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ABSTRACT

The flotation role and behaviors of kyanite-group polymerphous minerals were studied in
modified Hallimond tube in detail. Furthermore, the energy change of collector/mineral system
before and after adsorption and the net charge densities of the atoms on the minerals surfaces were
calculated by use of quantum chemistry. The flotabilities in minerals were successfully ex-
plained.
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1 INTRODUCTION erals. It is just the differences that are the key fac-
tors to determine the rules of the flotabilities of

. . . . kyanite minerals.
Kyanite-group minerals include kyanite, an- The development of quantum chemistry and

31 d silli ite, which ar 1 hous ) .
dalusite and sillimanite, which are polymerpho computer makes it possible to study the electron

with the same chemical formula as Al,0;3+Si0O,. Af- . .
structure in the atoms of polymerphous minerals.

Quantum chemistry has been applied to the study
of mineralogy for only twenty years while to miner-

ter investigation on their flotabilities over sixty
years, the main results obtained are as follows;
(1) The adsorption of oleate on kyanite minerals is

. . . al flotation merely ten years or so.
of chemical adsorption. (2) The adsorption of hy-

In this paper, the parameters of atoms in

drocarbon sulfonate or sulfate is, however, of . .
quantum chemistry of kyanite-group polymerphous

ical ad i i lecul ight i .
physical adsorption while the molecular weight is minerals and the energy change before and after

low and chemical adsorption occurs when the molec- . . .
the adsorption of collector on mineral are studied

1 ight is high. The ad ti f alky-
Y ar. Wellg tis 1.g (3) ¢ adsorption ol alky by use of quantum chemistry. The attempt is made
lamine is of physical adsorpton as controlled by elec-

. to interpret the flotation rules of kyanite minerals
trostatic charge. .

. . . from the electronic level.
The knowledge mentioned above is gained step

. o ] ) The complete neglect of differential overlap
by step through the investigations of interfacial elec-

A ) ] . (CNDO/2) of quantum chemistry was employed in
trokinetic properties of minerals, adsorption . . . .
this paper, which was a set of semiempirical calcu-
lation method established by Pople, J A et al with

some small integrals neglected, other integrals

amount of collectors and infrared spectra. Some of
them studied on the crystal structures of miner-

alst'!, others dealt with the interaction mechanism .
’ which cannot be neglected are replaced by the pa-

rameters determined by experiments. It is said that
CNDO/2 is particularly suitable for comparative

between mineral and collector!?..
In short, these studies are based only on the
level of molecule or atom neglecting the differences

) _ o ) calculation on homologous substancest®!.
in electrostatic charge densities of atoms on the min-
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2 EXPERIMENTAL METHOD
2.1 Flvtatun Test

2.1.1

Kyanite sample is obtained from Yinshan
Kyanite Mine, Henan Province.
crushed with sorting hammer. High grade ore is ob-

Ore Sample
Lump ore is

tained by hand sorting and crushed by roll crusher,
then ground in ceramic mill. Finally, the 100~
200 mesh fraction is classified with Talyer standard
sieve, then washed repeatedly with double distilled
water, and air-dried and stored for use. The kyan-
ite has a purity of 95% , as determined by optical
miroscope and X-ray diffracton. Andalusite is ob-
tained from Xixia Andalusite Mine,
Province, with a purity of 98%, sillmanite is how-
ever from Tuguiwula Sillmanite Mine, Neimenggu
Province, with a purity of 90%. The procedure

Henan

for the processing of andalusite and sillimanite is
the same as that of kyanite.
2. 1.2 Reagents
Sodium dodecy! sulfonate, sodium oleate and
tetradecylamine are of chemical purity used as col-
lectors, and hydrochloric acid with purity of C. P.
and sodium hydroxide A. P. used as pH regulators.
"2.1.3 Flotation Tests
The flotation tests on single mineral are car-
ried out in a modefied Hallimond tube, take 1gram
mineral per test and 100 mL of total pulp volume.
The procedure for pulp agitation is performed in
electromagnetic agitator. The additions of distilled
water (agitated 2 min), pH regulator (2 min. ),
and collector (3 min) are made respectively. The
pH value of the pulp is measured after agitation.
The pulp is then filled into Hallimond tube, agitat-
ed 2 min, switch on the nitrogen gas (35 mL per
min), Flotation 3 min taking a measurement of the
weight of ore floated and the recovery can be ob-
tained.

2.2  Quantum Chemistry Calculation
The investigation of quantum chemistry calcu-

lation is generally carried out in four steps: (1) to
establish the calculation model; (2) to choose the

parameters; (3)to calculate by the computer, and

(4) to analyze the calculation result. To establish
the calculation model is the most important step.
The quantum chemistry parameters needed for cal-
culation can be chosen from references [ 4] and
[5].
2.2.1 The Models of Minerals Crystalline

Generally speaking, it is possible to calculate
with quantum chemistry only when the atom num-
ber of a system is limited. However, all the kyan-
ite minerals are of silicate crystals with innumer-
able atoms. To solve the contradiction, it is neces-
sary to select a molecular system with limited nu-
merable atoms to simulate the silicate crystal with
innumerable atoms. In other words, it is to say to
establish model. For the periodicity of silcate crys-
tal structure and the limited region where the elec-
trons move, the molecular model which is a struc-
ture unit with few atoms usually can represent the
real properties of the silicate minerals. For exam-
ple, H;SO, or HsSi,O; were chosen as molecular
model to research on the bond length, bond angle
and charge density of sillicate minerals, satisfacto-
ry results were obtained. But the simple model like
this is impossible to show homogenous-isomerism.
In order to investigate the changes in property of
ALAI[SiO, ]O resulting from different structures,
the model must be chosen from the larger molecular
systems. In this paper, their unit cells are chosen
as their models of kyanite, andalusite and silliman-
ite respectively. Every mineral includes four
Al,SiOs“molecule”, and the arrangements of atoms
in these models referred to reference [ 6]. In calcu-
lation, the suspended bonds are compensated by hy-
drogen ionst®.
2. 2.2 The Models of Collectors

All the collectors used in the test are of long
chain surfactants. Their models are established
through decreasing the number of — CH, —
are shown as follows.

, and

the model of sodium dodecyl sulfonate is

O
[CHg—CH3~CH2—CH2—CH3~$:—O] ;

0]
the model of tetradecylamine is

/H
CH3—CH3~CH3—CH3—CH2~N\;

"H

the model of sodium oleate is
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//O andalusite.
I:CHg—CHngH:CH—CHg—CHg—C\ 1. These differences in flotability of the three

O

2.2.3 Model of Interacting Collector/Mineral

In kyanite minerals, the aluminium atoms
have three coordination numbers 4, 5 and 6.
Based on the calculation results of quantum chem-
istry, the aluminium atom with six coordination
number, Al® has to be the active site for the collec-
tor adsorption. The models of collector/mineral are
established by linking up the two models of mineral
and collector through active sites.

The calculation of quantum chemistry are car-
ried out on simons 7570 ¢ computer.

3 FLOTATION RESULT AND
CALCULATION ANALYSIS OF

QUANTUM CHEMISTRY
3.1 Flotation Test Result

Using sodium oleate, sodium dodecyl sul-
fonate and tetradecyl amine as collectors respective-
ly, the recoveries of kyanite minerals as functions
of pH are shown in Fig. 1.
’ It can be seen that there exist similarities and
differences in their flotabilities of the three Al.SiO;

Their flotabilities of the
three minerals as a funcation of pH are of similari-

polymerphous minerals.

ties. (1) When sodium oleate is used as collector,

there are two peaks in the recovery curves, one of
them is near pH =3, another at pH=28 or so. (2)

Using anion collector, sodium dodecyl sulfonate,

as the collector, the recovery decreases constantly

when pH changes from low to high. In other word-
s, at acid range, the minerals have better flotabili-
ty. (3) Using cation collector, tetradecylamine,

as the collector. the minerals have better flotability

at the alkaline range. These similarities in flotabili-
ty is determined by minerals “homogeneity”, the

internal origin. Although the flotabilities of kyanite

minerals as functions of pH exist the same rule,

their floating sequences varies when the collectors

are different (after Fig. 1) .

sodium oleate; sillimanite ~> andalusite >> kyanite;

sodium dodecyl sulfonate. andalusite > sillimanite

>kyanite; tetradecylamine ;kyanite >sillimanite >

polymerphous minerals resulted from the differ-
ences in their crystal structures. These different
crystal strutures of minerals must lcad to the
change of electrostatic change distribution of
atoms, thus influencing the flotabilities of kyanite
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minerals. The influences of crystal structures of kyanite >andalusite >sillimanite. For the same rea-
polymerphous minerals on their flotabilities are ana- son, when the cation collectors are taken for flota-
lyzed via the calculation of quantum chemistry. tion, the floatability order of kyanite minerals pre-

dicted with the amount of negtive charge on oxygen

3.2  Calculation Analysis of Quantium Chemistry atom is kyanite >>andalusite >>sillimanite.
The predicton mentioned above agrees in gen-

3. 9.1 The electrostatic charge distribution of eral with the flotation result. But the floatation or-
atoms in minerals der of andalusite and sillimanite sometimes disagree
A series of quantum chemistry parameters, with the prediction above. This is because the inter-
such as total energy of a system, electron energy, action intensity between collector and mineral is re-
molecular orbital energy, electrostatic charge densi-  lated to not only the attractive force between the op-
ty (¢ ), and bond order between atoms can be ob- posite charges, but also the repulsive force between
tained by the calculation of quantum chemistry. the like electric charges, even related to the chemi-
These parameters play an important role in explana- cal interaction apart from electric interaction.
tion of chemical properties, spectra properties and Therefore, to determine the interaction intensity be-
reaction ability of atoms or molecules. For the dif- tween collector and mineral, the general interac-
ferences of the coordination number of aluminium, tion energy must be taken into account comprehen-
bond length and bond angle, their electrostatic sively.
charge density of each atoms in kyanite minerals 3.2.2 Calculation on energy change of
are different from each other. The results of calcu- interaction process of collector/mineral
lation of quantum chemistry are shown in Table 1. In the process of adsorpation of collector on
From Table 1, it can be seen that, (1) The electro- mineral surface exists _energy change., and the
static charge density of silicon atom in the three amount of energy change determines the adsorption
kinds of minerals is of little difference. The reason of collector on the mineral surface. This energy
is that the silicon atom in silicate is always in the change can be obtained via the calculation of quan-
form of [SiO,]. and its bond length and bond an-  tum chemistry accurately.
gle change very little. (2) When the coordination The adsorption process of collector on mineral
number of alumnium atom is different, the electro- surface can be expressed:
static charge density is also defferent. The electro- M minerany T L catecton = ML
static charge density of aluminjum is in proportion Therefore, the energy change is approximately
to the square of its coordinaton number. In other \E = B + Ef — B
words, the positive charge on six coordinative alu- where 1l is equivalent to the amout of hecat re-
minium atoms is the most. When the interaction be- leased in the adsorption process of collcctor on min-
tween collector and mineral is dominated by eral. When 17 is large, the collector can easily ad-
charge, the anion collector will select six coordina-  Sorb on mineral surface, on the contrary, I is
tive aluminium atoms. So that, when the anion col- small, the adsorption process is difficult to pro-
lectors are used in flotation, the floatability order ceed. _
of kyanite minerals predicted with charge amount The energy change, 1F of adsorption process
of six coodinative aluminium atoms is as follows. of sodium oleate, sodium dodecyl sulfonate and te-
tradecylamine on kyanite minerals obtained by the
Table 1 . Electrostatic charge density of atom calculation of CNDQ/2 are shown in Table 2. The
in kyanite minerals (au) floatability orders predicated by 1F are as follows.
Minerals AR Al AlCH Si Ouon Onon sodium oleate; sillimanite > andalusite > kyanite ;
vanite 1. 502 0.797 - 0.881  0.920 sodium dodecyl sulfonate; andalusite >>sillimanite
andalusite 1833 1. 130 0.727 0.728  0.751 > kyanite; tetradecylamine; kyanite > sillimanite
siflimanite 1. 810 0.876  0.705 -0.616  0.725 ~>andalusite.
au- atom unit; Al®” means the coordination number of alu- As motioned above, through the calculation

minium is 6. of charge density of atoms on minerals surface and
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Table 2 The energy change of the adsorption of
three kinds of collectors on kyanite minerals(au)

sodium dodecyl

minerals  sodium oleate sulfonate tetradecylamine
kyanite 0. 2033 0. 0651 0.1638

andalusite 0. 2165 0. 1837 0. 0721

sillimanite 0. 3451 0. 1244 0.1270

the energy change in the process of collector adsorp-
tion, the flotation rule of kyanite-group polymer-
phous minerals may successfully be explained. It

gets start only a short time that quantum chemistry

is applied to study flotation mechanism. There are

still a lot of intersting questions needed to investi-
gate further. For example, what relationships exist

between the electrostatic charge density of atoms on

mineral surface and the point of zero charge of min-
erals? Can the influence of pH on the flotability of

mineral be explained by the calculation of quantum

chemistry? It is convinced that these problems will

be taken into consideration by more reseachers and

settled down step by step.

4 CONCLUSIONS

(1) Using sodium oleate, sodium dodecy! sul-
fonate, and tetradecylamine as the collector, the
flotabilities of the three Al,SiO; polymerphous min-

erals as function of pH display a similar rule. The
foltability orders of kyanite minerals as demonstrat-
ed by single mineral test are as follows

sodium oleate; sillimanite”>andalusite_>kyanite;
sodium doecyl sulfonate: andalusite >sillimanite >
kyanite; tetradecylamine: kyanite > sillimanite >
andalusite.

(2) The electrostatic charge density of atoms
on minerals surface and the energy change before
and after the adsorption of collector on mineral are
calculated through quantum chemistry CNDO/ 2,
and the flotation behaviors of kyanite minerals are
fully explained with the calculation results.
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