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Abstract

The wettability of graphite by the copper-tin (Cu-Sn) liquid

alloy was measured using the sessile drop method at a tempera-

ture interval of 1273–1473 K. The system is found poorly wetting

with the contact angle at an interval of 115. . . 143 degrees. The

concentration dependence of contact angle (Θ) exhibits similar

trends, than the residual resistivity change measured in the same

alloys in solid state. The solid solution of Cu-Sn has a huge

effect to the wetting ability, which was measured liquid phase

beyond the liquidus.
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1 Introduction

The Cu based alloys are widely used in various brazing and

welding techniques. One of the perspective families of lead-free

solder alloy systems is based on the Cu-Sn binary alloy (Amore

et al. [1,2]; Chen [3]; Hlinka [4]; Lénárt [9]). Ensuring the good

wetting conditions between the solder material and the metallic

parts to be joined is of great importance in these processes (Qi-

ulian et al. [5]). The magnitude of contact angle between the

liquids and solid substances represents the quantitative measure

of the wetting ability.

In the present paper, experimental results will be presented for

the concentration dependence of the wettability of graphite by

the liquid Ag-Sn alloy. Not only the wetting angle, but the slope

of temperature dependence Θ(∆T ) were compared on graphite

substrate. The results were interpreted on the basis of classic

alloying effects, i.e. based on the change in alloy (Sn) concen-

tration.

2 Experimental

Alloys were prepared from high purity (4N) Cu and Sn, us-

ing induction melting in quartz crucible under inert (Ar) atmo-

sphere. The stability range of these α-terminal solid solutions

of CuSn shows the Fig. 1, with marked the investigated alloy

composition (Cu, Cu97Sn3, Cu95Sn5, Cu90Sn10). The Cu97Sn3,

Cu95Sn5 alloy pass the solid solution range, the Cu90Sn10 alloy

just out of this region.

The graphite substrate was prepared from high purity, poros-

ity free base material. The substrates were mechanically pol-

ished, then the surface roughness was determined using a 3D

laser profilometer. (Rodenstock RM600 surface topography

measurement system).

Wetting experiments were performed in a sessile drop

equipment following the method described in Ref. (Satya-

narayan [6]). The graphite substrate and the alloy pieces were

positioned into the middle of furnace at ambient conditions. The

pressure was then reduced to 0.1 Pa at room temperature in the

chamber. The vacuum was replaced by a 105 Pa 99.999 % Ar

gas. This procedure was repeated 3 times. Subsequently, the

temperature was raised to 1273 K using a heating rate of 4 K/s.

Alloying Effects on Wetting Ability of Diluted Cu-Sn Melts on Graphite Substrates 1232013 41 2

http://periodicapolytechnica.org/tr
http://creativecommons.org/licenses/by/3.0/


Since only a small portion of the gas chamber is heated, the

pressure around the droplet remains at about 105 Pa during the

run of measurements, which were performed at 1373, 1423 and

1473 K respectively.

Fig. 1. The range of terminal (α)-solid solutions in Cu-Sn system

During the measuring run (with increasing temperature) the

heating power has stopped around each measuring temperature.

The equilibrium contact angle is stabilized within one minute

(Weltsch et al. [7]). Two minutes holding time was applied be-

fore the measurement.

The contact angle was directly measuring the profile of the

drop, fixing and processing the data, using self-made automatic

evaluation software in the Matlab environment. Though the un-

certainty of this software is below 1 degree, the total uncertainty

of the measured values is: ±3◦.

After the measuring process at 1473 K, the furnace was

switched off and cooled slowly to the ambient temperature (the

whole cooling time is around 40 minutes). Subsequently the

furnace was opened and the solidified sample was removed.

3 Results

The final contact angle is affected by several circumstances.

The two strongest from them are the oxidation and the surface

roughness of the substrates. It should be emphasized that the

most important parameter to compare the details from the liter-

ature are the properties of the substrate, especially the material

and its surface roughness.

Fig. 2. Graphite substrate surface topography picture

The substrates surface roughnesses have a profound and tech-

nologically important influence on the behavior of wetting flu-

ids. One of the first studies about the effects of surface rough-

ness on the equilibrium contact angle Θ0, between wetting liq-

uid and solid substrate was reported by Wenzel (Wenzel [8]). He

claimed that surfaces what wet with an angle Θ0 < 90◦ then if it

is smooth it will wet even better if rough. Conversely, he argued

that if the smooth surface does not wet well, the rough surface

is worse. This behavior is expressed in the relationship:

cos Θr = r · cos Θ0 (1)

where Θr is the contact angle on a surface with roughness ratio,

r, given by the ratio of actual wetted surface area to geometric

or projected area. According to (1), the roughness of a surface

further decreases the contact angle if Θ0 < 90◦ , whereas the

roughness further increases the contact angle if Θ0 > 90◦.

Roughness parameters included:

Ra the arithmetical mean line to a roughness profile

λ the main horizontal wavelength

r defined as the ratio of the true area of the solid surface to

the apparent area

The tested area was 10−4 m2 and the roughness measurement

was repeated 5 times. The measured roughness parameters are

shown in Fig. 2 and Tab. 1.

Tab. 1. Roughness parameters of the C substrate

Material of the substrate Ra
[
µm
]

λ
[
µm
]

r [−]

C 0.238 ± 0.007 17.02 ± 0.52 1.006 ± 0.001

The weight and the volume reduce during the measurement

cause changes in the contact angle. To determine the degree

of the change in the weight of the melt droplet was measured

before and after the measurement. Tab. 2 includes all the weight

data for alloys in the α-phase.

It can be seen that the mass of the out steamed metal has a

minimal value, in average the weight reduction is 0.000125 g

that is ∼ 0.070003% of the weight of the sample. This very
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Tab. 2. The change of the samples mass

Combination
Weight before Weight after Weight Weight

measurement [g] measurement [g] reduction [g] reduction [%]

Cu 0.2370 0.2369 0.0001 0.0421

Cu97Sn3 0.2395 0.2394 0.0001 0.0417

Cu95Sn5 0.2377 0.2374 0.0003 0.126

Cu90Sn10 0.2378 0.2373 0.0005 0.0021

small amount of the material is approximately 0.012 mm3 vol-

ume reduction that effects about 0.005-0.01◦ difference. It is not

a considerable value, so it is negligible.

The wetting analysis of the properties of the melted drop is

based on a graphite substrate therefore the exact details are not

appropriate to compare them with other substrates. This re-

search is focused on analysis of the copper solid phase. Two al-

loys are in this phase (Cu97Sn3, Cu95Sn5), so Cu is one reference

and Cu90Sn10 is the other reference outside of the α-phase. It is

important to focus on the change at a phase changing boarder

(9.1% Sn content). In this case we observe the effect by sys-

tematically changing the electronic structure with changing the

combining content (Sn).

Fig. 3. The temperature dependence of the wetting angle of pure Cu, and Cu

alloyed with 3, 5, 10, at.% of Sn on graphite substrate

Fig. 3 includes the result of the measuring. It can be seen

that points belong to one composition are linked together with a

straight line. Based on the Eötvös-rule wetting angles are chang-

ing linearly if the temperature is increasing. When looking at the

results it is visible that the temperature dependence is very low

for Cu. By increasing the combining material with only 3% of

Sn, the value of the contact angle changes a lot and the tem-

perature dependence is much greater. The same phenomenon

appears in the case of Cu95Sn5 where the highest value of the

contact angle is reached and this material has the worst wetting

proper in our search. Cu90Sn10 is the next of the α-phase and as

it seems, the value of the temperature dependence is quite lower

and the values of the contact angle are also lower. The alloy

includes only 0.9% extra tin but the effect is outstanding. The

values of the contact angle are higher than in the case of the un-

alloyed copper, but comparing them at 1373 K the difference is

significant.

By increasing the combining content systematically, changes

of the electronic structure cause huge differences in many prop-

erties even if they are in the same phase. It seems that clear

copper has the best wetting properties at every temperature and

by increasing the combining content the wetting properties de-

teriorate.

4 Summary

Knowledge of the wetting properties is essential for applied

advanced vehicle materials and for using the most innovative

manufacturing technologies. Because of the continuously in-

creasing amount of binding joints as in the field of automotive

industry or in the electronics industry, the demand is very high

against them, while on the other hand the main need is price and

the lowest weight as possible. It is crucial to know the standard

wetting properties of brazing alloys for designing the combina-

tion of the contents. There are also several affecting factors that

are also important to know the exact effect what they cause.

Analyzing Cu-Sn wetting properties the results showed that as

a pure substance the contact angle has a lower value than com-

bining them to each other. In the case of low content of alloying

metals, above the solid solution range, large-scale change can be

experienced; the wetting properties become worse and the tem-

perature dependence increases. Due to the evaporation of raw

materials it is considerably low enough to disregard them so it

cannot affects the slope of the linear regression lines. The con-

tact angle values are comparable because the departing amounts

of material do not significantly influence the change.

The slope, i.e. the rate of change of the wetting ability func-

tion of the temperature showed that next to the liquidus line the

wetting properties of the melt phase are apparently influenced

by the texture under the liquidus.

The experiment also showed that the more we move away

from the liquidus the Eötvös-rule applies less.
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