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Abstract: The performance of 2,4,6—trichlorophenol (2,4,6
-TCP) adsorption by powdered activated carbon (PAC) was
investigated in aqueous solutions to evaluate the effects of
PAC species, PAC dosage and temperature on the adsorption of
2,4,6-TCP by PAC. The adsorption kinetics, thermodynamics
and isothermal models were established. The removal
efficiencies of 2, 4, 6 — TCP by the combination of PAC
adsorption and pre-oxidation were figured out. The results
indicate that the effects of all the three factors on adsorption
of 2,4,6-TCP are significant and follow the order of PAC
dosage™> PAC species™ temperature. The PAC adsorption is
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an effective method to remove 2,4, 6~ TCP. The adsorption
rate of 2,4,6~-TCP by PAC is rapid and more than 80%
adsorption capacity of PAC can be reached within the initial 20
min. The adsorption behaviors can be well described by pseudo
second order adsorption kinetic model and Freundlich
adsorption isotherm model. The adsorption of 2,4,6-TCP by
PAC is spontaneous, exothermic and entropy decreasing. The
combination of PAC adsorption and pre-oxidation can enhance

the removal of 2,4,6-TCP.

Key words: 2, 4, 6 — trichlorophenol; powdered activated

carbon; adsorption; pre-oxidation
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Tab.1 The main performance parameters of
different PACs

AR S N2 AR T A
w pe ML SR Rmsy
IR e 200 800~1 100 130 =900
H5E ¢ 200 900~1 200 130 =1 000
(v 200 900~1 200 135 =1 050

1.2 REHZE

HERAFRI T IR E R R I PE s 0.4 g B F
100 mL EBFKd a4 g « LMK, T4
A 200 mL SR A ORI AGE SEREREE S
LA HZQ - X300 EU4E R R 25 DL 25 C , 160
r - min” IRIR B, 4 — i i (A] [A] B IRORE L B S AT
0.22 pum 585 2R FH S BORA g 6 T 43 #T
1.3 2,4,6-TCP ¥k

2,4,6-TCP 1y i 28 4k R F = S0 HH £ 3% 4%
(& LC - 2010AHT) il 2 5 f A Shim - pack VP -
ODS &34} (250.0 mm X 4.6 mm) ; Ji BN V(H
i) VOKCE TR ECH 1% 4 R)) =80 : 205
BNAHE 1.0 mL » min ™' ;43047 E[E] 10 min; 4@
40°C ;K% K 289 nm.
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BIATE R A SR ] 2 R B AN A Y

W AR 3R A e S5 e 477 B FRAER 2 A 3
TS A 376 P e AT I BRI 50, A PAC 5 il o) I [
SRR . 3 A PAC (i34 °4 20 mg « L',
2,4,6-TCP ¥ BT vk B2 5 mg « L™, W A ]
7 2 h I E5 R ILIE 1. B, 00 0 200 K 2,4,
6-"TCP B4 4 FIAS [ B 20 % o F v B2 ey 18 1 W] 0,
VT XS 2,4,6-TCP 14 Wz B 2R d5e PR L 25 B R I
17 FLUCH RS AR s T 25 M i . 3X B2 AE 3
il PAC w477 Bk 1) b 3R T AR B R (L3R DL X 2,4,
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YLy I ARl . 5 SR A B A rp o W AR i i A 56
S55L L se ik W AR 7158 19 PAC.

0 30 60 90 120
t / min
E1 RExRHTRH 2,4,6-TCP K520
Fig.1 Effects of different carbon species
on adsorption of 2,4,6 —TCP
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FEAH TR 5T e B SN YR BN AS [) 5 = 1
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ma) R IR 25 AL UL IR 2 R 2. 25 SRR WL A PAC £
T f 3. 2.4.6-TCP 1y & R 5 . 24 PAC #%
Jing A% 30 mg « L7, /e 2 h )5 2.4,6-TCP 1y
FBRR BRI IR E] 90% L)L, i B PAC W] U 8% 2 bk
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B FESE BRI FH o 07 AR 8 K T 1 S B K 5 1 450 »
FEA I AT PAC Bt (i 7K kA HR AT fig
A3 FIFH PAC il 52 i 725
2.1.3 VIR R

TRIGAE T I A5 1 HEAT o B ek B 43 i) 42 o HE
15,25,35 C ,PAC # &=L N 2.5~50.0 mg -«
Lt & 3 A [] B g il BE 45 1 PAC X 2,4, 6-
TCP fy 2B 5. th & 3 W LAE H AR A A T 0 bt
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:;g zggi Tab.3 Testing program and analysis of variance on
< 0.6 —*-25 mg-L™! 2,4,6— TCP adsorbed by PAC
~N
S wpws ga B e A0 T
1 (v 10 15 64.17
2 A 5 ¢ 20 25 77.59
0 30 60 % 120 5o TR 0 5 7709
t / min 4 5T e 10 25 38.36
B2 REHEMEITRH 2,4,6 - TCP g0 5 MR 20 35 49.73
Fig.2 Effects of different carbon dosages 6 PRI e 30 15 75.96
on adsorption of 2,4,6 — TCP 7 e 10 35 42.20
8 B TE 5 20 15 75.18
F 2 A[E PAC #2102 BT 3R 9 TR 30 25 76.38
Tab.2 Adsorption of 2,4,6— TCP under k1 72.95 48.24 71.77
different PAC dosages ko 54.68 67.50 64.11
PAC #i1 5t / 2.4,6-TCP %%/ PAC W it i/ k3 64.59 76.47 56. 34
(mg+L™1D % (mg * mg™1) 2 18.27 28.23 15.43
10 64.17 0.32 TE: 1y kez s kes 230 BB IBCR — /KO- B KO B =K i T
15 7411 0.95 PRI A5 R A M.
20 77.59 0.19 2.2 WMEIRERBHMASE
25 84.70 0.17 2.2.1 ww%{a éf
- o Sk AR PAC 1A 2,4, 6+ TCP [ 1
100 WS O 45 R S ik 7 5% 160 ¢+ min ', FE 53
W BF 24 b0 E AKAE R FRI A 2,4,6-TCP Bk i
80 251 W FfF 25 H 2%, 3 B Langmuir, Freundlich #1
c w0l Tempkin BIRBEHELA .3 R B8R0 5 51
% KD~ @) RE A SEIE 4. 0% 4 KT L
W 7t . Freundlich i1 Tempkin W% b 4% i 45 R 45 47
20 Hofl & P B 5% B W B A R £R. X AT RE R T
, , , , , Langmuir 5% 7Y {E2 5 W i 77 =% 1 B 5t X — HL2Z2m% 1
1 2 30 40 50 WRBHF I 53 =2 [0 1 B 42 1T Tempkin 4780 % 1 T

PACHNE / (mg-L™)
3 RMBEX PAC KM 2,4,6 — TCP &5

Fig.3 Effect of reaction temperature on

adsorption of 2,4,6 — TCP
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RISBCR IR PR AR 1 R AN —, Hok
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GIRMARRIH L K a 20598 Langmuir W 45
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Tab.4 Isotherm model parameters for 2,4,6 — TCP adsorption onto PAC

Langmuir W% fft 553 2k 254 Freundlich W% [l 45 i £k S5k Tempkin W ff 4528 S50
T/ ,
K (Im/ aL/ K[/(mg(lflrn) . ) )
(mg-mg~) (L+mg 1) LV% +mg 1) " ! A BT/ '
288 0.634 0.436 0.944 0.184 1.710 0.989 5.320 0.1251 0.948
298 0.554 0.374 0.966 0.147 1.648 0.995 4.034 0.1155 0.970
308 0.391 0.358 0.976 0.102 1.623 0.981 3.022 0.092 6 0.983
2.2.2 TR HEFTIR . Wit B AL 4% PAC 26 10 1 770 K 4+ Bl

o 5 A 5 2 M van” t Hoff J7 F (LA =0 (4)
~(5)) T 58 ek J3E %of - 7 1z BfE R 0 5 el O 45 2
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A RE AG FAE AH FIRFHE AS.

AG =—- RTIn K €Y
AH - AG
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KD~ O . K T2 w5 OB R 50 . ok
WIS st oS [ AR BT G 8 Cae A5 VMR-
VR C. B HE. A In(Cae/ COXF CacAELR A
FeHLI A, HaFE ARl In K. K B B2 0
W B AT A2 L O R AT A (6) R
R R LW, In K 5 1/T X R:In K
=3547/T - 6. 479X FRE r=0.989) , h R} TT
BARE) AH = —29.49 kJ « mol ™', #R 45 75 1 W 7 A2
HESNAFRE T AG & AS, B 2%
5. 45 BRI TS K W/, B AH S e, R
FEJITE 5 1) 705 L P WA B 2o 8 Ay s A ast R 3R AT O B2
A RFWHE, 5 B SCREEXT 2,4, 6-TCP B i
45— Von Open B &/ T & F/EH 1151k
F14 TR o A 1 3 L A4 ) 4~10 KT+ mol ™', Bii K
YEH 149 5 K] » mol™ ', 425 & 1 2~40 k] -
mol ', Bt {7 FeAcH J1 24 40 kI » mol ™' fH % J1 2~29
k] « mol™ ', fb2# 4 J) KF 60 kJ « mol . iy AH {H
(—29.49 kJ » mol ) A1, PAC W [ff 2,4,6-TCP i
P L BRI BN B ANAEAE AL 2 5 T L ] REAT
HEHAB A B AR J7. AG S i 32 T B 1 52
K AR T PAC % 2.4,6-TCP [ ML B &

2.4.6-"TCP WL P P4~ i i A D7 LS L 7
HEAESE N s 0 2 P B2 S B R (LD AS
A GFUE LI PAC IR} 2.4,6-TCP J2 47 J7 S
A2, 4,6-TCP 15 PAC 21 (9 W Bt o BB 3=
£5 TERET PACRH 2,4,6-TCP f
WM R RANFESH

Tab.5 Adsorption coefficient and thermodynamic

parameters for 2,4,6 — TCP adsorption onto

PAC under different temperatures

T/K K &J -Ar(l;q(/)l’l) kJ -AIrr{l(il’l) d- (KA-Slilol)’l)
288 331.95 -13.90 =29.49 -54.13
298 242.26 -13.60 =29.49 -53.32
308 148.86 -12.81 —29.49 -54.16

2.3 WR PR 2R AN B 3 F1 5

AR F) W B 2l g 4 ik PAC WM 2,4,6-
TCP B A 38 18 B ) 2 AR H5 e i #UL5 F
I FEALEE. fh i 1 AR 2 v 0L, PAC Xf 2.4, 6-
TCP A3 W% f A AR 20 min, 1] 35 80% LA _F Ay
R dt. UiHA PAC ZEJE B o] N EP AT X 2,4, 6-TCP
IR BRI 7 R B A5 2 o i s 13 BH A T PAC W i Ak 24
2,4,6-TCP {5 YL & 1THY.

A3 AR A PAC s At} 2,4,6-TCP 1) B
MM LR VAT — G P G RO N B Sl Sy 2 A
RIPLG, BARSEULE 6. 30 —20 AU G ok o~
el 2R a] A3 B A 2D ~ (9 FoR

In(g. —q¢) = Inge — ki t )]
t 1 t

= -+ — &
qt kz Qez qc
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qi = k, t°° + L (9
KD~ q Rt BIZIEA WK . mg « mg s
ki Al — G 3h F1 F BRI R B min s ky Ry
W) )R A R 4L, mg + (mg + min) '
ko, R UKL N O S H $ mg + (mg » min®®) 5 L
SR

FLEE R 6 45 Bl 2R R LA A S R A T
AP =) A REAR G b & PAC X 2.4,6-
TCP AT A . PR A 40— G A0 a0 55 1 W B ) P
A2k R A AN VR RS I % TR B R ASORE P
SN0 RS A TR LS M T 2,4, 6-TCP #E PAC I
P 2 B AT

Fz6 MKRFEERBHM 2,4,6-TCP Hsh HESH
Tab.6 Kinetic parameters for 2,4,6-TCP adsorption onto PAC

SR DB DB WKL
SR ﬁbﬂﬁ/ kl{ , kz/(mg . . kp/ (.mg - .
(mg+L™D min ! (mg + min) ~1) (mg + min®%) 1)
v 20 0.959 0.947 2.138 0.999 0.007 2 0.921
HET AR 20 0.090 0.986 0.526 0.997 0.012 2 0.907
HR5E 5 20 0.182 0.949 1.178 0.999 0.011 8 0.908

2.4 WEMLS PACELH
2.4.1 PAC 5 Rk T

B R T 4 BR A B4 1k 5 PAC R T X 2. 4,
6-TCPHEATIZ M LB s L BRFOR WAL 4. fy 18] 4 w] LA
F il PAC 5 i B FR S K ] T DA S 42 5 2.4, 6~
TCP R B4R 7 HL R S R s s 35 m, 2,
4,6-TCP iy LB 248 5. XA fe 2 T/ & MR
Bay ARG PAC (g B i w] A HL 2E PAC 2R fT
KAERAAREEN . It H s s R e A A L )
] A K B AR 2 A — 2 i A TR
R FAREAEAE T - DI AT LA$ =y PAC X 2,4,6-TCP 1y
A€

1.0e

0.8 KMnO,# &
——0
—=—0.5mgL"

0.6 —4—1.0 mg-L™!
—-2.0mg-L"

0 20 40 60 80 100 120
t/ min
4 PAC 5E5EBHELAXT 2,4,6-TCP i
EBRBR(PACKMEH 10 mg - L7')
Fig.4 Removal effect of 2,4,6-TCP by PAC associated with
potassium permanganate( PAC dosage:10 mg « L)

TR A 8 o AR A PR B RN PAC Bt 1
P A B S R EE . Y PAC s A TR B0 4% 2 43
10 mg« L™'A1 1.0 mg « L™, 55880 PAC
2.4,6-TCP L%, W 2 h J5 k5] 93.98%.,

YK R R AN PAC (R BN, 5% 22 4 e 380 n e
FRER . 22 BR 253 51 h 91. 87% i1 87. 42% . JEL K Al g
& PAC W Bff— e Bt [0l J » — 384> 2,4,6-TCP Bk %
B o 0 40 P P 5 v e IR B B 7 B I PR 5
AR R A e et . 2,4, 6-TCP Je 5 s dh R ¥ &k 4E
SAARRRY . 5T 2 ) s e R A 3 S 4 o
PAO fETERT A BB PR A K A — A b4 PR Y
BRIR PR S B, Bl U AL B BeAs UK B AR
R D LA HEVE R AN 2.
2.4.2 PAC 5L A

Kl 5 Jy PAC 5 ALEE X 2,4,6-TCP )ik
MR . &1 5 AT, PAC 5 Tl G A6 356 T AT fig 4 2,
4,6-TCP iy 2B, Bl WA R AN I = i 35 hm . 2,
4,6-TCP ) L BR % T K. H LB/ T 5% PAC
W Bt Ay, AR PR N 0.5 mg
L 'At,2,4,6-TCP i LR d m . A IR0,

1.0
NaClO #thn&
0.8 -0
- 0.5mgL™
0.6 —+ 1.0 mg.L"
N —— 2.0mg-L!
~
04

—8

2I0 4I() 6I0 8I0 1(I)0 12I0
¢/ min
E5 PACEmMSLBAX 2,4,6-TCP 11y
EBRHR(PACHEMEA 10 mg - L71)
Fig.5 Removal effect of 2,4,6-TCP by PAC associated with
pre-chlorination (PAC dosage;10 mg - L™1)
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Ry ATEME S 5 AL B T2 F L bR 2 B
PAC 7] Uk HOCI 7E H 2= A J2 5 A vl 3, e
W1 2 BRI . LA AT DA 6 4 i 2 T ) 1
PR L AR ) B R ARG TG A R XS e )
AR AR B b, R R B AR I B 4 /N, 2,4,
6—"TCP 1) Bk A A4 i H 24 YR SR B 15 i 2 1
Kt PAC R T fb 25 2544 e A= BRI sl A 2~ 52
Wi FXF 2,4, 6-"TCP (W {25 5, (i BFFAICR T %

3 #Hit

(1) PAC A LLA 4P W ik iy 2, 4, 6-
TCP.PAC sicFfr 43 i AL Xof W B R0 35 4
FWIFZ I, 3 A PAC 1y W B 28R R A B i = B
IR PAC 5 i 3500 o W oF k8 e A e, i i
RCRBE 7 AR 45 14 SR T PAC W} 2.4, 6-TCP.
2 FR a8 R PAC ol F252 i H &R
FLUK PAC s, 555 PR 28 Il B . S B i i v AR
oK I B0, BRI PR 5 ) PAC Bl

(2) Freundlich #5274 58 8 47 #ufff ik 2.4,6-TCP
7E PAC - 1 % 45 R e 2 80— 2 sl g A TR R AR
I Hu A PAC X 2.,4,6-TCP [T R . $871244)
MrisiB PAC %t 2,4,6-TCP AW I A B % it 7,

(3) PAC 5 =/ BRI FHXT 2.4.6-TCP (1 8%
EUA B S DR R D Bl v i R B 800 38 2,
4,6-TCP R Rt 25 A 42 5 s PAC 5 1l S A3 ] LA
R E 2,4,6-TCP [ B . B % U SR AR N 2 11 1
Jn,2,4,6-TCP 2 bR T k.
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