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ABSTRACT 

 
Water scarcity is a growing problem for large regions of 

the world because of insufficient sources of fresh water to 
meet the demands. It is estimated that 2.8 billion people 
around the world have at least one month of clean water 
shortages, whereas, approximately 1.2 billion people lack 
access to clean drinking water worldwide. It is believed that 
fresh water problem can be addressed using effective 
desalination process in a cost effective manner. The 
primary aim of this study is to investigate the increase in 
the evaporation rate via thermally and electrically 
conductive carbon fiber composites during the desalination 
process. Analysis of the evaporation rate along with the rise 
in temperature and decrease in weight was carried out using 
light sources under similar environmental conditions at 
different heights and salt concentrations. Test results 
indicated that carbonaceous materials drastically 
accelerated evaporation and desalination rates of salt water, 
and reduced the major costs (e.g., electricity, and 
maintenance) of the process. 
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1 INTRODUCTION 
 

1.1 General Background 

Alarming growth of population and higher consumption 
of water associated with the rising standard of living 
conditions are the primary causes of fresh water scarcity. 
The inflation of salt water throughout the world that has 
also become a great threat to all living creatures.  It is to be 
noted that chemical separation processes are needed to 
purify saline water which are more energy intensive than 
standard treatment processes for fresh water supplies [1], 
whereas desalination process is cost effective one. The 
main challenge of thermal distillation of the desalination 
system is to recover and reuse the heat released in 
condensation with minimal temperature difference in order 
to make an energy-efficient distillation system [2]. Many 
ongoing research studies have been trying to settle down 

the process of eliminating water scarcity problems. A recent 
study by the first author [3] showed how to increase the rate 
of evaporation at the air-water interface in the desalination 
system using nanoparticles and carbon composites [3].   

Within 2014, more than 15,000 desalination plants were 
installed worldwide on a large scale with a cumulative 
production capacity of approximately 65 million m3/day of 
water [4]. In the statistics, it can be found that the ocean’s 
average salinity is about 3.5%, while the salinity near Dead 
Sea and Arabic Sea are much higher. Figure 1 shows the 
sea surface salinity values of the ocean around the world [1-
4]. Thus, the natural advantages of the North East Africa 
and Gulf area are more suitable for the desalination process. 

The major theme of this research is to find an acceptable 
and cost effective way to boost the evaporation rate of sea 
water with the help of new technologies. The first step of 
this study was to gather experimental data relative to the 
evaporation and temperature increase rate for distinctive 
concentrations of saline water (SW) by simulating sunlight 
in the laboratory condition which is similar to an 
environmental condition (e.g., the greenhouse effect). After 
that, carbon fiber reinforced composites were prepared for 
observing the same behavior with different concentrations 
of water and at different heights of the light source. All 
results of the carbon composites were compared in order to 
determine the better solution for the highest evaporation 
rate along with better increase in temperature. Lastly, a cost 
analysis was done to find the better way of obtaining pure 
drinking water at a reduced cost. 

 

Figure 1: Water salinity of the ocean around the world. 
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1.2. Distillation Technology 

Drinking water production processes is affected by the 
source water quality, the treatment technology and the 
distribution system.  

During distillation processes, the source water is heated 
and vaporized, and a concentrated brine is produced as a 
residue. Low theoretical plate distillation processes can be 
applicable to desalination process because significant 
amounts of volatile chemicals are usually not present in 
seawater and brackish water [5-7]. Inorganics, salts, and 
high-molecular-weight natural organics are nonvolatile and 
thus can be easily separated; however, there are 
circumstances where volatile petroleum chemicals are 
present due to spills and other contaminations. Even though 
their vapor pressures can range from low to very high, 
many of them with a higher molecular weight will be steam 
distilled in a physical process where the vapor pressure of 
the steam and the vapor pressures of the organic chemicals 
together contribute to the total vapor pressure of the 
mixture [8]. For water, the boiling point is 100°C (212°F) at 
1 atmosphere. The boiling temperature is a colligative 
property of the solution; as the concentration of a solute 
increases, the boiling point increases. As the pressure is 
decreased, the boiling temperature decreases. The amount 
of energy required to vaporize a liquid is called the heat of 
vaporization. For water, this amounts to 2,256 kilojoules 
per kilogram at 100°C (970 Btu per pound at 212°F) [9]. 
The same amount of heat must be removed from the vapor 
to condense it back to liquid at the boiling point. In 
desalination processes, the heat generated from vapor 
condensation is transferred to feed water in order to cause 
its vaporization and thus improve the thermal efficiency of 
the process and reduce the cost and fuel consumption [10-
14]. 

 
1.3 Solar Still 

A solar still is made of an airtight insulated basin 
covered with a tilted glass sheet which is shown in Figure 2 
[11]. Solar radiation passes through the transparent glass 
and is absorbed by salty water in the basin so that water is 
heated and evaporated. Here the water vapor condenses at 
the inner side of the glazing, and the liquid flows by gravity 
into a pot where it is collected. Basins are painted black to 
increase solar absorption, and long wavelength radiation 
cannot pass from the solar still through the glazing. A solar 
still needs flushing to prevent salt precipitation. Leaving 
behind impurities like salts and heavy metals are the main 
drawbacks of this process.  

Solar stills can be classified as passive or active. Passive 
stills will use only the solar energy falling into the unit’s 
active stills. An external thermal energy source is added to 
the unit to help with heat addition to the salty or brackish 
water. This additional heat source could be provided by a 
concentrating solar panel, waste thermal energy, or a 
conventional boiler. 

 

Figure 2: Desalination process in solar still with help of 
solar irradiation [11]. 

 
2 EXPERIMENT 

 
2.1 Materials 

In this study, the main material was pre-preg carbon 
fiber reinforced composite because of its high thermal 
conductivity. Flat carbon fiber composites with 0.5 cm 
thickness were manufactured in a  the vacuum oven, and 
used without any further modification. The main reason of 
using this composite was its thermal conductivity and black 
color. Matrix and reinforcement are the two major parts of 
composite, where the reinforcement provides strength and 
rigidity and matrix provides fracture toughness. Moreover, 
composite has good corrosion and fatigue resistance and 
moisture can’t defuse into it much. Typically, these 
composites can be produced from a precursor polymer such 
as plyacrylonitrile and with the help of spinning filament 
yearns, the final composites can be manufactured [12].  

 
2.2 Method 

Here, a 250 watt electric bulb was used to generate 
infrared heat which is sufficent for evaporation of water in a 
green house condition. The filament temperature of this 
light bulb can be up to 350°C (Figure 3). An infrared 
thermometer  was used to detect the temperature of the 
water. 

Initial research was conducted using different condition 
of water with various percentages of saline concentration, 
i.e., clean water or 0% salt. The room temperature was 
28°C. At first, a cylindrical Pyrex beaker 
(190mm×100mm) with 400 g of regular tap water was 
placed on a weighing scale to measure the amount of water 
evaporating with respect to time and the whole set up was 
kept under 250 watt infrared light source. The light source 
was kep at 10 cm distance above the saline water and the 
readings on the weighing scale were recorded along with 
temperature rise every five minutes for consecutive two 
hours. Second test was performed in the same manner, but 
with 1.5% salt concentration, where 394 g of regular clean 
water was mixed with 6 g of sea salt. Third test was done in 
the same procedure with 3% salinity where 388 g of regular 
water was mixed with 12 g of sea salt and the final test was 
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done with 4% saline water where 384 g of regular water 
was mixed with 16 g of sea salt. Again, the four 
experiemnets were conducted as stated before but this time, 
carbon composite was used with the solution to figure out 
the difference in results. Diamond saw blade was used for 
cutting carbon composite and to prepare the desired shape 
of sample composite which fitted to the 190 mm×100 mm 
pyrex beaker. For the entire experiement, one piece of 
white felt sheet was used to cover the metal plate of 
weighing scale to provide thermal insulation. 

  

 

Figure 3: Experimental set up using carbon fiber composite 
in a beaker. 

3 RESULTS AND DISCUSSION 
 
Four sets of experiements were conducted. In the first 

set of tests, clean water (or 0% salt solution)  was used to 
determine the evaporation rates. Here, the weight of the 
clean water without any inclusions decreased to 188 g from 
400 g after two hours of light exposure/heating, while under 
the same condition, flat composite helped the water 
decrease its weight to 115 g from 400 g of water mixture. 
For the same experiment, it was also seen that after two 
hours, the temperature raised to 84.2°C with the help of 
composite from room temperature while it was only 75.2°C 
for clean water. Thus, the evaporation rate of 4.98 kg/m2.hr 
was obtained using the carbon composite in water. In the 
second set of experiments, where 1.5wt% salt solution was 
used, the weight of clean water decreased to 190 g after two 
hours of heating. Meanwhile, water mass decreased to 117 
g with the use of the composite and temperature raised to 
89.3°C. In the third set of tests, where  3% salt solutions 

were used, it was seen that 122 g of water was left in the 
beaker/container after two hours of light source heating and 
the rest of the water evaporated. In the same condition, 
mass of water decreased to 192 g from 400 g without using 
composite, which resulted that the composites not only 
helped here to decrease the mass by 69.5%, but also 36.5% 
faster. It was also found that composite raised the water 
temperature to 87.6°C from room temperature after two 
hours of heating, while water temperature raised to 78.2°C 
without using it. Hence, it can be said that composite helped 
increase water temperature by 68% and drastically 
improved the evaporation rate. In the fourth set of tests 
(4wt% salt concentrate), it was seen that 128 g of water was 
left from 400 g in the beaker after two hours of heating with 
the help of the composite panels. At the same conditions, 
mass of regular water decreased to 194 g from 400 g. From 
this test, the composite helped lower the water mass about 
67.8%. Moreover, composite increased water temperature 
to 91.6°C, whereas the regular water without any salt 
increased the water temperature to 79.2°C from room 
temperature. It can be concluded that using carbon 
composite greatly helps increase the water temperature 
(69.4%) from the room temperature. Finally, it was seen in 
this experiment that using carbon composite helped to gain 
evaporation rate of 4.78 kg/m2.hr.  

At the end of this study, a cost analysis was conducted 
for 3% salt concentrated water where evaporation rate was 
found to be 4.89 kg/m2.hr (1.29 gallon/m2.hr). Considering 
six months production and market price of pure drinking 
water, it was found that approximately $1371 can be 
profited from 1 square meter desalination plant. 

 
4 CONCLUSIONS 

 
Supply of fresh water has been the major concerns for a 

large population in the world, and will likely diminish 
further in the near future. One way of addressing this 
problem is to effectively desalinate the sea water to 
provide fresh water for those people who are in need. In 
the present study, carbon fiber reinforced composites were 
used to increase the desalination rate of salt water with 
different salt concentrations under simulated light sources. 
The test results showed that carbon fiber composites heats 
up the water quickly under the light source and accelerate 
the evaporation rate considerably. This technology can be 
utilized to improve the fresh water supply for remote 
locations worldwide.   
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