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Optimization the Preparation Conditions of Sulfhydrated Walnut Shell as a Heavy Metal Adsorbent SUN Hao' , ZHANG
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Abstract ; In order to improve the adsorption performance of walnut shell (WS) for heavy metal ions, WS was modified with L-
cysteine (L-Cys) to obtain thiolated walnut shell (CWS).Taking the adsorption amount of Ph( I ) as the evaluation index, single
factor experiments and response surface experiments were used to gradually optimize the preparation conditions of CWS,and the
preparation mechanism of CWS was explored with the help of SEM, EDS, FT-IR and other characterization methods. The results
showed that the mass ratio of L-Cys to WS was the main factor affecting the adsorption performance of CWS for Ph( I ) ,followed
by temperature.There was a significant interaction between pH and temperature ; the optimal condition of CWS was m( L-Cys) :
m(WS)=1.58:1,the temperature was 63.2 °C ,the pH was 9. 89,and the reaction time was 4 h.The adsorption capacity of CWS
prepared under the optimal conditions for Pb( Il ) could reach 24. 06 mg/g; CWS surface presented many depressions and rich
pore structures,and the preparation mechanism of CWS was mainly based on amidation reaction. Research showed that thiolated
walnut shells could be used to treat heavy metal ion wastewater such as Pb( II ).
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Fig.1 Effect of mass ratio on Pb( Il ) removal by CWS
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Tab.1 Experimental factor and level coding

e Mz o
-a -1 0 +1 +a
A m(L-Cys):m(WS) 0.32 1 2 3 3.68
B pH 464 6 8§ 10 11.63
C TR 48.18 55 65 75 81.82

®2 CODIRH R HLR
Tab.2 CCD test plan and results

R 75 A B C Ph( ) £BR%/%
1 3.00 6.00 55.00 94. 12
2 3.68 8.00 65. 00 93.76
3 2.00 8.00 65. 00 95.76
4 0.32 8.00 65. 00 95.12
5 2.00 8.00 65. 00 95.21
6 2.00 8.00 65. 00 96. 14
7 2.00 8.00 65. 00 95. 86
8 1.00 6.00 75.00 94.32
9 2.00 8.00 65. 00 95. 46
10 2.00 11.36 65. 00 95. 68
11 2.00 4. 64 65. 00 95. 06
12 1.00 10. 00 75.00 94.71
13 2.00 8.00 65. 00 95.89
14 2.00 8.00 81.82 93.24
15 1.00 10. 00 55.00 95.58
16 1.00 6.00 55.00 94.96
17 3.00 10. 00 55.00 95.32
18 2.00 8.00 48.18 92.56
19 3.00 10. 00 75.00 93.52

20 3.00 6.00 75.00 94. 02
2.2.2 TN AT 2500

X g AR AR AT 1A o3 A A B A (5) Brs
(4 [ AR | [ U AR 1 7 22 4 B B i 2 PR A 3
FiRNE 3,

Y = 95.71 - 0.36A + 0.20B - 0.17C - 0. 039AB -

0.049AC - 0.24BC - 0.36A% - 0.035B% - 0.91C> (5)

M6 3 7 2 Mrnl i, BRI [ 930 P> F =
0.003 4<0. 05, B AV & W 2, ZJc I RIR Y
X ZRBCN R*=0. 856 2>0. 8, Ui WA 5256 s 1l L)
BT R 0 RIS 2R R2, M 0. 726 8,
LA TN 5 S PR(E 4238 A2 S R B (CV) R
0.55%<10% , kW AT FiZ AL 8 X CWS il 5 i1 7
ek ar >
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Tab.3 Analysis of variance of CCD model

FEAKIE PR HBRE B F{E P>F
FiA 16.23 9 1. 80 6.62  0.003 4
A 1.74 1 1.74 6.39  0.0300
B 0.55 1 0.55 2,04 0.1842
C 0.38 1 0.38 1.38  0.2674
AB 0.012 1 0.012  0.044  0.8380
AC 0.019 1 0.019  0.070  0.797 1
BC 0. 47 1 0. 47 .71 0.2205
A? 1.90 1 1.90 6.98  0.024 6
B2 0.017 1 0.017  0.064  0.806 0
c? 11.88 1 11.88  43.58 <0.000 1
5k 2% 2.73 10 0.27
SR AL 2.17 5 0.43
2 0.55 5 0.11
Jevill 18.96 19
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Fig.7 Response surface and contour plot of the effect of
mass ratio of L-Cys to WS and pH on Pb(Il) removal rate
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Fig.8 Response surface and contour plot of the mass

ratio of L-Cys to WS and the effect of temperature on
Pb( II ) removal rate
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Fig.9 Response surface and contour plot of pH and

temperature effects on Ph( Il ) removal rate
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Fig.10 Scanning electron microscope images of

WS before and after modification

f & 10 AT AT, CWS 5 WS A b 3% ifi 5
i, H B R AN R0 FLR 254, 2% T S R AT 3
WA Z | R R WA s 2 2
YLH CWS XF Ph( 1T ) A 5 547 i W i BE
2.3.2 X HZkagik AT (EDS)

W EHS R WS 5 CWS 2 1H JE 17 RE

AT, MOMERT IS WS 5 CWS FieE &R Ar b
4k 4 i,
®4 WS CWSILESEE
Tab.4 Element content of WS and CWS

i 5 E i %

TR

WS CcwWSs
C 63.53 58. 84
0 35.21 37.75
N 0.94 1.68
S 0.03 1.35
K 0. 07 0. 06
Ca 0.15 0.07
Mg 0.03 0.02
Na 0. 04 0.23
JENiS 100 100

Wit E 4 AEE,CWS 5 WS HiLL,C & &
JITREAIG , 3 FT RE S A Ay T4 B NaOHL I T8 I fif
TREAgER IR R 5| AR B, e S bR
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FA NS 5 5 W1 1, 10 I 28 5 1k e 1k s iz
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Fig.11 Infrared spectra of WS and CWS
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