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Abstract 
The behaviour and mechanism of quartz flotation using the collector LKD (a mixture of dodecylamines 
containing soluble components) were investigated. The flotation rate of pure quartz mineral in the amine 
collector system was modelled based on experimental and theoretical analysis. Quartz crystal optimization 
convergence was tested using the CASTEP module in Materials Studio 2016. The band structure, density of 
states, and population of the optimized quartz crystal were analysed by considering the necessary parameters 
and an optimum geometrical structure of quartz was determined. The relationship between the recovery of 
quartz and time was determined by polynomial fitting, which yielded a feasible technical measure for the 
prediction of flotation performance. The forbidden band of quartz was calculated as 5.754 eV, which belongs 
to the class of insulators. The charge on the silicon atom was +2.36 e and -1.18 e on the oxygen atoms. 
Simulation of the interactions between these reagents and quartz indicated that there is hydrogen bonding 
and electrostatic adsorption between LKD and a quartz surface. 
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INTRODUCTION 
Quartz is one of the most widely distributed 

minerals on the earth and has stable physical and 
chemical properties (Lan et al. 2013). Quartz is used in 
many fields, including optical communications, thin 
film materials, optical power supplies, lasers, large-scale 
integrated circuits, and in the aerospace, electronics, and 
military industries (Cheng et al. 2013, Demir et al. 2001, 
Liu et al. 2007). Quartz is one of the main orogenic 
minerals and is found in most ores. Flotation is the most 
widely used method for separating and purifying quartz 
in modern minerals processing (Han et al. 2013, Liu et 
al. 2009, Ruan et al. 2018, Wang and Ren 2005, Vieira 
and Peres 2007). A technical and economical method to 
remove quartz from ores using an established model 
that describes the relationship between the recovery of 
quartz and time will permit this mineral processing 
process to be more predictable. Modelling can also play 
an important role in simplifying the process, reducing 
the cost, and increasing the utilization of resources. 
Modelling is also of value in developing a high-
efficiency, low-cost collecting agent for quartz. Studies 
of interactions between a collector and quartz mineral 
require small pure mineral flotation tests (Niu et al. 
2017), electric potential measurement (Dai et al. 2015), 

contact angle measurement (Yoon and Yordan 1991), 
infrared spectroscopy (Vidyadhar 2000), and atomic 
microscopy (Nguyen et al. 2003, Rudolph and Peuker 
2014). Improvements and enhancement of levels of 
computing and molecular simulation software have 
further enabled study of the interactions between 
mineral surfaces and their chemistry using the density 
functional theory (DFT) of quantum mechanics 
(Dzade et al. 2014, He et al. 2017, Watts et al. 2014). 

Many scholars have used materials simulation 
software to investigate the mechanism of adsorption of 
flotation reagents on quartz surfaces in aqueous 
solution. Zhu et al. (2016) studied the adsorption 
mechanism of a-bromolauric acid (BLA) collector on a 
quartz (101) surface by first-principle calculations 
according to density functional theory. The results 
revealed that BLA cannot be adsorbed on this surface 
due to hindrance of the hydration shell of quartz; 
however, Ca(OH)+ can repulse the hydration shell and 
consequently adsorb on the quartz surface and thereby 
contribute to the adsorption of the BLA− anion on the 
quartz surface. Wang et al. (2014) studied the adsorption 
mechanism of mixed anionic and cationic collectors of 
sodium oleate and dodecyl amine ester in the muscovite 
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and quartz flotation systems. Using single and mixed 
mineral flotation experiments, all results showed that 
the mixed collector exhibited strong electrostatic 
interaction, hydrogen bonding, and chemisorption on 
quartz. Zeng et al. (2006) explored the adsorption 
energy, adsorption structure, work function, electron 
density, and density of states of oxygen on the Au (111) 
surface using density functional theory, and obtained a 
coverage of 0.11 ML to 1.0 ML, which was within the 
range expected for oxygen adsorption characteristics. 

Little research has been carried out concerning the 
relationship between recovery and time using amine 
collector systems. In this work, a numerical model for 
flotation of pure quartz minerals by LKD (Dai et al. 
2015) was constructed, which enables the relationship 
between quartz recovery and time to be analysed. The 
adsorption mechanism of twelve amine cations on a 
quartz surface was studied using the CASTEP module 
of Materials Studio 2016 software. This study can provide 
the basis for the flotation purification of quartz minerals 
using an intelligent production approach. A systematic 
study of the flotation behaviour and mechanism of 
amine collectors on quartz is important for industrial 
flotation practice. 

MATERIALS AND METHODS 

Materials 
The chemical formula of quartz is SiO2. The quartz 

used in this experiment was derived from Liaoning 
province, China, and its identification as pure quartz 
was confirmed by X-ray diffraction(XRD: Rigaku 
D/Max 2500pc,Rigaku Corporation, Japan), the 
background using Cu-Ka ray, the curved graphite 

secondary monochromator covering 2θ between 10° 
and 90° with a step width of 0.04° 2θ and 0.2s data 
collection per step. X-ray fluorescence spectrometer 
(XRF: Bruk S8TIGER) was used for chemical 
composition determination at maximum power of 4kW, 
maximum voltage of 60kV, and maximum current of 
170mA. Using DynaMatch dynamic matching 
technology count linear range can reach more than 10M 
CPS. 

The analysis (Fig. 1) showed that the ore comprised 
mainly quartz minerals, with very low levels of other 
minerals. 

Test Methods 

Flotation test 
Flotation experiments were carried out using a 

trough XFGC flotation machine (Fig. 2). A mass of 3.0 
g of pure quartz mineral was added into the flotation 
cell, 25 ml distilled water was added, and the flotation 
stirring speed was set to 1800 r/min. The pH of the pulp 
was adjusted to 5.5 with HCl and the system stirred for 
3 min prior to addition of LKD amine collector. After 
certain time intervals, the flotation concentrate and tails 
were dried, weighed, and analysed. The yield of the 
pure minerals was related to the recovery rate. Each 
experiment was performed in triplicate and average 
results are reported. 

Numerical simulation of quartz flotation using LKD 
amine collector 

A numerical model of the flotation rate was 
established by polynomial fitting of the relationship 
between mineral recovery and time. Factors influencing 
the numerical model included pulp concentration and 
inhomogeneity of particle size. On the basis of 

Table 1. Chemical composition of quartz 
Chemical composition MgO CaO SiO2 Al2O3 Fe2O3 

Content (%) 0.02 trace 98.80 0.01 0.01 
 

 
Fig. 1. X-ray diffraction pattern of quartz sample 

 
Fig. 2. Flotation flow sheet for pure minerals 
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experimental and theoretical analysis, the relationship 
between flotation rate and time of quartz minerals in 
this amine collector system was simulated by: 

 𝜀𝜀 = 𝐴𝐴 + 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐵𝐵2 (1) 

and the derivative is given by: 

 
𝑑𝑑𝜀𝜀
𝑑𝑑𝐵𝐵

= 𝐶𝐶𝐵𝐵 + 𝐵𝐵 (2) 

where t is the flotation time, ε is mineral recovery 
rate, and A, B, and C are flotation constants that are 
related to the properties of the ores and the reagent 
system. 

Optimization of quartz crystal model 
Based on the CASTEP module of Materials Studio 

2016, the first principle of density functional theory was 
used to optimize the convergence of the alpha-quartz 
protocell model. The main parameters used to 
determine the best geometric structure of the quartz 
crystal were the exchange correlation functional, 
pseudo-potential, kinetic truncation accuracy, and 
convergence accuracies of k-point sampling and self-
consistent field (SCF) iterations. The best lattice 
parameters for quartz were compared with the 
experimental values to determine the correctness and 
rationality of the established parameters. 

Construction of quartz (101) surface 
The quartz (101) surface was cut using optimized 

crystal geometry. The influences of different atomic and 
vacuum layer thicknesses on the surface energy were 
studied. The optimum values were selected according 
to calculation efficiency, molecular length of the 
flotation reagent, and calculation accuracy. 

Calculation of adsorption energy on quartz surface 
The adsorption energy between pure quartz 

minerals and reagents Eads was defined as proposed by 
Eads (Liu 2011). This parameter was calculated using 
the CASTEP module. 

 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − (𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐 + 𝐸𝐸𝑐𝑐𝑚𝑚𝑚𝑚𝑐𝑐𝑎𝑎𝑎𝑎𝑐𝑐) (3) 

where Ecomplex is the total energy of the optimum 
adsorption structure of the reagent and quartz, Eadsorbate is 
the total energy of the adsorbate, and Emineral is the total 
energy of the quartz cleavage surface. The energy of the 
interaction between adsorbate and adsorbent was 
calculated using the amine ion as the adsorbate and the 
quartz surface as the adsorbent. 

Measurement of dynamic potential 
The minerals were ground to −2 μm, 50 mg was 

weighed into a beaker, and 50 ml of water added. After 
mixing for 5 min with a magnetic stirrer, a 0.5 ml 
aliquot of solution was measured using a zeta 
potentiometer to determine the effect of LKD on the 
electrical potential of the pure mineral. 

RESULTS AND DISCUSSION 

Numerical Simulation of Quartz Flotation by 
Amine Collector 

The polynomial fitting result of quartz recovery 
with time is shown in Fig. 3. 

The recovery of quartz reached 49.1% after 1 min 
and increased with increasing flotation time. This is 
mainly because fine particles exhibit good floatability 
under the action of amine collectors. The best recovery 
of 92.03% was achieved at a flotation time of 7 min. The 
relationship between quartz recovery and time was 
obtained by polynomial fitting as: 

 𝜀𝜀 = 26.07528 + 17.39609 𝐵𝐵 − 1.16975 𝐵𝐵2  
 (0.3 < 𝐵𝐵 < 7min ) (4) 

From this polynomial, the recovery of quartz can be 
determined at any time. This provides a feasible 
technical method for the prediction of flotation time 
and efficiency. The derivative of this equation is given 
by Equation (4): 

 
𝑑𝑑𝜀𝜀
𝑑𝑑𝐵𝐵

= −2.3395𝐵𝐵 + 17.39609 (5) 

The recovery gradually increased with time for 0.3 
< t < 7 min. Within this range, the second derivative 
was less than zero, which indicated that the floating rate 
of quartz gradually decreased with time. With the 

 
Fig. 3. Relationship between recovery of quartz and 
time 
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addition of water, the concentration of the collector and 
the pulp concentration decreased, leading to a reduced 
migration rate. 

Table 2 shows that the values calculated by 
polynomial fitting were very similar to the measured 
values. This numerical simulation has the 
characteristics of a simple and convenient calculation, 
less test data and lower actual error. It is an accurate and 
convenient simulation model and its predictive value 
can guide and improve production practice. 

Quartz Crystal Structure Optimization 
The band structure, density of states, and Mulliken 

population were calculated by optimizing the 
convergence of the alpha quartz crystal. The optimized 
model is shown in Fig. 4. 

To investigate the geometric errors of the quartz 
crystal for different exchange correlation functionals, 
the plane wave truncation energy was taken as 350 eV, 

the k-point was 3 × 3 × 4, and the supersoft pseudo-
potential was self-consistent. The convergence 
precision was 1 × 10−6 eV/atom in the initial 
calculation. The calculation results are shown in Table 
3. 

The lattice constant error calculated using the GGA-
PW91 exchange correlation functional was smallest, at 
1.151%. This functional was therefore used in the 
calculation, selected after comparing the results for 
several functionals. The convergence test results of the 
k-point and truncation energies are shown in Figs. 5 
and 6, respectively. 

The convergence test for the k-point was performed 
using the GGA-PW91 exchange correlation functional. 
When the Brillouin region k-point was selected as 3 × 

Table 2. Test results against model-predicted values for quartz flotation 
Flotation time t/min 0.5 1 2 3 4 5 6 7 

Test value 𝜀𝜀/% 28.7 49.1 56.0 68.7 77.0 80.8 88.0 92.0 
Predictive value 𝜀𝜀0/% 35.2 43.0 56.9 68.4 77.6 84.5 89.0 91.2 
Absolute error |𝜀𝜀 − 𝜀𝜀0| 6.5 6.1 0.9 0.3 0.6 4.5 1.0 0.8 

Relative error 
|𝜀𝜀 − 𝜀𝜀0|

𝜀𝜀
/% 22.6 12.4 1.6 0.4 0.8 5.6 1.1 0.9 

 

 
Fig. 4. Optimized model of quartz crystal 

Table 3. Optimized results for different exchange 
correlation functionals 

Mineral Function a/ Å b/ Å c/ Å Parameter 
difference % 

Quartz 

Experimental 
value 4.910 4.910 5.402 - 

GGA-PBE 4.978 4.978 5.458 1.388 
GGA-RPBE 4.990 4.990 5.474 1.631 
GGA-PW91 4.955 4.955 5.464 1.151 
GGA-WC 4.967 4.967 5.461 1.170 

GGA-PBESOL 4.966 4.966 5.464 1.154 
 

 
Fig. 5. Total energies and lattices as a function of k-
point 

 

 
Fig. 6. Total energies and lattices as a function of kinetic 
cut-off energy 
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3 × 4, the total energy of the system was minimized and 
the lattice constant error was small, indicating that this 
was the best selection (Fig. 5). The convergence test for 
the truncation energy was performed under conditions 
where the commutative functional was GGA-PW91 
and the k-point was 3 × 3 × 4. The result, shown in 
Fig. 6, demonstrated that the total energy of the system 
trended downwards with an increase of truncation 
energy, but when the truncation energy was 380 eV, the 
system energy tended to be stable and the lattice 
parameter length error increased. The optimal 
truncation energy was therefore 380 eV. 

Analysis of quartz crystal band structure and density of 
state 

The energy band structure and density of states of 
quartz were calculated and analysed using the 
parameters from the structure optimization. 

The band structure of quartz is shown in Fig. 7. The 
calculated results show that the band gap was 5.754 eV, 
which shows that this mineral belongs to the category 

of insulator and has no conductivity. This consistent 
with previous results (Weng 2014). From the density 
map of quartz, the bands of quartz are divided into three 
types within the range of −20 eV to 20 eV: the valence 
band between −20 eV and −15 eV was mainly 
contributed by the s orbitals of oxygen atoms (Gupta 
1985); between −10 eV and 2.5 eV, the p orbitals of 
oxygen atoms combined with the p orbitals of silicon 
atoms, with the largest contribution coming from the p 
orbitals of the oxygen atoms; the conduction band 
energy levels between 5 eV and 15 eV were mainly 
contributed by the s and p orbitals of silicon. 

Mulliken population analysis of quartz crystal 
Population analysis can help us understand the 

interaction and conversion of electrons between atoms 
(Bandura et al. 2011, Oertzen et al. 2005). The valence 
electron configuration of the quartz crystal was 2s22p4 
in oxygen and 3s23p2 in silicon before optimization. The 
optimized atomic population is shown in Table 4. 

Table 4 shows that the optimized electronic 
configuration of quartz was O 2s1.832p5.35, Si 3s0.573p1.07. 
The Si atom is an electron donor: the s and p orbits of 
Si both lose electrons. The number of electrons in the 
Si atom is 1.64 e, 2.36 e are lost and the charge on the Si 
atom becomes +2.36 e. The O atom is an electron 
acceptor: the O s orbit loses an electron while the p orbit 
atomic number is much higher than that of the s orbit. 
The O atom carries a charge of −1.18 e (Cheng et al. 
2016). The reason why O in quartz has a lot of negative 
charge and activity is because it is the active point of 
attachment of the cation collector and does not easily 
participate in electrostatic interaction with the anion 
collector because the Si atom in the quartz crystal is 
positively charged and the O atom is negatively charged. 

Quartz (101) Surface and the Effect of Chemical 
Analysis 

Taking the quartz crystal (101) surface as the 
research object (Rath et al. 2014), the adsorption 
mechanism of LKD and quartz was analysed basedon 
calculation. 

Surface calculation of quartz (101) surface 
The changes in surface energy of the quartz (101) 

surface for different atomic and vacuum layer 
thicknesses are shown in Tables 5 and 6, respectively. 
Surface energy is a measure of thermodynamic stability 

 
Fig. 7. Band structure of quartz 

 
Fig. 8. Density of states of quartz 

Table 4. Mulliken atomic population analysis of quartz 
Mineral Atom S P Total/e Charge/e 

Quartz 
O 1.83 5.35 7.18 -1.18 
Si 0.57 1.07 1.64 2.36 
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of a given surface: the lower the value, the more stable 
is the surface and the more accurate is the surface 
structure. When the atomic layer thickness reaches 
6.751 Å, the variation in the range of quartz surface 
energies is less than 0.05 J m−2, indicating that steady 
state has reached. When the vacuum layer thickness 
reaches 18 Å, any further change in thickness has little 
effect on the surface energy, again indicating a steady-
state condition. Choosing an atomic layer thickness of 
13.502 Å, a vacuum layer thickness of 24 Å was 
calculated after considering the calculation efficiency, 
the length of the reagent molecule, and the calculation 
accuracy. 

Analysis of LKD adsorption on quartz (101) surface 
The underlying atoms of the fixed quartz (101) 

surface were obtained by calculating the adsorption 
energy using Equation (3): the adsorption energy of the 
LKD amine collector on the quartz surface was 
determined to be −708.401 kJ/mol. The greater the 
absolute value of the adsorption energy Eads , the more 
stable is the corresponding structure and the stronger is 
the adsorption ability of quartz. If ΔEads is greater than 
zero, the adsorption is unstable and it is difficult to 
adsorb LKD on the quartz surface. The energy required 
for the adsorption of water on quartz is reported as −55 

to −66 kJ/mol (Yin et al. 2006). The absolute value of 
the adsorption energy of LKD on quartz is much higher 
than that of water, indicating that LKD has stronger 
binding ability to the quartz surface. The adsorption of 
collector molecules on the mineral surface was 
simulated by density functional theory using a periodic 
model. The polar group of the LKD amine collector 
LKD is −NH3

+; its adsorption form on the quartz (101) 
surface is shown in Fig. 9. 

As illustrated in Fig. 9, two hydrogen bonds formed 
between the two H atoms at the ends of the amine 
radical and O atoms on the surface of the quartz. The 
bond lengths are respectively 1.719 Å and 1.688 Å and 
the bond angles are 143.530° and 110.939°, which satisfy 
the conditions for the formation of hydrogen bonds (He 
et al. 2014). An N−H−O-type hydrogen bond was 
formed. The three H atoms in the polar functional 
group −NH3

+ in LKD connecting the N atom had 
charges of 0.290 e, 0.290 e, and 0.280 e. After interaction 
of LKD with the quartz surface, there was relaxation and 
optimization of the negative charge of O to 0.770 e on 
the quartz surface and the charges of the H atoms 
changed to 0.430 e, 0.470 e, and 0.440 e by electron 
transfer. The negative charge of the O band of 1.030 e 
on the quartz surface and the increase in the charge of 
H to 0.980 e imply that the electrostatic adsorption is 
stronger than that of O, which means that the RNH3

+ 
group in LKD electrostatically adsorbs on the quartz 
surface (Zhu et al. 2015). 

Effect of LKD on the Surface Electrical 
Properties of Quartz Minerals 

Dissociation of LKD occurs in aqueous solution, in 
which the relative proportions of neutral molecules and 
ions depend on the dissociation constant and pH of the 

Table 5. Energy of surface containing different atomic 
layers of quartz 

Atomic thickness /Å 3.375 6.751 10.126 13.502 16.877 
Surface energy /J·m-2 1.003 1.257 1.279 1.281 1.295 

 

Table 6. Effect of vacuum layer thickness on quartz 
surface energy 

Vacuum thickness /Å 16 18 20 22 24 26 
Surface energy /J·m-2 1.284 1.281 1.280 1.294 1.283 1.287 

 

 
Fig. 9. Map of OMU Pond I and sampling station (Anonymous 1975) 
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medium. Studies have shown that the amine is mainly 
in ionic form in acidic pH, while amine molecules are 
gradually formed when pH > 5. In the flotation of a 
pulp at pH 5–6, the main forms of the amine are 
RNH3

+ and (RNH3)2
2+, with a small amount of 

molecular RNH2 present. The critical pH of the amine 
is 9.4, which means that the amine is mainly in 
molecular form or as a molecular ionic copolymer in 
strong alkaline solution of pH > 9.4 (Cao et al. 2011). 

The results of zeta potential measurements of LKD 
and quartz under different pH conditions are shown in 
Fig. 10. The dynamic surface potential of quartz 
decreased with increasing pH: at pH 2.7, the dynamic 
potential was zero (Dai et al. 2015); when the pH of the 
medium exceeds that of quartz (pH 2.7), the quartz 
surface takes the form of SiO− (Duval et al. 2002). 
There is electrostatic adsorption between this 
electronegative species and the RNH3

+ and (RNH3)2
2+ 

amine cations. This causes the quartz to become 
hydrophobic, so the cationic collector LKD can float 
quartz. After interaction between quartz and LKD, the 
zeta potential first decreased and then increased with an 
increase of pH. The zeta potential was zero at pH 3.5 
and the overall zeta potential of quartz was high, which 
showed electrostatic adsorption of the amine cationic 
collector on the quartz surface (Liu and Fan 2015). At 
pH > 11.4, the zeta potential of quartz increased, 
indicating that the effect of the collector was enhanced. 
Addition of an appropriate amount of LKD collector can 
therefore change the zeta potential by modifying its 

electrostatic adsorption on quartz: the larger the dosage, 
the larger the rise in zeta potential of quartz. 

CONCLUSIONS 
At pH 5.5, the flotation recovery of pure quartz 

mineral using an amine collector system can exceed 
90% within 7 min. A relationship between the recovery 
of quartz and time was obtained by polynomial fitting. 
The variation of the rate of flotation of quartz with time 
provides a feasible technical means for predicting 
flotation performance. 

Using the best correlation functional GGA-PW91, 
the optimal k-point was 3 × 3 × 4, the optimal 
truncation energy was 380 eV, the pseudo-potential was 
super soft, and the SCF was 1 × 10−6 eV/atom. The 
optimized crystal model of the total energy of the alpha 
quartz system was −2959.295 eV and the experimental 
error of 1.041%. 

The band gap of quartz is 5.754 eV, which belongs 
to the class of insulator with respect to analysis of band 
structure, density of states, and population of its 
optimized crystal structure. The reason why quartz is 
electronegative is that the electron of the p orbital of the 
valence band of oxygen is at the top, the charge on the 
silicon atom is +2.36 e, and the charge on the oxygen 
atom is −1.18 e. 

The amine collector LKD adsorbed on the quartz 
surface in an exothermic adsorption reaction. Two 
hydrogen bonds formed on the surface of the quartz 
with LKD. On interaction of LKD with quartz, 
electrons were transferred, forming a hydrogen bond 
between LKD and quartz by surface electrostatic 
adsorption. 

The kinetic potentials of LKD and quartz showed 
that the presence of LKD caused the zero electrostatic 
point of quartz to shift from pH 2.7 to 3.5. With an 
increase of dosage, the zeta potential of quartz increased, 
indicating that there was electrostatic adsorption of the 
collector on the quartz surface. 
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Fig. 10. Zeta potential and pH of interactions between 
quartz and LKD 



 
 
Han et al. 
 

 
4660  Ekoloji 28(107): 4653-4661 (2019) 
 

REFERENCES 
Bandura AV, Kubicki JD, Sofo JO (2011) Periodic density functional theory study of water adsorption on the α-

quartz (101) Surface. Journal of Physical Chemistry C. 115(13). 
Cao XF, Liu CM, Hu YH (2011) Research on the flotation of kaolinite using a series of dodecyl tertiary amines. 

Engineering Sciences. 13(1): 93-97. 
Cheng Q, Ren RC, Li CX, Wang XL (2013) Research on fluorine-free flotation separation process of potassium 

and sodium feldspar and quartz. Bulletin of the Chinese Ceramic Society. 32(3): 398-760. 
Cheng ZYY, Zhu YM, Luo BB, Guo WD, Han YX, Li YJ (2016) Adsorption behavior and mechanism of quartz 

with collector DCZ-2. Metal Mine. 45(12): 113-117. 
Dai SJ, Yu LT, Li XA, Shen HT, Han JH (2015) Research into mechanism of quartz and talc in system of LKD-1 

collector. China Mining Magazine. (10): 141-144. 
Demir C, Abramov AA, Çelik MS (2001) Flotation separation of Na-feldspar from K-feldspar by monovalent salts. 

Minerals Engineering. 14(7): 733-740. 
Duval Y, Mielczarski JA, Pokrovsky OS, Mielczarski E, Ehrhardt JJ (2002) Evidence of the existence of three types 

of species at the quartz−aqueous solution interface at ph 0−10: xps surface group quantification and surface 
complexation modeling. J.phys.chem.b. 106(11): 2937-2945. 

Dzade N, Roldam A, Leeuw N (2014) A density functional theory study of the adsorption of benzene on hematite 
(α-Fe2O3 ) surfaces. Minerals. 4: 89-115. 

Gupta RP (1985) Electronic structure of crystalline and amorphous silicon dioxide. Physical Review B.32(12): 
8278-8292.  

Han JH, Li XA, Dai SJ, Wang ZY, Yu LT (2013) Experimental study on purification of magnesite ore in Liaoning 
province. Advanced Materials Research. 826(3): 48-52. 

He GC, Jiang W, Xiang HM, Qi MC, Kang Q (2014) Density functional theory and its application in mineral 
processing. Nonferrous Metals Science & Engineering. 5(2): 62-66. 

He GC, Zhang HT, Hua YN, Jiang W (2017) Quantum chemistry of adsorption of naphthenic acid on surface of 
spodumene. Journal of Nonferrous Metals. 27(4): 833-842. 

Lan T, Tan Z, Zhang C, Luo D, Liu X, Tang Q (2013) Three-dimensional thermoluminescence spectra of mineral 
samples in TL and OSL dating. Acta Scientiarum Naturalium Universitatis Sunyatseni. 52(5): 14-18. 

Liu A, Fan MQ (2015) Molecular dynamics simulations of dodecylamine adsorption on quartz and magnetite 
surfaces in aqueous solution. Chinese Journal of Nonferrous Metals. 25(8): 2226-2235. 

Liu CM, Cao XF, Chen C, Hu YH (2009) Research on the flotation of quartz using dodecyl tertiary amines. Mining 
& Metallurgical Engineering. 29(3):37-39. 

Liu GK, Zhang WJ, Ma ZX, Yong LU (2007) Present situation of researching on purifying silica by mineral 
processing. Non-Ferrous Mining and Metallurgy. 23(6):26-30. 

Liu S (2011) A density functional theory study of metal atoms adsorption on the carbon nanotubes. Zhejiang 
Normal University. 169-174. 

Nguyen AV, Nalaskowski J, Miller JD (2003) The dynamic nature of contact angles as measured by atomic force 
microscopy. Journal of Colloid & Interface Science. 262(1): 303-306. 

Niu Y, Yin W, Wang M, Zhanghui H, Chu J, Zhang S (2017) Flotation performance of sillimanite and quartz using 
dodecylamine as collector. Metal Mine. (2):71-75. 

Oertzen GUV, Skinner WM, Nesbitt HW (2005) Ab initio and x-ray photoemission spectroscopy study of the bulk 
and surface electronic structure of pyrite (100) with implications for reactivity. Physical Review B Condensed 
Matter. 72(23), 235427.  

Rath SS, Sahoo H, Das B, Mishra BK (2014) Density functional calculations of amines on the (1 0 1) face of quartz. 
Minerals Engineering. 69(69): 57-64. 

Ruan Y, Zhang Z, Luo H, Xiao C, Zhou F, Chi R (2018) Effects of metal ions on the flotation of apatite, dolomite 
and quartz. Minerals. 8(4): 141. 

Rudolph M, Peuker U (2014) Hydrophobicity of minerals determined by atomic force microscopy – a tool for 
flotation research. Chemie Ingenieur Technik – CIT. 86(6): 865-873. 

Vidyadhar A (2000) Surface chemical studies on feldspar/quartz system using alkylamines and mixed collectors: 
adsorption mechanisms and flotation selectivity. Luleå Tekniska Universitet. 



 
 
 Environmental Research on Behavior and Mechanism of Quartz Flotation using LKD Amine Collector 
 

 
Ekoloji 28(107): 4653-4661 (2019)  4661 
 

Vieira AM, Peres AE (2007) The effect of amine type, pH, and size range in the flotation of quartz. Minerals 
Engineering. 20(10): 1008-1013. 

Wang L, Sun W, Hu YH, Xu LH (2014) Adsorption mechanism of mixed anionic/cationic collectors in muscovite 
– quartz flotation system. Minerals Engineering. 64(1): 44-50. 

Wang YH, Ren JW (2005) The flotation of quartz from iron minerals with a combined quaternary ammonium salt. 
International Journal of Mineral Processing. 77(2): 116-122. 

Watts HD, Tribe L, Kubicki JD (2014) Arsenic adsorption onto minerals&58; connecting experimental observations 
with density functional theory calculations. Minerals. 4(2): 208-240. 

Weng XQ (2014) Study on the quantitative structure-activity relationship and oriented synthesis of novel 
quaternary ammonium cationic collectors for removal of silicates. Wuhan University of Technology.  

Yin KL, Zou DH, Bo Y, Zhang XH, Xia Q, Xu DJ (2006) Investigation of H-bonding for the related force fields in 
materials studio software. Computers & Applied Chemistry. 23(12): 1335-1340. 

Yoon RH, Yordan JL (1991) Induction time measurements for the quartz—amine flotation system. Journal of 
Colloid & Interface Science. 141(2): 374-383. 

Zeng ZH, Deng HQ, Li WX, Hu WY (2006) Density function theory calculation of oxygen adsorption on Au (111) 
surface. Acta Physica Sinica. 55(6): 3157-3164. 

Zhu YM, Chen JL, Jia JM, Liu SA (2015) Collecting performance and mechanism of a new cation collector to 
quartz. Metal Mine. 44(5): 81-84. 

Zhu YM, Luo BB, Sun CY, Liu J, Sun HT, Li YJ, Han YX (2016) Density functional theory study of α-bromolauric 
acid adsorption on the α-quartz (1 0 1) surface. Minerals Engineering. 92: 72-77. 
 


	INTRODUCTION
	MATERIALS AND METHODS
	Materials
	Test Methods
	Flotation test
	Numerical simulation of quartz flotation using LKD amine collector
	Optimization of quartz crystal model
	Construction of quartz (101) surface
	Calculation of adsorption energy on quartz surface
	Measurement of dynamic potential


	RESULTS AND DISCUSSION
	Numerical Simulation of Quartz Flotation by Amine Collector
	Quartz Crystal Structure Optimization
	Analysis of quartz crystal band structure and density of state
	Mulliken population analysis of quartz crystal

	Quartz (101) Surface and the Effect of Chemical Analysis
	Surface calculation of quartz (101) surface
	Analysis of LKD adsorption on quartz (101) surface

	Effect of LKD on the Surface Electrical Properties of Quartz Minerals

	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

