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Fig.1 Breakthrough curves of Cu’"

at different flow rates

i &1 n] DURGE  fid O i 0.5,0. 714,
1.0,1.67 mL/minfi}, H: 28375 il 28 49 2238 i 1] (¢,)
A 82.5,49,41.2 F1 18.2 min, X % ] EDA/SiO,
FHREXT Cu®* 14 2 35 I ] B 25 V4 T80 2 19 34 i i
A6 F 1 UG T WO B4 K, Thomas 8 AR
KB B N TI  A  B  REAR AE R NEL rA A
h BN G L, BEAT R8N R R TR IR BE T, 42 =
BB RS 5 R T EDA/SIOL MR R
FLAE B A JEAR, HO 5 & 7 255 00 RE ] A it
TR T, BB T SH A A e T AR T A B L
M H MR R 2 S ol A Rl TR AR PR T D
UL I X A R W RS 145 e S 2
2.2 BRVIGARE X IE M & B # 0

Pl W BE SR B 1.0 g Y MR N 0. 714
mL/min, % %4 ¥ W00 4 e BE X EDA/SIO, #4 K}
o 385 RN B 2 B 2 ). 2 R LA 2 Ak 1
(K S ~T).

o 1.99 mL/min
® 4.83 mL/min
* 10.0 mL/min

150 200 250 300 350 400
t/min

2 FREHE R A RS

Fig.2 Breakthrough curves of Cu’* at

0 50 100

different influent concentrations



70 KM K 2 2 4R (T 2R ) 2014 4
1 FEHRELHETH Thomas 3 75 TR B 45 B £ 8
Tab.1 The dynamic adsorption parameters of Thomas model at different operating conditions
55 Q/ C,/ e | 5 R K,/(L- q0/
(mL-minil)(mmol'Lil) min~' + mmol ") (mmol-g’])
1 0.5 4.93 1.0 -0.0327 4.951 0.992 0.006 6 0.373
2 0.714 4.83 1.0 -0.036 3 3.946 0.975 0.007 5 0.375
3 1.0 4.8 1.0 -0.064 0 5.068 0.981 0.013 3 0.380
4 1.67 4.8 1.0 -0.0753 3.568 0.991 0.015 7 0.379
5 0.714 1.99 1.0 -0.021 1 4.048 0.978 0.010 6 0.272
6(2) 0.714 4.83 1.0 -0.036 3 3.946 0.975 0.007 5 0.375
7 0.714 10.0 1.0 -0.084 3 5.625 0.972 0.008 4 0.476
8(2) 0.714 4.83 1.0 -0.036 3 3.946 0.975 0.007 5 0.375
9 0.714 4.87 1.5 -0.038 7 5.945 0.987 0.007 9 0.356
10 0.714 4.86 2.0 -0.043 6 8.271 0.975 0.009 0 0.329
11 0.714 4.88 3.0 -0.029 7 7.070 0.965 0.006 1 0.277
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Fig.3 Breakthrough curves of Cu’" at

different amounts of adsorbent
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Tab.2 The dynamic adsorption parameters of Thomas model at different ion/adsorbent ratios

5 7 1 2 3 4 9 10 5 11
Cy/m 9.99 4.93 4.83 4.80 4.79 3.25 2.43 1.99 1.63
K, /(L +min~" < mmol™") 0.0084  0.0066 0.0075 0.0133  0.0157 0.0079  0.0090 0.0106 0.0061
q,/ (mmol - g~1) 0.476 0.373 0.375 0.380 0.379 0.356 0.329 0.272 0.277
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Tab.3 The dynamic adsorption parameters of Thomas model and predicted breakthrough times

gy Ko/ (L~ Too Ll 1/ 0/ e/ % £,/ % e/ %
min”' - mmol ')  (mmol - g7")

1 0.007 0 0.373 82.5/87.1 140.5/151.2 225.6/215.4  -5.55 ~7.64 4.53
2 0.008 7 0.370 49/55.0  94.2/107.4 177.4/159.8 -12.28  -13.99 9.91
3 0.011 0 0.370 41.2/35.4  75.2/77.0 116.0/118.6  14.06 -2.46 -2.24
4 0.016 4 0.369 18.2/18.3  46.8/46.1  80.7/74.0  -0.66 1.45 8.33
5 0.008 7 0.304 77/86.8  215.0/214.0 287/341.1  -12.75 0.47 - 18.86

6(2) 0.008 7 0.370 49/55.0  94.2/107.4 177.4/159.8 -12.28  -13.99 9.91
7 0.008 7 0.491 39.3/43.5  58.6/68.8 82.3/94.1  -10.73  -17.49  -14.36

8(2) 0.008 7 0.370 49/55.0  94.2/107.4 177.4/159.8 -12.17  -13.91 9.95
9 0.008 7 0.333 81.7/91.8 149.8/143.7 220.0/195.7 -12.32  4.06 11.06
10 0.008 7 0.314  134.9/128.9 204.7/181.0 256.4/233.1  4.42 11.60 9.09
11 0.008 7 0.295  224.9/202.4 307.3/254.2 356.7/306.0  10.03 17.27 14.19
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Fixed Bed Adsorption of Copper Ions on Ethylenediamine-grafted Silica Gel

FAN Zhong-lei, ZHA Hui-ping, WANG Ling-hui

(School of Chemical Engineering and Energy, Zhengzhou University , Zhengzhou 450001, China)

Abstract; Ethylenediamine-grafted silica gel (EDA/SiO, ), amino content of which was 1.35 mmol/g, was
synthesized. The effects of solution flow rate, initial concentration of Cu’” and the adsorbent amount on the
breakthrough characteristics were determined and the relationship of Thomas model parameters and operating
conditions of the fixed bed system was studied. The results showed that EDA/SiO, could remove Cu®" from a-
queous solution efficiently. The breakthrough time decreased with the initial concentration and flow rate of
Cu’" solution increasing and the adsorbent amount decreasing. It was also found that there were significant im-
pact of initial concentration and the adsorbent amount on Thomas model parameters ¢,, and solution flow rate
Q on the model rate constant k,,. A linear equation, ¢, =0.023 4C,/m +0.257, was established between the
model parameter g, and the opterating conditions by the ratio of initial ion concentration to adsorbent quantity.
With the reified Thomas model, the relationship of the operating conditions and the breakthrough curves can be
well predicted, which are useful tools for the adsorption process design in fixed bed column.

Key words: ethylenediamine-grafted silica gel; fixed-bed adsorption; Cu’* ; Thomas model



