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Preparation and Characterization of Activated Carbon from Rice Straw Pre-

treated by the Subcritical Hydrolysis
DONG Yu, SHEN Zhe-min, LEI Yang-ming, WANG Qian, LIU Ting-ting
(School of Environmental Science and Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Activated carbons were prepared from waste residue which was obtained from rice straw dealt with subcritical water by
chemical activation with ZnCl,. It was also considered that the variations of activation temperature, activation time, impregnation time
and impregnation ratio influenced the performance of activated carbon. Adsorption isotherm and scanning electron microscopy ( SEM)
were used to characterize the pore structure and surface morphology of carbon. Adsorption kinetics and isotherms of methylene blue,
used here as a reference compound, were studied. The results show that when zinc chloride content was 20% , the optimum conditions
of activated carbon produced are obtained-reaction temperatures of 900°C , activation time of 60 min, impregnation ratio of 1:5 and
impregnation time of 12 h. The number of iodine and methylene blue of activated carbon is 1122.79 mg-g~', 136.50 mg-g~',
respectively. Adsorption of methylene blue on activated carbon fits the Langmuir equation and pseudo-second kinetic model can well
describe the adsorption process of methylene blue. The negative change in free energy( AG,) and positive change in enthalpy (AH,)
indicate that the adsorption is a spontaneous and endothermic process.
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Table 1 Statistical data of a standard Ly (3*) matrix
Sogp Es PR WE W

SRAPLT 5 [P N N s = ~ _ _

’ ACHEALIREE/C)  BOEMEEIE/min)  C(IEME)  DOEBE/h) /% /mg-g™!  /mg-g”!

1 1(900) 1(60) 1(1:3) 1(6) 53.39 931. 00 118.50

2 1(900) 2(90) 2(1:4) 2(12) 58.20 805. 19 127.50

3 1(900) 3(120) 3(1:5) 3(18) 53.90 1097.37 105. 00

4 2(925) 1(60) 2(1:4) 3(18) 63.94 942. 06 118. 00

5 2(925) 2(90) 3(1:5) 1(6) 57.03 911.76 112.50

6 2(925) 3(120) 1(1:3) 2(12) 59.59 1010. 74 135.00

7 3(950) 1(60) 3(1:5) 2(12) 62.63 918. 86 106. 00

8 3(950) 2(90) 1(1:3) 3(18) 67.76 689. 26 93.00

9 3(950) 3(120) 2(1:4) 1(6) 51.10 767.58 102. 00
ky, 55.16 59.99 60. 24 53.84
ks, 60. 19 61.00 57.75 60. 14
ks, 60. 50 54. 86 57. 86 61.87
R, 5.34 6. 14 2.38 8.03
ky, 944. 52 930. 64 877.00 870. 11
kyy, 954. 85 802. 07 838.27 911. 60
ks, 791.90 958. 56 976. 00 909. 56
R, 152. 62 156. 49 137.72 41.48
ki, 117.00 114. 17 115.50 111.00
ks, 121.83 111.00 115. 83 122.83
ks, 100. 33 114. 00 107. 83 105. 33
R 21.50 3.17 7.67 17.50

DR, Ry, R, 73 HICET 56 B TP 2 08 00 B ECHE PR A 8 22 01

MB #JIAHE ¢, 340, 60, 120 mg-L~"; pH =

7.0; IEPERAE NS4 54 0. 020 g; HRE N 30°C

PLIRFETE 200 romin ™",

AT 1 v DA A B R B o 6 o B
B AR, 600 min T ZHEA K FI 05, 911
B B R e, 2 T3 P 52 A 5
VAV B D e e T A Y B 0
BEF. 4 B NN I8 B S £ ) ARG, 1A
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L 1

' A
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—— 60 mg:L™!
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L 1 L 1 L
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A fi)/min

B 1 I e ) A 9 ko I R S T R A Y 3 )

Fig. 1 Effect of agitation time and initial concentration

on the methylene blue adsorption
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A, g, B g, 53 591 e 7 - 55 16F 0 ¢ I 220 1Y) W B
(mg-g™") k, RUE—Hh S W E (min ") &,
JEUWE RSS2 E R g (mgemin) 7',

M2 PR, WE R N0 R EET
0.999 8, HHI TR KM g, (cal) HEE T H L
(W BB g, (exp) , AT LB 4 b il S 35 1 e X6 I HH
SEWE (R BRI R DR O v AR R T IR %)
AR, AR A AR R AT R 2 T W B RTRORL N 9
AEE0T R LS AR i S B T X I R R G
L.

2.2.2 IS 3 1 I B A TR 2

MB %] 4 ¥ & ¢, & 40, 60, 75, 100, 120
mg-L~"; pH =7.0; 3G MERBNE 554 0. 020 g;
TR 30°C ; FEIRFE 3 200 remin .
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Table 2 Kinetic parameters of methylene blue adsorption on activated carbon
. E— B 12 9z )12
WIHEHRTE ¢, q, (exp)
1 1 kl qe ( Cal) k2 qe ( Cal)
/mg-L~ /mgg” - 4 R Sy -1 R
/min /mg-g /g+(mg-min) /mg-g

40 147.50 0.004 84 39.25 0.949 5 0. 000 349 149.25 0.9999

60 163. 60 0.007 83 53.49 0.9727 0. 000 343 166. 67 0.999 8

120 202. 39 0.007 84 43.11 0.9830 0. 000 432 204. 08 0.999 8

435 FH Langmuir 1 Freundlich ¥ Bf} 5 1L 28 K 4

:\L7E[21,22] .

K. Q,c.

4. = 1 +Kc, (3)
1

qc = KFC: (6)

X, q, Fom VAT B i (mg-g™') e, S H
Bl I AR BE (mg-L71), K, A K 430 RO
Langmuir F1 Freundlich AW H %0, 0 AR K H
JZWEE, 1/n RS HERER.

ity b U AR e, T LAAS B R R H 47
(S
c. 1

c
—= = + (7)
qc Qm ° KL Qm

lg q. = 1gK; + ngce (8)

n

2 SR T PR H 36 0 B 1Y Langmuir
1 Freundlich "% B} 25 6 77 & , i AT Langmuir i
Freundlich J5 R BYZ ML 2TH 5 H I 1 ¢ W B T FP
B FRASH(EK3).

0.45
. 234 F
040l (a) Langmuir 0% b5k 2k ;j: [ (b) Freundlich W i 2F3 2% a
2.30 |
035 1
228
0.30 2.26
S I S 224}
3 0B = |
0.20 + 2.20 |
218 |
0.15
2.16 |
0.10 2.14
212
0_05 1 1 1 L L L 1 1 L L L L 1 L L 1 L 1
10 20 30 40 50 60 70 BO 90 L0011 1.2 1.3 14 15 1.6 1.7 18 19 2.0
Ce lg ce
B2 AFRERET MB &t L HRHERL
Fig. 2 Adsorption isotherms of MB onto active carbon at different temperatures
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Table 3 Isotherms constants of methylene blue adsorption on activated carbon
BT _ Langmuii] Freundli_c]h
Q,/mg-g K,/L-mg R? n Ky/mg-g R?
25 212.77 0.100 6 0.9837 5.45 84.16 0.9059
30 227.27 0.0902 0.9850 5.24 85.94 0.916 8
35 238. 10 0.0832 0.9877 5.12 88.51 0.9328

Langmuir Fl1 Freundlich f) R* #BKF 0.9,iX 2
i P ) 58t R R A S 6 e 8 51 Pl PN TS RE 5 -
G UL /- W A L Sl R R - ]
Langmuir fY R* 5T Freundlich ¥, F Langmuir %
TR B 75 72 L Freundlich 457 W B 75 72 BE T 47 b 3
IR T RIF G R 6 A5 T 2. R 0k 32 3% P e o 7 HH B 1)
W RO A5 0 2 W T 85 P 3 2 e o ST Y
WA AW B e KABL A 202. 2 mg-g ™', HA B
FHE
2.3 R AR RSO B R S 8 K W AR

T P 2 1) 2R TR B0 o LG B A % 37 ) L AR S AT
W 3 Frs. 1 AW SRR [ 18] 3 (a) 141
T IUPAC 432509 T AN IV AL A He 7 55840 %) Asf Ak,
W BfF R, SRR BAL e, A T B AR B
Bt 5 AFGT T 3 K, R I B AR {H 2
B R B -2 TE MY 5~ B A IV B s
HFLBAEAE > R o1 T2 W Y ) At 4 5 i vl e
VLAY Langmuir M. &1 3 (b) A i M e 09 FLAR 5 A
Mgk, T VA I PR I LA EE TP AE 10 nm £ 47,
KALK 15 ~50 nm Z[8] L4400,
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Fig. 3 Adsorption-desorption isotherm and pore size distribution of activated carbon
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