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Adsorption of Congo red by the pepper stalk waste

DAN Xuanxuan LI Xiaomin

( College of Chemical & Environmental Science Yili Normal University Yining Xinjiang 835000 China)

Abstract: The pepper stalk was used as raw material to prepare the biological adsorbent for the
Congo red dye solution adsorption. The effects of the modification and adsorption conditions on adsorption
efficiency were studied and the adsorption thermodynamics adsorption kinetics and adsorption isotherm
model were established. The orthogonal experiment analysis indicated that the influence from high to low
follows adsorbent dosage initial dye concentration adsorption temperature and time. The results showed
that the optimized process: adsorption temperature was 70°C  adsorption time was 240 min the initial
dye concentration was 300 mg/L and the adsorbent dosage was 1.20g. By fitting the adsorption kinetics
the adsorption process was according with the quasi — two — order reaction kinetic model which was
controlled by chemical adsorption. The fit of the adsorption isotherm model conformed to the Langmuir
adsorption isotherm and the adsorption processes belong to monolayer adsorption. The thermodynamic
calculations showed that the adsorption process was endothermic spontaneous reaction
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1.2.3
50 mL
N N 25 mL
4 000 ~400 cm ™'
1
1.1 2
2.1
o : ( (0.10.0.20.0.50+
) ( ) o 0.80.1. 00 mol/L) 5
. IR Presting21 FTdR ( 5 50 mL 1 ~5.
Thermo Ni ) ; SHZ-I ( 0.30 g 50 mL
) 1 723PC ( 6, 6 25 mL
) ; SHA-BA 80 mol /L 25 C.
( ) ; FA2204B 170 r/min 1 ho
( ) ; DFH01S 5 min
( ) ; TDZ5-WS A o
( 1.
) ; BAOH50A ( 0. 10 mol/L
( ) ) o 1. 00 mol/L
1.2
1.2.1 37.83% ~38.04%
o 0.20 mm( 80 )
80 65.26% 4.35 mg/g.
0.15 mm( 100 )
0.15 ~0.20 mm( 80 ~100 )
1.2.2
(200 ~800 nm) 498 nmo.
4.8.12.16.20 mg/L
498 nm
(1) (2)
E =P 7P 100% (1) 1
Po
B R
K %05 po 0.30 ¢ 25 mL 80 mol/L
mg/L; q. mg/g; p. 20.30.40.50.60.70.80 C
mg/L; V L, w 1h
8o 2
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o : 20 C 70 °C o
87.63% 95.90% 6.39 mg/g
2.41 mg/g 29.63 mg/g
70 °C o 300 mg/L.
2 4
2.2.2 2.2.4
0.30 ¢ 25 mL 80 mg/L 7 25 mL 300 mg/L
70 C 10. 50 mL 0. 10,
30.60.120.240.360.600 min 0.30.0.50.0.70.0.90.1.20  1.50 go 70 C
240 min
3. 5
30 min 120 min o
360 min N o
240 min 0.10 ~0.50 g
97.76% 6.52 mg/g. 0.50 g
240 min.
3
5
2.2.3
0.30 ¢
25 mL (30.50.100+200+300+ ,
400 mg/L) 70 C
240 min e
4 . 0.10 g 1.50 ¢ 82.09%
30 ~400 mg/L 99. 34% 61.56 mg/g 4.96 mg/g.
97.83% 88.89% 1.20 g °
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2.3 1
Al C B/min C/(mgL7") Dlg
1 30 60 100 0.10
1 2 50 120 300 0. 60
2 3o 3 3 70 240 500 1.20
0.10 g. 2
500 mg/L+ 50 C. 120 min T Bimin C/_] D/ _?/
] (R) (mgL™") (mgel™))  E/%
S I 30 60 100 0.10 14.44 5777
S S ] 230 120 300 0. 60 11.55  92.43
330 240 500 1.20 9.80  94.12
4 50 60 300 1.20 6.17  98.67
1.20 g+ 50 C. 120 min. 5 50 120 500 0.10  111.50  89.20
500 mg/L o 6 50 240 100 0. 60 4.05 9719
R, 770 60 500 0. 60 19.89  95.49
> > > 8§ 70 120 100 1.20 2.05  98.22
. 9 70 240 300 0.10 61.93 82. 58
3
A B c D A B c D
T, 35.79 40. 50 20.54 187. 87 K, 11.930 13. 500 6.847 62. 623
T, 121.72 125. 10 79. 65 35.49 Ky, 40. 573 41.700 26. 550 11. 830
T, 83.87 75.78 141. 06 18. 02 K, 27.957 25. 260 47. 063 6.007
R, 28. 643 28. 200 40.216 56.616
T, 244.32 251.93 253.18 229.55 K, 81.440 83.977 84.393 76.517
Ty, 285. 06 279. 85 273.68 285. 11 Ky, 95. 020 93.283 91.227 95. 037
Ty, 276.29 273.89 278. 81 291.01 Ky, 92.097 91.297 92.937 97. 003
R, 13.580 9.306 8. 544 20. 486
T K, R a b
2.4
2.4.1
2.4.1.1 AH o
2.4.1.2 AG AS
17
o AH AG.AS
Clausis-Clapeyron o AG = — nRT (4)
Inp, = AH/RT + K (3) AH - AG
AS = AL -Ab (5)
T K: R T
J/(mol*K) ; AH kJ/mol; K . CAG kJ/mol; n Freundlich
P AS J/( mol+K)
AG = -5.532 3 kJ/mol
Inp, =9.123 46/T + 0. 002 29 R* =0.937 81, AG<0; AS =16.350 3 J/( mol*K) AS >0,
Clausis-Clapeyron AG <0
. (3) K = . AS

0.002 29 AH=7.5852 %107 kJ/mol AH >0

o

o AS
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0 Freundlich
2.4.2 Ing,Ink, + -Inp, (10)
n
o : k. Langmuir L/g; q,
: mg/g; n i kp Freundlich
In(q, —¢q,) = Ing, =kt (6) L/go
. 5 Langmuir Freundlich
, | . Langmuir Freundlich
— = + (7 4/ ky, / kyp /
[ L 2 . m L ¥ " R
Il A (mgeg™") (Leg™) (Log)
34.29 0.128 0.998 17 4. 838 1.94 0.978 32
g = ki 4 C (8)
Dk min "'} k, 5 Langmuir R’
g/( mgemin) ; k, Freundlich R’
mg'g_l 'miﬂ_m; q, 14 Langmuir
mg/g, C mg/go
4 o Langmuir Freundlich R’
q. (6.49 mg/g) 1/n=0.515 07
(6.52 mg/g)
R*=0.999 9 ,
° 2.5
4 7
(¢.) K R (0) K R 1 800 ~800 cm '
6.52 0.046 0.9740 6.49 0.393 0.999 9
q 2 6 q [
C 0,
7
7 856 c¢cm ™'
3 030 cm ™ C—H
. —CH,— C—H
1502 cm ™! 1330 cm ™ C—H
2.4.3 —OH 856 cm ™'
18
1500~1250cm™" O—H 1205 em ™
(9) - c—C 3030 cm ™'
5 ° =C—H 2000~1500cm™"  —C=C—
Langmuir 1650 ~1 550 ¢cm™' N—H
-1 _
P 1 P. (9) 1 068 cm C—N o T
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