
Accepted Manuscript

Preparation and characterization of geopolymers based on a phosphoric-acid-
activated electrolytic manganese dioxide residue

Yaocong Han, Xuemin Cui, Xuesen Lv, Kaituo Wang

PII: S0959-6526(18)32864-6

DOI: 10.1016/j.jclepro.2018.09.141

Reference: JCLP 14276

To appear in: Journal of Cleaner Production

Received Date: 23 May 2018

Accepted Date: 16 September 2018

Please cite this article as: Yaocong Han, Xuemin Cui, Xuesen Lv, Kaituo Wang, Preparation and 
characterization of geopolymers based on a phosphoric-acid-activated electrolytic manganese 
dioxide residue,  (2018), doi: 10.1016/j.jclepro.2018.09.141Journal of Cleaner Production

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1

Preparation and characterization of geopolymers based on a phosphoric-acid-

activated electrolytic manganese dioxide residue

Yaocong Hana, b, Xuemin Cuia,*, Xuesen Lv a, Kaituo Wang a

aSchool of Chemistry & Chemical Engineering, Guangxi Key Laboratory of Petrochemical Resource Processing and Process 

Intensification Technology, Guangxi University, Nanning 530004, PR China

bSchool of Chemistry & Chemical Engineering, Guangxi Normal University for Nationalities, Chongzuo, 532200, PR China

*Corresponding author e-mail: cui-xm@tsinghua.edu.cn

Abstract: Electrolytic manganese dioxide residue (EMDR) is a type of industrial solid waste that contains many 

soluble heavy metal ions. To reduce the hazard to environment, EMDR was proposed as raw material to fabricate 

phosphoric-acid-activated geopolymers in the present work. Relevant characteristics of these materials such as the 

compressive strength, bulk density, crystalline components, microstructure, leaching characteristic, high temperature 

resistance and corrosion resistance were investigated in this work. The results showed that EMDR was highly 

reactive with phosphoric acid and could be cured to form geopolymer gel materials with compressive strength up to 

96.3 MPa after curing for 2 days at 80 °C with river sand added as an aggregate. Based on the analysis of X-ray 

diffraction and microstructure, the high compressive strength was due to the amorphous reaction products of 

phosphoric acid and magnetite in EMDR. The results of the leaching test of the geopolymer samples from EMDR 

showed that the manganese stabilization efficiency was 95.4%, and other measured elemental concentrations were 

all within the limits of Integrated Wastewater Discharge Standard in China when the CaO to wet EMDR ratio was 

0.10. In addition, the geopolymers from EMDR showed good resistance to high temperature and aggressive 

environment except strong acid. Therefore, the results obtained in this study reveal that this method for the 

fabrication of geopolymers is a promising way to recycle EMDR and other iron-rich industrial solid wastes. 
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