2025 455 4 1) e i O+

oH ST HEES B LA B S B E TR RN 5

- I  F o & e VI o i =% 1N Y
1 AEdUHE TR Ak 2F TR A e 1L 063210
2 J LU A X AR AR AR R L 063210

W E: LEFH (Cr) TRAEBSEAMAN £ ST A A T K E M, L L% pH &
o CrABMENERENRREAR, ARAEER (HA) REHER - mEL 64 (PHA) X £
B Cr Y B BCR BAE R, ARBF 5% U HA fumE (AAR) 7R B, g1 0 1 RELAEK
AR N 4 PHA, R E NP R L, £ZLEpH &4 (4.0, 6.0, 80, 10.0) T HA #
PHA #f £ & Cr AW Brm. EREW, AALRFZMN pH £ 4T, PHA f1 HA 357 L%
REE AR MR T KA Cr (EXBE-Cr) MK #E L 64 Cr (CAB-Cr) &8, RARE
Ve iy 4k 4 AL A Cr (FMO-Cr) Angk i A& Cr (RES-Cr) 48, BEMAMH (pH4.0 ~ 6.0) TH
PHA 20 ¥, HMWAEHTRAANAS Cr (OMCr) £ &, LI PHA R HA WAL AR E, WU
PHA AM R t, HUMMELRHTRREE. %4 SEM B4 R E, PHA B & i & ik E
AN, TERLRM. BFREXFERRMBEEREZACT WREEL, FHENXCrH
BRBE®RT HA, ZHRERT A ELRBT R IRGE R T I BR TR AA R & 320K 4.
XEIR): £ EMB; BHE®R-#EZEY; Cr; pH
FESES: TQ314.1, X53 YEHS: 1671-9212(2025)04-0027-08
XEkARIRES: A DOI: 10.19451/j.cnki.issn1671-9212.2025.04.004
Mechanism Research of pH on Chromium Fixation by Humic Acid or
Humic Acid-alkali Residue Composite in Soil
Zhang Chen', Liu Qiuhua’, Ren Xiaoliang', Bian Simeng', Huang Changyin', Sun Xiaoran'’
1 School of Chemical Engineering, North China University of Science and Technology, Tangshan, 063210
2 Agriculture and Rural Bureau of Caofeidian District, Tangshan City, Tangshan, 063210
Abstract: Chromium (Cr) contamination in soil and its speciation transformation poses serious threats to
the ecological environment and human health, with soil pH being a key factor influencing Cr migration and
bioavailability. To investigate the immobilization effects and mechanisms of humic acid (HA) and humic
acid-alkaline residue composite (PHA) on soil Cr, a solid-state neutralization reaction using HA and alkaline
aluminum residue (AAR) ina 1 : 1 mass ratio was conducted to prepare PHA. Laboratory simulation
incubation experiments were applied to examine the effects of HA and PHA on Cr speciation transformation
under different pH, i.e., 4.0, 6.0, 8.0 and 10.0. The results demonstrated that both PHA and HA reduced
effectively the content of highly bioavailable exchangeable Cr (EXE-Cr) and carbonate-bound Cr (CAB-

Cr) under the tested pH conditions, whereas both increased the content of more stable iron-manganese
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oxide-bound Cr (FMO-Cr) and residual Cr (RES-Cr). Except for the PHA treatment under acidic conditions
(pH 4.0~6.0), all other treatments increased the organic matter-bound Cr (OM-Cr) content. Compared
to the two treatment groups, PHA outperformed HA with optimal effects were observed under alkaline
conditions. The result obtained from SEM images revealed that PHA possessed higher surface roughness
and porous structure. It achieved primarily stable immobilization of Cr’* through synergistic mechanisms
including coordination chelation, ion exchange, and electrostatic adsorption. Consequently, PHA demonstrated
significantly superior Cr immobilization efficacy compared with HA. These findings provide a theoretical basis
for the remediation of heavy metal contaminated soil and the resource utilization of industrial solid waste.
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Tab.1 Physicochemical indexes of tested soil

o) U PR Cr Cu Zn PER;INo
pH
(g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg ) (mg/kg) (g/kg)
0.833 87.1 89.1 7.48 58 21 43 12.80
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Fig.1 HA (a) and PHA (b) scanning electron microscopy images
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Fig.2 Effects of different treatments on the variation of soil
EXE-Cr content
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Fig.3 Effects of different treatments on the variation of soil
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Fig.4 Effects of different treatments on the variation of soil
FMO-Cr content
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Fig.6 Effects of different treatments on the variation of soil
RES-Cr content
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