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Background  
Reverse flotation of quartz from hematite is by far the most 

common strategy for the processing of iron ore containing 
silica gangue minerals. In the reverse flotation of iron ore, 
quartz — the impurity — is floated using mono and di-ether 
amines, and hematite is depressed using polysaccharides such 
as starch. Results reported by Kar et al. (2013) showed that 
the grade of depressed hematite increases with an increase in 
starch concentration up to a point, after which increasing the 
starch concentration leads to a decrease in hematite grade. This 
phenomenon is examined to determine the surface chemistry 
nature of the adsorption reactions that occur in the reverse 
flotation of iron ore. 

Research aims 
Experiments were performed on quartz surfaces at pH 10.5 

to determine how the wetting characteristics of quartz change 
in the presence of mono ether amine, corn starch and a mix-
ture of mono ether amine and corn starch. Also, reasons for 
the depression of quartz in the presence of excess starch were 
investigated. 

Materials and methods
Experimental methods included contact angle, bubble at-

tachment time, quartz crystal microbalance with dissipation 
(QCM-D) and sum frequency vibrational spectroscopy (SFVS). 
In addition, molecular dynamics simulation (MDS) was used 
to describe the system. 

Results and conclusions 
It was observed from all of the experimental techniques 

that mono ether amine quickly forms a monolayer at the quartz 
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surface at pH 10.5 whereas there is no interaction between 
quartz and a starch-only solution at the same pH. Though 
starch has no affinity for quartz and hence no adsorption, 
when added with mono ether amine, it may change the surface 
property of the quartz surface at higher concentrations. In a 
mixed solution of corn starch and mono ether amine, there is 
higher change in frequency for QCM-D experiments and hence 
higher adsorption at the quartz surface compared with adsorp-
tion from amine-only solution. The SFVS results also show 
a similar trend where the presence of corn starch changes the 
adsorption characteristics of mono ether amine at the quartz 
surface. This observation suggests that there is interaction 
between the corn starch and mono ether amine. Experimental 
evidence and previous literature describing the interaction of 
starch with oleate (Somasundaran, 1969) suggest that corn 
starch interacts with mono ether amine, forming a clathrate. 
The clathrate formation between amine and corn starch has 
been represented by molecular dynamics simulation, which 
confirms the adsorption explanation. These findings help to 
explain the starch overdosing effect during the reverse flota-
tion of iron ore. 
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