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Abstract: With the rapid development of industry, copper metal pollution in wastewater discharged from related
manufacturing fields has become increasingly serious.Meanwhile, demand for copper metal resources in the field of

catalysis is increasing. In this study, low-cost modified calcium silicate hydrate (PCSH) was prepared using fly ash and
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modifier polyethyleneimine (PEI) for the adsorption of heavy metal copper ions(Cu(Il)) in aqueous solution, and then
the Cu(Il), immobilized on the surface, was further treated with alkali to form copper-based active material for
catalytic degradation of organic pollutants. Compared with unmodified sample (CSH), the maximum adsorption
capacity of PCSH for Cu(Il) was increased by 100% with the maximum of 588 mg/g. The main reason was that the
addition of PEI facilitated formation of larger specific surface area, excellent pore structure and strong complexation
between Cu(Il) and —NH,. The copper-based catalysts, which obtained from PCSH exhibiting spindle-shaped porous
morphology, could catalyze the oxidative degradation of rhodamine B (RhB) by activating potassium
peroxymonosulfate (PMS) and the reduction of 4-nitrophenol (4-NP) by activating sodium borohydride (NaBH,), with
rate constants of 0.7135/min (pH (7.0+0.3); [RhB]= 20 mg/L; [PMS]= 0.12 g/L; [catalyst]= 0.8 g/L) and 11.47 X 107/s
(pH (11.0£0.3); [4-NP]= 10~ mol/L; [NaBH4]= 5x10~° mol/L; [catalyst]= 0.167 g/L), respectively, about 20 and 19
times as large as those of CSH catalyst system, respectively. The present work achieves the reuse of copper element in
aqueous solution by using solid waste fly ash, which provides new insights into effective treatment and utilization of
pollutants in water.

Key words: fly ash; calcium silicate hydrate; Cu(II) adsorption; polyethyleneimine; potassium peroxymonosulfate
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Fig. 2 Different magnification SEM images of (a, b) CSH and
(c, d) PCSH

(a) XRD patterns, (b) FT-IR spectra and (c) N, adsorption-desorption isotherms of CSH and PCSH
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Fig. 3 Adsorption characteristics of samples
(a) Variation of adsorption capacity of samples with time; (b) Effect of pH on the adsorption capacity of PCSH;
(c) Adsorption isotherms of samples; (d) Variation of adsorption capacity of samples with initial concentration of Zn(II)-Pb(II)
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4 h JFEUE. i 3(c)Fas, FrA RS Cu(ID
108 I o R AR G A B S8 IR T, T B A TR
PEFt, B SR B E b EE AREWT SE . CSH 5 PCSH
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FHEG, PCSH 2 BRI FRIR BE 170 1S, X nl gese
AN Cu(Il) P 5RE PR P &35 T/EM . bik4h
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F i 20 &AL (CuCl, (Cu(OH),)3, JCPDS 77-0116) ]
RRE I, X 2% B PET SOtE X BT B Cu 0 AR 4 1 G
B, {H PCSH-Cu [ XRD U455 8] & & F CSH-Cu,
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Fig. 4 Characteristics of Cu-absorbed samples
(a) XRD patterns; (b) Survey scans and high-resolution scans of (¢) Cu2p, (d) N1s XPS spectra
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Fig. 5 SEM images of (a) CSH-Cu, (b) PCSH-Cu, (¢) CSH-
Cu-c, and (d) PCSH-Cu-c
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Fig. 6 (a) XRD patterns and (b) FT-IR spectra of CSH-Cu-c and PCSH-Cu-c
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Fig. 7 Degradation of RhB by PMS with CSH-Cu-c and PCSH-Cu-c
(a) RhB residue percentage; (b) Photo of catalytic device; (c) Catalytic performance of PCSH-Cu-c-M
x1 AEHFBEL PMS B RhB HIEREH (K
Table 1 Rate constants (k) for the degradation of RhB by PMS with different catalysts
Catalyst C/(g'L™h Coms/(2 L) Crap/(mg-L") k/min! Ref.
MPC 1 0.616 20 0.013 [27]
a-MnO,/Pal 0.1 0.1 20 0.0204 [28]
Vis/BiVO, 0.5 0.616 10 0.04 [29]
rGO-CoPc 0.3 0.616 10 0.288 [30]
CSH-Cu-c 0.8 0.12 20 0.036 This work
PCSH-Cu-c 0.8 0.12 20 0.7135 This work

C1, Cpus, and Cryp are the concentrations of catalyst, PMS and RhB, respectively
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Fig. 8 Suface elements and chemical status of samples
(a) Cu2p and (b) Ols XPS spectra of PCSH-Cu-c before and after reaction; (¢) Cu2p and (d) Ols XPS
spectra of CSH-Cu-c and PCSH-Cu-c before reaction
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Fig. 9 Free radical capture experiments of PCSH-Cu-c
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Fig. 10 Change of 4-NP residue percentage
Inset: photograph of the 4-NP solution after 3 min degradation

*2 FE#RHMEL NaBH, FEfE 4-NP HIERFEH (k)
Table 2 Rate constants (k) for the degradation of 4-NP by
NaBH, with different catalysts

Catalyst (g~CIl{1) (m(;;‘g‘;?{ ) (mr%grl\l})]i o k/(:71]0*3’ Ref
CuONLs  0.307 10 0.12 036  [38]
Ag-NP/C  0.333 6.667  47x102% 1.69  [39]
Cu,-_Se/
rGg/PVP 25 62.5 0.125 23 [40]
Pd-FG 0.5 10 0.1 235 [41]
CSH-Cu-c  0.167 5 0.1 0.61  This

work
PCSH-Cu-c  0.167 5 0.1 1147  This
work

Ci, Cnapng, and Cynp are the concentrations of catalyst, NaBH,, and
4-NP, respectively
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Table S1 Langmuir and Freundlich isotherm fitting parameters

Sample

Langmuir model Freundlich model

G K R? n K¢ R?

CSH
PCSH

294.10 0.0200 0.9945 3.810 54.00 0.8670
588.23 0.0563 0.9982 5.848 198.86 0.9450
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Table S2 Comparison of maximum adsorption capacities of various sorbents as reported in the literature for Cu(Il)
Sample q/(mg'g’") Sper/ (m>g ™) Ref.
Activated carbon 10 921 [S1]
Modified SBA-15 mesoporous silica 46 317 [S2]
MCM-48 126 511 [S3]
Citrate-LDH 137 8 [S4]
Mesoporous silica 153 462 [S5]
Humulus scandens-derived biochars 221 450 [S6]
Steel slag-derived CSH 244 77 [S7]
Amorphous molybdenum sulphide 259 28 [S8]
NPCS-PEI 276 491 [S9]
CSH 294 240 This work
PCSH 588 371 This work
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