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The dynamic process of the evaporation and the desiccation of sessile saline colloidal droplets, and their final depo-
sition are investigated. During the evaporation, the movement of the colloidal particles shows a strong dependence on the
salt concentration and the droplet shape. The final deposition pattern indicates a weakened coffee-ring effect in this mixed
droplet system. The microscopic observation reveals that as evaporation proceeds, the particle motion trail is affected by
the salt concentration of the droplet boundary. The Marangoni flow, which is induced by surface tension gradient orig-
inating from the local evaporative peripheral salt enrichment, suppresses the compensation flow towards the contact line
of the droplet. The inhomogeneous density and concentration field induced by evaporation or crystallization can be the
major reason for various micro-flows. At last stage, the distribution and crystallization of NaCl are affected by the colloidal
particles during the drying of the residual liquid film.

Keywords: saline droplet, evaporation, deposition pattern, disease diagnosis
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1. Introduction
The evaporation of the sessile droplet is a ubiquitous phe-

nomenon in nature, and in this process, there are many phys-
ical phenomena, such as convection, pinning and de-pinning
of the contact line, spreading, wetting and de-wetting.[1–4] All
of these phenomena have relationship with the micro-flows in
the drying droplet, which controls the heat and mass trans-
fer. Usually, the droplet is not a pure fluid but a complex fluid
which contains solid particles or soluble multi-components.
So, there will be some patterns remaining on the substrate.
The evaporation of sessile droplets has significant value in re-
search and application, such as nanomaterial fabrication,[5]

spray coating,[6] DNA microarray design,[7] and bio-liquid
analysis.[8] For this reason, the microscopic mechanism of the
evaporating droplets and the methods of controlling the dried
patterns have received much attention in decades. For the col-
loidal droplets, Deegan et al. first investigated the well-known
“coffee-ring effect”.[9] They discovered that the faster evap-
oration rate at the pinned contact line is the main reason for
the radial outward flow, which carries colloidal particles to
form the ring-like stain at the edge. After their pioneering
work, much effort has been made by researchers to regulate
and control the coffee-ring effect for various practical appli-
cations. Man et al. proposed a theory for the multi-ring pat-
tern of the deposits that are formed when droplets of the sus-
pension are dried on a substrate.[10] Yunker et al. replaced
the colloidal spheres in the droplets with ellipsoids and ob-

tained a uniform deposition in which the coffee-ring effect is
suppressed.[11] In 2001, Fisher specified the relationship be-
tween evaporative flux and direction of the radial flow inside
the colloidal droplet.[12]

In recent decades, the evaporation of sessile drops of
biological fluid has been studied as a potential area of in-
terest for disease diagnosis and they tried to build the re-
lationship between the drying patterns and health status of
humans.[13] The patterns of dried blood serum from healthy
people are significantly different from those from the patients
suffering from different diseases, such as paraproteinemia and
lung cancer.[14] Most of studies have been conducted on bi-
ological fluids and blood serum, but a few have focused on
whole human blood. Rapis indicated that the morphologies of
dried plasma patterns can be utilized for diagnosing metastatic
carcinoma.[15] Brutin et al. found that the dried drop patterns
of whole blood from healthy individuals and those from pa-
tients suffering from anemia and hyperlipidemia are obviously
different from each other.[16] The researches mentioned above
suggested that the dried blood pattern analysis can become an
efficient tool for relatively easy and cheap disease diagnosis
through further research effort.

However, biological liquid is a kind of complex fluids,
which, besides the cells, contains multi-components, such as
biomolecules, inorganic electrolytes, a lot of water, etc. For
the complicated interactions among the various components
in biological liquid droplet, it is very difficult to understand
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the pattern formation as the droplet dries. Even so, the re-
searchers still do their best to find some clues, starting with a
simplified version of the biological fluid consisting of one or
two biological components.[17,18] Studying the simpler fluids
may help us to understand the mechanisms of the pattern form
in more complex fluids. Shahidzadeh-Bonn et al. studied the
crystallization process in the droplets with different dissolved
salts on different substrates.[19,20] Their researches manifest
that the patterns of the salt crystal stains are influenced by not
only the transport properties in the liquid but also the inter-
facial properties of the different crystalline phases. For the
droplets of binary suspension, Chen and Mohamed studied the
complex patterns formed after the evaporation of droplets con-
taining protein and salt.[17] They proposed some theoretical
explanations for the patterns obtained under different condi-
tions. In addition, Zhang et al. investigated the evaporative
pattern morphologies of pure DNA solution and DNA-colloid
binary suspension.[18] They examined the factors for influenc-
ing the patterns with different morphologies and discussed the
formation mechanism for the multi-ring pattern. Although it
is not a real biological fluid, we can still acquire some infor-
mation about the phenomena during the deposition of the bio-
logical material.

Here, we observe the evaporation process of saline col-
loidal droplets in situ by confocal microscopy. We try to un-
derstand that the interaction between the soluble and insoluble
substance during the droplet drying. We record the dynamic
process of particles motion, salt crystallization, and droplet
desiccation in real time with a CCD camera. By means of
comparative analysis of the acquired images, we describe the
interplay between salt and colloidal particles, and we make
some possible explanations. The consequences are meaning-
ful for understanding the complex dried patterns of biological
liquid droplets.

2. Materials and methods
The saline colloidal droplets were made from polystyrene

(PS) colloidal particles and sodium chloride (NaCl) solution.
The colloidal suspension of 10 wt% was purchased from Duke
Scientific Corporation and the mean diameter of the colloidal
spheres is 3.03 µm. The colloidal suspension and NaCl (AR,
Xilong Scientific) was diluted with ultrapure water, which was
obtained from Milli-Q Reference, to prepare the blended solu-
tion used in experiment. For comparison, various dispersions
with different mass fractions of colloidal particles were pre-
pared, and the NaCl was set to be 0.9% close to the mass frac-
tion of NaCl in plasma.

Micropipettes were used to fetch the drop and put them
on the glass slides. The volume of each droplet is limited to
about 1 µL. Since the physical properties of the slides are iden-
tical, the radii of the sessile droplets nearly are same. A con-

focal microscope (Nikon Ti) equipped with a digital camera
was utilized to observe in situ and record the evaporation pro-
cess of droplets. The frame rate of digital camera was set to
be 10 fps, which was enough for capturing the details. All the
evaporation experiments were done in a conditioned environ-
ment with a temperature of about 25 ◦C and relative humidity
of about 42%.

3. Results and discussion
3.1. Complete forming process of deposition pattern in

blended droplet

The mass fraction of NaCl and PS colloidal particles are
indicated by ω(NaCl) and ω(PS) respectively. For a saline col-
loidal droplet with ω(NaCl) equal to 0.9% and ω(PS) equal
to 0.1%, figures. 1(a)–1(i) show its whole drying process in
a representative area on the edge of the droplet. According to
the colloidal particles’ motion status, we divide the whole pro-
cess into three stages. The particles move stably towards the
periphery of the circular droplet by the lateral flow at the be-
ginning of evaporation. This period is defined as stage I, which
corresponds to Figs. 1(a)–1(c). Subsequently, the directional
motion of the particles is disturbed by the emerging vortexes.
Stage II is defined as a period from this point to the moment
when almost all the particles have adhered to the substrate and
now the droplet turns very thin (Figs. 1(d) and 1(e)). Finally,
the particles move barely and the salt separates out until the
droplet is totally dry (Figs. 1(f)–1(i)).

The colloidal particles migrate slowly toward the three-
phase contact line of the droplet due to a higher evaporation
flux at the edge which is called compensation flow.[21] When
the particles arrive at the contact line, they are confined by
the meniscus and deposit on the substrate (see movie S1 in
the Supplemental material). Within the stage I, a coffee-ring
forms,[9,21] and this process lasts about two and a half of min-
utes. At the stage II, several fast-rotating vortexes emerge in
the droplet, causing the colloidal particles to more complexly
move in local areas (see movie S2 in the Supplemental mate-
rial). At the same time, the coffee-ring at the border has a pin-
ning effect for the liquid on triple-phase contact line,[21] the
radius of the droplet therefore barely reduces in this process.
At the last stage of the drying process, the particles adhere to
the substrate due to the thin liquid film, and the particles are
hard to move. Now, the droplet becomes a thin liquid film with
a thickness close to the diameter of a colloidal particle, and the
vortexes in the droplet gradually weaken until they disappear.

The salt crystallization and rupture of the liquid film oc-
cur at the stage III (Figs. 1(f)–1(i)). From the full view of
the deposition pattern, the big salt crystals are few and dis-
tributed sparsely, and some crystals look like dendritic crys-
tals at the edge. When the salt crystals appear and grow up,
the movements of the colloidal particles around the crystals
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are totally different from each other. We can see that the par-
ticles are pushed away from the crystals, and sometimes are
pulled close to the crystals (see movie S3 in the Supplemen-
tal material). This is caused by the change of surface tension,
which will be discussed in detail later. As evaporation goes on,
the liquid film begins to break when the residual solution is not
enough to keep the integrity of the film. The ruptured liquid
films collapse into plenty of small liquid patches, and there are
several colloidal particles in them. Finally, the residual liquid
films evaporate so fast that some incomplete salt crystals are
left over. Figure 1(j) gives a full view about the pattern.

(a) (b) (c)

(f)(e)(d)

(g) (h) (i)

(j)

Fig. 1. (a)–(i) Drying process on the periphery of a blended droplet
(ω(PS) = 0.1%, ω(NaCl) = 0.9%): (a)–(c) assembling of particles on contact
line of droplet; (d) initiation of vortex; (e) all particles settled on substrate;
(f) crystallization of NaCl; (g)–(h) rupture of thin liquid film and small liquid
pools formation; (i) total desiccation of droplet; (j) full view of final trans-
verse deposition. Scale bar is 100 µm.

3.2. Effects of NaCl on deposition of colloidal spheres

The salt concentration can modify the aqueous surface
tension,[23] and the concentration will change during the evap-
oration. The local salt enrichment will induce the surface ten-
sion gradient, and the Marangoni flow will be induced which
can influence the movement of the particles. At the same time,
the crystalline of the salt will consume the salt in the water,
and reduce the local salt concentration which will also lead
to the surface tension gradient different from that mentioned
above. The motion of the particles in the saline droplets is dif-
ferent from that in the pure colloidal droplets. We compare
the movements of PS colloidal particles in these two kinds of
droplets that have the same concentration of PS, to analyze
how the micro-flow is affected by salt.

3.2.1. Retarding radical speed of particles

At the beginning, the colloidal particles move to the edge
of the droplet for the compensation flow, and the mechanism
has been clarified by Deegan.[9] Unlike the pure liquid, the salt
concentration increases with the saline solution drying, and we
try to understand the influence of concentration varying on the
movement of the particles by checking the mean radial speeds
of the particles. First, we acquire the image sequence of the
area near the border of the droplet in stage I, and the frame
rate is 10 fps. A series of frames are picked out in regular in-
tervals of 60 s, beginning with the first frame. Then we pick
out several typical particles from each frame. The selected
particles are traced within dozens of serial frames to determine
their flowing distance before they deposit at the contact line.
We calculate their mean radial speeds in different time peri-
ods which can give the information about the micro-flow, and
compare them to find the influence of concentration change on
the particle motion. The whole process is illustrated in Fig. 2.

d

50 mm

50 mm

100 mm

(a) (b)

(c)

Fig. 2. Estimating the radial speed of certain particles. At a certain point
in time, a typical particle was chosen and traced in a short duration around
the point. The local area around it in panel (a) is magnified to see clearly
in panels (b) and (c). The red frame in panel (b) shows the initial position
of the particle, and panel (c) shows the final position. The displacement of
the particle is denoted by d in panel (b). The time is defined by counting the
frames within the interval between panel (b) and panel (c).

In stage I, there is a stable radial flow towards the edge
of the droplet. Since the flow is roughly axisymmetric for cir-
cular droplets,[9] the calculated speed of the particles in a lim-
ited area near the edge is representative. It shows the intensity
of compensation flow in the whole droplet. We compare the
speed trend of the particles in the saline droplet with that in
pure water droplet as shown in Fig. 3. The concentration of
colloidal particles is kept the same in these two experimental
systems. In the case of saline colloidal droplet, represented by
the blue triangles in Fig. 3, the initial speed is around 6.5 µm/s.
The value decreases to 5.3 µm/s in 60 s, while there is no sig-
nificant change in speed after another 60 s. In the next 30 s,
the speed slows down further to 4.4 µm/s. By contrast, in the
case of pure colloidal droplet, represented by the red squares
in Fig. 3, the speed increases from 3.7 µm/s at beginning to
18.6 µm/s seven minutes later. But the rate of increase is not
uniform. In the first 4 min, the speed is increased by about
3 µm/s. While in the next 3 min, it is increased by about
12 µm/s.
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Fig. 3. Plot of radial particle speed versus time. The particles that are mea-
sured are about 100 µm away from the contact line. Blue triangles represent
particles in blended droplet (ω(NaCl) = 0.9%, ω(PS) = 0.1%), which in pure
colloidal droplet (ω(PS) = 0.1%) are represented by red squares.

Marı́n et al. described the variation of particles’ radical
speed inside an evaporating colloidal droplet quantitatively,[23]

which will be discussed below by comparing the experimental
results between two kinds of droplet systems. In this model,
the height-averaged radial speed ū close to the contact line is
expressed as

ū(r, t) =
D∗

θ(t)
1√

R(R− r)
, (1)

where D∗ = 2
√

2Dva∆c/(πρ ) represents the effect of flow
driven by evaporation, with Dva being the diffusion constant
for vapor in air, ∆c the difference in vapor concentration be-
tween the drop surface and the surroundings, and ρ the liquid
density. In addition, R is the contact radius of the droplet,
which is determined for a certain droplet on a substrate; r is
the distance from drop center; θ is the contact angle as a func-
tion of time t. For an evaporating colloidal droplet whose con-
tact line is pinned, the evaporation follows the constant contact
area mode,[24] and contact angle decreases with time t increas-
ing in this mode. In order to make further analysis, the theoret-
ical model actually gives the expression for dθ/dt by global
mass conservation as follows:

dθ

dt
=−16Dva∆c

πR2ρ
. (2)

For a pure water droplet evaporating in a certain ambient envi-
ronment, the parameters on the right-hand side of Eq. (2) are
all constants. Thus equation (2) is equal to a constant, inde-
pendent of time. The time integration of Eq. (2) is

θ (t) =
16Dva∆c

πR2ρ
(te− t), (3)

where te is the total life time of the droplet. Inserting Eq. (3)
into Eq. (1), we obtain

ū(r, t) =

√
2R

8(te− t)

√
R

R− r
, (4)

where R and te are determined experimentally. Since the par-
ticles we measured are at a constant distance from the contact
line, R–r is also determined. The theoretical curve of ū vary-
ing with t is plotted in Fig. 3. The original theoretical curve
is actually a bit lower than the experimental data points. For
convenience, we shift the theoretical curve upward about two
units to approach to the experimental data points. This does
not affect the comparison results and conclusions significantly,
considering the fact that the relative variation trend of speed is
our main focus.

Obviously, the variation trend of speed in experimental
pure colloidal droplet matches up well enough with the theo-
retical model. However, the speed in saline colloidal droplet
has a distinct tendency, which implies that the dissolved salt
plays an important role in retarding the outward flow. The
theoretical model also indicates this. As the evaporation goes
on in the saline colloidal droplet, the concentration of salt in-
creases, which results in the growth of ρ . With ρ as a function
of t, the integration of Eq. (2) will not be Eq. (3) any longer,
and θ will not be inversely proportional to ρ . When equa-
tion (3) is inserted into Eq. (1), the parameter ρ cannot be
eliminated. Consequently, the final expression of ū also in-
volves density ρ . Hence, the variation trend of ū with time
is influenced by the growth of ρ in blended droplet, which is
definitely distinct from the curve of Eq. (4).

In fact, when the density of blended droplet, ρ increases
with time, factor D∗ will decrease. This can be derived from
the expression of D∗ and ρ . The particle speed ū presents a
decreasing trend in this situation, which means that the flow
driven by evaporation is weakened by the increase of density.
On the other hand, the particle speed ū has a tendency to in-
crease with the decrease of droplet contact angle θ . This is
determined by the conservation of mass. Consequently, the
change of particle speed ū depends on how the ratio of D∗

to θ changes with time. When the influence on the particle
speed, caused by weakening the evaporation-driven flow with
the increase of density, is enough to counteract that caused
by reducing the contact angle, the particles will definitely be
retarded. This is the situation in blended droplet, where the
effect of density increase weakening evaporation-driven flow
becomes dominant and finally ū decreases with time.

3.2.2. Emergence of vortexes

In our experiment, another remarkable phenomenon is
that vortexes appear in the saline droplet in stage II (see movie
S2 in the Supplemental material). The particle speeds in the
vortex are much greater than in other region in the droplet. The
vortex exits in a limited area, and it only affects the particles in
it, which is different from the global ring currents in droplet as
mentioned in some papers. The vortex forms when most of the
particles in the droplet move towards the edge, and its direc-
tion and scale keep evolving after its formation. Generally, one
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vortex can be seen in the field of view. But sometimes, sym-
metrical vortexes are observed. Comparing with this, there
is no vortex from beginning to end in pure colloidal droplet.
Therefore, the dissolved salt in the droplet is supposed to be a
key factor for the formation of vortex.

The effect of salt on vortex formation can come from
twosources. One is that the inhomogeneous evaporation of
different parts in the droplet brings about a concentration gra-
dient of NaCl, which leads to a density gradient as the con-
centration of solution is related to its density. If the den-
sity gradient is large enough, it will cause a buoyancy-driven
flow,[25] which may evolve into a vortex afterwards. The other
is that the evaporation rate is faster near the edge of the droplet
surface, while it is slower in the center. This uneven local
evaporation rate will also lead to a concentration gradient of
NaCl along the droplet surface. Generally speaking, the sur-
face tension of a saline droplet increases with the rising of salt
concentration,[26] thus a surface tension gradient is generated.
This will also cause flows on the surface and in the droplet
when the gradient is sufficiently large, which is called the flow
driven by Marangoni effect. The vortex can also derive from
this kind of flow.

In theory, the two different mechanisms of forming vortex
should exist simultaneously. Quantitative comparison of the
intensity of the two factors can be made through the discus-
sion of two dimensionless numbers: the Rayleigh number Ra
which characterizes the strength of the buoyancy effect, and
the Marangoni number Ma which characterizes the strength
of the Marangoni effect. The parameters that affect the val-
ues of these two dimensionless numbers remain to be further
determined experimentally.

100 mm 100 mm 

(b)(a)

Fig. 4. Deposition morphology of colloidal particles on periphery of (a)
saline colloidal droplet (ω(PS) = 0.1%, ω(NaCl) = 0.9%) and (b) pure col-
loidal droplet.

The dissolved salt in the blended droplet retards the radial
migration of particles in stage I, and leads to the vortex to form
in stage II, which also disturbs the movement and deposition
of colloidal particles. These factors jointly affect the morphol-
ogy of the ring deposit significantly at the edge of droplet. The
coffee-ring morphologies at the boundary of blended droplets
and pure colloidal droplets are compared with each other in
Fig. 4. It can be seen clearly that in the ring deposit of pure col-
loidal droplet, the configuration of the particles is more com-
pact, while in the blended droplet it is looser. In addition, the

width of coffee-ring deposit in pure colloidal droplet is nearly
twice that in blended droplet. Such results indicate that the
addition of salt can affect the micro-flow within the droplet
during the evaporation, thereby changing the deposition mor-
phology of the colloidal particles.

3.2.3. Influence of growing NaCl crystal on surround-
ing particles

When the salt in the droplet nucleates and crystallizes, the
motion of the colloidal particles around the growing crystal of
NaCl is affected more significantly. But if the crystallization
happens after all particles have settled, the effect is not con-
spicuous as the particles are bound to the substrate and restrict
their move, which is the case of our experiments above.

In order to observe the effect of salt crystallization, we
also carry out the experiments on 20% salt solution droplets.
In this case, the solution reaches saturation before all colloidal
particles are settled. When the crystal nuclei form and start to
grow, the motion trend of the particles in the region adjacent
to the grains of salt is changed in different ways (see movie S3
in the Supplemental material). The colloidal particles near the
superficial layer or in it are pushed away from the grains. The
repulsion effect of the grains has an action range. At a dis-
tance which is several times the length of a crystalline grain
from the center of this grain, the effect weakens to a low level.
The colloidal particles are barely pushed further away at that
distance. This is possibly because of a local surface tension
gradient which is caused by the gradient of salt concentration
near the grains. The regions close to the grains are of a lower
concentration as the salt in the droplet is consumed when the
NaCl crystal appears and grows up. As discussed by Sghaier
et al., surface tension of a saline droplet increases with the salt
concentration increasing.[26,27] The liquid surface tension near
the NaCl crystal is smaller as shown in Fig. 5.

NaCl

σ

C
%

Fig. 5. Influence of NaCl crystal on salt concentration and the surface ten-
sion: σ -surface tension, C%-salt concentration.

However, the particles under the superficial layer seem to
be affected by the salt grains in different ways. When the crys-
tals grow, a considerable number of colloidal particles under
the superficial layer dash quickly towards the grains. Some of
them hit the surfaces of the grains and are bounced off, while
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some others enter into the gap between the grains and the sub-
strate [see movie S3 in the Supplemental material]. The reason
for the unusual flow towards the salt grains is inferred to be a
compensation flux caused by the outward flow near the super-
ficial layer.

3.3. Effects of PS colloidal particles on NaCl crystals

The deposition patterns of saline colloidal droplet and
pure saline droplet are compared with each other to analyze
whether the PS colloidal particles have an effect on the crys-
tallization of NaCl. The mass fraction of NaCl in the droplet
is prepared to be 0.9%. The volume of the droplets is kept the
same as that in previous experiments.

We first measure the radius of the region of dried depo-
sition with scattered NaCl crystals. The radius of the dried
blended droplet, which could be obtained from Fig. 1(j), is
about 1.27 mm. By contrast, the radius of the dried pure saline
droplet (see Fig. 6) is around 1.20 mm. The shrinkage of diam-
eter in pure saline droplet indicates that its contact line recedes
more during evaporation. Further observation reveals the rea-
son for the differences.

It is notable that the coffee-ring formed by the deposited
colloidal particles in the blended droplet has a pinning ef-
fect on the boundary contact line of the droplet due to the
hydrophilia of PS colloidal spheres. When the droplet evap-
orates, the water cannot separate from the coffee-ring easily
even though the receding contact angle generates an inward
driving force to the contact line. As a result, the radius of the
droplet is stable before the solution reaches saturation. And
finally the salt crystallizes in the whole region of droplet, the
shape of which is approximately circular and defined by the
coffee-ring.

200 mm

boundary

R
 1

.2
0 

m
m

Fig. 6. The morphology of dried deposits in pure saline droplet
(ω(NaCl) = 0.9%) and its radius of deposition.

By contrast, the radius of a pure saline droplet keeps de-
creasing during evaporation as the receding of the contact line
is not impeded. When the solution reaches saturation and
starts to crystallize, the radius of the droplet has reduced a
lot. Thus the eventual crystalline region is smaller. In a word,
the range of salt crystallization in saline colloidal droplet is af-
fected by the colloidal particles through pinning the boundary
contact line of the droplet.

Moreover, we record the sequential images of stage III in
the center of the blended droplet on a smaller scale (see Fig. 7).
It can be found that the colloidal particles also work as a factor
to control the formation of the salt crystal grains. At sage III,
the droplet has shrunk into a thin liquid film. Almost all the
particles are settled on the substrate. At this time, an initial
crystal has come out as marked by the red arrow in Fig. 7(b),
then the liquid film quickly ruptures at a moment as marked by
the yellow dashed circle in Fig. 7(c). Subsequently, the gaps
expand gradually in the intervals of the settled particles. The
liquid film breaks into a mass of patches eventually (some ex-
amples are marked with red circles in Fig. 7(e)). Each patch
contains several colloidal particles due to the hydrophilia of
the particles.

(a) 0 s

100 mm

(b) 0.7 s

100 mm

(c) 1.5 s

100 mm

(d) 3.9 s

100 mm

(e) 9.5 s

100 mm

(f) 13 s

100 mm

Fig. 7. Last stage of drying in chronological order, showing (a) the continuous thinning of local area of liquid film, (b) the occurring of the first wave
of crystals, (c) the rupturing of liquid film, (d) the further rupturing and forming of liquid patches, (e) the occurring of liquid patches and growing up of
crystal marked in Fig. 7(b), and (f) resulting overall dried deposits.
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Due to the unique role of colloidal particles, the quantity
of crystalline grains occurring in the blended droplet depends
on how many patches the residual liquid film is divided into.
In comparison, in pure saline droplet, the residual liquid film
does not break up into so many patches during evaporation
because of the lack of colloidal particles. Therefore, the salt
mainly separates out on a few initial crystal grains (as shown
in Fig. 6). This determines that there are more scattered salt
crystal grains in the final deposition patterns of saline colloidal
droplet. In addition, the average size of the grains also de-
creases. Because the salt in the blended droplet is separated
into more grains, which leads to less quantity of salt in each
one. Accordingly, the colloidal particles have a significant in-
fluence on NaCl crystals.

4. Conclusions

We study the different stages of the drying sessile saline
colloidal droplets, including the final pattern formation. By
comparison and analysis, it is found that the micro-flow in
blended droplets is significant affected due to the existence of
salt. The evaporation-driven radial compensation flow slows
down. In addition, there appear commonly rapid-rotating vor-
tices during the forming stage of coffee-ring. And an outward
flow around the growing NaCl crystals is also observed. The
gradient of density field and concentration field are considered
to be the main reason for the change of micro-flow. On the
other hand, it is confirmed that the distribution range and grain
size of NaCl crystals are affected by colloidal particles through
changing the dewetting process of the residual liquid film. Un-
der the interplay between salt and colloidal particles, the depo-
sition pattern shows obvious differences between the blended
droplet and mono-component droplet. The consequences im-
ply that the deposition facies of some biological liquid can be

analyzed to acquire important information about its physiolog-
ical characteristics.
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