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Introduction

Arsenic-alkali residue is a kind of waste residue produced by removing the arsenic 
with alkali in the process of refining crude antimony. It contains a lot of highly toxic sodium 
arsenate and alkali which are easily soluble in water. It will seriously pollute the environment 
and endanger the health of residents if it is treated improperly [1,2]. Due to the lack of 
practical and economical treatment technology, arsenic-alkali residue produced by more 
than 95% of the enterprises in the smelting industry can only be stored in warehouses, 
exceeding 500000 tons. The clean utilization and harmless disposal of arsenic-alkali residue 
is the key factor in determining the sustainable development of the smelting industry [3]. 
The traditional arsenic-alkali residue treatment process is mainly wet treatment, and the 
arsenic in the arsenic-alkali residue is produced by sodium arsenate but alkali as sodium 
carbonate (or sodium hydrogen carbonate), meanwhile the resource utilization rate is low and 
secondary pollution will be easy to occur. The limited use of sodium arsenate in the industry 
has hindered the use of arsenic products. At the same time, the sodium carbonate products 
contain highly toxic sodium arsenate, which is highly soluble in water, resulting in unqualified 
product quality. The new technology aims at environmental safety and cost reduction from 
the concept of “Waste Treatment by Waste and Clean Utilization” [4,5]. The key technology 
research and development of arsenic-alkali residue cleaning and utilization has been carried 
out based on the research of small test and pilot plant test, and the beneficiation process 
such as ball milling and re-election is applied to the leaching and enrichment of components 
in arsenic-alkali residue, attributing to the utilization ratio of arsenic slag is improved [6]. 
At the same time, using arsenic-containing waste alkali spray to absorb SO2 in the flue gas 
of smelting blast furnace, to achieve synergistic treatment of arsenic-containing waste alkali 
and flue gas SO2. Adding sulfuric acid, H2O2, biological agents and other reagents to the high-
arsenic wastewater to remove arsenic by oxidation. The slag produced by arsenic removal 
was treated with Fe-contained stabilizer to meet the requirements of harmless treatment of 
hazardous waste. In summary, the comprehensive recovery of valuable components in the 
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Abstract
Arsenic-alkali residue is a kind of waste residue produced by removing the arsenic with alkali in the 
process of refining crude antimony. It is basically stored in the warehouse due to the lack of practical and 
economic treatment technology. In order to achieve clean utilization and harmless disposal of arsenic-
alkali residue, a new process of the clean utilization technology of arsenic-alkali residue with Sb efficient 
enrichment and As conversion stabilization was proposed. Compared with the traditional process, the 
new one can significantly reduce the As leaching concentration of curing object, and the unit treatment 
cost will be reduced by 50%. Herein we present a case of industrial application of the clean utilization 
technology.
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residue like Sb and alkali and stabilization treatment on As with 
Fe-contained stabilizer can significantly reduce the treatment cost 
of arsenic removal slag [7-9], which providing new ideas and new 
technologies for the resource and harmless treatment of arsenic-
alkali residue. We report a unique case of industrial application of 
the clean utilization technology of arsenic-alkali residue with Sb 
efficient enrichment and As conversion stabilization.

Case  Presentation 

The new technology of the clean utilization technology 
of arsenic-alkali residue with Sb efficient enrichment and As 
conversion stabilization is composed of ball milling leaching, 
gravity separation and antimony collection, comprehensive 
utilization of waste alkali, high arsenic wastewater treatment and 
other systems, whose process flow is shown in Figure 1. The new 
technology demonstration project had been completed and put into 

operation in “antimony capital of the world” in January 2019. The 
treatment scale is 50t/d, the investment and construction cost is 
30 million, and the treatment cost is 2000 yuan/ton, which is 50% 
lower than the traditional process treatment cost. The running 
results showed that the As leaching rate of 96.78% and alkali 
leaching rate of 97.35% could be realized with the liquid-solid ratio 
of 4:1 grounded in a ball mill and leached for 60 minutes. In order to 
extract the antimony from the recovered leaching slag, the shaking 
table was used to recover Sb with the recovery of 40%~50%, and 
the As content in the concentrate was less than 1%, which could 
be recycled through the smelting system. Based on the principle of 
acid-base neutralization, the leachate (high-arsenic waste alkali) 
entered the flue gas desulfurization spray system in the smelting 
process, which realized the purpose of synergistic treatment of 
leaching lye and flue gas SO2. 

Figure 1: Flow chart of new technology process. 

After high-arsenic wastewater was added oxidant (H2O2) 
and arsenic removal agent (biological agent), the As content in 
the wastewater was reduced to 150mg/m3, and the two stages 
of the arsenic removal efficiency could reach 88.4% and 92.5%, 
respectively. The resulting arsenic removal slag was treated with an 
Fe-contained stabilizer. When the mass ratio of addition was 9%, 
the toxicity leaching concentration of the solidified As was reduced 
from 348.67mg/L to 0.65mg/L, which reached the entry criteria for 
hazardous waste landfills. 

Discussion
The biggest bottleneck of arsenic-alkali residue treatment 

is transformation and stable mineralization of harmful element 
arsenic while ensure harmless disposal of leaching residue when 
cleaning and recycling valuable element Sb and waste alkali. First, 
ensure that all As (III) in the solution is oxidized to As (V), because 
As (V) is more stable than As (III) and it is uneasy to leach, and 
then remove As (V) by adding corresponding arsenic removal 
reagent to make it precipitate with As (V) [10]. The Arsenic removal 
mechanism was represented in Figure 2.
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Figure 2: Arsenic removal mechanism. 

Then, the arsenic content of the arsenic-alkali residue produced 
by the precipitation reaction is about 5%, and the leaching 
concentration of As is more than 2.5mg/l under the acid condition 
so that it cannot be directly landfilled. It needs to be stabilized and 
pretreated to further stabilize as in the solidified object, so as to 
prevent the release of As in the long-term stacking process from 
affecting the ecological environment. According to the principle of 

geochemistry, the most stable form of As in the earth is scorodite 
under the condition of weak acid. Therefore, the mixed reaction 
of stabilizer and arsenic removal residue is used to induce the 
transformation of As in the arsenic removal residue to scorodite 
state in the new technology, which can form the most stable state, 
and significantly reduce the leaching concentration of As. The 
mineralization mechanism of scorodite, described in Figure 3.

Figure 3: Mineralization mechanism of scorodite predominance-area. 
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