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Film growth, condensation and melting of materials are very important physical processes, involved in the development of 

semiconductor related industry processes, alkali metals and their oxides, and recently in nuclear fusion projects. The growth 

of low melting point thin films via liquid phase epitaxy (LPE) has drawn attention especially for the manufacture of 

semiconductor compounds containing indium, gallium, tin, lithium and their alloys, all characterized by a low melting point. 

That allows the growth of films in the liquid phase and subsequent control on crystallization morphology by manipulating 

quenching conditions.  LPE yields highly crystalline either thin (a few nm) or thick (100s of µm) films with high purity. If 

LPE is performed in downward-facing substrates, Rayleigh-Taylor instabilities appear, and this effect of gravity in the film 

growth has not been studied in depth. This paper presents the design, construction and preliminary testing of an experimental 

facility to study film growth from the liquid phase, and also condensation and melting processes. This facility consists of a 

thermal evaporator and a substrate holder where samples are placed facing down. The size of the sample holder and the 

ability to achieve controlled thermal gradients across it, would allow the study of temperature effect in grown films 

morphology, and also in condensation and melting phenomena such as dripping onset and critical angle for film/drop 

displacement. Besides, system allows to study condensation modes and surface roughness on the condensation dynamics of 

liquid films growing from the vapor phase. 

Introduction 

Condensation is a process of scientific and industrial 

importance, considered in the design of cooling towers, heat 

exchangers, and absorption towers. It is a process that also 

has drawn attention for the growth of thin films, as proposed 

originally by Nelson [1] and now known as liquid phase 

epitaxy (LPE). LPE is the growth of thin films from metallic 

solutions on top of an oriented surface, supplied either 

directly as a liquid [2-4] or formed by condensation of vapors 

[5]. The solvent can be a constituent of the growing solid or 

some other low-melting metal incorporated into the solid as 

a dopant. The solvent contains a small quantity of a solute 

(such as As in Ga), which is transported towards the liquid-

solid interface by diffusive transport. Growth boats are 

designed such that diffusion perpendicular to the interface is 

promoted and convection and surface-tension-related 

transport are suppressed. The suppression of convective and 

surface tension transport is achieved by avoiding 

temperature gradients in the solution and ensuring that height 

and radius of curvature of the liquid film are small compared 

to the characteristic  substrate length. An excellent review 

explaining in detail the physics behind the growth of 

semiconductor thin films from the liquid phase can be found 

in the literature [6]. 

When LPE is performed by condensing a vapor on a 

substrate heated above the melting point, many interesting 

phenomena arise that are not present in the case of the 

traditional LPE, where the liquid is applied directly to the 

substrate. Depending on the temperature and pressure, the 

vapor phase condenses either as a liquid (defined as the 

stable condensed phase above bulk melting point) or as a 

solid. 

In the case of condensation and melting of materials, 

extensive information exists for steam and condensable 

hydrocarbon vapors, but for metallic and semiconductor 

materials, most references focus only in solid thin film 

growth, with scarce references regarding their vapor 

condensation on surfaces with a temperature above melting 

point. Formation of the liquid can even occur below the 

normal melting point due to surface melting, capillary 

condensation, eutectic alloying, among other phenomena [7]. 

This thin film formation method via condensation of vapor 

phase into a liquid has also been recently used in the 

synthesis of ultrathin ionic liquid films [8] and ZnO 

nanostructures [3,9]. Many unanswered questions arise in the 

study of this mechanism of film growth due to the vapor-

liquid-solid transitions that make the phenomena really 

complex [10-12]. Not a lot of work has been done on a 

technique that can be considered a hybridization between 

traditional PVD (the precursor is the vapor from an 

evaporating solid) and LPE (the growth of the solid film 

arises from the liquid that condenses in the substrate).  

In nuclear science, condensation studies are important 

because recently the nuclear fusion community is trying to 

use liquid metals for walls and divertor on tokamaks 

reactors. The main metal candidates are lithium and gallium, 

but some papers reports problems with the use of this kind of 

liquid metals. For these reasons, it is critical to study the 

behavior of these metals on different substrates, and study 

http://creativecommons.org/licenses/by/4.0/


Superficies y Vacío 31(2) 26-32, June 2018. © Sociedad Mexicana de Ciencia y Tecnología de Superficies y Materiales 

27 

the interaction between the vapor phase and a solid substrate. 

Most condensation processes are assisted by the presence of 

a solid surface, where a liquid film can grow from the vapor 

phase. Since many unit operations in industry rely on 

condensation processes, plenty of information exist for 

common vapors such as steam and condensable hydrocarbon 

vapors [7,13,14]; for the case of these fluids, there are many 

analytical correlations involving dimensionless groups, such 

as the Reynolds, Prandtl and Grashof numbers [15]. 

However, due to the peculiar thermofluid properties of the 

molten alkali metals, they fall outside the range of validity of 

most of these empirical correlations. In the case of metallic 

vapors, most of the experimental work reported concentrates 

on thin solid film growth via Physical Vapor Deposition 

(PVD), Molecular Beam Epitaxy (MBE), and sputtering 

techniques, but much less references have been found 

regarding the condensation of metallic vapor on solid 

surfaces above the melting temperature [15]. For the case of 

alkali metals the situation is even more restricted, with most 

literature focusing on sodium and potassium due to their use 

as fast breeder nuclear reactor coolants [4,16]. In the case of 

metal melting, its understanding is becoming very important 

to optimize novel treatments like focused energy sources to 

repair structures [17], or Ta metal refinement using a plasma 

arc [18]. Some topic areas where the dynamics of 

condensation of metallic vapors is important, particularly 

alkali metals, include liquid metal cooled nuclear reactors, in 

particular sodium/potassium and their alloys [19,20], and 

magnetic fusion reactors, mainly lithium and some of its 

alloys [21]. 

In the particular case of fusion reactors with magnetic 

confinement, concepts have been proposed involving the 

implementation of a liquid divertor component in order to 

avoid permanent damage to the reactor. By using a flowing 

component, the residence time within the reactor is finite and 

the energy deposited in this flowing component can easily be 

coupled to a heat recovery scheme [22]. The transport of 

evaporated lithium condensed on hot surfaces above the 

melting point and on evaporative units designed to extract 

tritium from the lithium stream, are application examples for 

which data on the condensation dynamics of lithium in hot 

surfaces has great relevance [23]. The experimental facility 

described in this paper was tested with lithium to obtain these 

particular data, but its use is not restricted to this metal. 

Description of the experimental facility 

Vacuum chamber 

Due to the temperature and pressure requirements in 

semiconductor growth and the reactivity of lithium and other 

alkali metals, this experimental device is a refined extension 

of the typical condensation experiments for water and 

hydrocarbons [24] and previous metal vapor condensation 

experiments [25]. For the experimental studies planned for 

semiconductor or metal vapor condensation, a cylindrical 

stainless steel vacuum chamber was designed and built, with 

its overall dimensions and port configuration shown in 

Figure 1a. The chamber is a cylinder with 40 cm height and 

40 cm diameter, divided in three parts: a  top-hinged  lid,  the 

Figure 1. a) Schematic with four views of the vacuum chamber body that 

houses the experiment, showing the main dimensions. b) Internal view of 

the vacuum chamber, showing the two internal baffles and their position 

with respect to the evaporator assembly and the substrate holder. 

cylindrical chamber body and a bottom bolted lid. The lids 

are attached to the main chamber by ISO flanges with an 

o-ring seal.  The chamber assembly has a total of 28 metal-

seal (Conflat) ports with four different diameters: 1.65, 3.71, 

6.12 and 9.93 cm; these ports are used for attaching multiple 

accessories that allow viewing the interior, permit electric 

power and signals between the interior and exterior of the 

chamber, allow internal motion of components, feed gases 

and generate vacuum. Seventeen ports are on the cylindrical 

chamber body, seven in the upper chamber lid and four in the 

lower chamber lid. The vacuum chamber design is versatile, 

so it can be used for different experiments in addition to the 

main studies on condensation and melting, such as contact 

angle measurements, surface passivation by oxidation, 

surface roughness evolution with non-contact optical 

techniques, and in general, physical and chemical vapor 

deposition experiments. 

The chamber has two internal stainless steel baffles to 

prevent deposition of metal vapors on components such as 

electrical connectors and/or windows, shown in Figure 1b. 

The lower baffle has an opening to allow substrate view from 

the bottom, as well as a rectangular opening calculated to 

collimate the vapor flux and generate an evaporation cone 

that will condense mainly on substrate surface. The upper 

baffle  serves  to  mount  the  substrate  as  well  as  to  protect 

connections. 

Evaporator 

The evaporator assembly is installed on a large port at the 

bottom lid, as shown in Figure 2a.  The  main  component  in 

a) 

b)
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Figure 2. a) Detail from the evaporator assembly. b) Drawing of the sample 

holder. The 5 channels can house 10 cartridge heaters, Its “V” cross section 

at bottom allows apply controlled surface temperature gradient. 

this assembly is an evaporation box made of tantalum sheet 

(model SO-24 from R.D. Mathis Co.), with internal baffles, 

two compartments with a volume of 22 cm3 each, and a 

chimney with a diameter of 1.25 cm with an area of 1 cm2 

where the vapor escapes. This evaporation box can handle 

up to 250 A of current and reach a temperature in vacuum up 

to 1200 °C. The electric current to heat the box is supplied 

by a 3.2 kW (400 A, 8 V) DC power supply (TDK Lambda 

Genesys), and fed inside the chamber via two high-current 

copper feedthroughs capable of handling up to 600 A. The 

evaporator assembly has two additional ports for a 

thermocouple with an ungrounded sheet and a rotary 

feedthrough for a shutter. 

Sample holder 

The vacuum chamber has a rectangular substrate with a flat 

surface of 20 × 10 cm, made out of AISI 304 stainless steel, 

as shown in Figure 2b. The flat surface faces downwards in 

direct line of sight to the evaporator chimney; on this surface, 

condensation is expected to occur. In order to condense in 

liquid phase, the substrate must be heated to a temperature 

above the melting point of the condensing metal; for lithium, 

the metal initially to be studied in this facility, the sample 

holder has to be heated above 180 °C. To reach this 

temperature, the substrate is equipped with 10 cylindrical 

cartridge heaters (5 cm long, 0.6 cm diameter,    10 W/cm2 

power density), arranged in 5 independent sets of 2 heaters 

in series, each set heating a zone of the substrate. Each heater 

set has its own built-in thermocouple and independent PID 

temperature controller, actuated by an      on-off solid-state 

relay. Since the effect of surface temperature gradients on the 

condensation dynamics is also to be studied, the substrate 

was constructed with a V cross section, such that its mass 

distribution is not homogeneous, hence promoting the 

appearance of surface temperature gradients. 

Figure 3. a) Schematic of the laser light scattering diagnostic, implemented 

in the experiment. b) General schematic of the lithium dropper, showing its 

main components. 

Diagnostics 

Different diagnostics have been installed in the evaporation 

chamber to measure total pressure, temperature and residual 

gas composition; however, two diagnostics deserve a 

detailed description given their importance for the operation 

of the facility: the deposition monitor and the laser light 

scattering (LLS) diagnostic. The first is critical to measure 

the evaporative flux coming from the evaporator and hence 

estimate the amount of vapor that reaches the substrate; the 

LLS diagnostic allows the real time monitoring of 

modifications to surface roughness, homogeneity deposition 

and curvature radius. 

The deposition monitor is based on a quartz crystal 

microbalance (QCM), mounted on a movable stage that 

allows moving the diagnostic across the opening of the 

evaporator. The sensor, which has an exposed area of 

0.89 cm2, is located 18 cm above the lower baffle that contain 

the evaporator. The readout of the sensor when exposed to 

the vapor gives the deposition rate dx/dt, measured in Å/min. 

Results from the calibration of this diagnostic are presented 

in the following section. 

The LLS diagnostic is already built and is under 

calibration. The conceptual design of this diagnostic is 

shown in Figure 3a. A fiber optic feedthrough is mounted on 

a tilting stage that allows  ±10° angular sweeping of a laser 

fed via optical fiber. Thanks to this motion, the laser can be 

aimed at different locations within the exposed surface, and 

reflected from it. The amount of scattered light will carry 

a) 

b) 

b) 

a)
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information about the surface, such as roughness and 

curvature, since scattering from metal and oxidized layers is 

different [26] [27]. The scattered light is collected by a linear 

array of detectors, which can rotate on the same axis as the 

sample holder; this allows the monitoring of scattered light 

around the main reflected beam, so information about the 

early stages of film formation and film surface properties can 

be extracted from the optical signal. If oxidized metal film is 

optically semitransparent in the visible range spectrum, that 

would give the diagnostic the ability to measure its thickness 

in real time [27]. 

Vacuum goniometer 

The internal configuration of the vacuum chamber was 

modified in order to also make measurements of liquid metal 

wettability properties over different surfaces. The most 

common description for the wettability of a solid by a liquid 

is the equilibrium of a small droplet of liquid (known as a 

sessile) on top of a flat, homogeneous surface, with the force 

equilibrium described by the Young equation [28]: 

γ𝑆𝐿 + γ𝐿𝐺 cos 𝜃 = 𝛾𝑆𝐺 (1) 

where γ represents the interfacial tension and the subscript 

indicates its values for the solid/liquid (SL), liquid/gas (LG) 

and surface/gas (SG) interfaces. The angle θ is known as the 

contact angle, the tangent to the droplet profile at the point 

where the three phases (solid, liquid and gas) meet. The 

Young equation is obtained by minimizing the total surface 

free energy for a spherical/ellipsoidal cap of fluid of constant 

volume resting on a flat surface. The shape of the drop is 

given by the hydrostatic equilibrium between gravity forces 

and capillary forces, and can be described with the aid of the 

Young-Laplace equation [29]: 

𝛾 (
1

𝑅1
+

1

𝑅2
) = ∆𝑃  (2) 

The expression resulting from applying the general form of 

the Young-Laplace equation, Equation (2), to a sessile drop 

geometry, results in a special case known as the Bashfroth-

Adams (BA) equation. The mathematical derivation of the 

BA equation (which is a differential equation for the case of 

an axisymmetric sessile droplet) is lengthy and can be 

consulted elsewhere [30]; the end result is that the shape of 

the sessile drop is given by the BA equation, which uses the 

measured contact angle θ as a boundary condition for its 

solution. This allows the calculation of the solid/liquid 

interface energy when combined with Equation (1). 

The vacuum goniometer configuration of the chamber, 

constructed to measure contact angle of liquid metals on 

different surfaces experimentally, consists of a cylindrical 

melting tank made of AISI 304 stainless steel, with a total 

volume of 55 cm3. It is equipped with an internal 

thermocouple and a vacuum gauge, as well as gas entry and 

evacuation ports to precisely regulate the pressure on top of 

the molten metal; an exit tube is placed at the bottom of the 

tank. The melting tank and its components are shown in 

Figure 3b. Since the top of the liquid is pressurized and the 

exit is exposed to the vacuum environment, it is possible to 

force the liquid out of the melting tank  by  simply  regulating 

Figure 4. Overall view of the sample holder through the 10 cm diameter 

window (left), and a close-up of a deposited lithium dropper on top of a steel 

sample (right). 

the pressure difference. It is a delicate balance, since 

insufficient pressure is not able to overcome the capillary 

force of the metal in the tube (due to the high surface tension 

in most metals), whereas excess pressure will result in a 

steady flow of metal out of the melting tank. The melting 

tank is heated externally using rope heaters connected to an 

autotransformer and wrapped in fiberglass insulation with a 

reflective aluminum layer to prevent heat losses. 

The exit end of the melting tank sits 3 cm away from a heated 

sample holder, made out of copper and capable of reaching 

temperatures up to 700 K; on top of the copper surface. The 

sample holder assembly is located in the middle of the field 

of view of a 10 cm diameter window in the chamber. 

Figure 4 shows a full window view and a close-up of a 

lithium drop deposited in the hot plate. 

System performance description 

In order to test and calibrate the experimental facility, some 

preliminary measurements on the different systems were 

performed, and results are described in this section: 

evaporator calibration, sample holder thermal behavior, and 

contact angle as function of temperature.  

Evaporator calibration 

Experiments were carried out to verify the ability to predict 

and control of the evaporation rate on the system. The 

starting point is the estimation of the evaporation source 

strength ev, obtained from the well-known Langmuir-

Knudsen relation [31]: 

Γ𝑒𝑣 =
𝑃

√2𝜋𝑚𝑘𝐵𝑇
 (3) 

Where P is the vapor pressure of the material evaporated, 

m is the atomic mass, kB is the Boltzmann constant and T is 

the absolute temperature. In order to use Equation (1) to 

estimate the evaporative flux, the functional relationship 

between the vapor pressure and the temperature is required. 

Typically, the Antoine equation is adequate to estimate vapor 

pressure as a function of temperature: 

log 𝑃 = 𝐴 −
𝐵

𝐶+𝑇
(4) 

The Antoine coefficients A, B and C for lithium were 

obtained from the literature [32, 33]; they are 4.988, 7918.98 

and 9.52, respectively. Substitution of Equation (4) in 
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Equation (3) allows the calculation of the evaporative flux as 

a function of temperature, shown in Figure 5a for the case of 

lithium. Since mass is conserved, the following relationship 

needs to hold: 

𝐴𝑒𝑣Γ𝑒𝑣 = 2𝜋𝑟2Γ𝑑𝑒𝑝(𝑟) (5) 

The right-hand side of Equation (5) represents the mass 

flux ev leaving the evaporator through the chimney area Aev, 

while the left-hand side represents the flux dep being 

deposited on the surface of a semispherical shell of radius r 

above the evaporator. Hence, the deposition flux at a distance 

r from the evaporator source is given by: 

Γ𝑑𝑒𝑝 =
𝛽𝐴𝑒𝑣Γ𝑒𝑣

2𝜋𝑟2
(6) 

where is a factor that accounts for geometrical effects 

(misalignment of detector, vapor flux anisotropy, sticking 

coefficients, etc.), and varies between 0 and 1. The 

deposition speed is obtained simply by dividing the 

deposition flux by the atomic density of the material being 

deposited, n: 

𝑑𝑥

𝑑𝑡
=

Γ𝑑𝑒𝑝

𝑛
=

𝛽𝐴𝑒𝑣Γ𝑒𝑣

2𝜋𝑛𝑟2
(7) 

Equation (7) estimates the deposition rate as a function of 

evaporator temperature, and it is contrasted with actual 

measurements of deposition rate performed in the 

experimental setup using the QCM diagnostic (Table 1). 

Power was obtained by multiplying current and voltage from 

the power supply, and the temperature was read from a 

thermocouple attached to the evaporator. Figure 5b shows 

the predictions of Equation (7) with the actual points from 

Table 1, for values of  = 1 (perfectly aligned detector, 

isotropic vapor flux, unity sticking coefficient) and  = 0.6; 

it is clear that there are geometric effects  on  measurements, 

Figure 5. a) Evaporative flux ev as a function of temperature for lithium 

metal. b) Comparison between predicted and measured deposition rate; 

predictions are from Equation (7), for  =1 (solid line) and  = 0.6 (dashed 

line). 

Table 1. Deposition measurements obtained for different evaporator power 

levels 

Evaporator 

Power (W) 
Temperature 

(K) 
Deposition rate 

(Å/s) 

24 764 5.95 

140.5 797.5 17.5 

156.3 823 41.2 

173.2 843 68.4 

198 860 111.6 

since the sensor might be misaligned with respect to the 

vapor source. Knowing if the factor  has a contribution from 

vapor anisotropy will require more exhaustive measurements 

that will be done as part of a separate article; however, it is 

encouraging that a single value of  can make acceptable 

predictions from Equation (7) to the actual measurements. 

Sample holder thermal behavior 

Another calibration activity on the assembled chamber was 

the determination of temperature profiles in the sample 

holder. As mentioned in the experiment description section, 

five independent heating zones were defined, each with one 

thermocouple and two heaters. The sample holder was 

designed in Solidworks and thermally modeled varying the 

power level on each of two sections of the sample holder. 

Five temperatures at the position of the heaters were 

recorded using the internal thermocouple of each heater. By 

assuming the thermal properties of the AISI 316 stainless 

steel and considering heat transfer by conduction and 

radiation, a 2D finite element model was applied to simulate 

the temperature profile. Double wedge shape of sample 

holder, facilitates the development of temperature gradients 

in the surface depending on the power level of each heater. 

Figure 6 presents the temperature profiles obtained for two 

different experiment scenarios: the center heater turned on 

and all others turned off, Figure 6a, and heater in right end 

turned on, Figure 6b. To estimate temperatures in any 

distance to the end, an exponential model was used to fit 

measured discrete temperatures, shown with continuous 

lines together with discrete temperature measured values. As 

can be seen in Figure 6b, discrepancies between temperature 

fittings and thermal simulation (shown with dashed lines for 

three power values (50W, 100W and 150W) are subject to 

the magnitude of power employed. The difference is more 

pronounced for the case of heating with low power. The 

differences can be attributed to sample holder geometry, and 

nonlinear behavior between heater power and heat fluxes by 

conduction or radiation. To verify the experimental 

measurements, thermal imaging of the heater was taken 

using a FLIR Model IR camera, with a view of a small 

section of the holder through a ZnSe window in the vacuum 

chamber, Figure 6c. Good agreement exists between the 

thermal imaging and the temperature profiles obtained from 

thermocouple measurements as can be concluded comparing 

the image with experimental data for 50 W power in  

Figure 6d. Temperatures in direction of white arrow are of 

same order as measured and simulated quantities shown in 

Figure 6b. 

a)     b) 

b) 

a)
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Figure 6. Sample holder temperature measurements with exponential fitting 

when: a) central and b) right-end heating sections are turned on, 

respectively; numerical simulations are shown with dashed lines.   

c) Schematics for the infrared camera line of sight; d) Infrared image of the

sample holder heated at right-end at 50 W. 

Contact angle as function of temperature 

An initial study to test the capabilities involved measuring 

the contact angle of liquid lithium on tungsten surfaces was 

held at different temperatures, to compare our measurements 

with experimental results available [34]. The droplet images 

obtained from the camera are processed with a Matlab script 

specifically built to extract the edge from them (see Figure 7 

for an example of this process). Once the droplet contour is 

obtained, mathematical algorithms [35] also programmed in 

Matlab are used to estimate the contact angle between the 

lithium droplet and the surface. 
Results of initial contact angle measurements of liquid 

lithium droplets on tungsten surfaces with this high-

temperature vacuum image goniometer are presented in 

Table 2, compared with values reported in the literature. 

There is a large discrepancy between the measurements on 

this work and the literature; this can be attributed to different 

wetting properties related to physical (roughness, grain 

structure) and/or chemical (oxidation, alloying) state of the 

surface. 

The shapes obtained with the Lithium droplets are circular 

and elliptical depending of surface temperature and/or its 

roughness (see Figure 8).  We worked with liquid lithium on 

stainless steel AISI 316, and  the  observations  show  a  good 

Figure 7.  Original still photograph of lithium droplet (left), and the image 

of droplet resulting from edge extraction algorithm (right). 

Table 2. Contact angle values at different temperatures in the vacuum 

system including reported contact angles. 

Temperature 

(°C) 
Contact Angle 

(measured) 

Contact Angle [34] 

204 73.2 130 

206 67.2 130 

244 54.2 130 

303 54.8 130 

365 49.7 78 

wettability properties at low roughness and high 

temperature. Further studies regarding the effect of surface 

physical and chemical states are planned for this facility, in 

collaboration with other research groups to compare results. 

Conclusions 

An installation was built to study the interaction of 

semiconductor and molten metals and their vapor with 

surfaces of any material subject to a controlled temperature 

gradient. It has been challenging due to the requirement of 

high temperatures and enough vacuum to avoid metal 

surface oxidation. Two goals have been set for this 

installation: to observe the behavior of condensing vapor in 

a downward-facing surface held at a temperature above 

melting point, and the measurement of contact angle of 

preformed liquid metal droplets in horizontal surfaces. 

Regarding the condensation studies, the metal evaporator 

was calibrated and good agreement was found between 

actual deposition rate measurements and predictions based 

on vapor pressure and geometry. In addition, the thermal 

behavior of the sample holder has been measured and 

contrasted against 2D finite element thermal simulations. 

These measurements showed that the thermal gradients 

achievable in the sample holder are close to those predicted 

by the simulation, and have been confirmed by both 

thermocouple measurement and infrared thermal imaging. 

The first experiments regarding condensation behavior using 

different kind of substrates (semiconductor crystals, metals 

and glass) will start shortly in the machine and will be the 

focus of separate paper contributions.  

Figure 8.  Evolution of the lithium droplet contact angle on the surface of a 

tungsten sample as surface temperature is increased. Images correspond to 

temperatures and calculated contact angles are shown in Table 2. 

c) 

d) 
b) 

a) 

204 oC 206 oC 

303 oC 244 oC 

365 oC 
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Additions were made to the vacuum chamber to operate as 

a high-temperature, high-vacuum goniometer to measure 

contact angle. A method to generate small liquid metal 

droplets with no oxidation was successfully implemented, 

and measurements of contact angle on tungsten as a function 

of temperature were obtained which show consistency with 

previously reported measurements. The experimental results 

demonstrate that it is possible to obtain individual droplets 

of molten Li, while controlling the substrate surface 

temperature, in order to study the wetting behavior of the 

liquid metal. Photographic camera used and post processing 

algorithms resolve the details of the drop-surface contact to 

measure the contact angle. In the near future, other 

experimental parameters to explore include surface type 

(semiconductors, glass, steel, molybdenum and tantalum), 

surface roughness and type of liquid metal (ej. Sn/Li eutectic 

is also of interest in the development of liquid plasma facing 

components in fusion reactors). 

Acknowledgements 

Authors from CICATA Querétaro wish to acknowledge 

funding received by Consejo Nacional de Ciencia y 

Tecnología via CB-2009-133597 grant and from Instituto 

Politecnico Nacional via grants SIP-20140518 and 

20121799. 

References 
[1]. H. Nelson, RCA Rev. 24, 603 (1963). 

[2]. R. Triboulet, Prog. Cryst. Growth Charact. Mater. 60, 1 

(2014).  

[3]. G. Pei, C. Xia, F. Wu, J. Zhang, Y. Wu, J. Xu, Mater. Let. 61, 

2299 (2007). 

[4]. M. Bottom, J. Nucl. Sci. Technol. 41, 579 (2004). 

[5]. T. Cremer, M. Killian, J.M. Gottfried, N. Paape, P. 

Wasserscheid, F. Maier, H.P. Steinrück, ChemPhysChem 9, 2185 

(2008). 

[6]. E. Kuphal, Appl. Phys. A 409, 380 (1991). 

[7]. T. Fujii, Theory of laminar film condensation (Springer-Verlag, 

New York, 1991). 

[8]. H.P. Steinrück, Surf. Sci. 604, 481 (2010). 

[9]. P. Yang, H. Yan, S. Mao, R. Russo, J. Johnson, R. Saykally, N. 

Morris, J. Pham, R. He, H.-J. Choi, Adv. Funct. Mater. 12, 323 

(2002). 

[10]. M.K. Zayed, H.E. Elsayed-Ali, Phys. Rev. B 72, 1 (2005). 

[11]. S. Balakumar, C.H. Tung, G.Q. Lo, R. Kumar, N. 

Balasubramanian, D.L. Kwong, G. Fei, S.J. Lee, Appl. Phys. Lett. 

89, 1 (2006). 

[12]. M. Ishikawa, K. Yazawa, T. Fujisawa, S. Yasui, T. Yamada, 

T. Hasegawa, T. Morita, M. Kurosawa, H. Funakubo, Jpn. J. Appl. 

Phys. 48, 09KA14 (2009). 

[13]. A. Miyara, Int. J. Refrigeration 31, 621 (2008). 

[14]. A.S. Dalkilic, S. Wongwises, Int. J. Heat Mass Transfer 52, 

3409 (2009). 

[15]. S. Khandekar, K. Muralidhar, Dropwise Condensation on 

Inclined Textured Surfaces (Springer Science+Business Media, 

New York, 2014). 

[16]. N. B. Bakulin, M. N. Ivanovskiy, V. P. Sorokin, et al. Liquid 

Metals (Moscow, 1967). 

[17]. J.H. Jang, B.D. Joo, S.M. Mun, M.Y. Sung, Y.H. Moon, Met. 

Mater. Int. 17, 167 (2011). 

[18]. J.-W. Lim, Met. Mater. Int. 14, 539 (2008). 

[19]. V. Sobolev, Database of thermophysical properties of liquid 

metal coolants for GEN-IV (Scientific Report of the Belgian 

Nuclear Research Centre, Belgium, 2011). 

[20]. International Atomic Energy Agency, Thermophysical 

Properties of Materials for Nuclear Engineering: A Tutorial and 

Collection of Data (IAEA, 2008). 

[21]. R.W. Moir, Nucl. Fusion 37, 557 (1997). 

[22]. R.E. Nygren, T.D. Rognlien, M.E. Rensink, S. Smolentsev, 

B.E. Nelson, P.J. Fogarty, C. Eberle, M.A. Ulrickson, 20th 

IEEE/NPSS Symp. on Fusion Eng. 2003, 284 (2003). 

[23]. D.K. Sze, R.F. Mattas, J. Anderson, R. Haange, H. Yoshida, 

O. Kveton, Fusion Eng. Des. 28, 220 (1995). 

[24]. A. Bisetto, S. Bortolin, D. Del Col, Exp. Therm. Fluid Sci. 68, 

216 (2015). 

[25]. P.M. Meyrial, M.L. Morin, Heat transfer during film 

condensation of potassium vapor on a horizontal plate, (Report No. 

DSR 70008-52, Dept. of Mechanical Eng., Cambridge, 1968). 

[26]. A. Moreno-Baez, G. Miramontes-de-Leon, C. Sifuentes-

Gallardo, J.A. Huerta-Ruelas, Int. J. Phys. Sci. 6, 7857 (2011). 

[27]. J. Huerta-Ruelas, M. López-López, O. Zelaya-Angel, Thin 

Solid Films 373, 239 (2000). 

[28]. Y. Yuan, T.R. Lee, in: Surface Science Techniques, Ed.: G. 

Bracco, B. Holst (Springer Berlin, Heidelberg 2013) pp. 3-34. 

[29]. P.C. Hiemenz, R. Rajagopalan, Principles of Colloid and 

Surface Chemistry, 3rd Ed. (CRC Press, 1997). 

[30]. A.H. Fatollahi, Phys. Scr. 85, 45401 (2012). 

[31]. W. Steckelmacher, Vacuum 62, 387 (2001). 

[32]. I.E. Lyublinski, A.V. Vertkov, M.Y. Zharkov, V.V. Semenov, 

S.V. Mirnov, V.B. Lazarev, I.L. Tazhibayeva, G.V. Shapovalov, 

T.V. Kulsartov, A.V. D’Yachenko, G. Mazzitelli, P. Agostini, 

Fusion Eng. Des. 88, 1862 (2013). 

[33]. I. Lyublinski, A. Vertkov, V. Evtikhin, V. Balakirev, D. 

Ionov, M. Zharkov, I. Tazhibayeva, S. Mirnov, S. Khomiakov, D. 

Mitin, G. Mazzitelli, P. Agostini, Fusion Eng. Des. 87, 1719 (2012). 

[34]. P. Fiflis, A. Press, W. Xu, D. Andruczyk, D. Curreli, D.N. 

Ruzic, Fusion Eng. Des. 89, 2827 (2014).  

[35]. A. Bateni, S.S. Susnar, A. Amirfazli, A.W. Neumann, 

Colloids Surfaces A Physicochem. Eng. Asp. 219, 215 (2003). 

© 2018 by the authors; licensee SMCTSM, Mexico. This article is an open access article distributed under the terms and 

conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/). 

http://creativecommons.org/licenses/by/4.0/
https://ci.nii.ac.jp/naid/10025432292/
http://doi.org/10.1016/j.pcrysgrow.2013.12.001
http://doi.org/10.1016/j.pcrysgrow.2013.12.001
http://doi.org/10.1016/j.matlet.2006.08.074
http://doi.org/10.1016/j.matlet.2006.08.074
http://doi.org/10.1080/18811248.2004.9715521
http://doi.org/10.1002/cphc.200800300
http://doi.org/10.1002/cphc.200800300
http://doi.org/10.1007/BF00323650
http://doi.org/10.1007/978-1-4612-3152-3
http://doi.org/10.1007/978-1-4612-3152-3
http://doi.org/10.1016/j.susc.2009.12.033
http://doi.org/10.1002/1616-3028(20020517)12:5%3c323::AID-ADFM323%3e3.0.CO;2-G
http://doi.org/10.1002/1616-3028(20020517)12:5%3c323::AID-ADFM323%3e3.0.CO;2-G
http://doi.org/10.1103/PhysRevB.72.205426
http://doi.org/10.1063/1.2222343
http://doi.org/10.1063/1.2222343
http://doi.org/10.1143/JJAP.48.09KA14
http://doi.org/10.1143/JJAP.48.09KA14
http://doi.org/10.1016/j.ijrefrig.2007.12.003
http://doi.org/10.1016/j.ijheatmasstransfer.2009.01.011
http://doi.org/10.1016/j.ijheatmasstransfer.2009.01.011
http://doi.org/10.1007/978-1-4614-8447-9
http://doi.org/10.1007/978-1-4614-8447-9
http://doi.org/10.1007/978-1-4614-8447-9
http://doi.org/10.1007/s12540-011-0223-z
http://doi.org/10.1007/s12540-011-0223-z
http://doi.org/10.3365/met.mat.2008.08.539
https://inis.iaea.org/search/search.aspx?orig_q=RN:43095088
https://inis.iaea.org/search/search.aspx?orig_q=RN:43095088
https://inis.iaea.org/search/search.aspx?orig_q=RN:43095088
https://www-pub.iaea.org/MTCD/Publications/PDF/IAEA-THPH_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/IAEA-THPH_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/IAEA-THPH_web.pdf
http://doi.org/10.1088/0029-5515/37/4/I13
http://doi.org/10.1109/FUSION.2003.1426640
http://doi.org/10.1109/FUSION.2003.1426640
http://doi.org/10.1016/0920-3796(95)90042-X
http://doi.org/10.1016/j.expthermflusci.2015.04.019
http://doi.org/10.1016/j.expthermflusci.2015.04.019
http://hdl.handle.net/1721.1/61444
http://hdl.handle.net/1721.1/61444
http://hdl.handle.net/1721.1/61444
http://doi.org/10.5897/IJPS11.743
http://doi.org/10.1016/S0040-6090(00)01083-X
http://doi.org/10.1016/S0040-6090(00)01083-X
http://doi.org/10.1007/978-3-642-34243-1
http://doi.org/10.1007/978-3-642-34243-1
https://www.crcpress.com/Principles-of-Colloid-and-Surface-Chemistry-Third-Edition-Revised-and/author/p/book/9780824793975
https://www.crcpress.com/Principles-of-Colloid-and-Surface-Chemistry-Third-Edition-Revised-and/author/p/book/9780824793975
http://doi.org/10.1088/0031-8949/85/04/045401
http://doi.org/10.1016/S0042-207X(00)00430-9
http://doi.org/10.1016/j.fusengdes.2013.05.103
http://doi.org/10.1016/j.fusengdes.2011.07.012
http://doi.org/10.1016/j.fusengdes.2014.03.060
http://doi.org/10.1016/S0927-7757(03)00053-0

