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Adsorption of Perchlorate in Water by Granular Activated Carbon and Impact

Factors Analysis
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(State Key Laboratory of Pollution Control and Resources Reuses Tongji University, Shanghai 200092, China)

Abstract: The adsorption of perchloric ion( ClO; ) on granular activated carbon ( GAC) was studied in aqueous solution through batch
experiments. The effect of pH» initial ClO, concentration and co-existed anions on ClO, adsorbed by GAC, adsorption kinetics and isothermal
models were studied. The results show that the adsorption capacity of ClO; on GAC decreases in the alkaline solution, and increases with the
increasing initial concentration. The competitive adsorption exists between co-existed anions and ClO; on GAC and the order of competitive
effect is SO;” > NO; > CO;~ > H,PO; > BrO; ~ Cl™ . The adsorption process follows pseudo-second order kinetics. The existed pore
diffusion probably is the main rate-controlling step of adsorption process. In addition, adsorption of ClO, on GAC fits the Langmuir,
Freundlich and Tempkin isothermal models in the range of experimental concentration. The adsorption of ClO; on GAC is spontaneous and
exothermic, and the increase of temperature decreases the adsorption capacity. The maximum adsorption capacity is 13.00, 11.21 and 8.04
mg*g™" at the temperatures of 288, 298 and 308 K, respectively. Adsorption of ClO; on GAC is favorable, but the reaction conditions, such
as temperature, pH and co-existed concentrations should be controlled to improve the adsorption efficiency.
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Bf clo; A9 52 R PR 3% DL R L BT 5 g 20, AR 6 R
5 3B UKL % 1 2R W B 7K b cloy s F 5 G 52 i B
BB Bl 7oA R 2, DU DA 3 LR A1 7 W
B T ZEBRKH Clo; $RBLEERE TR}

1 #MR57%

1.1 KA K

256 AT FH 5 1 Ay 7K Ak B R O RORL 9 P
CREERIRWI 2 R A2 7=, RiAR A 125 ~ 500 pm) s TRAE
1029 mgeg™ ", WHIHEH 196.5 mgeg™", 5% 93.5% .
PR R LRI AT 2 B KB VR, IR 24 b, RS
TE 110°CAAT FHE 12 b 350 7 Hi v SO Ak 4 i e
#il(NaClO, *H,0, >99.0% , 73 Hr4l) .
1.2 clo;, 7#iik

BT 0 A M e A SR R B T 1% A
(Dionex> ICS1000) > AG20 + AS20(4 x 250 mm) £, 300
pL K AR BUE 2 R E A, U8 W KOH W 24 35
mmol* L', #W i HL I 100 mA . 73 #7 KA+ K F Dionex
Chromeleon 6.60 chromatography workstation .
1.3 Rk
1.3.1 520 R M B 5 ) 2

AR TR 6 A AE 5 SCRRUY, o AR BT 4 e
1) GAC 0.02 g, B AA7 1 250 mlL B F 400k T, JF
TN 285 F /K ECHI Y pH A 6.10, #1146 W 5 1000
pee L7V ClO; W A8 R MR B R T EL 25°C, 180
remin ARG, (7] B I TR, 1 0.45 o )5 23
HT . U W 4G pHC AN HCL 3% NaOH %590
S Clo, WAV B B i s LA s, R
HEAT W BRHREG, 25 5% pH L B4 < B8 A0 SE A7 ] 25 7 %)
GAC "Bt clo; M52 . 7E iR 50 B Al b 2% 544 ]
pH BRI 46 W B2 4% 11 GAC W B 7K clo, 1 3)
JI%.
1.3.2  WRFRAER 2k

3 AE AN TR) I B BEAT 25 IR B, AR 4 T
A, GACHUEN 0.02 g. £— R %1 250 mL B 141
O, A GAC A1 200 mL A [FIRFE ) Clo, %
(100 ~ 2000 pg*L.™"). 576 GAC K7 HFE ) I
FEEFE R LA 180 remin ™ MUK IR, 72 h ), BUFE
1 0.45 pm RJ5 707
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Wi 2 7 5 NOy « H,PO, 55— B 5 7 A7 7E
GAC XF ClO, T~ 1 W Bt 25 & 43 ool % 22 O Dok (1)
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Hilf (7 >0.9957), W ILAE GAC X clo; Ik
By ik R b by S AT clo; WIER K E N 0.11
mg* L™ FHE 2 1.94 mge L' I, ¥ =R N Bl ) 24 (1)
SV T8 Ak, N0.006 8 g+ (mgemin) ~" FEAIL 3|
0.0009 g*(mg*min) ™", ¥ILAWK I Z h . ).0.006 9
mg* Cgemin) "' 151 30.078 4 mg*(gemin) ™' . X ] fiE
72 PR R B8RP A 5 35508 B A0 S 90AH T [] A 1)

(R FEE™ O R A ) J5T 8 1) GAC A7 FR PR3t 1
AT AR R A o7 48 1T 5 6 I8 30 1 24T R P 4
B/ 250.9689 ~ 0.9935) Hl Bangham ( * =
0.9429 ~0.977 HOTT PG B UF IR B AE T ik
R B AFAE R ALY O R, HALY #onT Ak B R
P BRI A

2.3 WL PHAEIR 2k

&1 GACWH Cl0; K NFEH
Table 1 Kinetic parameters for adsorption of ClO; on GAC

WU AT He—2R R N 5y g2 HE =g )R W By )y 2% SR P9 4 R AR Bangham 77 %
co/mg*L™"  pH  k;/min”! 2 ky/g* Cmg®* min) ™! h/mg* (g*min) ! 2 kg/mge (gomin®3) ! 2 ko/mL(Leg)™! 2
0.96 3.12 0.0016 0.8225 0.0025 0.050 8 0.9999 0.203 1 0.9412  23.76 0.9657
0.96 6.10 0.0014 0.9698 0.001 4 0.0472 0.9997 0.232 0.9935 18.52 0.964 5
0.96 9.15 0.0039  0.8575 0.008 8 0.0157 0.9990 0.046 3 0.8317 37.98 0.864 8
0.96 12.23 0.0035 0.776 1 0.0200 0.0017 0.9909 0.009 6 0.7900 0.288 2 0.623 8
0.11 6.10 0.0014 0.9802 0.006 8 0.0069 0.998 8 0.0403 0.968 9 15.46 0.9775
0.55 6.10 0.0016 0.9386 0.0015 0.0322 0.998 4 0.186 6 0.9786  28.73 0.976 5
1.94 6.10 0.0005 0.9037 0.0009 0.078 4 0.9957 0.3459 0.9797  71.45 0.9429

2.3.1 Langmuir 5%/}

Langmuir "¢ PR 5704 4B 358 W8 B 0 3% 1 29—, 4% 4k
W RS FE A TR] 5 1B PR o PP J Y 22 B B ) 8 T A Wi
B i VL RIS, FER B 3K 3 5 KAH . Langmuir /7 R 7]
FTORNI N MR AR

clq. = 1/CQ. 0D + ¢./0, (5

Ky e, 2 W PRSP A< Cmge L' )5 Qp M Langmuir
WP A 25 2k PO P AT S R 2 Cmge g™ D5 0 A 172 1D
TRV B A~ A P BB B Lomg ™' ) s g, A [ AH P-4
%UE(mg'gfl ).

PLe /g, X e, FEEITTAR 21 4. 0, F1 bt 4
()RR AR V1 5049 31, JF 41 138 2 P Langmuir 55
T SRk T BRSPS O R A R R ROR

R, = 1/(1 + bey,,, ) (6)
L o N ClO; R KHIARIRSE, 2 mge 7" .
0.20
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(=]
=
T

pH=6.10
GAC=0.1 gL
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Fig.4  Langmuir isotherm plots for adsorption of ClO; on GAC

K2R R, AT 0~1 20U clo;, 7&
GAC I I¥IR B 2% 5 34T .
2.3.2  Freundlich %!

NI B 751 (1 2 T AN 389 4 (W skt R, JEAEGE
W B A 7 o S B N M 48 25T B, FT3 HH Freundlich
L ERIA AN

lgg. = IgKy + (1/n)lge, 7

A, K A1 n 328 Freundlich # 4% .

P lgq, ® lge, TEERIATGEIE 5. K, AT p 1A
5 HIRER AR TS 2, JFS TR 2 .1/ <0.5
W GAC B HW KT clo; 17
2.3.3 Tempkin et

Tempkin 5 & 51 24 W5 B 77105 B 35 0 I, 25 40k W Bt
(I35 I 1) 6 2B AH AR FH 75 T 2 S 25T I BRHAT
7 A S, At (10 5T TR PRSP A8 ) 2 E e dk 50 -

1.2 - m 288K
A 298K
1.0 | O 308K
0.8 |-
& 06 |
L0
0.4 -
0.2
pH=6.10
0 GAC=0.1g-L"!
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Fig.5 Freundlich isotherm plots for adsorption of ClO; on GAC
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Table 2 Adsorption isotherm parameters of C10; on GAC under different temperatures
TIK Langmuir isotherm Freundlich isotherm Tempkin isotherm
Qo/mgrg™! b[lﬂ/L.mgfl Ry 2 KF[ISJ/mg(l—llrﬂ.Llln.g—l n 2 A[ISJ/L.gfl B 2

288 13.00 9.07 0.052  0.9800 14.75 2,11 0.9791 207.65 2.09 0.9514
298 11.21 9.86 0.048 0.9938 13.02 2.11  0.9411 195.79 1.86 0.9832
308 8.04 5.01 0.091 0.9841 7.07 2.19 0.9781 88.51 1.42 0.969 6

g. = BlnA + Blne, (8) KIS 2P 7, 0 3 B 7 2R 10 R R P B T £

B = RT/z (9
A, A M B K Tempkin % 4: R h/ AN 4, 8.314
JoCmol* KO ™'+ T AAEXRE, K: 2 A Tempkin 55 £&
W B A5, Jemol =
RGP ¢, A ¢, & Tempkin B2 MEFU G
Jas & RANE 6 Frar, WA A R B JE L & 6 R R
AR SAT 2], I8 TR 2

12 - m 288K u
A 298K

0O 308K

10

8

g/mg-g’!

pH=6.10
GAC=0.1g-L!

| | 1 | | | | 1
-6 -5 -4 -3 -2 -1 0 1
Inc

6 GAC ¥ ClO; B9 Tempkin Mt ZiE %
Fig.6  Tempkin isotherm plots for adsorption of ClO; on GAC

B 2 %0, 3 w45 U 4 B Y Langmuirs
Freundlich 1 Tempkin 7112046 ¥ 5 0 ] 4 #5 R4 4
IR GAC X 7K o Clo, 1) 45 i W Bk R, Horh
Langmuir B A FT 45, r* > 0.98.

2.4 WA

A Van’ t Hoff 77 %, W Gibbs H HfE AG®
W B S AH® R B AS® T A 1o A (1) %
%[18]:

AG’ = — RTInK, (100

InK, = AS’/R — AH/RT (1D

A, K, AT 27 P 5 ATk 4 A A [R] ) J7
S AT S S AT = 8 S B S 4
AR H AR 2O THE 5 4 MOT IR K,
=q./c, WX LhInCq, /e )X g fEEL BIE HEY
T E A A A AR EE D R Ik, BL K, XF 17T 4E

AH® FTASY, HAEA T3 3 .

6
A 5]
5 [
4 L
-
E mp 04
3 A (I<F)n A qe/ce
u ]
2 [
n
1 1 1 1 L
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Fig.7 Van’t Hoff fitting plots for ClO; adsorption on GAC
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W B RE AR, (B B T /KB Clo; 7E GAC i
BRALER AR . FH R 3 40, A K, MTE 571k B
RIFEAGC  AH FIAS® W AR, HILAH Y
HE . bR AE B AR AGY I U UL B GAC W FfE
Clo, MR N2 B R IEATI, G 3 Fhsikvk S s
AG® I 3k, Wt FE 4 288298 F1 308 K B AG°
SEYIE A - 130164 - 13.25 Al - 11.20
kJemol ™' s FRAEMR B IS AH® Sy 7 AR 0 B J BV A2 TR
(1), THEAF T Clo; 76 GAC LW B}, 1% 25 mr A
4~ 6 BTl B T v, W 2 o A 0 B0 2 45 31 48
E s FRUETR PR AS® A SFAE SR Clo, M FEZK
R TRT 1 ER R 28 380 o R B 10 R A O A R G n 11 i
2 B I R b — A7 A B 7 AL e SNl 3 AT e g
li] A4 2 18T 19 7K 23 1 R TR i, AT 5 30 R S ME
o, {038 3 Fos AH® 6K T8 7 A8 3 W 3 B
AT (8.4 kJomol 1), UL WIS 14T ¥ Sy IF A AL
GAC "I clo, 1 EZAHHAER JJ . Von Oepen aiel2]
D 7 W B b omT BEAFAE AR ELVE T I A R R vl
Ay 4 ~ 10 kJemol "5 B /KVEH 7149 5 kJ*mol ™',
S ) 2 ~ 40 KJemol ™ BC A AR AS #1240
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kJemol ™', K 7 2 ~ 29 kJemol ™", £k 224 J1 KT 60
kJemol ' FRAHRE: AH® THEE 45 4L (3R 3), GAC It
Clo, e, B 7 A2 Bty FoAbAH B A H ) #6
] BEATAE
#3 ARIRET GACWMIKSH Clo; HIHNFESH
Table 3 Thermodynamic parameters of Cl0; adsorption
on GAC at different temperatures

AG° AH° AS°

Ky iHH AR TIK K,

/kJemol =" /kJemol ="' /J*Cmol*K) !
288 117.92 -5.28
K, = bt 298 110.50 -5.67  -21.56 -55.47
308 40.27 -4.13
288 296.33 -13.63
Ky = (K" 208 226.33 -13.43 -51.73  -131.06
308 72.12 -10.96
288 207.65 -12.78
K, = A 298 195.79 -13.07 -31.13 -62.70
308 88.51 -—11.48
288 235.43 - 13.08
K;=qJe® 298 20931 -13.24  -40.12 -92.68
308 78.52 -11.17
3 g

(I GAC B 5 W Bt v SR #r, E % 8 ) 2 i Y
REAR I ML F 3R GAC X Clo; AW Bt e L e B 4% A1
SEMA R B, pH TR PR ClO, 46 WA B 2 vy 1) A )
TR, A T 5 clo, 1E GAC LB e 4+
PR 52 W I 24 SO;- > NO; > €03~ > H,PO, >
BrO; ~ Cl™ .

(ORI LG A GAC X /K Clo; R by
RS Langmuirs Freundlich A1 Tempkin 3 45 i W
BEEASEZR, 300 5 24 288298 FH 308 K T (14 o ALK b 25
5324 13,004 11.21 F1 8.04 mgeg™" . #4753 ik
W] Clo; & GAC LW B & & LB, T AN
ISR
S k-
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