¥33%E Hel E7 R = Vol. 33, No. 6
2014 4E 6 H ENVIRONMENTAL CHEMISTRY June 2014

DOI:10.7524/j.issn.0254- 6108.2014.06.014

SREEERREERBANEEALRIEANLFER M
F % #H A RIKT

(demtpolh KRR 5 TR, LT, 100083)

W OE OXWIHERT ISR R (SCAC) 5 3 Fh f s AR W H REB MRS & i S Hofi A R A b &
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1 SCAC FRifIE A8 A X HAE A R A S AR TG PR 2 45 R0, SCAC & 1T R M Ak B e A & &= 347 1 3 #h
TSI 2R s SCAC FIRT Sh A I AT RAR E AL LB p-CBA YRR PR S) T M, Horp SCAC L R A A
AR B R B RV 1.0 min B, p-CBA Y B 38 H Sl 5L U AR Y 26.1% 42 55 31) 60.2%. 28 (NH,, ), S, 04 Fl
NaOH AL 35 , IRt SCAC Xt p-CBA AL A AL R BRAR 22 55 1 8, NaOH S0P )5 1) SCAC R T i H g
A5, HA b AR A AL £ p-CBA FUBURSEIINGR , ML (NH, ) ,S, 0, BP9 SCAC HEALBCR A BT R .
TEME B AAL RSN R (E ([ -OHT/[ 05 ]) tHE S5 ik — P UE W], SCAC 3R 18 my Btk B g L2 i Ak R
AU B EFREYEA , ITRAEE RAR ST I - OHR 44k,
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Influences of surface functional groups of sludge-corncob
activated carbon on catalytic ozonation activity

LI Lu FENG Li ZHANG Ligiu™"

( Environmental Science and Engineering Department of Beijing Forestry University, Beijing, 100083, China)

Abstract; This study investigated the differences of functional groups and contents among sludge-
corncob activated carbon ( SCAC) and three commercial activated carbons, and the removal
efficiencies of p-chlorobenzoic ( p-CBA) by catalytic ozonation with these activated carbons.
Moreover, SCAC was modified with (NH,),S,0, and NaOH, to explore the influence of surface
functional groups of SCAC on catalytic ozonation activity. The results showed that the amounts of acid
and basic functional groups on SCAC were higher than those of the three commercial activated
carbons. Results of catalytic ozonation indicated the presence of activated carbons accelerated the
removal of p-CBA, and the greatest removal rate was obtained in the presence of SCAC. The removal
rate of p-CBA by SCAC/0, reached 60.2% after 1 min, while the rate was only 26.1% under sole
ozonation condition. SCAC after modification with (NH,),S,0; and NaOH had an obvious influence
on the removal of p-CBA. The basic functional groups on SCAC became abundant after modification
with NaOH, and the removal efficiency of p-CBA remarkably increased. But the removal efficiency of
p-CBA by SCAC with (NH,),S, O, treatment decreased by comparison with SCAC. From the R,
value ([ *OH]/[0,]), it is confirmed that basic functional group on SCAC were the main catalytic
active sites, which could promote the transformation of ozone into +OH radicals.

Keywords : sludge-corncob activated carbon, catalytic ozonation, surface functional groups, catalytic

activity.
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TP S — P R A A ORI 3 (- OFD) PRI T DI R 3 s B 4800 ME R Ay
HLIG Y S8 AL 5 BRBE 1, R I 16 R AR A Ry — R AR50, 1302 100 FH T i 1k S 40 SR Ak A BL B i 52
T B EARR, LIS K AR 15 TR AR BRI 390 o SRR ] 461 M e ) T 9 ROR ARTR V5 T T S A K
B A I M E R TT R, RN EE L 515 R IB 27 438 A& T i Tk b 5 15k, AR 215 2
K ERAEE HEARE RS RATE IR ER (SCAC) ™, SRifi B A E PN SCAC 1E ik
FIBIRIFSE A A B A ZAERTIBESE th R B SCAC AL R B AL T 2%k ik 2 P 25 W0 A 9 25 (1BP)
A3 B RBREOR D HA ORI T 3 Fle S i M e (75 52 ok AR FE e RS e ) HU:  SCAC ik
FLA A FAL A TR AN B, 35 S AL SR 355 P 5 1 RS A

AT R TR R m T R E BRI R S & i A 10 4R oy A X AR A R A
SR 3t R A R O o R AR AR R HL AL TR M A B KT Sanchez-Polo 45 FESLH R &
PR, B  TA BHL A 2 (S L SR TR 1 B R A T, AT A T o B4 1,3, 6- = BRI ZR A R 1)
PR T S 7 83 7 o U g P T X 0 M e A 7 P e, A T e L 3 T i AT ) 1 444
IS5 G SR R (p-CBA) iy HARTs Yoy, L5 L4 51 RN TE PEARAR (k= 0.15 mol ™+ L+s™")
M5 -OHR M I HHIEE (k=5.2x10° mol “L-s™) ) EA T HZE R MAIKZE -OH =A% .

ARSI 3 R R SRR A N S R X L 5K SCAC 55 R W o 2 TR R AR 2R RN B 22
T T AL R R AL 25 p-CBA RLAREAYSZ . [RIA, X SCAC Tt 2 A7 R Bl e P A B | 25 2 ik
G SCAC HEAL IR AS AL | T A 78 SCAC 2 10 AE A AR Ak T76 M iy S i

1 MRS Ik

1.1 SEEbrRt

p-CBA (LR 5T 99% ) W92 [ Sigma 23w, Hofth T 25 R 43 A 4. 80 4 35 Je B A b s ili /et
TG K AP AR ALK 15 U8, FROSH A 644 A AE T . 3 Ff s i 6 14 ¢ 43l R 45 76 7 (ASAC) |
BB5E 7 (CSAC) TR (CAC) , ¥4 3 JL 3 v Bl Ak A BRA 7).

1.2 SCAC Wil g% el 5 16 M RAETT Ik

(1)SCAC fiil 4%

BT PN TR IHE T S S RED LR 7 43, SR Je 8 — 38 55 B TR 5 7 30% ) ZnClL I W
HRE 24 h 5,76 105 C R HET MR E TA A SME AR E b 78 600 C TG {k 1 h g
TBJ5E BIRESR A 0.1 mol - L™ () HCL 3% 238 20 min , 4kZ2 FHRRYE . 585 TOKIEE pH (HEE G, 4T,
WFES G5 kiR 0.1—0.15 mm (B0, 153 SCACHY.

(2)SCAC it

(NH,),S, 04 PR . MR BEEA 1 mol - L™ H,SO, MI A1 (NH,), S, O W FH T AL AL 3. 435I HL 5.0 ¢
SCAC F1100 mL (NH,),S,0 & THIE T IRAWTE 35 C T /KIEIRY 24 h, i@t u845 2] e i H 2
B KBERZETC SO K HE RIS B RR ek AR &y, 10 SCACA.

NaOH B 2ot - Be il 4 5 mol - L' 1Y NaOH , #% 10 g SCAC 1 100 mL NaOH AR 4, 1E 35 °C
TR 24 b J5, HEE T KUEE pH AEFHET, BT IR ESCHERE i i b SCACB.

(3) 1P IR B FRAE 7 7

T PR A 1) B2 TR RNFL AR 43 A SR 4 3l 3R 1 AR 5 LR EE 23 BT A ( QuadraSorb Station, 3 [ FEIE

O8] ) BEA I AE 5 A AR B AR SR 2T AMETE 3 T A ( Spectrum GX, Perkin Elmer 23 w] ) X 16 4 7k 2 T 1 B
REFIEATRAE , I HH Boehm i 2 7 I 52 16 M e 6 1T Rk 1y BB PAT (R | PRI RIS 2 38 ) RNl By
REH & i

1.3 SEER ik

A R E AL SR AE A FUR 500 mL 19 8143 B8 55 5w R AT 1a] SN #% A 250 mL & A
1.0 mmol - ™" pH=6.0 [BEIRER 2 whia i, A4l 0 IR AY R 48 K% A 2% (3S-AS, b st R A RN ) 18 i 2
AR & R SR A e R 8 AT T 630 S S o P R SR 3k 3 S 56 s R A 1B S )
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SO NI — 7 2 BTG PE 5 FT p-CBA £ %5 9 (60.0 mg - L") , i L5 A p-CBA B4 ff ok B 53531
25 mg-L7' Al 1 mg- L™ JFJa 0L HEFERS (RCT B S25, 8 [E TKA /A 7)) S, 78 A [ st (] ] B BORE | ] Aisf
0.2 mL Na,S0,(24 mmol - L") Z& [ &AL SO, T HUKFE T 0.45 pm JEIE I I8 /5 434, 48U UM KT
MWL
1.4 Spbririk

K H s A R S e s i T p-CBA YR J3E SR FH TR B TR A (3% ( Agilent HPLC 1260, Agilent)
ST E  ERAME I A%, I K 234 nm, B354 A Agilent Poroshell 120 EC-C18 (4.6 mmXx50 mm,2.7 pm,
Agilent) R SNHH A B2/ 2 05/0.002% BERR AR (V/V/ V) = 25:20:55 , it 0.5 mL-min™" A8 30 C.

2 R 58

2.1 LRI RAE
2,11 SERRRAE AR R B

SCAC 3 P RS b 16 P 5 (ASAC ,CSAC ,CAC) FIZ i iR Bl M 1) 7k (SCACA Il SCACB) Y 25 R4 REAIE
T B AE A & =W 1 iR,

F1VATLUEH BR T CAC LR SCAC FHZEA KA, A RS it i M e 1 L 3R 11 FRAR 2 i T
SCAC; SCAC MYTEALAFUINT R fho, N FLAS RN K 745 T 7 il ok . SCAC. RIS i 17 1 e 3 T 40 LA B Pk
BRI 3, Hp DL SCAC KR kA 1) & B ioh £ 5.

XFHEBCPERTfG SCAC FPE BT AT, SCACA L3R THIFR i 25 AR, JEL AR (NH, ) , S, O BRI P ¢ 1 L
BEGE R RAL AR ALY R R K AL, T B R I B A HL 2 R, SCACB HL 3R E B Firsém, vl e 2
NaOH 25 /E I REFT 0 — et AT A 4 /INGLFL , R 386 T b 2 i AR G FL L 2% SCAC ek Je H 3 T g
YRR A S it & AR T 284k . SCACA SR 1A R M B R A & 1 B W 10, 32 B0 R 5L RN P g 0 & i 1
o B AT i AR 2 040, SCACB BRI BRI & A T i, (ELUR i TR EE R e 56 1% it
WP S el /b 45 3 T R R A 5 s KRR, Tk R 1A 5 F 45 SCAC AR LU R R 42 7

R 1 SCAC R G PEB TR Bl 2 1Y) 2 T o

Table 1 Surface characteristics of SCAC, commercial activated carbons and modified SCAC

HLF A AL LA F TR RE A i/ (mmol - g™ F
T A Sger/ Vipa/ Vigu/ HREH &R/

(m*g™") (em™g™") (em™g™) S NG e (mmol-g™")
SCAC 644.13 0.19 0.10 0.57 0.11 0.10 0.78 0.27

CAC 639.84 0.32 0.10 0.21 0 0 0.21 0.16

ASAC 892.62 0.34 0.08 0.27 0.12 0 0.39 0.17
CSAC 878.37 0.34 0.05 0.17 0.06 0 0.23 0.12
SCACA 216.07 0.07 0.06 1.20 1.16 0 2.40 0
SCACB 682.42 0.25 0.10 0.15 0.18 0 0.33 1.08

2.1.2 RIEEBER T

SCAC 3 P dib 16 P o LA i s e 3R 1T P90 I B AT 21 AN 25 S An &1 1 BT s . SCAC R i i
WA C =0 ,C—0 XFIFIFEFLELE, 7E 1600 em™ 7245 H LAY A L HEED R FE sl MR ¢ =0
FRFAE ARSI 5 1000—1300 em ™" HY BAY J2& 92 36 I 2 2K 1 C—O i1 40 41k sl 2 56 19 1 45 ik h HH B 7
3300—3500 em ™' JE PN, B LLAIWT SCAC .CSAC Fil ASAC M AFEAE O—H. M X} T SCAC,SCACA ¥R 5L
WA S 3R BEAHZE (NH,, ) ,S, 0, UMY SCAC R 5| A T H Z 1R 5L ; SCACB 7£1570 em ™ 4b 1) Mz AL I
1 SCAC W4, 254 Beohm M5 25 5 Wil Pk 2 3 0 1T SCAC 3 1 i) B FE45 #4335 1 ke %
A A7 AT I T g i R S 0 R4 L g 288 750 (%) 25 Ay S AT | S 8 35 AT T AR b B 0% T o i A
B H, 0, , 724 1) H, 0, i — 25 5 1 W e Ay 5L AU AT A B - O 'S AR 21 A0k P 25 5L, 0 45 e 1 5
55 28 NaOH SCPE S B3 i, S T Lk e ) 24 78 1) 45 Ry 6 A 5 it BT 7, T3 in T SCACB 2 fif
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Fig.1 FT-IR spectra of SCAC and other types of activated carbons

2.2 SCAC 5T Sl M m A B A Ak 2Bk p-CBA %Lk

SCAC TR S i P s L 5L A SR 22 B p-CBA AR AN 2 FIr /R A IR — S g B B) 7R, 24 i) Js2 1o 4%
FHIA SCAC UK 3 FhRT S I , p-CBA By 22 BRF835 v5 T Fopd R4 S Ak, HL SCAC ik R4 Ak B
p-CBA PR . O 1 min B, B0 LA SR AR X p-CBA AY R R0 H 26.1%, i ASAC , CSAC .
CAC Fll SCAC #EAL R A A AL X} p-CBA L BR 2558 40.9% . 41.8% . 48.2% il 60.2% ; IV 45 5 )5
(60 min) , Bl LA AL VE FHXT p-CBA IRBRFR N 73.7% , L3k 4 FhiG AT p-CBA L A A&
BRZ5510 77.3% 80.2% .82.5%F1 89.7%. 1] UL, TG PE A A S 55 T AR AL XT p-CBA 19 L BRAIUR,
It EAS R R0 28 00 16 P e LA A0 PR A AR 25 55 AT ISR 3R B, AR AR ) b 2 T BRURN = & i FL S A 1) 1
FEA T B bR HR A T4 ) LI I AR 2 1T A R A S e LA T M A R N R — i
SR, T PR BB R AT e, AR TS Mt AR S Y, SCAC F 1T A B Y RE A B AR
il PE R 2 XF p-CBA WAL AL L BRACR Sedie, PR T LA A6 HI KT SCAC 2 T A4 Ak 35 A o HL b 5
AAMLERR p-CBA E 3| T H B4R
2.3 SCAC FHF ahid M s A Ak 5L A8 53 sl 20T L

Bl 3 MFETG p-CBA AFAERY 251 T, SCAC 1 3 Fp it 176 1 o X 85 R P R 4 4 fife S350 W) 1) b 8. AR
Pt 7K H Rl A ) B GECHR E TT R, R B A I RE S5, 60 min ISR N 77.2%.4 G TR G XF
VST LR A i Y B T, Hod DL SCAC FRBEAY Fe o0 W k. S 1% 30 min B, B4R [ 437 1 431
4 60.0%, il A CSAC ,ASAC Fll CAC J& , S5 25 5 R 73.5% [ 74.3%F1 81.2% , i % Il SCAC 45
BAIMRRIRF] 97.6% , 31X 1] g2 A A R SRR R B p-CBA 3 8 b 3R 3R 450 a4 0 M 1 i P R
S R A R R A ST R T AR 2 PR R T R SR AR, A S PR - OHL

1.0F o 1.0
—a—0,
0.9 . _ —=—0,
—o— CAC/O; 0.9 —e— CSAC/O4
08 —a— CSAC/O; 08 —a— ASAC/O;
507 —v— ASAC/O; 07 —v—CAC/O;
& 06 4 SCAC/O, 0. —«—SCAC/O;
7 5 ;
=05
Eg 0.4 4
o [
S 03
02F
0.1
0 [ 1 I 1 1 1 I | 1 1 1 1 ) i " L N
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2 SCAC MIRFRL TGP R R R p-CBA AURE B 3 SCAC FIR b I LR R0 i 520
[05;],=0.5 mg-L7", [AC],=25.0 mg-L", [05]5=0.5 mg-L7",
[p-CBA],=1.0 mg-L™', pH=6.0£0.5, T'=(20£2) C [AC],=25.0 mg-L™", pH=6.0£0.5, T=(20£2) C
Fig.2 Catalytic ozonation efficiency of p-CBA Fig.3 Effect of SCAC and commercial activated

by SCAC and commercial activated carbons carbons on the catalyzed ozone decomposition
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2.4 WP SCAC fiEfb R A Ak 2255 p-CBA IALHE

Kl 4 iR Bkt S SCAC HEAL R A E AL R p-CBA IR, UV 60 min I, SCAC ik B A& E AL
p-CBA L3N 89.7% , 1fii SCACA F1 SCACB Xf p-CBA 2[R 535K 74.1% F 94.6% 3% — 45 S it
], R msE R 5 R 2 1) SCACB ReHE mxd HARY) 1 AL S8 A0 S BRAGOR , R IR e A A 5 A &
[) SCACA W 2> REARH A AL 5L 4 S Ak 2585 p-CBA BYRE ST, i — 2 I00IE T SCAC R TH Ay Bl 1 2 A1 2 HA A
B SO 11 5 G 7 s A HE LT

1.0p
09F —a— SCAC
08 —e— SCACA
’ —a— SCACB
= 07
é 0.6
g o
S 05
5 040
Q I
S 03F
02
0.1F
0-|1||;|;|;||||
0 10 20 30 40 50 60

t/min
4 ik SCAC HEAL R S A AL LBk p-CBA HYRKHE
[0;],=0.5mg-L™", [SCAC],=[SCACA],=[SCACB],=25.0 mg-L™", [p-CBA],=1.0 mg-L™", pH=6.0+0.5, T=(20+2) °C
Fig.4 Catalytic ozonation of p-CBA by SCAC before and after modification

2.5 SCAC bR A%k p-CBA 1Y R (H
Elovitz il von Gunten' " #8 H T AR G T S 8L R, , & URNTEAFEBRE AL A 5 1F T,
KR - OHMRFE 5 RAEWIE Z L, IR R, TR K - OH LA X it [ BRAM B HE R a3 X (1)
Jr-on1a
R, =~ (1)
Jro1a
RASF I E AR R - O i ) 322 S A0 AR FH AR BT LAREfif p-CBA, /K R & Ak p-CBA Y3 &
K (2)FKik:
_w:kow-c‘m [0;][p-CBA ] +k -OH/p-CBA [ -OH][p-CBA] (2)
A 2k cpa =0.15 Lemol s TR REDT5 p-CBA 1S 3 K H %L, k- on/pcpa = 5.2% 10° L+mol s,
FR -OH5 p-CBA BRI 8 85 th =X (2) AT 280, O, - OHTE AL SO Hh R B2 B AR 14 66 fift 117 328 7
PLIHFE.
X (2) PR R AR I8 X (1) i AR IR (3) L 15
_ln([[;-_glfjf]}oj = (k()3/p-CBA+k -OH/p-CBARm) J; [0, ]dt (3)
AT UL AR S ] P, TV P R4 p-CBA 5 HA) I MR B =2 b A o 50(E R B SR 8 Bt 1] 728 1L 1
FUME, FUHAZ(3) AT LA 55 H ok B AR A AN P e i AL R SR A R B 1 R (LT R,
FOREWT - OH 5 AR 1 HLH , R T AEAS R R vh A5 F Akl - ORI BE 1, 45 Bh T H B 4%
Tt PE 00 ) Ak S Ak T
SEESRT LG T SCAC | B it i LA S Bl SCAC AL S i sk B H Y R B, A5 R N8 2 Fos AETEPE Ak
RAAE AL R R B S T R R A Sl AR U PR P A A AT T R A - OHL I
AN R, W ZE AV RT3k A 5 A G 3R AL AT 45 s Bk i AT 35 1) SCAC 7E Ak S b ad Bt vp
1) R AEZ T 3 Fhpg i ; SCACA Fl SCACB 4 R H /5K T A1 F SCAC. X — S 45 S5 HH | SCAC
e — LR i R AT LU B R AR M, TT AGR T 22 (4 RS TR Al - Ol HR g o = & ik
B RE AT A b 5 R SR ] 11 T2 BTG AT A
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Table 2 R values for the different experiments
FA RS Ak CAC ASAC CSAC SCAC SCACA SCACB

“ 2.95x107% 7.01x107% 5.08x1078 5.93x1078 1.16x1077 4.82x107% 1.50x1077

3 2518

LR 4 5 08 R K HS o JEURE I 4t B AL TR SCAC 2 1T R P B i ik AT 5 0 340 v T i s i
HARAL R A E XS p-CBA 19 2B 1 LA KOG B 400 ) FH SR 2 5 1 B e, HED SCAC 21T B A
SER M AR TR PR A BN R AR R SEER 514 T, & (NH,,) , S, O, FRICHE Y SCACA FiTZ: NaOH Bl i 4
) SCACB X p-CBA HIEAL 25 BRACR 4 BT A1 T SCAC, Ui BB 3L P &5 & v i A 700 1 4k
J AT R W —2 3 SCAC BIFEINTT DL bt A A AL I 07 v L4840 T4 Ak Ry - OHL, T 32 141
SRR SCAC FANGENS 5] & H i 3L S 19 & A= IEBH T SCAC 2 1 A8 Bt B i A1 2 HL A1k R4 41k
J IV 1 BTG PR A

& % X o
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