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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Sylvite flotation behaviors connected 
with exposing facets were firstly 
investigated. 

• Sylvite with (002) facet possessed 
higher flotation recovery than that with 
(222) facet. 

• Stronger adhesion of bubbles on (002) 
facet facilitated flotation recovery. 

• Interaction between exposing facets and 
collector was electrostatic adsorption. 

• Negative surficial potential of (200) 
facet was originated from edges with 
hanging Cl bonds during its layered 
growth.  
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A B S T R A C T   

Sylvite (KCl) is a classical soluble mineral with high solubility, endowing the possibility to precisely adjust its 
surficial structure for flotation recovery. In this work, efforts have been originally made to study flotation be
haviors of KCl with (200) and (222) exposing facets. KCl(200) crystals had a higher recovery than that of KCl 
(222) with octadecylamine hydrochloride (ODA). FTIR and XPS results indicated that interaction force between 
KCl and ODA was not chemical absorption. Zeta potential results further implied the mechanism that the ODA 
reacted with KCl by static force and KCl(200) possessed a lower potential than KCl(222) and thus facilitated the 
flotation process. 2D as well as 3D AFM results provided microscopic details of perfect cubic KCl(200) and oc
tahedron KCl(222) samples where layered growing method of former samples exhibited more edges with hanging 
Cl bonds, leading to its more negative surficial potential and less hydrophilic property, enhancing flotation re
covery. Moreover, adhesion & adsorption force further illustrated that KCl(200) obtained a stronger interaction 
with bubbles, in coincidence with its better flotation recovery. KCl crystals with (200) exposing faces promoted 
flotation in comparison with crystal with (222) faces, offering strategy to reserve (200) faces for designing KCl 
crystals with high recovery.  
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1. Introduction 

KCl, one of key water-soluble minerals [1], was mined and processed 
to provide potassium compounds for agricultural industry [2] and other 
chemicals like medicine [3], battery [4], ceramics [5], plastics [6], etc. 
Since the 1940s, the majority of potash ore was extracted through 
flotation in potash industry [7–9]. As the increased demand of potash 
elements and lower grade of potassium ore, potassium supply is in ur
gent requirement all over the world [10,11]. Hence, further improving 
flotation recovery is critical for optimization of flotation system in 
industry. 

Adjusting hydrophobicity of crystal surfaces and the selectivity of 
bubble and crystal interaction during flotation process were main way to 
improve recovery of potash ores [12–14]. For decades, precursors 
focused on developing various surfactants (called as collectors) 
comprising of hydrophilic group and hydrophobic chain in difference of 
flotation selectivity and capability, such as, primary alkylamines (R- 
NH2) [15] in early stages, sodium alkylamines (R-SO3Na) [16], sodium 
alkylsulfates (R-OSO3Na) [17], and fatty acids (R-COOH) [18]. Despite 
abundant types of collectors were applied in the industry, flotation re
covery still requires further improvement. 

Considering that most minerals are crystals whose one typical 
feature is the well-defined notion of standard repeating units with 
discernible crystallographic plane, crystal samples exhibit different 
physical and chemical properties with various exposing faces [19–21]. 
For instance, one extreme but common example is two-dimensional 
crystal materials type showing obvious anisotropy like molybdenite 
[22,23], mica [24], talc [25] and highly oriented pyrolytic graphite 
(HOPG) [26] that can be easily exfoliated to layers along basal (001) 
plane but difficult to destroy from the other vertical (010) direction, 
where the latter plane with hanging unsaturated bonds tends to be more 
active to react with collectors and bubbles during flotation process 
[27–29]. On behalf of natural KCl crystals which belongs to typical face- 
centered-cubic (FCC) type, the most common two structures with single- 
type exposing faces are i. six square (200) faces composing one cubic 
structure and ii. eight triangle (222) faces forming an octahedron 
structure [30,31]. Moreover, thanks to KCl crystals’ good solubility 
which highly relies on solution conditions [32,33], samples with various 
exposing faces can be obtained during the crystallization process by 
well-designed strategies. It is likely that the uncommon exposing facets 
may bring new possibility or show disadvantages, which should be well 
researched for reaching an ideal flotation recovery. Hitherto, few studies 
investigated the work about improving floatation of KCl by modulating 
exposing facets. 

During the industrial production, the most used method to recover 
potassium is by cold decomposition followed with froth flotation using 
ODA (not only for recovery of KCl but also for restrain of tail mineral 
NaCl) as collector [34,35]. Here, KCl crystals with only one type of 
exposing faces as (200) and (222) were obtained where the surfaces 
details were shown by atomic force microscope (AFM) to research their 
growing mechanisms. Flotation performances of two types of KCl sam
ples as well as their corresponding interaction with ODA were well 
studied by fourier transform infrared spectroscopy (FTIR) and X-ray 
photoelectron spectroscopy (XPS). Besides, the induction time test and 
adhesion & adsorption force tests were conducted to further study the 
interaction behaviors during flotation process. The related mechanism 
of different flotation recovery with two types of KCl crystals were 
researched. 

2. Materials and methods 

2.1. Reagents 

Analytical pure grade KCl and hydrochloric acid (HCl) reagents were 
purchased from Sinopharm Chemical Reagent Co., Ltd., China, while 
pure lead chloride (PbCl2) and octadecylamine hydrochloride reagents 

from Aladdin Pharmacy company. During all experiments, pure deion
ized water (Millipore SAS, France) with a resistivity of 18.2 MΩ cm and 
KCl were mixed to prepare the saturated KCl solution. 

2.2. Preparation of KCl samples with various exposing facets 

The growing process of crystals highly depends on the solution 
condition according to the solubility curve. For salt crystallization, the 
main variations include the concentration of composing ions, tempera
ture range and evaporation area (liquid-gas area), and also the additives. 
Here, based on properties of KCl salt, mild crystallization reaction and 
addition of Pb ions methods were chosen to grow KCl crystals with (200) 
exposing facets and (222) facets, respectively. For flotation experiments, 
the samples were sieved to gather same size range between 178 and 250 
μm to exclude the impactor of particle size. The detailed preparation 
methods were described as below. 

2.2.1. Preparation of KCl crystals with (200) exposing facets 
It’s known the fact that crystal habit of KCl is cubic with six square 

(200) faces. However, perfect cubic with sharp corners only appears 
under gentle growing environment due to its easily crystallization with 
slight decline of temperature as well as evaporation of water. Hence, a 
mild isothermal evaporation method was performed to prepare the 
perfect cubic KCl crystal. In a typical experiment, saturated KCl solution 
was poured into a petri dish with diameter of 15 cm for 48 h with stirring 
speed at 300 rpm to grow even cubic KCl crystals. For bigger cubic 
crystals the evaporation period was extended to one week and perfectly 
formed KCl samples were carefully moved to a filter paper for quick 
drying to maintain the flat and immaculate surface for delicate tests like 
AFM. 

2.2.2. Preparation of KCl crystals with (222) exposing facets 
According to previous research by L. Pastero, R [36], ratio of 

exposing facets including (200) and (222) of KCl crystals highly depends 
on the additive of PbCl2. The increasing amount of lead ions would 
promote the proportion of (222) face of KCl crystal. Thus, for pure (222) 
exposing face KCl crystals with octahedron morphology, ratio at 1:500 
in weight of pure PbCl2 in grams and saturate KCl solution in volume 
was prepared and ultrasonic process with intensity at 200 W for 20 min 
was performed to ensure the well mixture of composing substances. 
Then the solution was poured into a petri-dish for slowly evaporation & 
crystallization reaction for a certain period, based on the requirement of 
crystal size. After that, the well grown crystals were selected by a 
dropper and dewatered by filter paper immediately in order to keep 
perfect crystals unblemished for surficial observations as well as 
avoiding the further growth. Finally, Pb-KCl samples were kept in an 
oven at 45 ◦C overnight to dry up for next measurements to minimize the 
moisture absorption due to the high hydrophilia of KCl salt. 

2.3. Characterization 

For observation of crystals, a stereoscopic was performed due to their 
large scale of size with nearly perfect morphology. With smaller size 
crystals, scanning electron microscope (SEM, Phenom ProX G6, 
Netherlands) was used for detailed observation of intact octahedron and 
cubic KCl crystal surfaces. Atomic force microscope (AFM, Bruker MM8, 
German) with ScanAsyst Air mode equipped with Air tip helped to 
reveal the surficial morphologies of grown perfect cubic and octahedron 
KCl crystals and the results were analyzed by Bruker Nanoscope Analysis 
1.4 software. X-ray photoelectron spectroscopy (XPS, Thermo Scientific 
ESCALAB Xi+, America) and X-ray diffraction (XRD, D8 Advance, Ger
many) tests with Cu-Kα sealed tube were applied to study the crystalline 
structure of KCl crystals and the latter also helped to understand the 
exposing face differences between variously-shaped KCl samples. Be
sides, FTIR (Nicolet 6700, UK) along with Zeta potential test (Malven, 
UK) were conducted to study the interaction between the collector ODA 
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and mineral sample KCl. Especially for the zeta potential test, KCl 
samples were ground to obtain powder with particle size less than 5 μm 
to suspend in saturated KCl solution. For zeta potential tests related with 
ODA, the concentration was set to be the same as flotation process as 60 
g/t in saturate KCl solution. The mixture was conditioned for 20 min and 
then measured for 6 times to yield the average zeta potential 
information. 

2.4. Floatation experiments 

To study how potassium chloride with (200) exposing face and (222) 
exposing face would affect the recovery process with ODA as collector 
reagent, flotation experiments of cubic- and octahedron-shaped KCl 
crystals with same size range of 178–250 μm were conducted in a 
flotation cell with capacity of 60 mL and the pulp concentration was set 
to be 25%, under ambient temperature around 25 ◦C. prior to the 
experiment, the collector ODA reagent was prepared by mixing 2 mL 
pure HCl into 99 mL octadecylamine solution. The mixture was heat up 
to 80 ◦C until clear to maintain its high activity each time before 

flotation. During a standard floatation process. 15 g of grown KCl crystal 
particles was added into 60 mL of saturated KCl solution and condi
tioned for 3 min. Then, 45 μL of transparent ODA was added with mixing 
for another 2 min. Afterwards, bubbles were performed at flow rate of 
0.1 L/h with air as source for 2 min. Flotation process was carried out 
then for two minute to get the flotation kinetics date. All samples were 
immediately filtered and transferred to an oven at 45 ◦C to dry up to 
avoid further crystallization with remnant saturated KCl solution on 
surface of crystals. The flotation kinetics was described by classical 
flotation kinetics 

ε = ε∞[1 − exp( − kt) ] (1)  

where ε and ε∞ were real and theoretical recovery, %; k was flotation 
rate, min− 1, t was the flotation time, min. 

2.5. Adhesion & adsorption force test 

During flotation process, another key parameter is the interaction 
force between minerals and bubbles. Here, the adhesion & adsorption 
force tests were conducted by a surface tension measurement apparatus 
(Powereach JK99M2, China). Notably, the unstable bubble under solu
tion hindered the accuracy of interaction test but liquid drop helped to 
get a better understanding. The interaction law between particles & 
bubble could be easily obtained by reversing the rule of particles & 
flotation solution. During the test, a ring tip with a droplet with ~50 μL 
of saturated potassium chloride solution was hanged where its weight 
was evaluated by the digital sensor of instrument. Then, the cubic or 
octahedron samples were firstly immersed in saturated KCl solution with 
60 g/t addition of collector ODA for 10 min in order to realize the same 
situation during flotation process. Then the samples were dried at 45 ◦C 
for 4 h to dry up and placed on the surface of a glass slide with a rela
tively smooth surface, which was later put on the instrument platform to 
move forward the droplet with velocity at 0.01 mm/s to ensure the 
accuracy of this test. The distance between droplet and particles was 
well designed in order to make sure about the contact. Afterwards, the 
sensed real-time mass changes were recorded and adhesion & adsorp
tion force data could be read by analysis of the curve. 

Fig. 1. SEM results of cubic (a) and octahedron (b) crystals, and their corresponding stereoscope results.  

Fig. 2. XRD results of cubic and octahedron crystals.  
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3. Results and discussion 

3.1. Morphology characterization 

By cooling and lead addition methods, two types of KCl crystals were 
successfully prepared and their morphology information was studied by 
SEM and stereoscopy, as shown in Fig. 1. It’s clear that cubic 
morphology appeared during cooling method, while octahedron mor
phologies showed up with existence of small amount of lead ions. The 
uneven size distribution was due to the easily crystallization of KCl in 
solution but sieves helped to narrow samples to proper size ranges for 
other tests. In Fig. 1c and d, the cubic and octahedron samples shared 
nearly perfect shapes with only one type smooth surfaces, indicating 
their high crystallinity which was further researched by XRD test in the 
following results. 

3.2. Crystal structure 

As one of the most important features of crystals, the crystalline 
structure of KCl samples with cubic and octahedron shapes were studied 
here. Firstly, the XRD test was performed to cubic and octahedron and 
corresponding results were displayed in Fig. 2. Peaks at around 24.5◦, 
28.5◦, 40.6◦, 50.2◦, 58.8◦, 66.5◦ and 73.8◦ were ascribed to (111), (200), 
(220), (222), (400), (420) and (422) faces of KCl crystals, which were in 
high agreement with the PDF#73–0306 data of KCl [37,38]. The high 
and narrow peaks demonstrated that both two samples pertained high 
purity of KCl crystal while the cubic sample showed high intensity of 
(200) face and octahedron sample of (222) face, indicating their 
different main exposing faces. Besides, the addition of lead ions did not 
change the structure of KCl crystal but only the exposing face, giving the 
chance to study the influence of KCl exposing face on its recovery pos
sibility as discussed in the coming part of this work. 

3.3. Flotation affected by crystal facets 

The flotation experiments of two types of crystals with (200) and 
(222) exposing faces with size range at 178–250 μm using ODA as col
lector were conducted, and the flotation kinetics results were shown as 
Fig. 3. Both flotation recovery in the process were highly coincident with 
classical first-order model, as listed in Table 1. The flotation rate of KCl 
(200) was higher than that of KCl(222). The KCl(200) samples achieved 
a recovery at 83.35%, while recovery of KCl(222) was about 53.42%, 
demonstrating a better interaction between cubic KCl crystals with 
bubbles under collector as ODA. 

3.4. Interaction between KCl crystal and collector 

In most cases, the minerals would absorb collectors to reach a hy
drophobic stage so as to attach to bubbles for being floated. The good 
flotation behaviors of two samples implied the possible interaction be
tween KCl particles and ODA. Here, FTIR tests was used to study if ODA 
was absorbed on KCl crystals. From Fig. 4, it was clear that before 
flotation, both KCl(200) and KCl(222) samples showed peaks at 1638.00 
and 1114.00 cm− 1, belonging to KCl [39,40]. After reaction, there were 
new peaks at 2917.77, 2850.27, 1473.35 and 719.32 cm− 1 on KCl(200) 
and 2919.70, 2852.20, 1473.35 and 875.53 cm− 1 on KCl(222) samples, 
which all belong to ODA, demonstrating the successful adsorption of 
ODA on KCl samples [41,42]. However, the interaction type remained 
unclear which needed further investigation by following XPS tests in 
Fig. 5. 

To further figure out the interaction details between KCl crystals and 
collector ODA, binding energy information of different elements of KCl 
(222) before and after flotation was tested by XPS and the related results 
were displayed in Fig. 5. In the survey map, Pb, K and Cl element narrow 

Fig. 3. Flotation kinetics results of KCl(200) and KCl(222) crystals using ODA.  

Table 1 
Kinetic parameters for flotation kinetics of classical first-order model.   

Classical first-order model 

Samples ε∞ (%) k1 (min− 1) R2 

Cubic 84.24 2.27 0.999 
Octahedron 54.31 2.06 0.994  

Fig. 4. FTIR results of KCl(200) and KCl(222) crystals before and after flotation, respectively.  
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map of original KCl(222) sample were shown in left four maps in Fig. 5a, 
c, e and g, respectively and their corresponding maps after flotation in 
right maps of Fig. 5b, d, f and h. Notably, the Pb 4f peaks at 138.64 eV 
and 143.65 eV in Fig. 5c belonged to KPb2Cl5 [43], it could be ascribed 
to the minor addition of Pb ions inserting in the crystal structure of KCl 
(222). By comparing the peaks between left and right, the binding 

energy difference could be clearly seen that no movement occurred in Pb 
4f, K 2p and Cl 2p spectra, indicating that none of new chemical bonds 
appeared. As a consequence, the force between KCl(222) and ODA do 
not belong to chemical adsorption but probably only physical reaction 
that needed other investigation. 

The above FTIR and XPS results suggested that the ODA’s adsorption 

Fig. 5. XPS spectra of KCl(222) samples before: (a) survey, (c) Pb 4f, (e) K 2p, (g) Cl 2p and after flotation: (b) survey, (d) Pb 4f, (f) K 2p, (h) Cl 2p.  
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on KCl could be ascribed to non-chemical force. To reveal the mecha
nism, zeta potential of KCl(200), KCl(222) before and after reacting with 
ODA were tested and related results were displayed in Fig. 6. It’s known 
the fact that ODA is a cationic collector with positive charge which was 
also demonstrated here. In Fig. 6, before reaction, KCl(222) and KCl 
(200) possessed − 3.29 mV and − 6.41 mV, respectively. According to 

previous work [44], similar to LiCl with negative zeta potential, the 
hydration energy of K ion is higher than that of Cl ion which promotes 
the dissolve of K ions into solution instead of Cl ions on surface of KCl 
crystal structure, resulting in the more left Cl− with negative charge of 
KCl crystals as demonstrated in Fig. 6. The different zeta potential of 
these two samples would be well explained in later discussion. Anyway, 
as a result, the more negative zeta potential of KCl(200) indicated the 
better static interaction with cation collector ODA (5.51 mV) than that 
of KCl(222) crystal during flotation, well explaining the different 
flotation behaviors. Afterwards, cubic and octahedron samples achieved 
an increased zeta potential to − 0.38 and − 0.32 mV, close to zero, 
suggesting the possible physical static force between KCl and ODA 
which was in coincidence with previous conclusion [45]. 

As mentioned above, flotation happens by the selected adsorption by 
collectors on minerals surfaces to reach a hydrophobic condition in 
order to interact with bubbles. As a consequence, the surficial properties 
of minerals show a vital role in this reaction. AFM, as a powerful atomic 
level method to reveal the surficial morphology, was adopted to help 
understand the properties of KCl(200) and KCl(222) crystals whose 
slowly grown perfect samples pertained flat surfaces. Shown in Fig. 7a 
and b were the surficial morphology of cubic and octahedron from the 
microscope equipped with AFM where the former sample had a clean 
and flatten surface but latter with several triangle islands. The KCl(200) 
sample with cubic structure was grown by mild evaporation which 
allowed a slow and steady growth to exhibit a nearly perfect cubic shape 
with flat surfaces, in coincidence with FCC crystal structure. However, 
the KCl(222) sample with octahedron shape was grown by a different 
way from cubic structure that on each (222) triangle face, the extra ions 
firstly formed a small triangle island and then bigger. Those islands 
finally successfully grow to connect with each other to form another 
layer, thus to realize a bigger octahedron crystal. More detailed surficial 
information was displayed in Fig. 7c, e by two-dimensional results 
andtheir corresponding three-dimensional results from AFM tests in 
Fig. 7d and f. It’s worth noting that the AFM results were corresponding 
to their microscope results where a flat and clean spot was chosen to 
endow the engagement of the tip. It’s clear that on the surface of KCl 
(200), there were many stages composing of layers with large amount of 
exposing “edges”, indicating the growth of (200) faces were by layers 
and the possible plentiful hanging Cl− on the edges that resulted in its 
lower zeta potential value. For KCl(222) sample, there was one triangle 
island in Fig. 7d and f, in consistent with the microscope result in Fig. 7b. 
The uneven distribution of smaller punctate hills on surface might be the 
undergrown triangle islands. One other fact that Cl ion possessed higher 
binding energy with Pb ion than that with K ion, further strengthened 
the ability of KCl(222) to confine Cl ions inside the structure rather than 
dissolve into bulk saline. Compared with layered surface with abundant 
exposing edges on KCl(200) surface, the island-formation growth 
method hindered the exposing of edges as well as hanging Cl− and lead 
to the relatively more positive surficial charge than KCl(200), as 
demonstrated by previous zeta potential results. In addition, the surficial 
properties also played a vital role in minerals’ hydrophilia which further 
influenced the interaction with bubbles during flotation process. Contact 
angle results of saturated KCl solution on KCl(200) and KCl(222) in 
Fig. 7g and h suggested that the former cubic sample had a less hydro
phily which could be ascribed to its more exposing of Cl− with lower 
hydration energy than K+. The less hydrophilic KCl(200) facilitated the 
adsorption of cubic KCl crystals with bubbles to obtain a better flotation 
recovery as described above. In consideration of the morphology and 
shape features of KCl(222) crystal, it’s reasonable that one other 
disadvantage of its low floatability was that the unstable gravity center 
of octahedron structure hindered the attachment with bubbles during 
turbulent solution environment of flotation process. 

As one result from surficial properties, adhesion & adsorption forces 
between mineral particles and collectors are thought to be another 
important test to unveil the flotation mechanism. Known as one typical 
hydrophilic mineral, KCl processed a relatively bubble-repelling 

Fig. 6. Zeta potential results of KCl(200), KCl(222) crystals before and after 
reacting with ODA, and of ODA in saturate KCl solution. 

Fig. 7. (a, b) Micrographs, (c, d) two dimensional & (e, f) three dimensional 
AFM and (g, h) contact angle results of KCl(200), KCl(222) crystals, 
respectively. 
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property. Here, the adhesion & adsorption forces between ODA- 
adsorbed KCl(222), KCl(200) samples with saturate KCl solution were 
studied to get a better understanding of the interaction behavior during 
flotation process, and the related results were displayed in Fig. 8 with a 
few typical records during the approaching & retracting process inserted 
in Fig. 8a. The real-time record of force revealed the adhesion force 
during the approach and retract procedure. It’s clear that before con
tacting, the force was recorded to be a straight line without any change, 
until point A as shown in Fig. 8 (a2), where a slight jump-into adhesion 
happened with a force at 68.0 μN. Afterwards, the liquid drop and 
sample KCl(200) platform moved together for a short time and then 
started the retract process. With the platform going down slowly, the 
adsorption occurred between the drop and sample, reaching a maximum 
adsorption force at 198.5 μN at point B. At last, the departure of drop 
from the sample occurred with the increase of distance at point C, the 
whole process ended with part of solution remaining on surface of 
sample which led to the remaining negative value instead of zero as 
shown in Fig. 8(a4). Similarly, the adhesion and desorption force of 
sample KCl (222) in Fig. 8b were read as 100.4 μN and 280.5 μN, 
respectively. The stronger interaction force between KCl(222) with KCl 

saturated solution implied its weaker interaction with bubbles due to the 
difference between liquid and gas properties. Hence, the adhesion & 
adsorption force between KCl(222) and bubbles would be lower than 
that between KCl(200) and bubbles, giving another explanation of the 
worse flotation recovery of KCl(222) crystals. 

3.5. Illustration for flotation process 

All the results above suggested that the KCl(200) samples pertained a 
better flotation recovery compared with KCl(222) samples, the related 
mechanism has been well studied and the main concepts were illustrated 
in Fig. 9. It is shown that KCl(200) sample with cubic structure has 6 
square (200) surfaces where the K and Cl ions in solution get to be 
attracted to stages of multilayers with abundant of edges and hanging 
unsaturated bonds. Nevertheless, KCl(222) crystal with octahedron 
structure contains 8 triangle (222) surfaces where new K and Cl ions 
form small triangle islands to help grow bigger octahedron structure. Its 
islands formation instead of layers piling up growing way indicated the 
integrality of KCl units with limited defects. The less hydrophily of Cl 
ions than K ions endows its higher possibility to stay in crystal structure 

Fig. 8. Adhesion & adsorption force results of (a) KCl(200) and (b) KCl(222) crystals with saturated KCl drop, inserted in (a) were the photograph of (a1) 
approaching, (a2) contacting, (a3) adhesion and (a4) adsorption process, and (c) corresponding force information. 

Fig. 9. Illustration of flotation behavior of KCl crystals with various exposing faces.  
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while hydrated K ions preferring to resolve in solution (saturated KCl 
solution, in this case). The more hanging Cl ions on surfaces of KCl(200) 
than KCl(222) crystals well explained its weaker hydrophily as well as 
lower surface charge that further facilitate its floatability by using ODA. 

4. Conclusions 

The KCl crystal with (200) and (222) exposing faces displayed 
various flotation recovery as 83.35% and 53.42%, respectively. The 
improved flotation ability of KCl(200) could be ascribed to the below 
mechanisms:  

(1) By combining XRD and SEM results, it was concluded that KCl 
(200) samples was in cubic structure while KCl(222) samples 
with octahedron shape. FTIR result demonstrated the successfully 
adsorption of ODA on both KCl(200) and KCl(222) crystals after 
flotation, where XPS spectra helped to exclude the chemical 
interaction in between; 

(2) Zeta potential tests demonstrated that KCl(200) crystals per
tained a more negative zeta potential as − 6.41 mV than that of 
KCl(222) as − 3.29 mV, facilitating the stronger adsorption with 
cationic collector ODA with 5.51 mV surficial potential;  

(3) The surfaces details obtained by AFM tests indicated that the 
growing method of KCl(200) crystals is by layers piling up to form 
stages with abundant edges and hanging Cl bonds, while KCl 
(222) was by formation of independent triangle islands with 
limited edges. The former sample with large amount of less hy
drated Cl bonds led to its lower zeta potential and less hydrophilic 
stage to show a better interaction with bubbles to reach a better 
flotation recovery.  

(4) After adsorption of ODA, KCl(200) samples showed a weaker 
adhesion & adsorption force with KCl saturated solution than KCl 
(222), indicating its stronger interaction force with bubbles as 
well as easier floatability. 
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