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ABSTRACT: Here we study experimentally the behavior of
liquid healing agents released in vascular core−shell nanoﬁber
mats used in self-healing engineered materials. It is shown that
wettability-driven spreading of liquid drops is accompanied by
the imbibition into the nanoﬁber matrix, and its laws deviate
from those known for spreading on an intact surface. We also
explore coalescence of the released drops on nanoﬁber mats, in
particular, coalescence of drops of resin monomer and cure
important for self-healing. The coalescence process is also
aﬀected by the imbibition into the pores of an underlying
nanoﬁber mat. A theoretical model is developed to account for
the imbibition eﬀect on drop coalescence.

1. INTRODUCTION

2. EXPERIMENTAL SECTION

Self-healing materials hold great promise for engineering, since
concerns related to durability, reliability, and sustainability of
engineered products emerged as a major issue in various
industries and military applications.1−18 Among the numerous
approaches proposed to introduce self-healing properties into
engineered materials, an embedded vascular system with encased
self-healing agents attracted signiﬁcant attention. Hollow tubebased self-healing materials were reported ﬁrst in the 1990s.19
The core−shell vascular system containing self-healing agents is
advantageous in many respects, such as high healing agent
content, outstanding healing agent distribution, controllable
transparency, and so on.20−25 Electrospun core−shell nanoﬁbers
(NFs) were ﬁrst introduced as a vascular system containing selfhealing agents in 2010.26 The present group employed both
coelectrospinning and solution blowing to form NFs containing
self-healing agents.24,25,27−33
In the above-mentioned studies related to core−shell NFs
containing self-healing agents, optimum core−shell NF
fabrication conditions were explored, and the recovery of
mechanical and adhesive properties, suppression of microcrack
growth and propagation, and the anticorrosive performance were
studied in detail. First steps were also done to study in detail the
internal mechanisms of self-healing on the microscopic level
starting from the release of a liquid healing agent from a damaged
channel.31,33 Nevertheless, multiple additional details of the selfhealing process on the physical level are still challenging.
Accordingly, here we explore the behavior of liquid healing
agents released in vascular NF mats.

2.1. Materials. Self-healing agents, dimethylvinyl-terminated
dimethylsiloxane (resin) and methylhydrogen dimethylsiloxane
(cure),24,25,27−32 were purchased from i-Nexus (Republic of Korea).
Electrospinning materials, polyacrylonitrile (PAN, Mw = 150 kDa) and
solvent N,N-dimethylformamide (DMF, 99.8%), were purchased from
Sigma-Aldrich (U.S.A.).
2.2. Experimental Setups for Nanoﬁber Mat Fabrication and
Droplet Wetting/Coalescence. To fabricate nanoﬁber (NF) mats, an
8 wt % PAN solution was prepared ﬁrst by dissolving PAN in DMF and
magnetically stirring for 1 day at room temperature. Then, the PAN
solution was supplied to a ﬁxed syringe, which was equipped with an 18gauge needle (Nordson EFD, U.S.A.), by using a syringe pump (Legato
101, KD Scientiﬁc) with a ﬂow rate of Qes = 800 μL/h. Simultaneously, a
high DC voltage of Ves = 12.5 kV was applied to the needle by using a DC
power supply (EL20P2, Glassman High Voltage). As a result, the PAN
solution jet which was issued from the needle exit was electrospun,
underwent the bending instability in ﬂight, thinned, solvent evaporated
from it, and a dry NF mat was formed onto a collector counter-electrode.
The mat thicknesses were in the 33−135 μm range, which is typical for
electrospun mats. The thickness variation aimed at the elucidation of the
enhanced mat imbibition on drop spreading and coalescence. The
collector was a drum rotating with the angular speed of 200 rpm. The
distance between the needle and the collector was 12 cm. A drum
collector was used to fabricate large-area NF mats. Each fabricated NF
mat size was 1130 cm2. This size was large enough to conduct all the
experiments using samples cut from the same batch. The fabricated NF
mats had diﬀerent thicknesses (hNF), namely, hNF = 33 ± 1.4, 68 ± 1.5,
and 135 ± 1.6 μm, which was achieved by varying the electrospinning
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Figure 1. Schematic of (a) the wetting and (b) the coalescence experiments with two droplets, either on PDMS ﬁlm (left) or NF mat (right).
time (tes). Each thickness value was an averaged value, which was
obtained by measuring thickness at 10 diﬀerent locations of a folded-mat
and then accounting for the number of folds. The area densities for the
mat thicknesses hNF = 33, 68, and 135 μm were 0.023, 0.047, and 0.069
g/cm2, respectively. These NF mats were used as one of the substrates in
the droplet coalescence experiments. A PDMS ﬁlm to be used as another
substrate in the droplet coalescence experiments was formed by mixing
the resin and the cure solutions with the volume ratio of 10:1 and drying
for 48 h at room temperature. Figure 1 depicts a schematic of the
experimental process of wetting and coalescence of droplets of selfhealing agents. In the wetting experiment, either a cure or a resin droplet
was dripped from a syringe attached to a syringe pump (Legato 101, KD
Scientiﬁc) with a ﬂow rate of Qw = 3 μL/min. The droplets were issued
from a 23-gauge needle (Nordson EFD, U.S.A.) attached to the syringe.
The distance between the needle and a substrate (PDMS ﬁlm or NF
mats) was 6 mm.
In the coalescence experiments, cure and resin droplets were dripped
at diﬀerent ﬂow rates of Qc = 200 μL/h and 800 μL/h, respectively, to
match the dripping time. The distance between the needle and the
substrates was 7 mm. Note that all the wetting and coalescence
experiments were carried out on stainless steel substrates to make the
samples ﬂat and avoid signiﬁcant wrinkles.
2.3. Characterization. A high-speed camera (Vision Research,
U.S.A.), which was vertically aligned over substrate (PDMS ﬁlm or NF
mat) at same height, was used to capture spreading droplets. An
electronic caliper (CD-15 CPX, Mitutoyo, Japan) was used to measure
the mat thickness. I’MEASURE software (INGPLUS, Republic of
Korea) was used to measure the radius (a), the height (h), and the
bridge height (Hb). Viscosity (μ) and surface tension (σ) values of selfhealing agents were measured by using a rotational rheometer (DHR-1,
TA Instruments, U.S.A.) and a contact angle analyzer (Phoenix 300
Touch, SEO), which is based on the pendant drop method,
respectively.34−36 Both devices were examined by the Korea Polymer
Testing & Research Institute (KOPTRI, Seoul, Republic of Korea).
Sample temperature during the measurements was maintained at 25 °C.
The surface roughness was measured by using a noncontacting optical
proﬁler (NT-1100, Veeco, U.S.A.) and then the roughness value (Rq)
was calculated by the root-mean-square deviation (RMSD) method.

Figure 2 show the experimental results for the cure and resin
droplet spreading in time, t, and depending on the NF mat
thickness, hNF. Note that t ranges for the cure and resin droplets
were 0−3 and 0−300 s, respectively. In the cases of the PDMS
ﬁlm and the NF mat with the hNF = 33 μm, the radius (a) of the
spreading droplet gradually increased as t increased, whereas the
height (h) of the spreading droplet decreased (Figure 2a,b,e,f). In
contrast to these cases, a diﬀerent radius trend was observed at
the NF mats with the higher thicknesses, hNF = 68 and 135 μm.
The radius a of the cure droplet on the NF mats with hNF = 68
and 135 μm revealed a diﬀerent behavior in comparison with the
case of the NF mat with hNF = 33 μm. Namely, the radius a
initially increased but then started to decrease after the moments
t = 1 and 0.5 s, respectively, on these thicker NF mats (Figure
2c,d).
These diﬀerent trends observed in droplet spreading on the
thicker NF mats with hNF = 68 and 135 μm in comparison with
the thinner NF mat with hNF = 33 μm and on the PDMS ﬁlm
were attributed to the enhanced eﬀect of porosity of the thicker
NF mats. The overall pore volume in the thicker NF mats was
quite signiﬁcant, and liquid was gradually absorbed into them.
The mats were highly wettable by the resin and cure, as illustrated
in Figure 3. The surface roughness of the NF mats was also
aﬀected by the electrospinning time, tes (which also aﬀects the
thickness hNF), as shown in Table 1, where the surface roughness,
Rq, increased from 3.04 to 3.53 μm as the hNF increased. The
contact surface area between the droplet and the NF mat is
increased as the Rq increased, which facilitated the absorption of
liquid into the NF mats.
For a resin droplet, its footprint radius a on the mat with hNF =
68 μm exhibited a slight increase (Figure 2g). This also was the
case for the resin droplet on the mat with hNF = 135 μm, albeit
after that in both these cases the increase of a in t was ceased, and
in the latter case, it essentially decreased after the moment t = 100
s (Figure 2h). Note also that the capillary numbers (Ca) in all
cases are similar, namely, Ca ≈ 8 × 10−3. Such spreading regimes
are generally considered being viscosity-dominated rather than
capillarity-dominated.38 In addition, it should be emphasized that
the magnitude of the rate of variation of h was increased as hNF
increased (cf. Figure 2).
3.2. Coalescence of Droplets of Self-Healing Agents on
Porous Electrospun Nanoﬁbers. Figures 4−6 show the sideview images of two coalescing droplets on the PDMS ﬁlm and the
NF mat with hNF = 68 μm. Figures 4−6 correspond to the cure−
cure, the resin−resin, and the cure-resin coalescing droplets,
respectively. In distinction from the wetting experiments

3. RESULTS AND DISCUSSION
3.1. Wetting of Self-Healing Agents on Porous Electrospun Nanoﬁbers. The observed impact velocity (V0) of
droplets onto the substrate (PDMS ﬁlm and NF mats) was
relatively low, V0 ≈ 0.2 m/s, due to the small nozzle-to-substrate
distance (cf. Section 2.2). At such low impact velocity, there was
no splashing or bouncing. It is known that the compressibility
eﬀect is negligible for the impact velocity range of 1 < V0 < 30 m/
s.37
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Figure 2. Droplet radius a as a function of time t for (a, c, e, and g) the cure and (b, d, f, and h) the resin droplets spreading on (a and e) the PDMS ﬁlm,
(b and f) the NF mat with hNF = 33 μm, (c and g) the NF mat with hNF = 68 μm, and (d and h) the NF mat with hNF = 135 μm. Insets are the high-speed
camera images of the spreading droplets.

μm also increased until t = 1 s (Figure 4b), but after that started
to decrease. This phenomenon was attributed to the imbibition
of liquid into the NF mat as revealed by the wetting experiments
(cf. Section 3.1).
Figure 5a,b illustrate how two resin droplets coalesce on the
PDMS ﬁlm and the NF mat with the thickness of hNF = 68 μm,
respectively. Similarly to the merging of two cure droplets on the
PDMS ﬁlm (cf. Figure 4a), the bridge height Hb increased up to t
= 7.5 s (which snapshot is not shown in Figure 5a). After that, Hb

discussed in Section 3.1, the time ranges for the cases where resin
was involved (the resin−resin and the resin−cure cases shown in
Figures 5 and 6, respectively) were set to 30 s suﬃcient for the
coalescence process to be completed.
Figure 4 shows how two cure droplets coalesce on diﬀerent
substrates. In the case of the PDMS ﬁlm (Figure 4a), the bridge
height of the two merging droplets, Hb, increased until t = 2 s and
then became constant after t = 2 s. The bridge height H1 in the
case of coalescence on the NF mat with the thickness of hNF = 68
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decreased. In spite of the presence of resin droplet in this pair,
here in distinction from Figure 5, a signiﬁcant decrease in the
bridge height Hb in the case of the NF mat was clearly seen
compared to the case of the PDMS ﬁlm (Figure 6a). This is
attributed to the lowered overall viscosity due to mixture of the
resin with the cure. Therefore, when self-healing agents had been
released due to microcracks from a complex mutually entangled
core−shell NFs, the relatively fast polymerization reaction
between the cure and resin was mainly attributed to the fast
imbibition of the cure into the surrounding matrix.24,25,27−32 It
should be emphasized that compressibility of electrospun
nanoﬁber mats under the drop weight or the impact impulse,
as well as local redistribution of ﬁlament links under the pulling
action of drop liquid, are negligibly small even in the case of drop
impacts with velocities up to 3.5 m/s.39 This stems from the fact
that electrospun NF mats are thoroughly entangled on the
micron scale, which is 2 to 3 orders of magnitude smaller than the
drop size. Accordingly, these eﬀects are even more immaterial in
the present case of soft deposition and slow motion of drops on
electrospun NF mats.

Figure 3. Side-view images which show the static contact angles of (a)
the cure and (b) the resin on an intact ﬂat PAN ﬁlm.

Table 1. Surface Roughness Values of NF Mats
NF mat thickness
Rq (μm)

33 μm

68 μm

135 μm

3.04

3.13

3.53

gradually decreased. In the case of the NF mat with hNF = 68 μm
(Figure 5b), Hb also increased up to t = 7.5 s and decreased after t
= 7.5 s. The comparison of Figure 5a,b reveals not too much
diﬀerence between the two resin droplets coalescence on the
PDMS ﬁlm and the NF mat with the thickness of hNF = 68 μm.
Figure 6 shows the coalescence of diﬀerent droplets on
diﬀerent substrates, where the droplet on the left is the cure, and
the one on the right is the resin. Note that both droplets in each
ﬁgure had initially equal size. In Figure 6a, the bridge height Hb
on the PDMS ﬁlm increased until t = 1 s (this snapshot is not
shown in the ﬁgure), and then gradually decreased. In Figure 6b,
the bridge Hb on the NF mat with hNF = 68 μm increased until t =
0.3 s (this snapshot is not shown in the ﬁgure), and then also

4. THEORETICAL AND COMPARISON WITH THE
EXPERIMENTAL RESULTS
4.1. Radius Changes During Wetting. The Hoﬀman−
Voinov−Tanner law describes viscosity-dominated wettabilitydriven spreading of droplets on a suﬃciently wettable intact
substrate with negligibly small static contact angles.33 The radius
of the droplet footprint a is given as

Figure 4. Side-view images of the coalescencing cure−cure droplets at diﬀerent time moments on two substrates: (a) the PDMS ﬁlm and (b) the NF mat
with hNF = 68 μm.
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Figure 5. Side-view images of the coalescencing resin−resin droplets at diﬀerent time moments on two substrates: (a) the PDMS ﬁlm and (b) the NF
mat with hNF = 68 μm.
3 1/10
⎧
σ ⎛ 4V ⎞ ⎫
a = ⎨0.107 ⎜ ⎟ t ⎬
∝ t 1/10
μ⎝ π ⎠ ⎭
⎩

revealed in Figure 3a, brought the predictions closer to the data,
since it facilitated a rapid spreading corresponding to the remote
asymptotics. However, signiﬁcant deviations (marked by green
circles in Figure 7c,e,g) of the data on NF mats from the
predictions of eq 1 were observed after t = 1 s for the mat
thicknesses hNF = 33 and 68 μm (Figure 7c,e), and after t = 0.5 s
for the mat thickness of hNF = 135 μm (Figure 7g). In particular,
this trend was intensiﬁed as both time t and thickness hNF
increased. Over time, it seems that the cure was more imbibed
into the NF mat bulk. On the other hand, the hydrodynamic
time, τH ∼ μ/σ, which controls capillarity-driven ﬂows of highly
viscous ﬂuid (the mat imbibition in the present case),40 is
relatively low for the cure, which facilitates its imbibition.
In the case of resin droplets on NF mats, eq 1 seemingly
deviated from the data even at the earlier times t (Figure 7d,f,h),
which is attributed not only to the higher viscosity of resin
compared to cure (cf. Table 2) but also to the only partial
wettability of PAN by the resin (Figure 3b), with the static
contact angle being about 5°. At a later time, there is a growing
disparity between the data and the predictions of eq 1 pointing at
the resin imbibition into NF mats unaccounted for by eq 1
(marked by green circles in Figure 7d,f,h).
4.2. Coalescence of Droplets. Wettability-driven suction of
liquid into porous medium can be described using the following
diﬀusion-like equation41,42

(1)

where μ and σ are the viscosity and surface tension of the liquid in
the droplet, respectively; V = 4πa03/3 is the droplet volume, with
a0 being the volume-equivalent droplet radius; t is the time of
spreading.
The experimental results (cf. Figure 2) are compared with the
theoretical predictions of eq 1. In Figure 7, the log−log scale
experimental and theoretical results are presented by solid and
short dashed lines, respectively. Figure 7a,b show the case of the
cure and resin droplets on PDMS ﬁlm. Note that the Hoﬀman−
Voinov−Tanner law implies a perfectly wettable substrate,
whereas PDMS is almost a perfectly wettable substrate for the
self-healing agents (the static contact angles are 9−11° for resin
and 4−5° for cure).33 It should be emphasized that eq 1 is a
remote asymptotics, and its comparison with the experimental
data corresponding to a deﬁnite initial condition, as usual, could
reveal only a scaling rather than an overlap of the two lines (thus,
the gap shown by arrows in Figure 7a,b), which could result in a
slight discrepancy between the theory and the experiment. It
should be emphasized that the slopes of the experimental and
theoretical dependences a(t) in Figure 7a,b are suﬃciently close.
Figure 7c−h show the comparison of the experimental results
for cure droplets on NF mats of diﬀerent thickness, hNF, with the
predictions of eq 1. Similarly to the PDMS ﬁlm case (cf. Figure
7a), the experimental results at the early time agree fairly well
with the theoretical results obtained from eq 1 (marked by skyblue circles in Figure 7c,e,g). Even better, the perfect wettability
of PAN by cure, with the static contact angle of about 1° as

∂u
∂ 2u
= αm 2
∂t
∂x

(2)

where u is the dimensionless moisture content, x represents the
horizontal coordinate with its origin at the droplet center, t is
time, and αm is the moisture transfer coeﬃcient.
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Figure 6. Side-view images of the coalescencing cure−resin droplets (left−right, respectively) at diﬀerent time moments on two substrates: (a) the
PDMS ﬁlm and (b) the NF mat with hNF = 68 μm.

Assume that two initial wet spots corresponding to droplets in
this model are fully wet, i.e. u = 1 at t = 0 at the following two
symmetrically located sections: −S − D ≤ x ≤ −S and
S ≤ x ≤ S + D. At the other locations of the surface there is
no moisture at t = 0, i.e. u = 0 there. Note that D corresponds to
the droplet size and 2S corresponds to the initial distance
between the closest droplet edges. Accordingly, the function u =
f(x) determining the initial distribution of liquid is fully
determined, and thus, the integral in eq 5 can be easily evaluated.
This yields

The solution of eq 2 is subjected to the following initial and
boundary conditions
t = 0: u = f (x)

(3)

t > 0: x = ±∞ , u = 0

(4)

where f (x) corresponds to the initial moisture distribution on the
surface.
The moisture transfer coeﬃcient is associated with liquid
transport in pores driven by wettability.41,42 The velocity VLW of
the wettability-driven impregnation of pores can be evaluated
using the Lucas−Washburn equation,43−46 VLW ∼ σd/(8μH),
where perfect wettability is assumed. Also, d denotes a
characteristic cross-sectional pore diameter, σ denotes the
surface tension, μ denotes the viscosity, and H denotes a
characteristic pore length. On the other hand, VLW can be
expressed through the moisture transfer coeﬃcient as VLW ∼ αm/
(4H). Accordingly, αm ∼ d. Permeability of porous media k ∼ d2,
whereas the Kozeny−Carman equation47 relates permeability
with porosity ε as k ∼ ε3/(1 − ε)2. Then, d ∼ ε3/2/(1 − ε), and
thus αm ∼ ε3/2/(1 − ε). Namely, as porosity increases, the
moisture transfer coeﬃcient increases as well. This dependence
of the moisture transfer coeﬃcient on porosity reveals the
dependence of all the subsequent results on porosity.
The solution of the problem (eqs 2−4) is found as48
u(x , t ) =

1
2 π

∞

∫−∞

1
{erf[M(x − S)] − erf[M(x − S − 1)]
2

u=

+ erf[M(x + S + 1)] − erf[M(x + S)]}

(6)

where x and S are rendered dimensionless by D, erf (·) denotes
the error function, and the dimensionless function of time M
depends on the dimensional time t as
M=

D
2 αmt

(7)

Note that M varies from ∞ (which corresponds to t = 0) to 0
(which corresponds to t = ∞).
The experimental observations in Figures 4−6 are recast into
the dependences of the bridge height, Hb, on time t presented in
Figure 8. Note that the straight dashed lines in Figure 8 illustrate
the scaling trends which are suggested by the ﬁrst three data
points. As discussed in Section 3.2, the bridge height Hb increases
at the early time moments but then begins to decrease due to the
liquid surface rearrangement due to surface tension. The latter is

1
exp[− (x − ξ)2 /(4αmt )]f (ξ)dξ
αmt
(5)

where ξ is the dummy variable.
10668

DOI: 10.1021/acs.langmuir.7b02950
Langmuir 2017, 33, 10663−10672

Article

Langmuir

Figure 7. Comparison of the experimental and theoretical values of the radius a as a function of time t for spreading of (a, c, e, and g) cure, (b, d, f, and h)
resin droplets on (a and b) the PDMS ﬁlm and (c−h) the NF mats with diﬀerent hNF: (c and d) hNF = 33 μm, (e and f) hNF = 68 μm, and (g and h) hNF =
135 μm.

the cure−resin cases (Figure 8b,f). This eﬀect was less
pronounced in case of the resin−resin droplets on NF mat
(Figure 8d) due a diminished imbibition, which stems from the
relatively high viscosity of resin and a lower wettability of PAN by
resin.
The data presented in Figure 8 can be compared with the
predictions of the theoretical eqs 6 and 7. Figure 9a,b show the
predicted moisture distributions for two coalescencing cure−
cure and resin−resin droplets, respectively, both on the NF mat
with hNF = 68 μm. These plots were obtained from eqs 6 and 7. In
particular, the values of M were found using the experimentally
measured geometrical parameters D and l for these two cases.
The results in Figure 9 show that while the predicted values of M
varied from 1 to 0 (which means that time t varied from
approximately 0 to a certain large enough value), the values of the

Table 2. Viscosity and Surface Tension Values the Cure and
the Resin; γ̇ Denotes Shear Rate
cure
resin

γ̇ (s−1)

μ (Pa·s)

σ (mN·m−1)

10
500
10
500

0.06
0.05
4.97
4.59

17.67
23.94

the only physical factor at play in the case of coalescence on the
intact PAN ﬁlm; however, in the case of coalescence on NF mat,
there is another factorthe imbibition of liquid into the pores.
This latter factor was responsible for the data deviation from the
dashed lines, which was much more pronounced on NF mats
than on the intact PDMS ﬁlm, especially in the cure−cure and
10669
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Figure 8. Bridge height Hb as a function of time t for two coalescencing (a and b) cure−cure, (c and d) resin−resin, and (e and f) cure−resin droplets on
(a, c, and e) an intact PDMS ﬁlm and (b, d, and f) on the NF mat with hNF = 68 μm. The data for the cure−cure, resin−resin, and cure−resin correspond
to Figures 4, 5, and 6, respectively.

Figure 9. Moisture distributions predicted using eqs 6 and 7 for two coalescencing (a) cure−cure and (b) resin−resin droplets on the NF mat with hNF =
68 μm.

moisture u at the center x = 0 (which correspond to the bridge
height Hb) in the cure−cure and resin−resin cases achieved the
maximal values of u = 0.18 and 0.22 (for M = 0.26 and 0.33,
respectively). After that the values of u at x = 0 started to diminish
and approached 0. This general trend agrees with the
experimental observation, albeit a detailed ﬁt of the theory to
the experimental data is possible only when the moisture
transport coeﬃcient αm is chosen. Accordingly, one ﬁnds the
values of αm = 1.2 × 10−1 and 6 × 10−3 cm2/s for the cure−cure
and resin−resin cases on the NF mats with hNF = 68 μm,
respectively.
Figure 10 shows the comparison of the theory with the
experimental data. In particular, Figure 10a,b illustrate the

unmatched values of the theoretically predicted u at x = 0 and the
measured Hb, which requires factors of 3.2 and 3.5 for the cure−
cure and resin−resin cases, respectively. Then, the theoretical
predictions
Hb = 3.2u
= 1.6{erf[Mc(x − S)] − erf[Mc(x − S − 1)]
+ erf[Mc(x + S + 1)] − erf[Mc(x + S)]}

(8)

Hb = 3.5u
= 1.75{erf[M r(x − S)] − erf[M r(x − S − 1)]
+ erf[M r(x + S + 1)] − erf[M r(x + S)]}
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Figure 10. Theoretically predicted bridge heights (the value of u at x = 0) versus the experimentally measured bridge height Hb as functions of time t for
two coalescencing (a and c) cure−cure and (b and d) resin−resin droplets on NF mat with hNF = 68 μm.

where αm = 1.2 × 10−1 and 6 × 10−3 cm2/s for the cure−cure and
resin−resin cases, respectively, describe the experimental data
fairly well, as shown in Figure 10c,d.
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It is shown that droplets of the healing agents, dimethylvinylterminated dimethylsiloxane (resin) and methylhydrogen
dimethylsiloxane (cure), being released on nanoﬁber (NF)
mats spread, touch each other and merge driven by wettability
and surface tension. Moreover, polyacrylonitrile (PAN) NF mats
used in this work are shown to be wettable by the resin and cure
(with the static contact angles being 5° and 1°, respectively).
Accordingly, coalescence of two droplets on NF mats is
accompanied by signiﬁcant imbibition of resin and cure into
the pores. As a result, the Hoﬀman−Voinov−Tanner law is
shown to be incapable of describing drop spreading on NF mats
due to a signiﬁcant eﬀect of the imbibition, which is enhanced at
the higher mat thicknesses. Moreover, a new theory was
proposed to describe the experimental dependence of the bridge
height between two coalescing droplets: an initial increase, and
then a signiﬁcant decrease enhanced by the imbibition. It was
demonstrated that the theory is capable of describing the
experimental data, with the moisture transport coeﬃcient values
being αm = 1.2 × 10−1 and 6 × 10−3 cm2/s for cure and the resin,
respectively. These values quantify to what extent PAN NFs are
more wettable by the cure in comparison with the resin.
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