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Effect of Acid Base Two Steps Surface Modification on the Adsorption of Cr( VI)

onto Activated Carbon
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Abstract :Effect of HNO;- NaOH two steps surface modification on the adsorption of Cr( VI) from aqueous solution onto activated
carbon was evaluated. Activated carbon was oxidized in HNO; aqueous solution at first ( AC;) , then treated in the mixture of NaOH
and NaCl solution ( AC,) . Batch equilibrium and continuous adsorption experiments were conducted to determine the adsorption
characteristics . Boehm titration method, element analysis were used to characterize the surface properties. N,/77 K adsorption
isotherm method was used to characterize the pore structure . The results reveal that adsorption capacity and adsorption rate increase
significantly , which in the following order: AC, > AC; > AC, .Surface modification caused BET surface area decreased and the total
number of surface oxygen acid groups increased. First oxidation modification in HNO; solution produced positive acid groups on the
surface of activated carbon. Subsequent 2nd modification replaced H™ of carbon surface groups by Na' , the acidity of AC, was
decreased. The main cause of higher Cr( VI) adsorption capacity and rate for AC, was the more oxygen surface acid groups, and
suitable solution pH provide by surface groups .

Key words :activated carbon ; modification ; acid ; base ; adsorption ; hexavalent chromium

Cr( VD N
[1~-3]
N
Cr( VD , H ,
Cr( VD . , pH . ,
H o
Cr( VI (3-61, , (
)
’ pH [10.11]
[5.7.8] pH
HNO,
’ :2004-11-26 ; :2005-05-14
: (30400339) ;
’ cr( V) (C2004-29)

(1972~), , .
[3~7] .



26

90
, NaOH NaCl , 0.2 ¢ 100 mL , 30
, C 150 / min 48 h.
Cr( VD) , Cr( VD)
Cr( VD) Cr( VI
, Cr( VD 1.4
Cr( VI ,
1 Cr( VD)
2cm, 5.0 g, 1.5¢cm,
1.1 20 mL/ min Cr( VI
( ,Cr( VD
873 m’/ g, 2~4mm) . 50 mg/ L, 1.0 L. Cr( VI
, 105 C 24 h,
( AGy) . 10 g AG, 50 ,
mL 7 mol/ L ,90 C
12 h, 105 C 24 h, AC, . 2.1
AC 1:1 1 mol/L ACy \AC AG, Cr( VD 1
Na OH NaCl s , Cr( Vi)
20 mL/g, 30 C 48 h, I Lang muir ,
105 C 24 h, AG, .
K, CrOy( ) Lang muir ( 1) 1
Cr( VD ; ; 2
c 1
1.2 ;=Qm+kaL M
Euro EA 3000 1 N ,
s 11.3 mL/ min, gm ki
80 mL/ min, 1020 C. (0]
.Cr( VD TAS-986
, 357.9 nm.
pH GB/ T 12496 , PHS3C
pH pH. §
Micrometritics AS AP-2000 , -
, 17 K N, ) -§
BET
Boechm 17121
25 mL 0.1 mol/L ( NaOH, ° 0 1‘0 2I0 3‘0 4|0 5I0
Na, CO; ,NaHCO) 5.0 g VL gL
, 30 C 150 / min 24 h, 1 Cr(V)
0.1 mol/ L HCl Fig.1 Cr( VI) adsorption isotherm on various actived
NaHCO, ’ carbons at te mperature of 30 C
Na, CO4 ,NaOH Lang muir 1 . AC,
, AC
1.3 3
200 mL 5~50mg/ L Cr( VD) , AG, pH , Cr( VD)




6 91
2 2
AC ,AC, Sperac) = 873 Mg, Sy, = 853 mi/g,
12 — 2
2 Seriac, ~851 m/g.  AG ,AC
10 20 m*/ g, A A
9 m/g, G G
8 , HNO;
5 7
50
< 6
=]
< 5 b} 2
4
3
2
1 | I I I I
0 10 20 30 40 50
c/mg-L! 2 Boehm
[5]
b
2 Langmuir Cr( VI)
_ . _ . , HNO;
Fig.2  Adsorption of Cr( VI) on various actived carbons
treated by Lang muir equation ’
Na OH NaCl s
1 Cr(VD) Lang muir
Table | ~ Lang muir parameters of Cr( VI) adsorption ’
on various actived carbons 3 w( O) /w
qn ki (O ~w(H)/ w(C) , HNO,
AC, 7.613 8 0.03432 s H
AC 13.7457 0.0630
y N
AC, 13.8889 0.099 79
Boehm ACl 5
AGC, w( H)/ w (C) s AGC,
10 -
> ACI
8 |- H® Na'
T ol ACy  AC \AG ,
&®
gl cr( V)
AG, AC,
2| , ,  Cr( VD)
0 I I ! ! I
0 2 4 6 8 10
HE pH 2 Boehm / mmoleg™"
Table 2 Boehm titration of oxid groups on various
3 pH actived carbons/ mmol* g~ !
Fig .3 Effect of various actived carbons on —COOH —COOR —OH Total
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Table 3 Ele mental analysis of various actived carbons
w(C) /% w( H) / % w( N) / % w( 0)/ w (C) w( H)/ w (C) w(N)/ w (C) w( 0)/ w ( H)
AC, 94.615 0.598 0.455 0.045 8 0.006 3 0.004 80 7.227
AC 70.748 0.930 1.734 0.375 8 0.0131 0.024 5 29.542
AC, 79.220 0.523 1.259 0.239 8 0.006 6 0.0159 36.535
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