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ABSTRACT 

Ionic liquids have been proposed as a new class of 
heat transfer/storage liquids for solar parabolic trough 
systems. In this research, thermal stability and 
corrosivity of various ionic liquids were investigated. 
TGA analysis showed that ionic liquids exhibit 
decomposition temperatures as high as 450°C. Among 
the ionic liquids investigated, [C8mim]PF6 and 
[C4mim][Tf2N] were found to be the more thermally 
stable. The corrosivity of ionic liquids against 316 
stainless steel and 1018 carbon steel was investigated by 
electrochemical techniques at room temperature. 
Corrosion rates less than 13 μηΊ/yr were obtained, thus 
indicating outstanding resistance of the alloys to 
uniform corrosion in ionic liquids. Localized corrosion 
was observed using [C4mim]Cl, presumably due to the 
presence of deleterious CI" ions. 

1. INTRODUCTION 

Solar thermal power generation plants based on 
parabolic trough solar collectors (PTC) is the main 
technology currently used in solar electric generation 
systems /1-3/. Parabolic trough collectors are preferred 
for solar steam-generation because temperatures of 
about 380°C can be obtained without any serious 
degradation in the collector's efficiency. However, it 

has become clear in recent years that this technology 
needs new developments to improve both productivity 
and efficiency. There are two challenges to meet for the 
next generation of trough plants. The first is raising the 
operating temperature to 450°C or higher and the 
second is to increase the thermal storage capacity by 
developing a storage system in which the heat transfer 
fluid is also the thermal storage medium. These goals 
can only be achieved by proper selection of heat transfer 
and storage fluids. The current generation of oil-based 
heat transfer fluids have a maximum operating 
temperature of 300°C for organic oils and up to 400°C 
for more expensive synthetic oils /4/. Above these 
temperatures, degradation occurs due to the break down 
of molecular bonds in the oil, resulting in products that 
can create excessive system pressure and pump 
cavitation. The degradation of oil can also decrease the 
heat transfer efficiency, increase viscosity and hence 
pumping costs. Furthermore, using oils as thermal 
storage media has limitations due to their high vapor 
pressures at temperatures around 400°C, which would 
demand costly thick-walled pressure-vessels. Because 
of their negligible vapor pressures, inorganic molten 
salts, particularly nitrate salts, have been proposed as 
heat transfer/thermal storage fluids. A mixture of 
calcium nitrate, potassium nitrate and sodium nitrate 
(Hitec X L ® ) has been identified to meet the 
requirement of stability at temperatures up to 500°C 151. 
However, it has a freezing point of about 120°C, which 
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presents the risk of freezing in the evening or during 

cold weather, thus requiring special insulation of pipes 

and tanks. 

Ionic liquids offer a new alternative as heat transfer/ 

storage fluids 16,11. Ionic liquids are molten salts that 

are liquids at room temperature. They are either organic 

salts or mixtures consisting of at least one organic 

component. The most common ionic liquids are based 

on l-alkyl-3-methylimidazolium (alkylmin) or 1,3-

dialkylimidazolium (RR'im) cations. The main 

advantages of ionic liquids as heat transfer/storage 

fluids include freezing point at or below ambient 

temperatures, negligible vapor pressure, recyclability, 

and non-harmfulness to the environment. In addition, 

the properties of ionic liquids can be tailored by varying 

their cation or anion structures. It is, therefore, 

important to evaluate the potential of using ionic liquids 

in parabolic trough systems. This task involves the 

knowledge of properties of ionic liquids, particularly 

those that are relevant to thermal storage media 

applications. However, this information is very limited 

in the technical literature, mainly because most of the 

R&D efforts on ionic liquids have been centered on 

their applications as solvents and catalysts. In this study, 

various ionic liquids were synthesized and two 

properties, namely thermal stability and corrosivity, 

were investigated. Thermogravimetric analysis (TGA) 

studies were carried out to determine thermal stability of 

ionic liquids and electrochemical corrosion studies were 

performed to evaluate the compatibility of ionic liquids 

with alloys used in parabolic trough plants. 

2. E X P E R I M E N T A L P R O C E D U R E 
• li 

2.1 Synthesis of Ionic Liquids 

Four ionic liquids were tested: l-butyl-3-

methylimidazolium chloride ([C4mim]CI), l -hexyl-3-

methylimidazolium hexafluorophosphate ([C6mim]PF6) , 

l-octyl-3-methylimidazolium hexafluorophosphate 

([C8mim]PF6) , and l-butyl-3-methylimidazolium bis-

(trifluromethanesulflonyl)imide ([C4mim][Tf2N]). These 

ionic liquids were synthesized according to the 

procedure described in earlier publications 161. The 1-

alkyl-3-methylimidazolium chloride was synthesized by 

reaction of 1-methylimidazole and 1-chlorobutane. Both 

compounds were put into a round-bottomed flask with 

magnetic agitation for reaction under argon atmosphere 

at 70°C for 24-72 hours. After the reaction, the product 

and unreacted starting chemicals were separated into 

two liquid layers. The top layer, consisting of 

impurities, was decanted. The product was washed with 

ethyl acetate several times. Vacuum was applied for 

removing unreacted chemicals and washing liquids. 

Similar synthesis procedure via exchange reactions was 

applied for the rest of the ionic liquids. Quality control 

of the ionic liquids produced was performed using 

Nuclear Magnetic Resonance (NMR) spectroscopy. 

2.2 Thermal Analysis 

A thermogravimetric analyzer f rom PerkinElmer 

(model TG7) with a platinum pan was used in the 

present study. The Pyris™ software was used for 

equipment control and data analysis. Thermogravimetric 

analysis (TGA) data were collected at a heating rate of 

I0°C/min with argon as purge gas. The onset 

temperatures of ionic liquids were determined from step 

tangent. 

2.3 Corrosion Tests 

A Pyrex glass cell with a capacity of 300 ml was 

used for the electrochemical corrosion tests. The system 

was composed of a typical three-electrode arrangement 

consisting of a working electrode, auxiliary electrode, 

and reference electrode. The auxiliary electrode was 

made of platinum foil spot-welded to platinum wire that 

was sealed into Pyrex. An Accumet™ saturated calomel 

reference electrode (SCE), was placed in a 30 ml 

separatory funnel outside the cell. A Luggin probe-salt 

bridge, with a closed solution-wet stopcock to eliminate 

leakage, separated the ionic liquid solution from the 

saturated calomel reference electrode. The probe tip was 

easily adjusted to bring it at a distance of about 2 mm 

from the working electrode. A potentiostat (Model 

273A by EG&G Princeton Applied Research) was used 

for the electrochemical measurements. Model 352/252 

corrosion analysis software (EG&G ver. 2.01) was used 

to analyze the data and calculate the Tafel constants. 
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The test materials were 316 stainless steel and 1018 
carbon steel. These alloys were obtained from 
McMaster-Carr Supply Company in the form of plates 
and their compositions are shown in Table 1. The 
specimens were cut and mounted in epoxy resin leaving 
a carefully measured surface area of 10 mm x 10 mm 
for exposure. Electrical contact was made to each 
specimen using silver paste to attach a copper wire to 
the back surface of the specimen before mounting. 
The surface was ground with 240-grit SiC paper, and 
then polished sequentially on 240, 320, 400, and 600 
grit SiC paper until previous coarse scratches were 
removed. Just prior to immersion, the specimen was 
degreased with acetone, rinsed in distilled water, and 
then dried. Most of the tests were conducted in air, 
except for the moisture sensitive ionic liquid 
[C4mim]Cl, which was tested in a glove box under 
argon gas atmosphere. Two techniques, namely Tafel 
plots and polarization curves were used for studying the 
corrosion behavior of the alloys in ionic liquids. The 
first technique allowed the determination of the 
corrosion potential EC0IT and corrosion current Icorr. The 
corrosion potential value is the potential that 
corresponds to the minimum current density. The 
corrosion current Icorr was determined by the Tafel 
extrapolation method by carrying out scans in both the 
positive and negative directions with respect to the 
corrosion potential for 250 mV each. As a result, a 
polarization curve consisting of both the anodic and the 
cathodic segments was obtained. The intersection of the 
two tangents drawn at the linear portions of the 
associated anodic and cathodic curves is defined as ICOn·· 
Based on this value, the corrosion rate of the alloy was 
calculated. The potentiodynamic polarization curves of 
all the specimens were generated after conducting the 
scan from - 2 5 0 mV below EC0IT to +1.6 V (versus 
saturated calomel electrode) at a sweep rate of 10 

mV/min. The potentiodynamic plots were produced 
directly using the data acquisition system. Due to the 
difficulty to obtain suitable reference electrodes for high 
temperatures all tests were performed at room 
temperature. However, results obtained at this 
temperature could provide a reasonable estimation of 
the corrosion behavior at higher temperatures. 

3. RESULTS AND DISCUSSION 

3.1 Thermal Analysis 

Figure 1 illustrates a typical thermogravimetric plot 
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in dynamic argon. 10°C/min 
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Fig. 1: Thermogravimetric analysis result of 
[C4inim][Tf2N] showing onset of temperature 
decomposition 

showing the procedure followed to determine the onset 
of decomposition temperature of ionic liquids. This 
figure indicates that [C4mim][Tf2N] decomposes at 
450.2°C. A summary of the results is presented in Table 
2 along with the densities and melting points of the 
ionic liquids taken from a previous reference /8/. The 
ionic liquid [C4mim]Cl decomposed at 125°C which 

Table 1 
Composition of the alloys tested in the corrosion experiments 

Alloy Chemical composition (wt%) Alloy 

C Mn Ρ S Si Ni Cr Mo 

SS 316 0.08 2.00 0.04 0.03 0.75 11.0-14.0 16.0-18.0 2.0-3.0 

1018 steel 0.14-0.20 0.60-0.90 0.035 0.040 -
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Table 2 

Propert ies of ionic liquids. 

Thermal Stability and Corrosivity Evaluations of Ionic Liquids 
as Thermal Energy Storage Media 

3.2 Corrosion Results 

Figure 2 show a typical Tafel plot obtained in this 

Ionic Liquid Τ 1 111» Density, Τ 1 onset» 

( ° C ) 25°C ( ° C ) 

(dried) (g/ml) 

[C 4mim]Cl 4 1 1 . 0 7 3 3 125.1 

[C 6 mim]PF 6 -61 1 . 2 9 3 3 4 3 8 . 7 

[C 8 mim]PF 6 -75 1.2351 416.1 

[C 4 mim][Tf 2 N] - 8 9 1 . 4 0 9 9 4 5 0 . 2 

precludes its use in solar power systems. Data in Table 

2 suggest that thermal decomposi t ion is strongly 

dependent on the ionic liquid structure. The relative 

anion stabilities in decreas ing order are observed as 

Tf2N" > PF6" » CI", in agreement with reported results 

191. A comparison between ionic liquids having the 

same PF6" anion group shows that the ionic liquid whose 

cation contained less number of carbons was more 

stable. However , further compar ison using other anionic 

groups is desirable to elucidate the effect of the cation 

on the thermal stability of ionic liquids. 

The mechanism of decomposi t ion of ionic liquids is 

still a subject of investigation. In a previous study 

performed by Chan et al. /10 / the thermal 

decomposi t ion of a 1,3 dialkylated imidazolium iodide 

resulted in the formation of 1-alkyl imadozoles and 

alkyl halides. Hagiwara and Ito / l l / demonstra ted that 

substituting the ring of hydrogens with methyl groups, 

especially the C2 hydrogen, added to the stability of the 

cation. In another study, Huddieston et al. /12/ found 

that the decomposi t ion mechanism may involve proton 

abstraction to produce both volatile acids f rom the anion 

and carbene derivatives of the cation. As Moens et al. 

Ill have pointed out, other factors such as water content 

and content of impurities of the ionic liquid can af fec t 

the stability of the ionic liquids. Interestingly, as 

observed here, ionic liquids with higher hydrophil ici ty, 

such as those containing CI" anions, exhibited lower 

stability. Further study is necessary to determine the 

type of mechanism involved in the decomposi t ion of 

ionic liquids. However , it may be speculated that ionic 

liquids experience dealkylation react ions at high 

temperatures. 
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Fig. 2: Typical Tafe l plot obtained for 1018 carbon 

steel in [C„mim]PF 6 at 25 °C. 

investigation. Using the corrosion analysis sof tware for 

this plot, corrosion current Icorr was determined. Based 

on Icorr values, corrosion rate in micrometers per year (r) 

for uniform corrosion can be expressed as: /13/ 

r = 3-27 ·Ια„,.·ΐν 

Ρ 
(1) 

where W is the equivalent weight, ρ is the density of the 

metal or alloy in g/cm 3 , and IC0IT is the corrosion current 

density in μΑ/cm 2 . 

For alloys, the equivalent weight W is the reciprocal 

of the total number of equivalents q, and can be 

calculated using the atomic mass fract ions of each 

alloying element by an expression: 

W 
q 

ι 

M. 

(2) 

where X, Z, and M, are atomic mass fraction, electron 

exchanged, and atomic weight respectively of the /"' 

element in the alloy. 

Using equation 2, calculated equivalent weight for 

316 stainless steel was 25.50 and 27 .92 for carbon steel. 

Densities were taken as 8.0 g/cm 3 and 7.87 g/cm3 for 
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Table 3 
Results from Tafel plots for stainless steel and carbon steel in ionic liquids 

316 Stainless Steel 1018 Carbon Steel 
Ionic Liquid Corrosion Corrosion Corrosion Corrosion Corrosion Corrosion 

Potential Current rate, r Potential Current rate, r 
V μΑ/cm2 μηι/yr V μΑ/cm2 μηι/yr 

[C4mim]Cl -0.078 0.13 1.32 -0.298 0.27 3.16 
[C6mim]PF6 -0.140 0.03 0.36 -0.400 1.12 13.0 
[C8mim]PF6 -0.272 0.12 1.19 -0.247 0.47 5.55 
[C4mim][Tf2N] -0.138 0.11 1.15 -0.43 0.99 11.0 

316 stainless steel and 1018 carbon steel, respectively. 
The calculated results using equation (1) are tabulated in 
Table 3. As expected, corrosion rates for stainless steel 
were lower than those for carbon steel alloy. Materials 
with a corrosion rate less than 20 μπι/yr are generally 
considered as outstanding in relative corrosion 
resistance /14/. Therefore, as shown in Table 3, 316 
stainless steel and 1018 carbon steel are outstanding in 
uniform corrosion resistance against the ionic liquids 
studied in this investigation at room temperature. The 
characteristics of the potentiodynamic anodic 
polarization curves provided an insight into the 
corrosion behavior of the alloys. Figure 3 shows the 
potentiodynamic polarization plot of 316 stainless steel 
in ([C4mim][Tf2N]). The alloy showed active 
dissolution behavior from EC0IT up to 0.56 V. Beyond 

this point there was a region of weak passivation that 
ended at -0 .9 V. Higher potential values yielded a 
transpassive region . where active dissolution was 
observed. Interestingly, a secondary region of incipient 
passivation was noticed at about 1.2 V. Figure 4 shows 
the corrosion behavior of 316 stainless steel in 
[C4mim]CI. The stainless steel alloy actively corroded at 
all potentials. However, two different slopes were 
observed suggesting two different dissolution rates. This 
behavior was due to the presence of CI" ions in the 
solution, which are known to break the passive film and 
initiate pitting corrosion. Figure 5 shows the 
potentiodynamic curve for 316 stainless steel in 
[C6mim]PF6. Active dissolutjon took place between Ecorr 

and 0.28 V. In this case, current density did not increase 
significantly when the potential was increased up to 1.1 
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Fig. 3: Potentiodynamic polarization curve of 316 
stainless steel in [C4mim][Tf2N] at 25 °C. 

Fig. 4: Potentiodynamic polarization curve of 316 
stainless steel in [C4mim]Cl at 25 °C. 
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Fig. 5: Potentiodynamic polarization curve of 316 
stainless steel in [C6mim]PF6 at 25 °C. 

V thus revealing the presence of a region of weak 
passivation. Beyond that point a transpassive region was 
observed. The current density values associated with the 
polarization curve were very low indicating small 
corrosion rates. Figure 6 illustrates the potentiodynamic 
curve for [C8mim]PF6. The curve shows a region of 
weak passivation immediately above EC0IT, followed by a 
region of dissolution until the potential reached 0.18 V. 
Beyond this point a defined region of passivation was 
observed. Overall, the potentiodynamic tests of 316 
stainless steel indicate that the alloy exhibits 
active/passive behavior in all tested ionic liquids except 

[C4mim]Cl. Among the four ionic liquids tested, 
[C6mim]PF6 and [C8mim]PF6 showed well-defined 
passivation, probably due to formation of corrosion 
protective films. However, the nature of these films, 
type and mechanism of reactions occurring at the 
surface need further investigation. 

Results for 1018 carbon steel are shown in Figures 
7-10. Figure 7 shows the results for l-butyl-3-
methylimidazolium bis(trifluoromethanesulfonyl) imide 
([C4mim][Tf2N]). It can be seen that the region of active 
dissolution ranges from -0 .45 V to 0.2 V. Higher 
potentials yielded a decrease of about one order of 
magnitude in corrosion density. Figure 8 shows the 
results for l-butyl-3-methylimidazolium chloride 

Carbon steel in 

(C.mimi r r f jN ] , 25 C 

1-5 |-Scan rate: 10 mV/min 

2 1.0 uj ο tn 
g 0.5 

10« 10' 10·· 
Current Density (A/cm2 ) 

Fig. 7: Potentiodynamic polarization curve of 1018 
carbon steel in [C4mim]Tf2N at 25 °C. 
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Fig. 6: Potentiodynamic polarization plot of 316 
stainless steel in [C8mim]PF6 at 25 °C. 

Fig. 8: Potentiodynamic polarization curve of 1018 
carbon steel in [C4mim]CI at 25 °C. 
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([C4mim]CI). In this figure, corrosion takes place 
between -0.3 V and 0.2 V while between 0.3 and 0.7 V 
current density is independent of potential. At higher 
potential values the alloy dissolved actively indicating 
that in [C4mim]Cl no stable passive films are formed. 
The presence of chloride in the electrolyte may restrict 
the stability of any oxidized film, leading to localized 
corrosion by film breakdown. Figure 9 presents the 
results for l-hexyl-3-methylimidazolium hexafluoro-
phosphate ([C6mim]PF6). This figure shows a region of 
dissolution between -0.4 V to about 0.1 V. Further 
potential increase up to 0.8 V resulted in weak 
passivation. However at higher potentials (>0.8V), more 
pronounced passivation was observed as evidenced by 
the drop of about one order of magnitude in current 
density. Figure 10 shows the results for l-octyl-3-
methylimidazolium hexafluorophosphate ([CgmimJPFfi). 
This figure indicates active dissolution of the alloy 
between -0.2 V to about 0.1 V. Further increase in 
voltage results in weak passivation as showed by both 
the small increase in current density between 0.1 and 
0.8 V and the slight decrease of the same variable at 
higher potentials. In summary, polarization curves of 
1018 carbon steel have shown active/passive corrosion 
behavior in most ionic liquids expect for [C4mim]CI. 
Despite the low corrosion rates obtained in this ionic 
liquid, it was evident that the carbon steel alloy is prone 
to localized corrosion due to the presence of the 
deleterious CI" ion. 
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Fig. 10: Potentiodynamic polarization plot of 1018 
carbon steel in [C8mim]PF6 at 25 °C. 

4. CONCLUSIONS 

Thermal stability and corrosivity tests of selected 
ionic liquids were performed. The maximum 
decomposition temperature of the ionic liquids tested in 
this study was 450°C. The thermal decomposition was 
found to be strongly dependent on the ionic liquid 
structure. The relative anion stabilities were observed as 
Tf2N" > PF6" > BF4" » CI. Ionic liquids containing 
anions such as Tf2N" and PF6" exhibited the highest 
stability. Therefore, they are the most promising 
candidates for high temperature applications. Ionic 
liquids were found to be compatible with alloys used in 
parabolic trough plants such as 316 stainless steel alloy 
and 1018 carbon steel. These alloys were outstanding in 
resisting uniform corrosion at room temperature in the 
ionic liquids investigated. Corrosion rates ranging from 
0.36-1.3 mm/yr and 3.1-13 μηι/yr for stainless steel and 
carbon steel, respectively, were obtained. The 
potentiodynamic tests showed in most cases an 
active/passive corrosion behavior. However, the ionic 
liquid containing chlorine ions [C4mim]Cl prevented the 
formation of stable passive films. 
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