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Abstract: To achieve efficient flotation separation of brucite and calcite, flotation separation experiments were
conducted on two minerals using dodecylamine (DDA) as the collector and potassium dihydrogen phosphate (PDP) as
the regulator. The action mechanism of DDA and PDP was explored through contact angle measurement, zeta potential
detection, solution chemistry calculation, FTIR analysis, and XPS detection. The flotation results showed that when
DDA dosage was 35 mg/L and PDP dosage was 40 mg/L, the maximum floating difference between brucite and calcite
was 79.81%, and the selectivity separation index was 6.46. The detection analysis showed that the main dissolved
component HPO;  of PDP is selectively strongly adsorbed on the Ca site on the surface of calcite, promoting the
adsorption of the main dissolved component RNH; of DDA on calcite surface, while brucite is basically not affected by
PDP. Therefore, PDP is an effective regulator for the reverse flotation separation of brucite and calcite in DDA system.
Key words: brucite; calcite; selective adsorption; flotation separation

1 Introduction

In China, more than two-thirds of strategic
mineral resources are at a disadvantage, but the
total reserves and production of magnesium
are both the world’s largest [1].
Magnesium has many industrial uses and is mainly
used in the manufacturing of magnesium alloys, as
a reducing agent, and as a material for the aviation
industry [2]. Among magnesium resource products,
magnesium alloys are the most potential light-
weight materials, exhibiting low density, high specific
strength, vibration and noise reduction capacity,
abundance, and environmental friendliness [3].
Brucite is a high-magnesium mineral that is a
major component of magnesium resources, and its

resources

chemical formula is Mg(OH),. Brucite deposits
often contain calcite, dolomite, and other carbonate
minerals [4]. Calcite is a typical gangue mineral
that coexists with brucite; the chemical formula of
calcite is CaCOs and its specific gravity, hardness,
and particle size are close to those of brucite [5].
Due to the influence of factors such as mineral
density, particle size and shape on gravity
beneficiation, separating calcite from brucite via
gravity separation and other physical separation
methods is challenging [6]. However, separation is
possible using methods such as flotation that exploit
the differences in the physical and chemical
properties of mineral particles [7-9].

When the flotation method is used to separate
calcite from brucite in a solution, one mineral floats
up and the other sinks down owing to the difference
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in the surface properties of the two minerals in the
solution [10]. The natural floatability of oxidized
minerals such as brucite and calcite is poor.
Commonly oxidized ore collectors include fatty
acid collectors represented by sodium oleate (NaOL)
and amine collectors represented by dodecylamine
(DDA) [11]. Both types of collectors can achieve
the effect of mineral recovery; however, these
collectors have difficulty in achieving mineral
separation because they have a strong ability to
collect oxidized ores but poor selectivity, which is
highly evident in the case of NaOL and DDA [12].
Therefore, with respect to flotation separation,
collectors must be used to achieve the separation
objective under the action of a regulator;
accordingly, many recent studies have focused on
this aspect of flotation separation [13,14].

Recently, studies on the flotation of
magnesium resources have focused on the flotation
of magnesite, most of which is found in the
flotation system of NaOL or DDA, to explore the
effect of the regulator on the flotation separation of
magnesium their  associated
calcareous gangue minerals [15—17]. From the
research results, anionic collectors such as NaOL
are used for the positive flotation separation of
magnesium ore resources and calcium-containing
gangue minerals. Regulators can inhibit gangue
their floatability, thus
promoting the enrichment of magnesium ore
resources in mineralized bubbles [18]. However,
when using cationic collectors such as DDA for
reverse flotation separation, the regulator can
activate gangue minerals, improve their floatability,
and enrich them in mineralized bubbles, while
magnesium resources are retained in the pulp for
recovery [19]. Among the used adjusters, the most
used adjusters include phosphoric acid and its salts,
carboxylic acid and its salts, and starch and its
modified sugars [14,20,21]. In addition, some
recent research studies have focused on a reverse
flotation system with DDA as a collector probably
because DDA exhibits a good ability to collect
silicate minerals from ore resources, which can be
collected and removed using the reverse flotation
method [19,22,23].

Currently, there are limited studies on the
flotation of brucite, particularly on the reverse
flotation of brucite [24]. The effectiveness of
reverse flotation methods in the separation of

resources from

minerals and reduce

brucite must be further explored. In this study,
reverse flotation experiments were conducted on
brucite and calcite using DDA as the collector and
PDP as the activator. After achieving good sorting
results, methods such as zeta potential measurement,
contact angle measurement, solution chemical
analysis, Fourier-transform infrared (FTIR) analysis,
and X-ray photoelectron spectroscopy (XPS)
detection were used to thoroughly analyze the
internal reasons for the success in achieving the
reverse flotation separation of brucite and calcite in
the DDA system using PDP, providing a reference
scheme for the flotation purification of brucite
resources.

2 Experimental

2.1 Materials

The pure calcite and brucite minerals used in
the experiment were all from the Dashigiao area in
Yingkou, Liaoning Province, China. Their chemical
compositions are shown in Table 1. Figure 1 shows
the X-ray diffraction (XRD) patterns of the two
minerals, revealing the absence of other impurity
peaks for the two minerals. The purity levels of
calcite and brucite calculated based on the contents
of CaO and MgO were 99.14% and 94.26%,
respectively, meeting the requirements of the
flotation test [25]. The bulk pure minerals in calcite
and brucite were sorted, cleaned, manually broken,
and screened, and ore samples with particle sizes of
from 45 to 74 pm were selected for the flotation test.
The samples with particle sizes less than 45 um
were ground to particle sizes less than 5 um for
determining the zeta potential and obtaining FTIR
spectra.

2.2 Reagents

The reagents used in this study are shown in
Table 2 and the structures of PDP (the regulator)
and DDA (the collector) are shown in Fig. 2.

2.3 Microflotation test

The microflotation of brucite and calcite was
conducted using an XFG—II mechanical agitation
flotation machine (Jilin Exploration Machinery
Factory, China). The flotation experiment was
carried out as per the flotation test process shown in
Fig. 3. After drying and weighing the recovered
concentrates and tailings, the flotation recovery of
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Table 1 Chemical compositions of pure mineral samples (wt.%)

Sample MgO CaO SiO, ALO3 TFe Purity
Calcite 0.31 55.55 <0.10 0.22 <0.10 99.14
Brucite 65.15 0.35 3.27 0.15 0.14 94.26
Table 2 Reagent description used in test
Reagent Application Purity Manufacturer
PDP Regulator Analytical grade Shenyang Dongxing Reagent Factory, China
DDA Collector Chemically pure Sinopharm Chemical Reagent Co., Ltd., China
HCl pH adjustor Analytical grade Sinopharm Chemical Reagent Co., Ltd., China
NaOH pH adjustor Analytical grade Shandong Usolf Chemical Technology Co., Ltd., China

KBr IR diluent Spectroscopic grade

Sinopharm Chemical Reagent Co., Ltd., China

(a)

e Calcite

(b) ,

¢ Brucite

Fig. 2 Structures of PDP (a) and DDA (b)

Mineral samples

1 min Agitation

3 min HCl or NaOH
2 min PDP

2 min DDA

Flotation 2 min

Concentrate Tailing

Fig. 3 Flowsheet of single-mineral and binary mixed-
mineral flotation experiments

90

the samples was calculated based on the mass
fraction and chemical analysis of the MgO and CaO
in the products.

For the single-mineral and binary mixed-
mineral flotation processes, mineral recovery (g, %)
is calculated using Egs. (1) and (2), respectively:

mC

e= x100% (1)
m,t+ m,

e=— 2 100% (2)
am,+ fm,

where my represents the mass of the tailings, mc
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represents the mass of the concentrate, a represents
the grade of the concentrate expressed as CaO or
MgO grade (%), and S represents the grade of the
tailings expressed as CaO or MgO grade (%).

To quantitatively describe the flotation
selectivity of calcite separated from brucite using
PDP, the selectivity index (SI) shown in Eq. (3) was
used as the evaluation standard [18]:

C
2 t

SI=, [“e 2L (3)

where ¢ represents each mineral recovery in the
concentrates (expressed as the subscript ¢) and
tailings (expressed as the subscript t) (%), and the
superscripts B and C represent brucite and calcite,
respectively.

2.4 Zeta potential measurement

The zeta potential
performed using a ZS90-2000 potentiodynamic
analyzer (Malvern Instruments Limited). In the test,
20 mg of the pure mineral sample with particle
sizes less than 5 um was placed in a 50 mL beaker
and 50 mL of KCI electrolyte solution with a
concentration of 1 mmol/L was added. 1 mL of the
upper suspension was selected for the zeta potential

measurement  was

measurement, the values of each group were
measured thrice [26].

2.5 Contact angle measurement

The contact angle was measured using a
JC2000A contact angle measuring instrument. The
sample was pressed into a dense, smooth cylindrical
sheet and placed on a measuring platform. Each test
was repeated thrice, and the average was noted [27].

2.6 FTIR spectroscopy detection

The FTIR spectroscopy measurement was
carried out wusing a Nicolet 380 infrared
spectrometer. The samples and spectral-grade
potassium bromide before and after flotation
reagent action were evenly mixed at a mass ratio of
1:100 and then measured using a tablet [28].

2.7 XPS detection

The XPS measurement was performed using
an ESCALAB 250 spectrometer (Thermo Scientific,
USA). A neutral C 1s peak (284.80 eV) was used to
calibrate all binding energies, and the Thermo

Avantage software was used to analyze the test
results [29].

3 Results and discussion

3.1 Flotation, contact angle and zeta potential
Based on Fig.4, the maximum flotation
recoveries of brucite and calcite are obtained when
the DDA dosage is 35 mg/L and the maximum
floatability difference of 58.56% is achieved
between the two minerals. In addition, within the
pH range of 9.5-11.5, the flotation recovery
difference between calcite and brucite is the largest
when the pulp pH is 10.5. Therefore, at the DDA
dosage of 35 mg/L, the pulp pH of 10.5 is suitable
for the flotation separation of calcite from brucite.

100
80 |-
X gyl
& 60 —e— Calcite
(] .
z —a— Brucite
gg 40+ pH: 10.5
20t i/./5/5*\1
0 10 20 30 40 50

DDA dosage/(mg-L™")
Fig. 4 Flotation recovery of brucite and calcite at
different DDA dosages

As shown in Fig. 5(a), with an increase in the
PDP dosage, the flotation recovery of calcite
slightly fluctuates above 94%, whereas that of
brucite first decreases and then increases. When the
PDP dosage is 40 mg/L, the flotation recovery of
brucite is 16.62% and the floatability difference
between the two minerals is 79.81%. Therefore, at
the DDA dosage of 35 mg/L and pH 10.5, the PDP
dosage of 40 mg/L was used as the optimal dosage
of the regulator for the flotation separation of
calcite from brucite.

Wettability is one of the important physical
and chemical characteristics of mineral surfaces and
is the most intuitive indicator of mineral floatability.
It depends on a highly hydrophobic particle in the
bubble—particle attachment and is reflected by
the size of the contact angle [30]. Mineral surface
wettability (floatability) and its regulation are very
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Fig. 5 Effect of PDP dosage on floatability, wettability,

and charge of brucite and calcite at DDA dosage of 35 g/L

and pH 10.5: (a) Flotation recovery; (b) Zeta potential

and contact angle

important for realizing the flotation separation of
various minerals.

In Fig. 5(b), the contact angles of pure brucite
and calcite are 25.59° and 26.91°, respectively.
When the collector DDA was separately added, the
contact angles of both minerals increased to a
certain extent, indicating that the floatability of
the two minerals was enhanced to a certain extent
but the increase was limited. Due to the physical
adsorption of DDA on the surfaces of two minerals,
the change in contact angle between the two
minerals is relatively small under the action of
DDA [31,32]. When PDP and DDA were added, the
contact angles of the two minerals increased. The
contact angle of brucite slightly increased; however,
the contact angle of calcite substantially increased,
reaching 47.23°, indicating that the floatability of
calcite increased to a greater extent. The presence
of PDP can increase the contact angles of the
two minerals; however, the presence of PDP
substantially affects the contact angle of calcite,
considerably increasing its floatability. Moreover,
this effect is not discernible in the case of brucite.

When the mineral and collector primarily rely
on electrostatic attraction (physical adsorption), the
adsorption of the collector on the mineral surface
will primarily depend on the electrical properties of
the mineral surface such as positive, negative, and
absolute values of the electrical properties and
differences in the electrical properties of symbiotic
minerals. According to the XDLVO theory, any
particle with positive charge will have a favorable

interaction with a bubble [33]. Therefore, one of the
important methods for investigating the mechanism
of interaction between reagents and mineral
surfaces and determining mineral floatability is to
analyze the electrical properties of mineral surfaces
and their variations.

Figure 5(b) shows that under the flotation test
condition of pH 10.5, the zeta potential values of
brucite and calcite are negative. The zeta potential
value of brucite is —1.31 mV (close to 0), which
indicates that the isoelectric point value of brucite is
larger but less than 10.5. When PDP acted alone on
the brucite and calcite surfaces, their zeta potentials
exhibited distinct negative shifts of 9.39 and
10.56 mV, respectively, indicating that the PDP
adsorption capacity of these mineral surfaces is
similar. Owing to the relatively large zeta potential
offset, the PDP adsorption capacity of the mineral
surfaces is better.

When DDA acted alone on the brucite and
calcite surfaces, their zeta potentials exhibited
positive shifts of 5.85 and 8.21 mV, respectively.
The offset shows that the DDA adsorption capacity
of calcite is stronger than that of brucite. When PDP
and DDA acted together on the brucite and calcite
surfaces, the zeta potential of brucite exhibited a
positive shift of 2.95 mV compared with that of
PDP acting alone, and that of calcite exhibited a
positive shift of 16.13 mV compared with that
of PDP acting alone. This indicates that PDP
adsorption is not conductive to DDA adsorption on
the brucite surface. However, after PDP absorption
on the calcite surface, DDA could still be adsorbed.

In addition, compared with the zeta potential
offset of the two minerals in the presence of DDA
alone, the zeta potential offset of brucite decreases,
and that of calcite increases in the simultaneous
presence of PDP and DDA. Thus, the presence of
PDP can reduce the DDA adsorption capacity of the
brucite surface and further enhance the DDA
adsorption capacity of the calcite surface. These
characteristics indicate that the presence of PDP is
conducive to enhancing the flotation separation of
calcite and brucite in the DDA system.

The binary mixed-mineral flotation test is
a flotation effect verification test based on the
single-mineral flotation test. Under the optimal
flotation separation conditions determined via the
single-mineral flotation test, the binary mixed-
mineral flotation test of brucite (1.8 g) and calcite
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(0.2 g) is helpful for verifying the separation effect
of PDP on the flotation separation of the two
minerals. The test results are shown in Table 3.
Table 3 shows that without PDP, the grades of
MgO and CaO in the concentrate are 62.02% and
3.07%, respectively, which are slightly higher than
that of the raw mixed ore, and the recovery of
calcite is 39.29%, indicating that the calcite content
in the concentrate is relatively high. Furthermore,
an SI value of 3.10 indicates that the flotation
separation of the two minerals in the DDA system
exerts a certain sorting effect; however, this effect is
not adequately conspicuous. When PDP is added,
the grade of MgO in the concentrate is 64.44%,
which is 2.42% higher than that without PDP, and
the grade of CaO is 1.05%, which is 2.02%
lower than that without PDP. This change reflects
the effect of PDP, and the recovery of calcite in the
concentrate decreases to 7.77%, which is a substantial
decrease. Furthermore, after the addition of PDP,
the SI value considerably increases to 6.46, further
demonstrating the distinct effect of PDP on the
flotation separation of calcite from brucite. These
results indicate that PDP is a regulator that can
realize the flotation separation of calcite from brucite.

2663

3.2 Dissolved components

By analyzing the equilibrium of dissolution,
dissociation, and association of flotation reagents in
a solution, the active components of the regulator
and collector can be identified and the optimal
range of conditions for the interaction between
flotation reagents and minerals can be determined,
thus providing a theoretical basis for the selection
and determination of the flotation separation
conditions of minerals [11,34]. Figures 6(a) and (b)
show the dissolved components of the regulator
PDP and the collector DDA in the solution,
respectively.

As shown in Fig. 6(a), the hydrolyzed
components of PDP include H:PO4, H,PO,, HPO; ",
and PO;. For PDP with a concentration of
2.94x10*mol/L, HPO;  is the dominant component
in the range of 7.2 < pH < 12.4, and HPO; ", PO;"
and H,PO, exist at pH 10.5. The adsorption of the
negatively charged components of PDP on the
mineral surface is crucial to its floatability. As
shown in Fig. 6(b), the critical pH of the DDA
solution with a concentration of 1.89x10*mol/L is
9.74. In alkaline solutions with pH >9.74, DDA
primarily exists in the form of amine molecules or

Table 3 Flotation results of mixed brucite and calcite in absence and presence of PDP

» ) Grade/% Recovery/%
Condition Product Yield/% SI
MgO CaO Brucite Calcite
Concentrate 81.48 62.02 3.07 86.17 39.29
H: 10.5;
P ’ Tailings 18.52 43.89 18.21 13.83 60.71 3.10
DDA: 35 mg/L
Feed 100.00 58.67 5.87 100.00 100.00
pH: 10.5; Concentrate 70.84 64.44 1.05 77.85 7.77
DDA: 35 mg/L; Tailings 29.16 44.64 17.57 22.15 92.23 6.46
PDP: 40 mg/L Feed 100.00 58.67 5.87 100.00 100.00
@ 2 (b) RNH; RNH,(5)
H,PO, H,PO; HPO>  POY -4 F —
-4t (RNHZ)3* /
o -6
)
g
S -5
o0
_10 -
-12

pH

0 2 4 6 8 10 12 14

Fig. 6 lg C—pH curves of PDP (a) and DDA (b) in solution (C is concentration)

12 14
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molecular ion copolymers and through RNH; and
RNH'RNH; on the mineral surface of the double
layers via electrostatic adsorption on the surface of
the negatively charged mineral such that the
hydrophobicity of the mineral is enhanced.

3.3 FTIR spectra

Contact angle analysis results indicated that
the presence of PDP can increase the hydro-
phobicity of the two minerals and considerably
increase the floatability of calcite, demonstrating a
strong activation effect on calcite. Because the
activation was realized through the adsorption of
the flotation reagents, the PDP and DDA adsorption
characteristics on the two mineral surfaces were
measured using FTIR spectroscopy; the results are
shown in Figs. 7-9.

In the FTIR spectra of DDA (Fig.7), the
antisymmetric stretching vibration peaks of —NHo,,
—CHj3;, and —CH,; are located at 3333.23, 2955.86,
and 2921.70 cm™!, respectively, and the symmetric
stretching vibration peak of — CH, appears at
2851.62 cm™!. The variable-angle vibration peaks of
— NH, are located at 1649.58, 1568.01, and
1488.62 cm™!, the —CH; symmetric variable-angle
vibration peak is located at 1388.57 cm™!, the
— CH, twisted vibration peak is located at
1321.02 cm™!, and the C—N stretching vibration
peak is located at 1151.99 cm™'. In addition, the
N—H plane bending vibration peak is observed at
720.45 cm™' [17,19,32,35]. In the FTIR spectrum of
PDP, the PO—H stretching vibration peaks are
observed at 2857.18, 2773.03, and 2447.76 cm ',
the —PO; antisymmetric stretching vibration peak
is observed at 129924 cm™!, and the — PO,
symmetric stretching vibration peak is observed at

DDA

1151.99

8
%
720.45

Qe
I38a=

3333.23

535.13

<
a5
o

N
o =}

%
S
&

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

Fig. 7 FTIR spectra of flotation reagents PDP and DDA

1099.87 cm™!. The P—(OH), symmetric stretching
vibration peak is observed at 908.23 cm™!, while the
PO4 asymmetric variable-angle vibration peak is
observed at 535.13 cm™! [36,37].

As shown in Fig. 8, the characteristic peaks of
brucite appear at 3697.46, 1483.78, 1423.63,
1075.87, and 961.31 cm™!. When DDA acts alone
on the brucite surface, the characteristic peaks of
DDA appear at 2954.15, 2918.45, and 2851.54 cm™;
the peak located at 2954.15c¢cm™' is the CH;
antisymmetric stretching vibration peak of DDA,
and the peaks located at 2918.45 and 2851.54 cm™!
are the —CH, antisymmetric stretching vibration
peak and symmetric stretching vibration peak of
DDA, respectively. This observation indicates that
DDA can be effectively adsorbed on the brucite
surface. When PDP acts alone on the brucite surface,
new peaks appear at 2820.82, 1575.83, and
552.09 cm™!, indicating that PDP is adsorbed on the
brucite surface. When both PDP and DDA act on
the brucite surface, the PDP peaks appear only at
2817.49, 1553.90, and 567.84 cm!, indicating that
the DDA adsorption capacity of the brucite surface
is considerably weak in the presence of PDP.

Brucite+PDP+DDA

3697.30

“ Brucite+PDP

1060.39

3697.16
2820.82
1663.41

Brucite

1019.56
552.09

3697.46

Brucite+tDDA  ~

v
a
1

_ 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™

Fig. 8 FTIR spectra of brucite before and after flotation
reagent action

In Fig. 9, the C—O flexural vibration peaks of
calcite are observed at 712.16 and 876.41 cm !, and
asymmetric vibration peak of the C—O is observed
at 1421.09 cm™!. When DDA acts alone on the
surface of calcite, the calcite peaks appear at
3328.33, 2955.34, 2919.63, and 2851.80 cm!,
indicating that DDA is adsorbed on the surface of
calcite. When PDP acts alone on the surface of
calcite, new peaks of calcite appear at 3542.60,
3490.63, 3162.53, 1226.48, 1133.59, 1058.58,
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Calcite+PDP+DDA

3543.46
3490.85
3162.51

Calcite+PDP

Calcite+tDDA

3542.60
3490.63
3162.53
71226
525.09

876.41
712.16

712.10

876.00

2
a8

<

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™
Fig. 9 FTIR spectra of calcite before and after flotation
reagent action

985.88, and 525.09 cm™!, indicating that PDP can
be adsorbed on the surface of calcite. When PDP
and DDA simultaneously act on the surface of
calcite, the characteristic peaks of DDA appear at
2955.84, 2918.09, and 2849.88 cm ™! in addition to
the characteristic peaks that appear when PDP acts
alone on the surface of calcite, indicating that both
PDP and DDA can be adsorbed on the surface of
calcite. The PDP adsorption on the surface of
calcite does not affect the DDA adsorption on the
surface of calcite.

3.4 XPS spectra

XPS is a highly practical surface analysis
method for the qualitative and quantitative analyses
and structural identification of solid surfaces [38].
The adsorption mechanism of flotation reagents on
the mineral surface can be understood through the
characteristic changes in the element composition
and element content of the mineral surface before
and after flotation reagent action. Therefore, the
XPS spectra of brucite and calcite as single mineral
as well as binary mixed minerals treated with
40 mg/L PDP at pH 10.5 and were obtained. The
full spectra of the two minerals are shown in
Figs. 10 and 11.

The full XPS spectrum of brucite presented in
Fig. 10 shows that three basic peaks, namely Mg 1s,
O 1s, and C 1s, and several characteristic peaks,
including Mg KL 1, Mg 2s, Mg 2p, and O 2s, appear
in the case of the surface of brucite. When PDP acts
on the surface of brucite, only Mg 1s, O 1s, C s,
MgKL1, Mg2s, Mg2p and O2s peaks are
observed without any characteristic peaks of PDP,

Ols

Mg KLI

Mg Is
o]
=
5
Q.
1
+
e
=)
i~}
Cls
Mg 2s
Mg 2p
02s

1
MgKLI

Is

1200 1000 800 600 400 200 0
Binding energy/eV

Fig. 10 Full XPS spectra of brucite before and after PDP
action

C
Mg 25
g2p

Ev
02

Ols

o

Q
m

o

Calcite+PDP

Ca2p

Calcite

1200 1000 800 600 400 200 0
Binding energy/eV

Fig. 11 Full XPS spectra of calcite before and after PDP
action

indicating that the effect of PDP on the surface of
brucite is relatively weak. The adsorption effect on
the surface of brucite is not discernible.

As shown in Fig. 11, three basic peaks, namely,
Ca?2p, Ols, and C 1s, and several characteristic
peaks, including Ca 2s, Ca 3s, and O 2s, appear in
the case of the calcite surface. When PDP acts on
the surface of calcite, two characteristic peaks,
namely, P 2s and P 2p, appear on the surface of
calcite, indicating that the PDP adsorption on the
calcite surface is relatively strong. Thus, PDP
exhibits stronger adsorption capacity on the surface
of calcite than that on the surface of brucite.

To understand the prominent characteristics of
PDP action on the brucite and calcite surfaces, the
changes in the surface element composition and
content of the two minerals before and after PDP
action were measured; the results are shown in
Table 4.

Table 4 shows that under the action of PDP, the
content of the characteristic P element that belongs
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to PDP on the brucite surface increases only by
0.02 at.%, whereas that on the calcite surface
increases by 1.55at.%, which fully reflects the
stronger effect of PDP on calcite than on brucite.
Furthermore, with the changes in Mg and Ca, the
contents of Mg and Ca are reduced by 0.31 at.%
and 1.43 at.%, respectively. The interaction between
PDP and calcite is stronger than that between PDP
and brucite.

Table 4 Surface element compositions and contents of
brucite and calcite before and after PDP action

Content/at.%
Sample
Cls Ols Mgls Ca2p P2p
Brucite 22.83 60.24 16.93
Brucite+PDP  23.10 60.26 16.62 0.02
Shift 0.27 0.02 -0.31 0.02
Calcite 23.90 58.47 17.63
CalcitetPDP  27.33 54.92 16.20 1.55
Shift 343 -3.55 —-1.43 1.55
(a)
Mg 1s:1303.15
Brucite
Experiment
—— Mg Is in Mg(OH),
......... Background
—— Fitting

1312 1310 1308 1306 1304 1302 1300 1298 1296 1312 1310 1308 1306 1304 1302 1300 1298 1296

Binding energy/eV

The change trends of the characteristic
elements are important for understanding the
influence characteristics of PDP on the mineral
surface, which are reflected in the change in the
molar fractions of the characteristic elements and
the migration of the characteristic peaks of the
characteristic elements. Figures 12 and 13 show the
variation characteristics of the peaks of Mg and Ca,
which are the characteristic elements of brucite and
calcite, respectively.

Figure 12 shows that after PDP action, the
characteristic Mg 1s peak of brucite changes from
1303.15 to 1303.14 ¢V, showing a decrease of
0.01 eV, thereby demonstrating the relatively weak
effect of PDP on the Mg peak and its weak
interaction with brucite.

Figure 13 shows that after PDP action, the
Ca2p peaks of calcite change from 346.93 and
350.47 eV to 346.87 and 350.41 eV, respectively,
showing a decrease of 0.06 eV, respectively, thereby
indicating the relatively strong effect of PDP on the
Ca peak and its strong interaction with calcite. This

(b)

Mg 1s:1303.14

Brucite+PDP

Experiment

—— Mg Is in Mg(OH),
~~~~~~~~ Background
—— Fitting

Binding energy/eV

Fig. 12 XPS fitting peaks of Mg 1s on brucite surface before (a) and after (b) PDP action

(a) Ca 2ps),: 346.93

i

Calcite

Experiment

Ca 2p,,: 350.47 \ca 2p, ,in CaCO,

(b) Ca 2py,: 346.87

Calcite+PDP

Experiment

Ca 2p,, in CaCOy
Ca 2p, , in CaCOy
~~~~~~~ - Background
“;Fitting

354 352 350 348 346 344
Binding energy/eV

342 354 352 350 348 346 344 342

Binding energy/eV

Fig. 13 XPS fitting peaks of Ca 2p on calcite surface before (a) and after (b) PDP action
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Fig. 14 Collection model of brucite and calcite by DDA after adsorption of PDP

XPS analysis shows that the strong adsorption of
PDP on the surface of calcite is conducive to the
ability of DDA to collect calcite, whereas the PDP
adsorption on the surface of brucite is not
discernible.

3.5 PDP adsorption and DDA collection

Based on previous research results on reverse
flotation separation of brucite, a possible adsorption
model for DDA and PDP on the surfaces of two
minerals is shown in Fig. 14 [39,40]. According to
XPS detection, PDP exhibits a strong affinity
toward Ca sites, indicating that PDP is more likely
to act on the surface of calcite with Ca sites. FTIR
analysis shows that the adsorption of PDP on the
surface of calcite promotes further adsorption of
DDA on the surface of calcite. Solution chemical
analysis shows that the dissolved components
HPO; ", PO;, and H,PO, of PDP are negatively
charged in the solution, and their adsorption on the
mineral surface will cause the mineral surface to
present a state of negative charge; the dissolved
components of the collector DDA, i.e., RNH; and
RNH,-RNHj, are all positively charged in solution.
Their adsorption on the mineral surface tends to be
positively charged. Based on zeta potential analysis,
it can be concluded that the dissolution components
of PDP with negative charges can absorb more
negative charges on the surface of calcite when
adsorbed on the two types of mineral surfaces,
which will result in calcite being in a state of strong

negative charge and brucite being in a state of weak
negative charge; When encountering the positively
charged dissolved components of DDA, the
negative charge carried by calcite will be
significantly reduced, and the negative charge of
brucite will slightly decrease; These results indicate
that the presence of various dissolved components
of PDP further promotes the adsorption of DDA on
the surface of calcite, enhancing the ability of DDA
to collect calcite.

4 Conclusions

(1) PDP is an effective regulator for reverse
flotation separation of brucite and calcite.

(2) Negatively charged dissolved components
HPO; ", PO;", and H,PO, of PDP strongly adsorb
on calcite surface, promoting the adsorption of
DDA on the surface of calcite.

(3) XPS detection shows that PDP has a strong
impact on the Ca sites on calcite surface, but a weak
impact on the Mg sites on brucite surface, reflecting
the selectivity of PDP on calcite.
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