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Adsorption of Pb(II) in electroplating wastewater by
carbonized and activated concrete powder
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353000, China)

Abstract: In order to solve the problem of heavy metal lead pollution in electroplating wastewater. The
carbonized concrete powder(CWCP) adsorbent material was prepared by activating concrete powder
(WCP) through carbonization. The phase crystal form, chemical group, microstructure and thermal weight
loss process of CWCP were characterized by XRD, Fourier transform infrared spectroscopy (FT-IR),
SEM, thermogravimetric(TG) and differential thermogravimetric (DTG). The Pb (NOs); solution was
used as a simulated heavy metal Pb(l1) wastewater. The effects of carbonization time, dosage and initial
pH on the adsorption performance of CWCP were evaluated, and the adsorption mechanism was analyzed.
The results show that carbonization can effectively improve the adsorption capacity of CWCP for Pb(ll).
The adsorption capacity of CWCP for Pb(ll) after carbonization for 48 h is 25.23% higher than that of
WCP. Under the conditions of initial Pb(ll) concentration of 500 mg/L, CWCP dosage of 1.0 g/L, initial
pH of 5.0 and adsorption temperature of 25 °C, the adsorption capacity and removal rate of CWCP for Pb
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(1) were 499.82 mg/g and 99.96%, respectively, after 1 440 min of adsorption, showing excellent
adsorption capacity. The pseudo-second-order kinetic model and Freundlich isothermal adsorption model
can betterly reflect the adsorption process. The adsorption process is mainly chemical adsorption. The
main components of Pb(11) and CWCP in the solution, Ca(OH); and CaCQg, precipitated to form cerussite.
Keywords: concrete micropowder; carbonization activation; electroplating wastewater; adsorption;

heavy metal lead
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Fig.1 XRD patterns of WCP and CWCP
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Fig.5 Effects of carbonization time on the adsorption performance of CWCP for Pb(II) and Ca*" concentration in solution
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Tab.2 TIsothermal adsorption parameters of CWCP for Pb(II) adsorption

) Langmuir 5% Freundlich %4
I/ C
ge/(mg-gt) | Ki/(L'mg™) R? cv Ke/(L-gt) | 1/n R? cv
25 995.65 0.002 1 0.943 2.85 0.86 | 0.985
35 726.72 0.001 3 0.960 | 0.011 67 3.33 0.87 | 0.990 | 0.005 05
45 430.36 0.008 4 0.964 8.47 0.67 | 0.995
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Tab.3 Comparison of adsorption properties of different Pb(II) adsorption materials

IR R AA L Po(IDVIAAMEE /(mg LY | WRBE/(mggh) | ZHERFE/% | ik

Rk R 100 27.17 76.79 [32]

L IR IR LR AR 300 119.60 99.90 [33]
TR S BREAT ALV IR 200 148.25 97.53 [34]
PRI 233 143.86 47.66 [35]

AR 2R BRIRES 500 14.43 90.17 [36]
CWCP 500 499.82 99.96 AL

3 & 18
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HRERE—NERZHTENERM, BB,
W BREATL 1) 60,455 i F R 5 R 22 DT o

SEH

[1] FE4HF, XIRE, B K, & SUEs A m AL R iR
JK R A T AR A R B AT 9 RALEL(D]. R R A,
2025, 44(1): 140-148.

[21 #52, BAEOR, PERZE, & T UIERCALAINLEL R
S K A B T2 0], B S, 2025, 47(1):
67-72.

[3] *Ushwh, ik, KARS, 55 SLAMER KMnOs AL
PR - AN S PT]. FREERL 254, 2024, 44(2):
21-31.

[4] Wang M X, Li L, Shu Y F, et al. Activation of bulk MoS2
for simultaneous chromium and copper removal from
electroplating wastewater: Mechanisms and performance[J].
Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 2025, 717: 136768.

[5] Zhang C P, Li M W, Wang X O. Characterization of

magnetic chitosan-modified biochar and its adsorption of

Zn*" in electroplating rinsing wastewater[J]. Journal of
Environmental Chemical Engineering, 2025, 13: 116501.

[6] Song L, Su C P, Li H, et al. Round-the-clock Cr(VI)
removal from actual industrial electroplating wastewater
over Bi2S3/PDA/PEI under natural conditions: Synergism
of adsorption and photocatalysis[J]. Chemical Engineering
Journal, 2025, 509: 161607.

[7] Huang Q L, Yang Y W, Feng Y, et al. Hydraulic regulation
of electrocatalytic bio-coupled technology for advanced
electroplating wastewater treatment: Degradation, microbial
communities and bio-promoting mechanisms[J]. Journal of
Water Process Engineering, 2025, 71: 107400.

[8] WRHAE, M, WY, & SRR KL BB R T
BRI R REE A (A IREHE/R), 2022, 53(8): 2819-
2832.

[9] Haut, EEA. SR AENAE S T2 G R
RE K] S REE, 2021, 43(10): 51-54.

[10] FK/RPH, RIH, FfY, . WS R KA BB AR 7T
BRI R RZE A IREHE/R), 2022, 53(7): 2426-
2438.

[11] PB4/, JE A k. gz le b 0 BACR: 43 o il % e
LB B K ) Cr(VD IR IR BT FE[D]. PRI A <, 2023,
42(1): 70-75.

[12] Liu X J, Pan B B, Li Z W, et al. Structural evolution of
activated carbon supported nano-zero-valent iron and
performance impacts on Pb(II) removal from aqueous
solution[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2025, 715: 136653.

[13] BifE%, ZEar, RIS K, & MRS K H] 405
P S HS Po(In) W B BERT FE [J]. A6 T8 A L,
2021, 49(10): 170-174, 178.

[14] FHafR, 5. R EYRI K PRAE Po(I) 5 H
FEPE[T]. Dolk/KALEE, 2020, 40(3): 35-38.



2025 F 12 H

BESEI

AT R 120 (R 39380 - 87

[15] P™)ids, TN, SRERN, &5, 55 Jm 2 B 770 o ol
AN PERERT FU[D]. AR S A, 2024, 46(9): 26-33.

[16] MiGte, JHTHE, HEE, & BRAGTRYON S AR
W TR B R MERE RIS M (7). RERR ERIE IR, 2025, 44(3):
872-882.

[17] Z=me, B, FRALIR G BOR IS 1L S LR RERT L] R
¥k, 2023(11): 105-108, 113.

[18] W &, W, EA7, & PRFREEL ARk
BRI, AR TR 2 240 (B AR BEERR), 2023, 46(7):
936-940, 971.

[19] %= X, Tk, Wi, & RFAREE LA B IR
AR FEE R[], HERRERAIR, 2023, 51(9): 2433-2445.

[20] Zhang S X, Tan H B, Yang L, et al. Impact of microwave
radiation on recycled concrete powder in cement-based
materials: Structure, hydration activity and mechanism[J].
Journal of Building Engineering, 2024, 86: 108864.

[21] Shen Z Y, Zhu H G, Zhao Z J, et al. High-performance
artificial aggregate prepared with recycled concrete powder
and its impact on concrete properties[J]. Construction and
Building Materials, 2023, 404: 133151.

[22] Li X Z, Yu Y C, He R M, et al. Synergistic effects of aged
lignin-based biochar and selenium fertilization on heavy
metal remediation in agricultural soils[J]. Industrial Crops
& Products, 2025, 225: 120464.

[23] Yang W L, Chen J C, Chen Z H, et al. Development of
hydrous cerium oxide-based nanocomposite with improved
stability and selectivity for Pb(II) and Cd(II) removal from
wastewater[J].Separation and Purification Technology,
2025, 361: 131433.

[24] Pointeau I, Reiller P, Mace N, et al. Measurement and
modeling of the surface potential evolution ofhydrated
cement pastes as a function of degradation[J]. Journal of
Colloid and Interface Science, 2006, 300: 33-44.

[25] 2K 750, 3K, B, 4. Wheovk AR BUR #E0 BRI
BRI Cu?t PO> IR BB TE 0], % 4 SRR 241,

2024, 24(6): 2370-2380.

[26] ARH], XIEE, FMFEE, & SBR iEMEIGIE R4 %k
BLAUL K PO> I 78], EREERL 20 9T, 2022, 35(12):
2722-2731.

[27] BkitkAS, Wi PAE, A, & BRI RIS PbYIE
KA BRARFEERF FC[T]. Tolk/K AR 3R, 2022, 42(2): 111-117.

[28] HAVERE, SRER, RARA, 5. FeRERPILLT 4R/ R
A48 TR T 50 0o 25 0 R /K B I BT AIE (0], Talk /K AR B,
2023, 43(12): 79-88.

[29] FKHRE, EL. ZnClo W% A IR IH 3% 28 3% 11 3 1) 1 46 S
W PR, TEMLER Tk, 2024, 56(7): 126-134.

[30] Feng Y, Liu W W, Mu C Q, et al. Highly effective Pb(II)
adsorption using physical-chemical double crosslinked
polyvinyl alcohol-coated nano-calcium carbonate aerogel
beads[J]. Chemical Physics Letters, 2025, 861: 141832.

[31] Deng S Y, Ren B Z, Cheng S C, et al. Study on the
adsorption performance of carbon-magnetic modified
sepiolite nanocomposite for Sb(V), Cd(II), Pb(Il), and
Zn(Il): Optimal conditions, mechanisms, and practical
applications in mining areas[J]. Journal of Hazardous
Materials, 2025, 487:137129.

[32] &k, FiedzE, 1EfiEr, 55, BHSEAEMRIT P? | Zn?t
IR BRI R HLEIT]. A e )m LA, 2024, 143): 177-
187.

[33] sL&FMe, EH W], £ " Rel M IRIR SRR R 7K A o
(D)~ & VDEIE AT T[], 1 THRATEL 2024, 52(2):
201-205.

[34] ZR2L2E, BRI, WHEE, &5 9K S BRI AR
X PO IR ARSI S HLEE[D]. RS SR AR B AR,
2023, 39(10): 1346-1355.

[35] E#rE, Zaukak, TH4H, & HRKEL A R B K A B A i
REF T [0). EHLER Tolk, 2023, 55(8): 109-115.

[36] BX/INAL, WU, AT 3 /B R %5 52 W B 771 ) o 6 S G
b B PO K OB FL[T]. WSS R, 2022,
34(9): 2044-2052.



