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A B S T R AC T

Traditionally, calcium aluminate, caustic soda, lime or aluminum slag was employed as alkali 
for basicity adjustment in the production of polyaluminum chloride (PACl). In this work, red 
mud (RM), a highly alkaline waste from alumina industry, was utilized instead of the tradi-
tional alkali. A composite coagulant (RMPACl) was prepared from RM and the semi-product 
of polyaluminum chloride (ACl). Important factors for preparation, such as RM/ACl ratio, 
reaction temperature and reaction time, were investigated and optimized to be as follows: 
RM/ACl ratio of 0.25 (w v−1), reaction temperature of 80°C and reaction time of 4 h. The results 
of coagulation tests showed that RMPACl exhibited better performance than PACl for removal 
of phosphate. The optimum coagulation pH range of RMPACl was found to be 6.0–8.5. High 
phosphate removal effi ciency (>94.9%) was achieved by dosing RMPACl at the dosage of 
147.5 mg l−1. Therefore, RMPACl was considered as a low-cost coagulant, which possessed a 
good coagulation performance for removal of phosphate.
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1. Introduction

Red mud (RM), composed of aluminum oxide, iron 
oxide, silicon dioxide, and calcium oxide is a highly alka-
line waste generated in the production of aluminum [1]. 
The manufacture of 1 ton of alumina generally results in 
the production of 1.0–1.5 tons of RM. As digested in the 
caustic solution of soda, RM carries with high alkali. It is 
reported that up to 2 tons of liquor at 5–20 g l−1 caustic (as 
Na2CO3) accompanied with every ton of dry mud solids 
[2]. Each year, about 90 million tons of RM is produced 
worldwide and 10–20 million tons of caustic RM must 
be disposed of annually in China [3,4]. RM is usually 

discharged into storage impoundments. Environmental 
pollution has occurred near the impoundments include 
the leakage of alkaline leachate into the ground water, 
erosion of RM and discharge into nearby surface waters. 
As a result, fi nal disposal of RM faces a huge challenge 
due to its high alkalinity and large amount. In previous 
studies, RM has been used for preparation of adsorbents 
[5–11], coagulants [12–15], catalysts [16]. However, there 
has been little report on the utilization of the alkali in 
RM for the preparation of coagulants.

Traditionally, a two-step process is employed in the 
production of polyaluminum chloride (PACl). In the fi rst 
step, aluminum hydroxide is digested with hydrochlo-
ric acid and the semi-product of polyaluminum chloride 
(ACl) is obtained. In the second step, calcium aluminate, 




