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(GAC-CPC) XTI FRAR 1 W RS , 542 T BrO3 WIARYREE  pH LA B 28— 45 DX 3 X W B A 2 10 5 ) 25 2R 3R B, CPC A R B Y 35 32 = GAC X
BrO3 B FBE J1 , W52 B Fif 25 0 LA VR B T 25 T4 K 7R ME 251 F GAC-CPC X BrO3 B4 W B8/ ; 3L 47 B 85 75 BrO3 75 GAC-CPC _FA7TE
TE A B, HEZ WY A . NOS >S0% >PO3 >CO% . FHE—Z M G AIBURL N 3 Bl sh 118 B L& GAC-CPC WL BrO; 3N f128id i 4 3k
B o G Bh 14 e A I R R L R AR ELALY BT RE R U GAC W BrO; WA B ) 2= 2 SR 5 il I . A Langmuir Al Freundlich 55&
W FRPRSS DL A5 AR TR ST BrO3 9 I B 1o, 405 SR8 W , Langmuir 255 0% FRHASE 50 RE AR J6f A4l R 0 BRSP4 i1 7, GAC-CPC WY BrO3 AO s 78
F R FLUBCARY I T AN T I

SRR TR 5 BH s 3R M TR M) 5 UKL T % 5 3l 00 2 SRR 5 R 2%

X EHS :0253-2468(2014) 03-630-08 FESES:X52 XERFRIRAD : A

Adsorptive characteristics of bromate from aqueous solutions by modified
granular activated carbon

DU Xinjun, YU Shuili*, TANG Yulin
College of Environmental Science and Engineering, Tongji University, Shanghai 200092
Received 23 July 2013; received in revised form 30 August 2013; accepted 30 August 2013

Abstract; Granular activated carbon ( GAC) coated with cation surfactant cetypyridinium chloride (CPC) was synthesized to enhance the adsorption of
bromate on activated carbon. The adsorption characteristics of bromate on CPC modified GAC ( GAC-CPC) were investigated through batch experiments.
The effects of initial concentration, pH, coexisting anions on BrO3 adsorption by modified GAC were studied. The results showed that CPC significantly
increased the adsorption capacity of GAC for bromate. The adsorption capacity of BrO3 on GAC-CPC increased with the increase of initial concentration
and decreased in alkaline solution. The competitive adsorption exists between coexisting anions in the order of NO3>S0%" >P03™>C0%". The pseudo first-
order and second-order kinetics models and intraparticle diffusion model were employed to fit the process of bromate removal. The results demonstrated that
adsorptive kinetics followed pseudo second-order kinetic models. The existed pore diffusion probably was the main controlling step of initial adsorption
stage. Langmuir and Freunflich isotherms were applied to fit the BrOj3 equilibrium at four different temperatures. The resuls indicated that the adsorption
equilibrium could be well fitted by Langmuir isotherm. The adsorption of bromate on GAC-CPC was spontaneous and exothermic and the adsorption
capacity decreased with the increase of temperature.

Keywords: bromate; cation surfactant; granular activated carbon; kinetics; isothermal model; thermodynamics
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B AR G T R AR 1) 2 I 9 TV R AR 19 A i = 2
TR R AR 1) 7 A 8 A 4 o JHC A= 0, 6 4% 35 K
pH , BB AR £ , 00 H, 0, , /b AR, et
B )7 2045 (Marhaba et al.,2003) 3% 467 X 7E
A PRz e b A B R, AT AR 1 22 [ R RE X R
SR RICRA FRARAE T IR PR AR 2 BRIE T AT Fe (0) 38
J5i( Wang et al.,2009) |5 F32#t ( Wisniewski et al.,
2010) | B & AR ( Listiarini et al., 2010) . A= ¥ % fif
(Davidson, et al.,2011) | & 4 7 W B i 5 ( Wang
et al.,2010) | B B 550 W2 B ( Zhong et al., 2013;
He et al., 2012; Xu et al., 2012; Bhatnagar et al.,
2012 ) 4 e 1 e W B 20 DA HC AR 38 77 B A
IHE 2 THRAE SR DL 352 3 702 G T, (I 1 A %)
TR IR AR 1Y W R BRI AT TR 42 5 T 9T R B 3 M A 1Y)
Py Bk T o) R R TR R AR AT 55 R i) 3 P e
PR B B & R A HL A R TR AR AR Y
W B ( Huang et al. 2008 ) .3 M P55 T LA 2k AR 16
PR THTHL T AR R P 2 T M ) ke e v e e DA 4
e L e SRR AR R R R ) A ST I A A 2 A A (Xu
et al.,2011;Parette et al.,2005) , WA I BH &5 F 2R 18
WML 7S e B = 1 3 S Bk (CTAC) RS,
e AR AR AR R B A B4R 11 A LA b (Xu et al.,
2011 ), {H2 1) FH 2 T 375 e ) e M 9t e e g A R TR
HRAT ST D AN ] SRR 8 1Y) 25 B RO 28 1l R
(Chen et al.,2012; Farooq et al.,2012) AR T
WHY 25—~ T 3% M 5] Sk 1 7 e R bt g el P UK
PEIR A8 7 1% K B ORE I 11 2% 5 BR BrO; OSSE
FER AR RE  pH FEAF B TSR R 2, I EA 7 I
i pakeay I PRkt o T P S a I € R TIE ATR
P BRIRTRAR A LB,

2 57 7% (Materials and methods)

2.1 RBAAH

TR T FH 955 A i DA AR JBORORE 7% 4 % (16 ~ 30
FU) AT 585 7K B U, AR5 78 60 CHE 24 h
w8 AR B 25500 18 g 23 A 40 v A A A o)
1000 mg- L™' i BrO; ,SO3 .COS PO} Fl NO; Frif
bt B, AN [ T2 9 0 40 o s A 5 TR0 B T
SOPE ) B A A b N ke B E — K AW (1-
Hexadecylpyridinium ~ Chloride ~ Monohydrate, — 1{
Cetylpyridinium Chloride , CPC) > Adamas fb2715]
SrAT 4l 2 1 0 CPC Ry 45 Rk T, e rf eMC
( Critical micelle concentration) A 3¢ [ % £ 77 #4) Il

AR E (Hong et al.,2009) .

£1 HABEFREFERN CPC HFHIRMER

Table 1  Characteristics of cationic polymer CPC

Hiif cme

EinnilE HIRZERY ST/ (mmol-L)
‘ X
R v e tliAd clI -H,0
At o) 1+|\1/ 2 358 0.9
(CH,),5CH3
2.2 REF &

221 FEGEMRHBEME FREL0.2 ¢ GAC TRINE
100 mL ¥ A 2 mmol - L™ (Y BH ES T2 7] CPC ¥
W BT 25°C IR IR iR T 24 h, B0 DR 8 21 0% B
TRURLIRZS , FH 25 B8 /K0 vk 2 v i, otk s i
HAE 100 °C FHEAA P T4 12 b, B EAE I, TE R
Y FE] T KL 2 3 0 2 T 3y CPC B i AR el M TR T
PESRFN CPC P J5 19 50RE TG M ¢ 43 9l GAC Al
GAC-CPC FEIR.
222 BMEEMEKFALHKE  HS5.00 mg- L™
BrO;(39 wmol - L™") I 200 mL, /6 PRI ME 16
P 0.2 g FIRMRHGA I —E T 250 mL 5 FH#EIE
T, BT (25.0£0.1) °C, 5438 150 r-min”' (IEIERE
PRAET 24 h, BURESZ 0.22 wm TAL B 53t 0B IS 4347
BrO; ¥k B, 2t 4E BrO; W40 46 Hk B pH (3 i 0.1
mol-L™" HCI #{ 0.1 mol - L™ NaOH ¥ ) . 1 JiF &k 4%
e P8+, A AT RS, BRI R
WE  pH . A7 BB T X GAC-CPC W [} BrO; 1)
SN,
223 WWEHAFERMERE shElRA
4 HEFIFREL GAC-CPC 3G PER 0.2 g, it T 250 mL
JE VI, A 200 mL 25 85 77K e s 0 VR R AR
W, BT (25.020.1) C 5538 150 v min™" fH
PRAR s , 1] B HURE | BREE 5 4 B BrO; ¥ B2 W BfT
FiRZR I AE 4 IR #EAT, 402 15 °C .25
°C 35 C 1 45 C, HL98 #il 5L 55, GAC-CPC HUi hy
0.2 g.7F— &% 250 mL & FHEIE i, In A GAC-
CPC #1 200 mL A [A] ¥ BE 89 BrO; # W (0 ~
80 mg-L™" ,pH } 5.6~5.8) , 5J& GAC-CPC Y25 H
FESORE A & TR B R L 150 ¢ min™ AR AR
¥ ,24 h )5 PR R S5 43 #T
23 &

BrO; KA & F 5 I {45 & A Dionex I1CS-
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34 %

N

1000 ( 32 [F Dionex 2~ ) & T A3 Hr, R A AS
19(4 mmx250 mm) 4%l AG19(4 mmx50 mm)
PRIPHE 150 w2 S EAE R PR KOH ¥ 3k 20
mmol - L™, M HL U 50 mA. BH 25 13 i sk M 57 5%
LA DR B 2, i B0k A 7 791 ) R R R I
( Tsubouchi et al.,1981).

PP MR R 1 ME BE SR AIE. GAC Fl GAC-CPC b
FIAFURFLARBUR H 4 B o) b 2% 1w BURTFLBR B 43
BrX (TriStar 3000, 36 &l 22 5220 &) ) A I, 45 H R
FH zeta HL /7 AY ( Zetasizer Nauo Z, FE[E Malvern 2%
H))MSE , GAC 1 GAC-CPC (TR 5538 11 37 % St 41 4
HL 5% ( XL30FEG , fif >% Philips 23 7] ) M4K.

2.4 WEF®
TRIR R 1 IR B s AR =X (1) 115

KX, g, bt B Z) GAC-CPC L) BrO; )& &
(mgeg™");Co C. o0 A WU I 2 ¢ B 2095 W i
BrO; WM (mg-L7") ; VAW IRIRBL (L) ;m RGP
T (g).

3 ZHR51Fi18 (Results and discussion)

3.1 BMEVE MK A AR

3.1 EkwAR 3R 2 NARBERURE K GAC
FIRR PR PE % GAC-CPC I 4RPE. 5 GAC # 1L,
GAC-CPC M LR A 710 m> g ' 42 388 m>g ',
SALVAFR 0.35 em™ g ' FEE 0.25 em™ gL LR
TR FLARFR A3 501 R [ 459% 1 29% , 3B CPC & 1
AF) GAC RYFLIE LS v, 30 28 P9 R I o v Y Ok
W4y CPC EHEMITHA H CPC 7ETG MR I 17 73K

(¢, -C)V £ 0.96 mmol-g_l.
¢ = (1)
&2 GAC 71 GAC-CPC #51%
Table 2 Characteristics of GAC and GAC-CPC

o LR/ (m>g™") FLAEBY (em g™h) fL4%/nm
BET L BJH® PEYEN A8 L BJH® LAY BJH®
GAC 710 495 591 0.35 0.21 0.50 1.97 3.39
GAC-CPC 388 195 227 0.25 0.13 0.22 2.58 3.94

Ui ;a. $CFL 1-77%5 ;b BIH: BJH MR AR FLATR . FLA2 4 1.7 ~300 nm FLIX 18] BB FLAT ; o B 5 WK s FLAR AR (FLA%2 <250 nm, P/P,

=0.99) ;d. FIFLAE = 4x S I S ALY £ 55 BET e mif.

3.1.2 SEM B & 1 & GAC H1 GAC-CPC Fy434H
HLAE A, iR A% 8 R 50000 4%, H [ AT L o e Pk 1Y
WURLIGPE R GAC &4 K /NFLITA I A2 24 1 FL 45

Acc.V Spot Magn Det WD Exp
20.0 kV 3.0 50000x SE 5.4 1

500 nm

¥y, 28 CPC BCPE e YOS 1R 2%, FLIE # CPC BE s
BT, O L T AR R LR BRI D 3 T A
2 A LR AR LA .

Acc.V Spt agn Det WD Exp
20.0kV 3.0 50000xSE 5.0 1

500 nm

E 1 GAC(a)#1 GAC-CPC(b) A BEREE
Fig.1 SEM micrographs of the virgin GAC (a) and GAC-CPC (b)

3.1.3 zeta AL 8] 2 A pH T GAC il GAC-
CPC 1Y zeta L7, FHIE 2 W] AT, GAC Fl GAC-CPC 1
pH 435114 5.48 H1 8.64.2 CPC i1 )5 , GAC-CPC

pzc

AOAF LR R RIS pH B 3~ 11 A1, GAC-CPC

) zeta HLA 27 T GAC FYAH I AE , X AT fE & N
CPC P& B 7= A TE H A RE AT (P ) |, M (i 45
GAC-CPC Z5H, S k.
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Fig.2 Zeta potentials of the GAC and GAC-CPC at different
pH values

3.2 GAC-CPC [ BrO; Wy %0 H &

3.2.1 BrO; #14RE % HE T RIE BrO; ¥
f ik BEXT GAC-CPC W Fff & ) 5 ). 1€l 3 fr 7R A
BrO; WU E /510 5.00 mg-L™' [ 10.00 mg- L™
20.00 mg- L™ s, W BF 52 B ) ] 14) A2 Ak 34 i 81 3
AT, BrO; 97 5 v o X 2 o o B R s i), ) 4 vk
FE#UK , GAC-CPC X} BrO; 1 W% FfF-E 8 . VR 82 HR 49
TEHEE 3 512~ 5.00 mg- L™, 10.00 mg- L™ A1 20.00
mg - L' I, GAC-CPC %} BrO; HF-77 1% B 50 1
4.54 mg-g™" 8.82 mg-g Ml 16.53 mg-g X EH N
GAC-CPC HA7 3% 1 W B 7, 7 3 5 vk 31 1)
W, GAC-CPC [ A3k I W B4R i, 28Ik BE 19 BrO;
KREETE 2 H I CGAC-CPC |- By 3% 4 W 457, Bt 5 4
TR EE /) T i, BrOy o 98 1) W 67 38 22 | 5 S0 ff

LK

251
= 200 mg-L!
o 10.0 mg-L!
20 - A 50mgL™!
i B L] [ L]
—~ 151"
'sp
&0 L
g
BRI
oo © ° @ °
o]
S s & s P I
=% 3
s
0 1 | | | 1 | 1 | I | | | |
0 4 8 12 16 20 24
t/h

B3 ERESRERIRE R

Fig.3 Effect of initial concentration on bromate removal

322 pH# & K 4k BrO; PIIRHEE N 5.00
mg- L7 B, pH XF BrO; KR A2, & 4 0] W, 763K
55 pH JUFE Y, PN P % 6 BrO; W B i 7252 pH
(R RZ I S2G /N T A Bl M 15 1 . pHL FR 4.06 36 2 7.96
i, GAC Xf BrO; W Fff & 1 2.53 mg - g' P& &
0.56 mg-g™", i GAC-CPC Xf BrO; (1) W [} & 24 7
4.12 mg-g™ A b3 JE R AR BT GAC, GAC-CPC
I pH, 3K, 1 2 1, GAC Fl GAC-CPC 45 H,
SN 5.48 Fi1 8.64, 24 pH>5.48 B, GAC K 1H
T, 5 BrO; B 1Rl S L 5| 4 FHAE e e
JIVEH, 3 S50 B 5 FAIG, 1 GAC-CPC 7E pH<8.64
I, T IEHL, GAC-CPC 5 BrO; Z [ A 5] /)
VEFIRG S8 T IR FR AR A IR >4 pH 9 34 & 11
i}, GAC-CPC X} BrO; (Wt it 3.88 mg-g ' (&
1.85 mg-g ' iX E AN pH>8.64 B}, GAC-CPC 3 i
L AR LB L AT B pH B R TG i, AT RIS T
GAC-CPC KX} BrO; M#FHLAE], [R5 e 1 4%
fFF Kt OH™ 5 BrO; JE e 4 Wit , didls T GAC-
CPC F AR ST AL, /bW B St 5 R 1P 2
47 ,GAC-CPC X} BrO; 1 b &4 fr T % ml RE J2:
ERAE Y pH B, 51 AR CL ¥R BE 3 =5 % BrO; 1)
W R BELASHE 41K T S0 Vi B2 388 in e >k 1 i
HEVER.

6

= ——GAC-CPC
—=—GAC
5 —
4
T osk
o0
g }
RN
1+
0 1 | 1 ] ] | ] ] ] J
2 4 6 8 10 12
pH
4 pH XHRERIR K BRHI RN
Fig.4 Effect of pH on bromate removal
323 HERETHYH REBKEH—RAFTE

) SO .COY %815 BrO; nJAEFE GAC-CPC |-JE
JCTE IR, 4350075 22 W rh SR A B R - X B Dy
5.00 mg- L' BrO; 7£ GAC-CPC I fy W it B 2 mi
ST R BH B 52 e 4R T A SR L S O I R
SO .CO5 \NO; Fl POy & AVKEE S BrO; W B 1Y BE
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Fig.5 Effect of coexisting anions on bromate removal

IR 1~20 BF, GAC-CPC X} BrO; At W . iy %]
5 AL BOMHEAB P B 5 IR AR 09 2 bR i R 2
TRE#H 2 NO; SO PO, Hl COY ¥ B 43 51
48.48 mg-L™" . 75.12 mg- L™ [ 74.27 mg- L' 46.93
mg- L', GAC-CPC Xt BrO; A V-1 1 Fhf k20 1) e
MR KM 26% . 44% . 53% F 63% , Vi B NO; |
SOY .PO,*FIl COY 7E GAC-CPC b5 BrO; fF7EM 2
B e IR, i s T ER S 8 T BrO; BT R BAL
B T GAC-CPC XF BrO; ARt .4 Fh BH B 1 (
JEAE 39 ~ 780 pmol - L™ Z 8], ¥ 4h pH Ky 6.0) %t
GAC-CPC W[ BrO; HIFZIAITT A NO;>S02 >PO3
>COT, X5 4 B F KA A WA (AG,,
kJ -mol ™) K/ NP FEA—ZL . Bl NO; “-300 kJ -mol ™,
SO A -1080 kJ - mol™", PO, A -2773 kJ - mol ™",
CO2 “J-1315 kJ-mol ' ( Chitrakar et al.,2011).7K
FETE BT 25— 0 15 R AR R BT %) 52 o 5 25 - 114 K
HRER X, — BB T NO; BI/KA BRI, K,
S TR S B L AN, AN BHES T COT 1SR
IR K T =M B POy IS X A g
TR FA G245 H L) & GAC-CPC 2 1 45 44 Fnd:
FiA K.

3.3 BHMHAF
HE—ZOFIHE — GORVBORL N 3 B3N ) 2 B8 - ]
A (2) ~ (4) F27R (Bhatnagar et al.,2009) :

] -q)=logg. — — 2

og(q, —q,) = logg, 7303 (2)
11 1 1

L T S+t (3)
9 h 9. kq q.

q, =kt +C (4)

K, q. . q, 70 9 R °F 5 B A e B %) GAC-CPC |
BrO; W& & (mg- g™ )5t AW EFE] (min);
(minfl ) Ky ( g-mgfl- min”" ) F k,(mg- gfl- min~*? ) s
SR — G0 HE RN UKL N 9 R Bl ) 2 A R R
HWEGR PR H R [ mg- (gomin) ™' ];C K
BB, 5 PR B ARG

W 3 g A i A A (2) ~ (4) il AE
BE T AN R R 6 W B2 GAC-CPC [ BrO;
(R 8h J12E 250, 50 T3 3 W40 Hr 5 3 sl sl 11245k
PIF LA AR R R R, W — sl i 2 Rl
A (R?>0.995) , Ut HAE GAC-CPC X} BrO; B
B i A b T S 7 BrO; WIHAEEE M 5.00 mg- L7
FH5 5 20.00 mg - LB, i G0 8l 7 27400 6 W% B
F h H 02329 mg - g+ min”' B F 0. 8020
mg- g min”' R ALK ) IR R B S 500 B
SO TR MR A YRAH R 3T A T80 ) 7 0 fan e, A ) J5it
H GAC-CPC I 6 PE W B2 AR PRk BrO; i 9%
PN AL ARSI DAL

& 6 TR FRAAE GAC-CPC b 1% [ %) Tk 37~
AL OB N 7 BB AU 5o — 2k LRI i
AP IR o6 o e R OB R OS2 A A %2
AR By BE 4 B 6 R AS TR R R Bl g 2 A A
( Bhatnagar et al.,2009).H & 6 7] L, GAC-CPC %
R BrO; 1Y 52 72 40 45 P > B B, 76 By Be— (0 ~ 60
min) , 24 BrO; #IHAE 554 5.00 mg- L™ 10.00
mg- L' F1 20.00 mg - L' Bf, GAC-CPC 43 1] W fff T
72% 78% F1 75% 1) BrO; , #1524k R*>0.8971 ,

# 3 GAC-CPC HHRERIRMIZNI NFESH

Table 3 Kinetic parameters for adsorption of bromate on GAC-CPC

¢y G E— a3 I & DAt TOURL 4R AL
(mg-L™") (mgg™) ky/ Geeal R kyf Gereal R ki, 2 kia o/ R
min”' (mg-g™") (grmg™ min™")  (mg-g™") (mg-g”min~*) (mg-g”min~*)
5.00 4.54 0.0544 4.28 0.9617 0.0113 4.53 0.9991 0.4784 0.8971 0.0278 0.6022
10.00 8.82 0.0497 8.62 0.9915 0.0091 8.80 0.9994 1.0432 0.9618 0.0308 0.4615
20.00 16.63 0.0320 16.28 0.9839 0.00291 6.43 0.9950 2.0196 0.9204 0.0401 0.4108
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Ul Y300 11 R A 388 23R = S o SR PN 7 s . B
W2 B 3k 31— o I (), JORL A 9T HIORE B P T
BrO; 7t GAC-CPC b iYW B, iX n] BB 2 th T HE &
BrO; Wtk i3, 2 [l o7 BEL A i A - 350
1£ GAC-CPC T i BrO; FLANPY HBH J 386K,

251
500 mgL!
I A 10.00 mg-L™!
200 ! ® 20.00 mg-L"!
W=, (0 -
; - SES o 9. B °
=15 !!6
£0 o/
=y - i I
g i
< / 1
S (U ! )
| o "'&..A....é ...... VY P A
l_i AT
sk/o
i A’
4. i
0 I I . L 1 1 . ! ]
0 10 20 " m

"*/min?2

B 6 GAC-CPC WM IRBSHR AR P9 3 BAR BN I & M 2
Fig.6 Intraparticle diffusion plots for adsorption of bromate onto

GAC-CPC

3.4 WIfEEL

I R85 1 2 S 41 3R — 2 Tk B T R RS - A7 1) 1Y
W BRI A 28, B Langumiur A1 Freundlich W B 5
RIXF 15 C 25 °C 35 CHI45 CF iR g0 At k1 7
AE WAL (5) ~ (6) Fi7n ( Bhatnagar et al.,2009) .

Langmuir M B Y .

¢, C, 1
Te ey L (5)
qe q"‘a‘( qm;lx b
Freundlich A& 7Y .
logC,
logg, = + logh; (6)

X (5) W, ¢, (mg-g™) N Langmuir W FF A5 I 2k 141
AR 255 56 o8 Langmuir % %0 2450(6) H, & Fl n
141/ Freundlich F%X.

Langmuir S5 ZFRRE AT o P 5 B0 T 20 &R
R, ( Bhatnagar et al.,2009) 37~

1
R, 1 +6C,, 7
K(7) W, C,,. N IR BR AR B K46 W E 80

mg-L_l.

PRI R AL A 25 L EE 4, WK 4 T B 7E
288 ~318 K it i [X. i) N, Langmuir #5548 & il 28 110
LM G RMESE Freundlich BRI 4 th & i R?
fHR, X GAC-CPC X} BrO; 1) W i & 45 &
Langmuir B8 B3 M 5 ik 72 28 01T B 53 )2 W oY
A 298 K T, IR ERIRFE GAC-CPC L %) 4 FTig
M2 47.17 mg-¢™', P F Chen 55 (2012) FIH
CTAC B £ GAC XJ IR PR R 1Y W B &0 . i 4h,
Langmuir ZE IR FFPETT HE M HECR T 0~1 2
6] 15 BH V6 2 AR 7E GAC-CPC | 19 W% [ 25 5 ik 47
( Bhatnagar et al.,2009).

x4 AEEET GAC-CPC K RER A Langmuir 1 Freundlich &R £S5

Table 4 Langmuir and Freundlich constants for adsorption of bromate on GAC-CPC at different temperatures

Langmuir Freundlich
7K o/ b/ ky
G max » RL><102 RZ ! 1/n RZ
(mg'gil) (L,mg ) (mg(]fl/n)'gf]_L]/n)
288 49.06 0.35 3.45 0.9872 14.03 0.35 0.9100
298 47.17 0.17 6.85 0.9905 10.05 0.42 0.9260
308 46.49 0.15 7.69 0.9879 8.74 0.43 0.9561
318 40.87 0.14 8.20 0.9932 7.94 0.44 0.9429
3.5 Rt AF K, =b x 55.5 (10)

W BT 27 DA B B 119 J3E 5 R TR IR AR #E GAC-
CPC I iy g B ot 72, i34l Van't Hoff J7 72, W ffY
Gibbs A HIBE AG® J&7E AHC FIIR 7S AS® AT Hy 23 =X
(8)F1(9)F /R~ (Cho et al.,2011) .

AG’ = AH® - TAS® (8)
AS®  AH°

Ik, = 25", A ()
R RT

A, K T 22 580, 5 Langmuir 55 %0 b 3
LR (10) 715545 ( Bhatnagar et al.,2009) .
AR T B Gibbs H I AEZE AG® &7
AH RIS AS°ULER 5. [ HiBE AG* A TAMEILI] GAC-
CPC WEFff BrO; 2 A A AT, AH Sy S B BE ] 2 b
TR, THE A F T BrO; £ GAC-CPC _F {1
B, 33 5 AT AR 4 Bz iR EE T, Langmuir 55 I
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FRPASEARLALLE 14D 70 TR K2 6 25 6 R AT 1) B 2 445 301 50 i
AS® Ay 071 (U B IR R AR DA K R 5 A 1Y) 1l 2 81 e g
BREIR 25 2 [/ 50 E A R B iy o R AR R
Makhorin % ( Lyubchik et al.,2004) il 5E A4 85 735 4
N B E AR N 8.4 kI -mol ™', XF L3R 5 R
AH{H, W] GAC-CPC W[t BrO; it 2 7] e A7 7E 5
TR 7. A, AR PE Von Oepen %5 ( Yue et al.,
2007 ) W (4 B rh RT BB A7 7R I AR TR T 09 B
fE, WNYEAEAEF7 4 ~ 10 k] - mol ™", BRKAEH 144 5
kJ-mol ™", G455 )1 2~40 kJ-mol ™", Be A IARAEH# )
2740 kJ -mol™ ,fBHL 1 2~29 kJ-mol™", {2745 )1 K
T 60 kJ-mol™, XF Lk 86 AHO TR SR (£ 5),
GAC-CPC WZfff BrO; ML v, B T Ak 275 1 A fC
Pk zE e Iy, HAAE R 1A A e fEAE.

®5 AEEETREIRE GAC-CPC LRMKANESH
Table 5 Thermodynamic parameters for adsorption of bromate on GAC-

CPC at different temperatures

R/ K, AGY/ AH/ ASY/
K (kJemol™")  (kJemol™")  (J-mol K1)
288 19.42 -7.10
298 9.44 -5.56 -18.08 -42.22
308 8.32 -5.43
318 7.77 -5.42

4 258 ( Conclusions)

1) CPC itk GAC FT A R Bk H BrO; 0
LN 255 Wi W B R B BrO; R R 1 i i 14 K
pH 4 4.06 ~ 7.96 B} 22 R 8 i, H A7 B X BrO;
EBRIFZMUF R . NO; >SS0 >P0O; >CO3 .

2) M 2 o) ) S AR ] AR A M 3R BrO; FE
GAC-CPC _I-Wg [} 51y 7 2733 2. Langmuir BRI FEAR 4T
BI04 BrO; £E GAC-CPC - W it SF- 767 ) a7 | 1R 3
M 15 °C 25 °C 35 °C 145 °C s {40 e b 28 1 2
Ik 49.06 mg g_l A47.17 mg- g_l .46.49 mg - g_l g |
40. 87 mg- g I 2E BT ULEA BrO; 7E GAC-CPC I
W RS2 A 2 HLIGRA , FHE AR W FA

BEEERN: TAA(1962—), 5, # &, H L4 W+ 4
I, BT WK EL AR M AKT 2 EKE
Bt SR EERAAREFNAELE T Z. Emailyls@

tongji.edu.cn.
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