLPTS'FTJ A=
EAS T R R T b o A R A R RS S P 1 R R
Mirotox analyzer model 500 - £7¥&7E FE*IJJ%’Eﬁ AT J?Jﬁiﬁg{f{y s SR
FEFSYAPs B 5 ST BRI SR - )| ECe AT I fB A a(FUE R
W P POEE SR A i [ 4 S P MR E O (Y= R 1S0 11348-1" Water
quality-determination of the inhibitory effect of water samples on the light emission
of Vibrio fischeri (luminescent bacteriatest) | (1SO, 1988)*d 3-:% = o

3.0 %#}J?ﬁj‘ﬁ
3.1ACF S5l

imtﬁiﬁ?]‘ ACF ] i (4-chlorophenol, 4-CPR) iff 7% » o [P [ ke
%1% 100 /L TR pHo S ACF [} 4-CP YRl - [l 2affit! ACF i
4-CP i pHo it 54-7.0 [ » I pHo 0 - ACFﬂ:MCPﬂpwn—F o g
%7 « [p 2b %7 [il ACF (kI 55 4-CP P IiHiZ% » it 1) 211 e ACF B k1 71
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A-CP = 5T - R LR PR 12 (DR 1) - iy ACE
AEIES 13 2 g/L B [0 120 min fi* 55 |l % 75% 94% 4-CP = ZASF| 4 5Y-

VR - ACF 35 4-CP [ fiiff= o PHEE™ [ > (191 1 g/l ACF 55§ 4-CP M[ifF &I Fl13Y
~ TR 75% [ 2T 58 % (! 2b) -

R 158 R ACE 357 4-CP Ififf et fF pHO & 5.4-7.0[] > [E'%: pHofHf
ACF %] 4-CP ™ [i o T i HERUNEL g (1% > ACE i R ik 210 OH' > ik
T BRI 4-CPe bl (iR RN ELES 4-CP LV pKa il 881w il (%
[ F it % 4-CP [l iy 55+ [ i (Gupta.and Suhas, 2009) - i ACF
HAEE] S [EBFIIT 4-CP - ACF FIITEN ™ [ - H 2 BURAES ACE A
L3 RO e = TR [l R ACE = o i o Pt iRl | T Il b
ACF - 4-CP-sorbed ACF & i ffli # {52 £% 1 /L ACF ~ pHo 5.4 = 120 min » & F=
TE P & 5 ACE Ififf 4-CP =] iR F) & 35N 0is -

3.2 HPRIFELE ACF F) & 35§

¢Wﬁ#§]‘$ﬁ 5 S5 A-CP-adsorbed PAC F 2 35 o B4 E%j FFeR |7 [F=5rE |
ACF£; 0.1, F|& 1%&?5'% EL25mL, » pHo 7 > &L sk £, 800 watt o %1' 4a3‘“
1A B 30 sec i o i HISIE ] ACE > IR A % I ACE ﬂwymﬁ't"
38%: f! ¥ 30 sec fi* ﬁﬂa | % ACFR [ L H-A] £, 50% [ 9 5  4)1% 2 60 sec »
ACF F [T &! EF ] = 53%e 14 PHidfl #7t1t MW alone R H] 7 0-60sec -
]E'IF ffmf 1% ACF -

APH IV AT F % ACE > 2 IR EEL IR BV - e
P ﬁﬁﬂp[ﬁkﬁ&yﬂ ¢ Xy« 5248 (permanent dipole rotation) 15 " @k
(ionic conduction loss) (= | » JEG‘F‘I&E#‘ * SFFBMF‘}?F %?“E#(hotspots)§f§ ."—‘:;ﬁ“’jﬁﬁfﬁ?
’F’Jﬁ%’ﬁ“ 'JF]F ACK(Ania et al., 2007; Cherbanski and Molga, 2009; Yuen et d.,
2009; Zhang et al., 2009) - YI:WDWT’[LII%‘?ELE?FE[ F'1 30sec #F| = 60sec » 14 [
SR HEF 5] ACF | 24 5] SRR & If_}ifglﬂl » 4-CP [ Ift] % Po R T ACF -
]F@%kACF Ffiff o 3 =(Remya.and Lin, 2011) - [« MW adlone SEE- HE S
ACF - i@'ﬁﬁﬁﬁﬁi% [p 7 SR VISR

3.3 MW/oxidants (ozone, H202)%f ACF E| & {&H]

A PRI BT (] H2Op 78720 MW b 57 ACF ) % 7 s « 1=



FrACF £, 019 F| &y &‘IB‘E'%? £y 25 mL, [k 19/ 250 ml « F1-E HoO; 3@?"{[%
%‘JT@’}%&# Eéﬂ‘ 5a jf“[ ,’g[, 1.6x10°M Hzozkédﬁ JLIE\JJ‘ F 12 e J@nﬁh}?ﬁﬁfu,’“ﬁ' (&
Fl& )38%@* 47% - MW Ef{ELE HO, F | % ACF 354 ?&}%ﬁq‘ , Q%q‘ 5b ij[H',El[ ffl
W60 sec » [ E IFHEF] H O, T ACF £ H & WFA

Ozone 7+ J "MW | ﬁ?zﬁﬂ ST ACF F| [ﬂ Eﬂf?&*ﬁ » 7 IFFH' | ozone
TEDHE ST HIES 3L/min % 21 mg/L - Ozone S ACF F % J JJF&}%@]‘ ) q%ﬁ'
SC?F[H WHRII ] ozonea:ﬁa 4 ACF FfUis %o q\a' 5d £% MW/ozone %457 ACF E
i}'“f%\[?&‘r]ﬁl ’J“:J el MW/ozone %7 ACF £ & & Jﬂir%ﬁ":” (47%) -

HESR=1E ’TFUL?F, ,if[[iﬁfﬁhpﬁ MJ{# ™ HO2 » {5131 Gomes et al.(2010) {1 ™ |
Ho S04 T A A 1 » SRR ST LR - it 4] S a0 35
W Il E\JJEF;% F RIS FINEL(OH ") '] [ Ak (4 58R) Chromotrope 2R - Dhaouad
and Adhoum (2010) I'J S8 M [ [~ 0T ACF AirPhegl - SRS E"S”E’Tiﬁl‘%
BRI (™ HaOp » 135 Paraquat [ 0 o (A 7F42 58255 HO, 3| 4 ACF
= TR R CES PR 4-CP15‘j £ FTJ PAAGFA Er]
MW/ozone(# ¥ ACF £| % €A1 » 2 RIS MW =2 (1 3) -

34 MW/PS S ACF | & 5

¢’Filf)l.,}%ﬁj‘ PS % MW [?Wﬂ ¥} 4-CP-sorbed ACF F| 2 3%\l » 3. [ | &

FJ?F'JACFiE 01g~f |4 f&?ﬂﬁt y 25 mL-F 1AL HTE PSEACEE | Wﬁ'%ﬂz}%&ﬁ‘j‘
1% Eﬂj [t]5% 30 min > i Fig. 4af’[ I PS 3?"{@“‘@5-'@"{! ACF || % 35570 > &

i £L 4 x 10°M PS> ACF || & 35U i 11 3]@[!1“' 38%_-#] = 59% - ({[IF F |
PSIMH 2 8 x 10°M Eaj F1% ACF pfiffge JIEER ER R 2 629% o

MW %f PSF| % ACF #5Hl T@}%ﬁ«‘]‘ » PPl ] e Eﬁ [#] 5% 30 sec > A N TFTT}
L 30 sec A E | #5F | 4 ACF(Q%' 4b) - 7[:@%};5;1 r%"r?lglzﬁﬂjf 557 MW/PS %1 ACF
HESE qien[ 4c #’,J + PS8x10°M E\ﬂj‘, f%"(iEL'E\ﬂJ?FEﬂEI 30sec f7[1= 60 sec fi' I'J3fT
ITACE F 2 #5450 -

¢’Filf)l 3% L {E B 3J JPPS AR FIE ACF . = %lﬁkﬁufék v ACF i’ ”F" PS
(Egs. (1) and (2)) (Liang et a., 2009)
AC surface-OOH + S,0° > SO,™ + AC surface-OO" + HSOy4 (1)
AC surface-OH + S,05> > SO,” + AC surface-O" + HSO, (2

Yang et al., (2007) ?F' MRS GAC-PS ik & 1 FINELT T [ S B [
“ GAC #J1j Acid Orange 7 - Fi.r, PSS 4x10° M ?E%J;: 8 x 10°M E\ﬂj » Xl
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ACF F| 2 54 AL [V IREHLF] - TR =10 PS-ACE 23kF, SO, % F 3 278 » i
feAsIE SO, fY PS?ITJK%@’* %(scavenge reaction)fi = [i% » £ > i={ [T Egs. (3) and (4).

= F= 9t > SO4” Ff“'f’ OH' i% 2 I') ™ &ji(Eq. (11)) [Liang et al., 2007; Criquet and
Leitner, 2009; Das, 2001]:

SO;” + $,08” > S04~ + S08° (3)

S04+ HO > HSO4 +0.50; (4)

AP T MW T PS S5 ACF Fp 2 5 > i fRURERE T ) (R

PS4 » Sl (5208  E°= 200 V) A R [~ % FRPRA (gL |

(SO,”, E° = 2.40 V) (Eq. (5)) (House, 1962; Liang et al., 2007).

S,0¢” + heat > 2S0,” (5)
PRGN MW BER (R% PSS ACE ]2 [59] [ H 2 2 (B2 (MW

adone+PSalone) - = RIRINTIHE ACF =IEJ I [ [~ PS> L [EHHEVIH

PS ~ s > Brl'] MWI/PS = pisfe (=5 | (synergistic effect)

3.5ACF-Cu £} H acid [ ff =

LT ACF-CURI MW F| % 521 4-CP 34 - ACF-Cu ! | FEEEEIff) -
ﬁﬁ%wﬁft Cu(NOg3), 20 mg/L - éﬁ:?{;u e 138 A/m? > pHo 4 - ffféhf’[ ,KET%%WE\JJ‘
M > ACF-Cu R fiff 4-CP =] g [Re o [YTISERIFT fETEL 5 - 20 sec i -
ACF-Cu B2 1153 ] % 69% 65% = 7 [fil pHo %5f ACF-Cu [ [fif 4-CP i< s kLg%

71 o [l 6d i1t ACF-Cu £} 4-CP 1" pHo 5.4-7 4% pHo 10 -

il G?F,L['ACF-CU PRI 1 ACE (5 = fURUN = 55 ACF 8455 » 1 @ iy
PBEACE AR i o fef > 358 p ACF =)0 ) ACF-Cu 35 4-CP I fiff | pHo 5. 4-7y
A pHo 10 - = g5k ACF i 4-CP 2SRRI 28) - fi'fi= B KU
ACF i A PIfHIIffEE % £ O™ » 7 PRIy F17Er 4-CP > b £ 4-CP .V pKath
8.81> 4-CP k(] ¥ 15 32-11;@”4 ’7 F|Ji> ACF-Cu %} 4-CP & [iff(Gupta
and Suhas, 2009) -

3.6 MW/PS #f ACF-Cu F| & Jy&

¢’EDL}3KFT]‘ MW aonefF| 4 ACF-Cu 3% » ACF-Cu [TF %JEJJ‘ £l 73 I 5E 5, 10,
20 sec - [fi! 7a-7c il i ACF-Cu fif I FEE R I = - BAPLS) ACF-Cu | 2 I54)
H ]ﬂi/[l%‘% ZOsecF’?ﬁJﬁF & ACF-Cu BL{gi ™| EéJ% 'MW E] %+ 0 60 sec EJ
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F|% ACF-Cu i E! 5T £T 41%7 60%- 57| i 20 sec rigl i 1/ ACF-Cu BLfil
N EATECA - P 7d 5 PS alone Sif ACF-Cu (V| % S i PSHHIEL 167
ST e I PS LRI OM 7% 8 x 10°M [ > ] ACF-Cu 2 4-CP [I[if
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