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Adsorption of Cu* from wastewater by a residue of production of a Chinese medicine from Spatholobus
suberectus Dunn.

CAO Yang', YANG Yan', LIU Ruoqi', CAO Chenchen', LI Feng', LI Ailian', XU Xiaoxun"*"

(1.School of Environment, Sichuan Agricultural University, Chengdu 611130, China; 2. Key Laboratory of Soil Environment Protection of
Sichuan Province, Chengdu 611130, China)

Abstract: The aim of this study is to examine the efficacy of a byproduct of production of a Chinese medicine from Spatholobus suberectus
Dunn. (SSD) as an adsorbent to remove Cu®* from polluted water. These studies of adsorption capacity and adsorption mechanism offer
insights into a new means for Cu® removal from contaminated water, and enhance resource utilization related to production of a Chinese
medicine. Variables affecting Cu®™ removal efficiency, including SSD dose, pH value, initial ion concentration, temperature, time, and
coexisting cations, were investigated by adsorption performance tests. The results showed the adsorption rate of SSD for Cu** was fast, and
adsorption reached equilibrium after 30 min. The Cu® adsorption mechanism was addressed by examining SSD morphological
characteristics before and after adsorption. Cu®* adsorption by SSD was improved with increasing SSD dose, pH value, and time, while
coexisting cations inhibited Cu* removal to a certain degree. The Cu®*" adsorption data fit the Sips model well, suggesting that Cu*'
adsorption on SSD occurs by a combined Freundlich—Langmuir model. The Cu* removal mechanism includes ion exchange with Ca® and
Mg™, chelating with SSD surface functional groups, and electrostatic attraction between cationic Cu® and negative charges on SSD. In
conclusion, SSD can be used for Cu** removal from wastewater.
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Table 1 Isothermal adsorption parameters of Cu** onto SSD

at different temperatures

LAY E
Model Parameter R A
Langmuir: Q. = ?::11?(({ Ki/(L+-mg™) 0.06 0.04 0.07
e Qu/(mg-g™) 11,72 1231 9.55
R’ 096 0.95 098
Freundlich: Q. = K:C." Kp/(mgl'”” -L”"-g'l) 2.50 222 2738
n 4.00 3.64 445
R’ 0.89 093 0.83

P (g

Sips: Q. = KsCe . Ks/(Leg™) 1.24 127 0.76
I+ asCo as/(Lemg™) 0.10 0.09 0.08
Bs/(Le-g™) 0.73  0.64 0.96
R’ 097 097 098

R 2 A[E) RIS Cu R B I BE B9 LB
Table 2 Comparison of adsorption capacities of different

adsorbents for Cu*

u 5 =N
g, PR s
Adsorbent SIS cjp — ¥ Reference
(mg-g™")
R i 8.12 4.5~55 TEFT
MG Rz 25.65 5 ABDIC %201
KEZFERT 4.64 7 PEHLIVAN %521
KEFERT (b7t 31.71 7 PEHLIVAN %521
)
FEFF (L) 1.94(4.75) AR ME WANG 2522
SSD 12.31 5 EN I
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intraparticle diffusion equation(d) of Cu® onto SSD
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Table 3 Adsorption kinetics parameters for the adsorption of

Cu® onto SSD
! e "
l\%}?ﬁl Pa;rleer Bl Value
WE—Gah g e Ki/min™ 1.44
0=Qeal1=e™) Qe.cal (mg-g™) 11.28
R 0.56
W= R B 1T K:x10°/(g-mg" +min™) 0.27
é = Kz(;iml + Qf..:.l Q..cal (mg-g™) 11.49
R 0.87
AL A IR R Ki/(mg+ g™ +min™"?) 0.50
Q=Ker+C c 8.94
R’ 0.90
K/(mg-g ™" +min™?) 0.009
C 11.51
R’ 0.42

ARSI SR (1 5) . 24 Ca> \Mg>  Na®Fll K*fif ¥ &
HO0 mg- kg_liﬂﬂﬁj 20 mg- LB, SSD X Cu®* Pl W {2
ST BET 25.61% .23.35% .22.59% 11 18.62%., W
B St [ A1 AT BB -5 A7 1 BH 5 7 2 X6 Cu 9 W BT B
SEAT O 1 Ca® Mg B F 1Al R F K Na'88
T X ATRESE N Ca® Mg B 75 Cu® AT LA 1L
SRR IEAN, BT Ca® Mg B T B faf FE K* Na*

http://www.aed.org.cn



HBH 55 XS IR 24 XK Cu™ AT

202247 H

12r O Oomg-L" 05 mg- L™

_'t.;o A 10 mg- L 20 mg- L

Eﬁ L

B = —

= /T 7 - -

g 7 N N N

B 2

= 6f 7

.8 Z,

Z 7

2 7

: 3 Z 2

= N

& % % %

=] £ < m_n pn
K Na Ca® Mg

HAFFHE T Coexistence cations
B 5 H7FPAEF X SSD MR B Cu™ HIS0E

Figure 5 Effects of coexistence cations on Cu®" adsorption

by SSD

2 T o5 5 AW B S5 B 20T T LA SSD MR Cu* 1)
SRR, R, 0 BB AT X A7 BH 8 - iR 4T T Ab
PR, DU SSD X Cu™ 5 B8 47 114 W% 14 RE o
2.6 T8I E Kk H Cu BB FENLE
2.6.1 SEM/EDS 37

X W B Cu® i J5 () SSD HEAT T 414 L R A RE T
O3 AT, W B R SSD #THT H G, W B IS 04 B4 L T
FHRE AT, HIRAR Z 00/ NURE , 40 Cu 4 T [ 1) SSD
(Bl 6a. & 6b),EDS & L H B Cu B UK 6¢ ., &
6d) WAAIE T ixX —HEW . W BT S SSD A9 G 2R 41
4, W BE AT SSD 3 R C A O (5 43 5045 R
63.55%.34.76% ) 41 1%, , [ B ik 7 7F /b & N Mg, Si I
Ca. "EIHE SSD 21 [ Ca Al Mg 5 B T B, 2 BHAEIY
B AR R AT RE A AR T Cu® 5 Ca® Mg 8] A B T35 4t
2.6.2 FTIR 47

£ 500~4 000 cm™ (143 B BT PN, X SSD W ¥t iy
J& Co B LA G AT 1 34 (181 7) o W BRERIT, A4
U BTE 3 401 em™, JB T O—H F1 N—H 1% { 45 4
. 2917 em™ AT JE F—CH F1—CH, " ) C—H
(4 45 45 202, 1 732 em™ &b, SSD HER T — ANk
U X PR F L C=0 M4k sh . 1 620 cm™ Al
1 442 em™ 43 51 X%F 1 2 i C=0 1 C—0 T 1k
2, 1034 em™ H B A IEXT Y T CG—O S A Pr i Pk
B, RFIFRIEEH C—O B (I N—H #E L)L J—OH
B RE R I AE I T Cu 5 K As T i B R B AR 4k

22 B IR B Cu A BL AN H Cu™ 5 Ca™ Mg B A1)
B G B IRE BRI S 5, X 5 g
S50 3 1 v W Bl 22 oL ) S ] A i 4 R — 3
1732 em™ ZEBYIEFL 2 1 738 em™, R HIZ I BT
B REH (C=0) @1t SSD 5 Cu () 3 I 5l # 52 i i 1
S5 RE o AR R L W AE T B Cu™ 5 1) R A
R ol , £ W Cu™ 5% B RE B A9 AH B iE— 45
s R AT L AE Cu® AW B R R, 2 R AR
Y25 TR
2.7 WRBHNEE

B4R BT DOoK IR LR R — A A8 R 3k
W IR A BT A R T R A Z AL

6 SSD BRI (a,c) TR B/ (b, d) I SEM F1 EDS i% &
Figure 6 SEM-EDS images of SSD before(a,c) and
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Figure 7 FTIR spectra image of SSD before and after adsorption
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Table 4 Chemical composition and content of SSD before and after adsorption (%)

Y51 H Item C N 0 S Mg Ca Cu

R A4 i 63.55 0.84 34.76 — 0.13 0.59 —

W 77.64 3.24 17.92 0.08 — 0.13 0.99
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ion exchange(b) and Cu**—catechol group complexation(c)
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