24 6 Vol. 24 No.6
2011 6 Research of Environmental Sciences June 2011

12 12 3 3 12
1. 221116
2. 221116
3. 221116
X -3B
pH
321.62 mglg 44.85% 189.23 m’/g ;
X -3B . pH ;
X -3B
; Langmuir Freundlich ;
(AH") >0 (AG") <0
(AS") >0.
; ; ; X -3B; ;
D X7 DA 1 1001 - 6929(2011)06 — 0704 —07

Adsorptive Properties of an Adsorbent to Reactive Briliant Red X-3B
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Abstract: An adsorbent was prepared by co—pyrolysis from wastewater treatment plant dehydration sludge and coal and was then
used for the adsorption of simulated dye wastewater containing Reactive Brilliant Red X3B. The influences of adsorption time

temperature pH and the adsorbent dosage on the adsorption were studied and the adsorption kinetics and thermodynamics were also
discussed. The results indicated that the iodine absorption value of the self-prepared sludge adsorbent was 321. 62 mg/g its yield
was 44. 85% its specific surface area was 189.23 m’/g and heavy metals were not detected in the leaching solution. The removal
efficiency of Reactive Brilliant Red X-3B by the self-prepared sludge adsorbent increased along with the increase of adsorption
time temperature and the adsorbent dosage and then the value gradually reached equilibrium. However the removal efficiency
decreased along with the increase of pH. The adsorption kinetics of Reactive Brilliant Red X-3B on the adsorbent was in accordance
with the pseudo-second-order kinetics equation and the two-step adsorption kinetics rate equation roughly. Intra—particle diffusion

was not the only adsorption rate-controlling step. Compared

with the Freundlich isotherm equation the Langmuir isotherm

: 2010 -11 -02 : 2010 -12 -30
( ) equation was more appropriate for the adsorption. The
(BK2009097) adsorption was an endothermic (enthalpy change AH® > 0)
(1965 -) and spontaneous (free energy change AG’ <0) process with

hanhucumt@ sina. com. an increase in entropy (AS(J > 0). The increase of the
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adsorption temperature was helpful to the adsorption.
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Table 1 Industrial analysis of samples (air dry basis) %
10-11
10. 49 27.31 51.65 10. 55
9.00 6.33 30.99 53.68
2 X -3B .
Table 2 The structures and molecular of Reactive Brilliant Red X-3B
A oy /M
OH HN—<\
X -3B OO CioHyCl,Ng0;5,2Na 615.33 520
Na—O/ \\ // 0—Na
1.2
;pHS -3CA ;FA1004 1.3
;HYG - 1T a ; 0.076 mm
TAS - 990 (AFG) ; VIS = 7220 1:4( )
;DHG - 9140A ; 24 h
; Autosorb -1 - MP ( 378 K 12 h; 0.9 ~2 mm
Quantachrome )  Thermo Nicolet 380 10 g 100 mL 1173 K
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24
1 h; 0. 15 mm pH . (273
283 293 303  313K) 150 r/min 2510
1.4 15 20 25 30 35 40 55 70 min 0.45 pum
1.4.1 .
( X -3B ) €))
) X -3B (7).
(GB/T 7702. 7—1997) ; n = (C, - C)IC, x 100% €))
Quantachrome Autosorb -1 - MP C, X -3B
573 K mg/L;C, 1 X -3B
5h 77 K mg/L; 7 X - 3B
1.0 x10 ° Pa. % .
1.4.2
€ 2.1
) (GB 5086.2—1997) TAS -990 (AFG) 3
3
p(Pb) p(Zn) p(Cu) p(Cd) p(Cr) Table 3 The main adsorption characteristics
of sludge adsorbent
1.5 / / 1%
50 mL (200 250 (meg/g) (m*/g)
mg/L) X - 3B 250 mL 321.62 189.23 45.72 42.11 12. 17
0.01 mol/L. NaOH  HNO, 1
|
M
/N i
e 2o \ -
N 22
= a - =
4600 . 3 OIOO 2 dOO 1 dOO !
FHyem™
1 1173 K FTIR
Fig.1 FTIR map of sludge adsorbent at 1173 K
1 1000 ~ 1200 cm ™'
c—o0 1500 ~ 1600 cm ™ 2.2
N=0 1620 ~ 1680 cm ' C=C (T) 303 K pH 7
2 700 ~3 000 ¢m ™ C—H 3445 em ™! 0.2 g p( X -3B) (C,)
0—H 200 250 mg/L (1) X

C—0—H N=0 C=C C—H

-3B (n 2
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100 94
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=40 = 36
20 - 4l
0 —aA—2 82w
(I) lIO 2IO 3I0 4I0 SIO 6I0 7I0 80 2|73 22|§3 2(|)3 3(I)3 3I13
B A /min B/
o( X -3B)/(mg/L) : 1—200; 2—250. 3 X —3B
2 X -3B Fig.3 Effect of temperature on the removal
n-t rate of Reactive Brilliant Red X-3B
Fig.2  Plot of p— for Reactive Brilliant
Red X-3B at different initial concentrations 0.2 g Lh 303 K
2 X - 3B ¢ Pt
X -3B 4.
p( X -3B)
X -3B 5 min 2 100 - =m—
min p( X-3B) 200 250 Zi I .\.
mg/L X - 3B < 94 \_\- i
75.31%  53.93% ; 55 min "ol ‘\_\-
70 min 93.00% 88 -—
83.10% 55 min 0.06% S PR 5 10 1
1.32% 1 h pit
p( X -3B) 4 pH X -3B
Fig. 4 Effect of pH on the removal rate of
: Reactive Brilliant Red X-3B
p( X -3B) 4 X - 3B
pH .pH 1
2.3 X -3B X -3B 100% pH
p( X -3B) 200 mg/L 7 12 8.20% 12.88%. 2
0.2g pH 7 1h D
X -3B 3
X - 3B
3 X - 3B :
293 K
X -3B X -3B e)) 1
. 293 K 3 445 cm ™! 0—H
92.68% 273 K 10. 85% 303 K pH 5
0.17% X - 3B X -3B 2
(—S0,Na)
2.4 pH X -3B pH X -3B
p( X -3B) 200 mg/L pH
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X -3B X -3B
pH 7
2.5 X -3B 0.2 g
2.6
p( X -3B) 200 mg/L X -3B
1h 303 K pH 7 N
X -3B N 0
5. v
. _ ) ~ () ()
or m— (6)
80 / In(q, —¢,) =1Ingqg, -k 2
e 70
= o / - qu £ 3
50 - :
wb 4 9, = q. =A™ = Ay 4)
055 04 06 08 10 12 q, =kt +c (5)
BRI R e (C, - C)HV
5 X -3B 4= m (©)
q, q. t
Fig.5 Effect of dosage of sludge adsorbent on the mg/g;k, min ! ik,
removal rate of Reactive Brilliant Red X-3B g/(mg'min) ;khl k}|2 2
5 X -3B min "';
0.2 g A A4, 2 ;
X -3B 92.26% , mg/(g*min'?) ;¢ ;v
Lim g:C,
mg/L;C, ¢
X -3B mg/L.
p( X -3B) 4 C @)~B))
X -3B 2 4.
4 X -3B
Table 4  Kinetic parameters for Reactive Brilliant Red X-3B at different initial mass concentrations
Cy/ ky/ k,/
oy Ly wee e L e e
min) ) min'’?) )
200 0.04319 0.6962 46.4692 -2.7323 0.9990 46.9273 0.08094 2.2906 0.9998  1.4360 0.894 8
250  0.04308 0.7722 55.1735  0.0154 0.9994 54.5427 0.07123 1.5067 0.9997 2.1625  0.8807
4 (R*) .
s X -3B
X -3B
2 k k

hy
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X -3B Ing, = lnC, +1Ink, (3)
X -3B n
C. mg/L;q.
X _3B mg/g;q,,
- mg/g;k  Langmuir L/mg;n n >
X -3B 1 iy
q 2 283 293
X - 3B 303 K 5.
5 Langmuir  Freundlich
( ) 19 X -3B Langmuir
Freundlich X -3B
X -3B
2.7
2.7.1 q. Langmuir
(k) X -3B
2 . Langmuir
Freunlich (7) (8) Freundlich
k. n 1 X -3B
C, 1 C,
= 4+ ¢ @) 20
q. k. 4.
5 X -3B
Table 5 The parameters of adsorption isotherms for Reactive Brilliant Red X-3B
Langmuir Freundlich
T/K
7.,/(mg/g) k R’ n by R’
283 76.746 0 0.061 08 0.999 7 2.678 0 13.617 4 0.965 3
293 79.302 3 0.082 44 0.998 0 3.043 8 17.280 5 0.968 6
303 80.3859 0.114 70 0.999 6 3.522 0 21.9551 0.918 3
2.7.2 In K, =-2.8987 - (1/T) +11.782 1
Gibbs (R* =0.998 3)
(AG" kJ/mol) . (AH’ kJ/mol) 9) (10)
(AS” kJ/(mol*K)) 2 AH® AG®  AS°
AG" = - RTIn K, (%) 6.
AG’ = AH’ - TAS’ (10) 6
(9) (10) Table 6 Thermodynamical parameters
In K, = - AH°/RT + AS"/R (1) TIK  AH'/(kl/mol)  AG°/(kJ/mol)  AS®/(kJ/(mol+K))
R 8.314 5 J/(mol'K);T 283 24.101 2 -3.6352 0.091 72
K-K L/ K = L (k 293 24.101 2 -4.574 1 0.091 80
T & M 1 303 24.101 2 -5.596 4 0.092 14
Langmuir L/mg).
AH’ (11) WK, /T 6 X -3B
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