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Abstract: Wood tar based activated carbon (WAC) was prepared from formaldehyde-treated wood tar via
carbonization-activation method. The WAC obtained was then characterized by FTIR, surface area and pore
structure analyzer, XPS, SEM and XRD for structural analysis, followed by investigation on its adsorption
performance towards methylene blue (MB) in simulated water. The results showed that the WAC with
surface rich in oxygen-containing functional groups, displayed a specific surface area as high as 1373 m*/g.
Moreover, WAC showed good adsorption performance for MB, with the maximum adsorption capacity up
to 559 mg/g. The adsorption kinetics fitted to the quasi-second-order kinetic model, while the adsorption
isotherm was more consistent with Langmuir adsorption isotherm model. Thermodynamic analysis revealed
that the adsorption was exothermic and spontaneous.
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Table 1 Surface atomic compositions of WAC measured
by XPS
TR C ¢ Si S N

B EU%  57.97 26.86 7.06 2.74 5.37

C 1s ATRIAPIERIA N 5 NI, 283.9, 284.8,
286.0., 287.3 Fll 288.4 eV 4k /35| % N, C=C, C—C.
C—O0. C=0 F—COOH %5 5HE. O 1s [ XPS i
EnE 3¢ fion. K 3¢ 1, 530.0, 531.9 f1533.2 eV
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H45 A RE, 5352V HIEF WAC £ E LY. XPS
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Fig. 4 SEM image of WAC

2.2 WAC X F B B 15 B IR B 4514

DL 5 i A LR YeRbyS e W i Tl B K B
KR AR SRR . A IRSER S,
AUEA —ERPTE . MELL YR, B E
A, A8us . SRASEANEE, CEChK
b E S YR, I M O — FR R RE O R I A
BBk, AR LB XS YR XRD. FTIR #l XPS

SEFRAEATAT AT AL, WAC HAT 85 1) b 3R T AR EL A4 R
KHESTTAERA., Wik, &AC#E—2%0 T
WAC X V. FH 56 5 2 7K 1 R B e Ak R e, R 1 T
EEALL R 7K Hp T R ko1 W B 3l A L WY
SR RN B TR 2 PR o
2.2.1 pH R B4 % vh

VW pH X W B 22 B i 7K A4 75 2 4 T B 5]
FETHE A B WAC TEAS R pHC ] 0.1 mol/L
ERFR AN 0.1 mol/L A AL BNIA IR T ) T X 7 FH 2 5
B IR B E AN AT 5 R o

300

200+

q./(mg/g)

100 }

2 3 4 5 6 7 8 9 10 11 12

pH

T L TR BE S 100 me/L. ATy 50 mL ., WEIff
FUAHEN 20 mg, WFHIEE D 30 °C . WK AT 2 h,

FIS W pH X WAC R B IE Y 32 5 11 52 i
Fig. 5 Effect of pH on adsorption of methylene blue onto

WAC

P S AT, WAC e P26 1R 0 I T 2 Y
W R RE Ty A, W BRI R K pH AR, MR
BT, TR A OE T W B [ R e D, (BRI A T
FRIEZRF . MW pH BARES , P HYb 5
o5 B0 T P e % T 178 I BR 7 a 1), WALC R 7 R
B B R R TEBRE SR AT, DA P I
FHRE R A W B T B e . R, AT WAC IR
WA IV FY 8 W 1) ) g 2 FAR ) 24 o A S 7 R T WS
AT
222 HEWHHF

W Bt 20y 3~ A Sy S W 35 A4 2 P A FE 1Y T 4
b, XF WAC R H R W AT 8 1 ik s B
Tt WAC BYWZBRACR R BHPERE . R — 9 3)
JIEETiRE L ME R iR R TR R R
LN BRI of IV P R o 5 AR AT AU A
X (2). (3). (4) A (5) 53l hifE—RBh 105
B ME RSO R R R R A R A
AR RLJy # -

ln(qe_qt)zlnqe_klt (2)
t 1 t
— =t (3)
9 kyq: 4.
ln(l_ijz_kfdt (4)



1 T, A AEET TR Mk A T A B X I HE R A A A I 1 e « 181 -
q, =kg" +C (5) 2401 e

K ¢ WA, ming g, R ¢ B2 H R AR 20r

WAC W, me/g; q. 0l H 3L E WAC E _200r

O T-BEEM I, m/es o o — SR 9 180}

min 'y ky RUE T GORMHERFE R, g/(mgmin); ey S 160¢

FWEY HOERH L, b5 kg FRLT P RO B i 140

REB, mg/(gmin®); C N 1200

WAC % 5. 35 45 00 B T O — S F12 L ol =% 3 10 1
£5/min®s

Ty BB B URL N T RIS Y BEA TR
LA MR SR RS I S8 E 6. 3% 2 fis.

250 -

I —— IR
30 e ST

1 1
0 20 40 60 80 100 120
t/min

22

20

1.6 -

141
1.2
1.0
0.8

In(g—q,)

T

T

1 1 1 1

1
0 20 40 60 80 100
t/min

o
n

e o N
[¥) W ES
T

t/q/(min- g/mg)

o
=

1
0 20 40 60 80 100 120
t/min

1 1
0 20 40 60 80 100 120
t/min

K6 WAC MR AL E R 3 224k (a), HE—23)
Ji%E (b)), MEZ B II7E (e). WY (d) M
WURLAY B (e ) BERLLG ik

Fig. 6 Kinetic curves (a), pseudo-first-order kinetic (b),

pseudo-second-order kinetic model (c), liquid film
diffusion model (d) and intraparticle diffusion

model fitting curve (e¢) for adsorption of methylene
blue onto WAC
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Table 2 Parameters of dynamic models for the adsorption
of WAC for MB

P W—% WSS WY BRAY
- Z) WAL - W Y R Y
q./(mg/g) 115 258
ky/min”! 0.0268
ko/[g-/(mg min)] 0.000512
keg/h! 0.0299
kia/ [mg/(g'min®?)] kia=25.4
kid2:6.94
C -0.618 C=57.0
C,=169.8
R? 0.984 0.999 0.957  R3=0.963
R3=0.952

H & 6a A1, WAC IR AE 7 I 2 W e ]
FXEITIEn, If EL R AR 29 7E 80 min A A 51 °F-
5 o PG B B PG N B RTH P R WAC RS
JE PR AT a7 L R 58 v P s Ik B 3R 3 7

4 T BFF 5t Fy 2 R B LR ML 45 SR AN R 6b~e
i, IESEINE 2 Fir. K 6b fE 6c B,
WE— Rl Jy 2 e s 2 SR il A R
U, o RP{H M 0.984 F10.999, [Hitk, WJ LA 54
MR R A 2 W o 2 R o 2 4 o [ e ke P ST, o —
Gz SRR (R’=0.999 ) B fE — % 3 )1 ¥
(R*=0.984 ) MIRIUATLF, I HAE g gh Jy 2448
RUPLG 45 31 10 BRI i e i (=258 mg/g ) 5L
MH (g.=243 mg/g) LT, KL, #E_Hah)i
R R T MR MR WAC TR I 3L 15 1 3l g 2
AR B 6d MR IEY BB A A 2. IR 6d N
20T, WY ORI A LR RPN 0.957,
HAUA i 5900 AN, R HRIEY BN 2
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Table 3 Langmuir isotherm equations and corresponding
parameters of WAC for methylene blue

- Langmuir
Y [
Ki/(L/mg)  qn/(mg/g) R* RL
303 0.861 460 0.999 0.00232~0.0549
313 0.759 510 0.999 0.00263~0.0618
323 0.698 559 0.999 0.00286~0.0668

# 4 WAC X% H 3% (% Freundlich F1 Temkin W [ 45 i
RIUA 4R

Table 4 Freundlich and Temkin isotherm equations and
corresponding  parameters of WAC  for
methylene blue

Freundlich Temkin
HRE/K Kr/[(mg/g)-
g/g) 2 2
(L/mg)""] R K+1/(L/g) b/(J/mol) R
303 226 5.99 0.777 2160 67.9 0.934
313 233 5.49 0.813 1061 60.6 0.952
323 236 5.28 0.625 491 54.5 0.790
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Fig. 8 Thermodynamic relationship curve of WAC adsorption
methylene blue
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Table 5 Thermodynamic parameters of methylene blue

adsorption on WAC
HBE/K  AG® [(ki/mol)  AH®/(kJ/mol)  AS’/[J/(mol-K)]
303 3155 13.51 47.69
313 -32.26
323 -33.07

M1 5 AT, AGY TEIRE N 303,313 il 323 K
T4 h-31.55, —32.26 F1-33.07 kJ/mol, W] ¥
FUETE WAC Ry Rfh2 A &/, s, WH
FLUETE WAC LW R R sl ik, B 8 5T
5, WAC W W 59 AH® S 13.51 kJ/mol, 1t
B L FE WAC 1 A I BRE = IR A S N 5 3% R o
R ASY S 47.69 J/(mol K) , W B AR E FH AL i 4y 7
BB T WAC i, (HIRR L, araRET
VS VRO R 3 40 1 DR AV ET 2 [EMR WAC B

J¥ W ot
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Fig. 9 Recycle of WAC
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Table 6 Comparison of adsorption capacities of different adsorbents for removal of methylene blue
TEIF
75 IELSES qw/(mg/g)  Sper/(m’/g) TEE/°C pH - A =P
o~ I LA /%
1 PN 559.00 1373 50 7.0 3 81.2 BN
2 15KT5 29.85 25 45 7.0 3 60 [16]
3 e i B AR 52 269.30 843 25 6.5 6 45 [17]
4 W 305.30 720.69 40 10 [18]
5 W 5E 418.78 862.2 30 7.0 [19]
6 A AT 346.85 1462 25 7.0 [20]
7 PR 240.00 1511 30 8.0 [21]
8 22 JHF 4 210.97 773 30 11 [22]
9 KRR 370.00 1823 30 6.3 [23]
10 iR 211.30 1012 30 7.0 [24]
11 R 188.68 1688 20 6.0 4 91 [25]
12 T b A 3 M i 95.50 613 20 7.0 R4
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