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10 Abstract
11 Compressors are one of the most costly components at hydrogen stations, which leads to the high price 
12 of hydrogen production. The substitution of a solid piston with ionic liquid is a promising option that 
13 may solve some of the challenges related to conventional reciprocating compressors and, consequently, 
14 significantly reduce the final cost of hydrogen production. The correct choice of ionic liquid and 
15 construction materials is critical for avoiding significant corrosion problems. Hence, the objective of 
16 this study is to evaluate the compatibility of various austenitic stainless steels and nickel-based alloys 
17 as construction materials in contact with 80 °C ionic liquids in an ionic liquid hydrogen compressor, 
18 considering the role of parameters such as the temperature, viscosity, ionic liquid cation and anion, and 
19 water absorption. 

20 The results show that temperature contributes to increasing the corrosion rate. However, even at 80 °C, 
21 the very low corrosion current densities proved that all of the tested alloys are safe to use as 
22 construction materials. AISI 347 showed very high corrosion resistance in all of the ionic liquids. The 
23 highest corrosion resistance among all of the tested alloys was observed in 
24 trihexyltetradecylphosphonium bis (trifluoromethylsulfonyl) imide, which had a relatively high 
25 viscosity and the lowest water content.

26 Keywords: Ionic liquids, Hydrogen, Hydraulic and pneumatic industry, Gravimetric method, Tafel 
27 plots, Corrosion resistance 

28 Introduction
29 Many environmental analyses show a strong connection between CO2 emissions, due to fossil fuel 
30 consumption, and global warming [1]. Therefore, over the last several decades, attention has been 
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31 given worldwide towards sustainable solutions that can reduce CO2 emissions. Currently, more than 
32 95% of all global energy in the transport sector is supplied by fossil fuels. This sector is responsible for 
33 over 23% of all energy-related CO2 emissions [2,3]. In this context, fuel cell vehicles have gained 
34 attention as a long-term solution that would enable the use of renewable energy for transportation with 
35 zero carbon and particle emission [4]. It is expected that with a 25% share of fuel cell electric vehicles 
36 on the roads by 2050, the cumulative transport-related carbon emissions will be reduced by up to 10% 
37 [5].

38 To establish a solid ground for the significant market penetration of fuel cell vehicles, challenges such 
39 as fast refueling, long driving range and high energy efficiency must be overcome. To produce fuel cell 
40 vehicles with a driving range that is comparable with the current technologies based on fossil fuels, on-
41 board high-pressure hydrogen storage seems to be a promising option. The high-pressure storage of 
42 hydrogen in tanks requires the compression of hydrogen to more than 700 bar at refueling stations and 
43 the cooling of hydrogen to approximately –40 °C before refueling [6]. On average, compression 
44 processes consume 11.3% of the energy contained in hydrogen fuel [7] and are thus viewed as the most 
45 costly part of hydrogen infrastructure. Compression and storage compromise approximately 75% of the 
46 hydrogen compression, storage, and dispensing (CSD) costs for the pipeline delivery of hydrogen and 
47 forecourt hydrogen production [8]. Improving the efficiency and reducing the power consumption of 
48 compressors at hydrogen refueling stations can play significant roles in decreasing the final costs of 
49 hydrogen production [8]. 

50 Liquid piston compressor is a reliable approach in this regard. Substituting the solid piston with liquid 
51 can address many of the restrictions faced by most conventional reciprocating compressors, such as 
52 reducing several of the moving parts, simpler sealing system, the possibility of having a non-cylindrical 
53 working chamber and geometry optimization to extract heat from the gas by the liquid during the 
54 compression procedure [9]. All of these advantages may decrease the production cost and result in 
55 more efficient compressors with longer life spans [10]. A significant improvement in efficiency and a 
56 50% reduction in cost compared with a traditional hydrogen compressor with the same flow rate and 
57 compression ratio has been reported for a single prototype unit that uses hydraulic oil to compress 
58 hydrogen [11]. However, selecting the appropriate liquid is a fundamental choice in this regard. Some 
59 liquids may decompose at elevated temperature, as reported previously for hydraulic oils [11]. 

60 Ionic liquids with outstanding properties, such as being liquid at room temperature, negligible vapor 
61 pressure together with good lubrication properties, high temperature stability, high chemical stability, 
62 low compressibility and low solubility of gasses, have attracted the attention of many engineers for use 
63 as a promising performance fluid in hydraulic and pneumatic applications [12]. Substituting lubrication 
64 oil with ionic liquid in pumps and compressors [12,13], substituting water with ionic liquid for 
65 lubrication operating in liquid ring compressor [14] and vacuum pumps [15], and finally substituting 
66 hydraulic oil with an appropriate ionic liquid in a diaphragm pump [15] are some examples of ionic 
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67 liquids operating in hydraulic and pneumatic applications. These options will lead to fewer mechanical 
68 losses and, ultimately, efficiency improvements [12,15]. 

69 In all of the above mentioned applications, corrosion is an important factor that should be considered 
70 when selecting a suitable combination of ionic liquids and construction materials to avoid serious 
71 problems such as reduced efficiency, leakage of explosive gases, reduced strength, contamination of 
72 the produced products, and costly maintenance. Incorrect choices of either the ionic liquid or 
73 construction material may result in severe corrosion problems, even at ambient temperature. Serious 
74 corrosion problems in copper, aluminum and carbon steel have been observed in corrosion studies of 
75 these metals and alloys in several imidazolium- and pyrrolidinium-based ionic liquids at 25 °C [16]. In 
76 another study, the corrosion behaviors of stainless steel 316 and carbon steel 1018 were investigated in 
77 four different imidazolium-based ionic liquids for solar collectors at ambient temperature. The results 
78 showed active/passive behavior and outstanding corrosion resistance in ionic liquids, except in those 
79 that contained a chloride anion [17]. Additionally, the pitting corrosion of AISI and severe corrosion of 
80 copper in an aluminum chloride/1-ethyl-3-methylimidazolium chloride ionic liquid have been reported 
81 at ambient temperature [18]. A similar study showed an outstanding corrosion resistance of 304 SS and 
82 severe corrosion behavior of titanium in this ionic liquid [19]. 

83  In hydraulic and pneumatic industries, an increase in the operating fluid temperature due to several 
84 reasons, such as high frequencies, friction and heat absorption from other media in the system, may 
85 happen. Consequently, additional attention must be paid to the corrosion behavior of engineering alloys 
86 in ionic liquids at elevated temperatures.

87 The corrosion behavior of copper, nickel, AISI 1018 steel, brass, Inconel 600 in 1-butyl-3methyl-
88 imidazolium bis (trifluoromethanesulfonyl) imide at elevated temperatures based on the 
89 potentiodynamic polarizations for vessels and pipes that are applicable in solar power plants showed 
90 the fundamental role that temperature plays in the corrosion rate [20]. In another study, the corrosion 
91 resistance of austenitic stainless steel, carbon steel, nickel-based alloy C22, brass, copper and 
92 aluminum alloy (AlMg3) was investigated using the rotating cage method in seven different 
93 imidazolium- and ammonium-based ionic liquids up to 90 °C [21]. Stainless steel 304 showed the 
94 highest corrosion resistance in water-free and water-diluted ionic liquids at ambient and elevated 
95 temperatures, whereas brass and copper faced severe corrosion problems in the studied ionic liquids 
96 [21]. Further, the corrosion behavior of mild steel was evaluated as a function of the alkyl chain length 
97 in the cation of 1–alkyl-3-methylimidazolium tricyanomethanide ([Cnmim] TCM, n=2, 4, 6) ionic 
98 liquids for CO2 capture applications. The immersion test was used at 70 °C and 80 °C, and the results 
99 showed that the rate of corrosion decreased with an increase in the cation alkyl chain length [22]. 

100 Furthermore, the surface corrosion of different materials (Inconel, bronze, and carbon steel) was 
101 studied in 1-butyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide after a 20-day immersion 
102 test at 225 °C. The result showed the formation of corrosion layers was due primarily to the 
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103 decomposition product of ionic liquids. However, absorption of decomposed products on the surface of 
104 alloys restrained the surface corrosion [23]. 

105 Although several previous studies have investigated the corrosion behavior of alloys in ionic liquids for 
106 different applications, none of them have studied the application of ionic liquids in pneumatic and 
107 hydraulic industries at elevated temperatures. This is the basis of this study, which is new, and is the 
108 contribution of the present investigation. In the present work, we studied the compatibility of alloys as 
109 construction materials in ionic liquid hydrogen compressor at 80 °C. The corrosion behavior of alloys 
110 that are in contact with ionic liquids was investigated, and the role of parameters, such as temperature, 
111 viscosity, ionic liquid cation and anion, and ionic liquid water absorption, were discussed in detail.

112 Experimental Part

113 Materials and electrode preparation
114 We have used the five following ionic liquids (provided by Iolitec [24]) in our study:
115 1-Ethyl-3-methylimidazolium triflate ([EMIM][CF3SO3])
116 1-Ethyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide ([EMIM][Tf2N]) 
117 trihexyltetradecylphosphonium bis (trifluoromethylsulfonyl) imide ([P66614][Tf2N])
118 butyltrimethylammonium bis (trifluoromethylsulfonyl) imide ([N1114][Tf2N]) 
119 methyltrioctylammonium bis (trifluoromethylsulfonyl) imide ([N1888][Tf2N])
120
121 The ionic liquids were specifically selected based on certain criteria, such as high thermal and chemical 
122 stability, low compressibility, low hydrogen solubility, desired viscosity, and appropriate lubricating 
123 properties. The three selected ionic liquids with significantly lower viscosities at 25 °C, which are 
124 shown in Table 2 ([EMIM][CF3SO3], [EMIM][Tf2N]), [N1114][Tf2N]), can be used as replacements for 
125 a solid piston in reciprocating compressors, whereas the other two ([P66614][Tf2N] and [N1888][Tf2N])  
126 may be more applicable for lubrication purposes. However, the presented ionic liquids and 
127 recommended construction material are not limited to ionic liquid hydrogen compressor but can be 
128 used for other hydraulic and pneumatic applications such as pumps and compressors for which heat 
129 absorption and temperature enhancement of ionic liquids may be of concern. The information regarding 
130 the chemical formulae and impurities of selected ionic liquids is summarized in Table 1.
131 Table 1- Chemical formulae and impurities of ionic liquids provided by the manufacturer [24]

Ionic liquids Chemical 
formulae Impurity Anion 

Impurity
Cation

Impurity Halides 

[EMIM][CF3SO3] C7H11F3N2O3S >99% 99.6% 99.1% <100 ppm
[EMIM][Tf2N] C8H11F6N3O4S2 >99% 99.9% 99.9% <100 ppm
[P66614][Tf2N] C34H68F6NO4PS2 >98% >98% >98% ----
[N1114][Tf2N] C9H18F6N2O4S2 >99% 99.9% 99.8% <100 ppm
[N1888][Tf2N] C27H54F6N2O4S2 >99% >99% >99% <100 ppm
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132
133 Table 2 shows the dynamic viscosity of the tested ionic liquids at 25 °C and 80 °C and at atmospheric 
134 pressure.
135
136 Table 2- Dynamic viscosity of the tested ionic liquids at 25 °C and 80 °C and atmospheric pressure 

Dynamic viscosity (cp)
Ionic liquids 25 °C 80 °C

[EMIM][CF3SO3] 40 [24] 9.84 ± 0.11 [25]
[EMIM][Tf2N] 32 [24] 7.83 ± 0.2 [26]
[P66614][Tf2N] 304 [24] 14.1 [27]
[N1114][Tf2N] 99 [24] 14.7 ± 0.2 [28]
[N1888][Tf2N] 530 [24] 30.8* [29]

137 * predicted viscosity based on third-degree polynomial curve fitting of dynamic viscosity data for the temperature range of 20-
138 60 °C, as presented in [29]
139
140 The ionic liquids that served as electrolytes in the working compartment of the electrochemical cell 
141 were tested in contact with the following austenitic stainless steels and nickel-based alloys. 
142 Austenitic stainless steels: AISI 316L, AISI 321, and AISI 347
143 Nickel-based alloys: Inconel® 625 and Hastelloy® C-276
144 All of the alloys that served as working electrodes were provided as wires by Sigma Aerospace Metals 
145 [30]. The diameter of the wires was in the range of 0.8 to 1 mm. The typical chemical composition of 
146 austenitic stainless steels and nickel-based alloys, which were studied in this work, is presented in 
147 Table 3. To determine the surface area of the working electrodes, all wires were sealed in alumina 
148 tubes with inner and outer diameters of 2 and 4 mm, respectively. A coating paste CC189W, which was 
149 provided by CeProTec [31], was used to seal the electrodes inside the tubes. The geometrical working 
150 electrode area of all of the tested alloys was limited to between 8 and 20 mm2. 
151  
152 Table 3 - Chemical composition of the alloys

Elements, weight %

Alloy type Ni Ti Mo Nb+Ta Fe Mn Al Cr Co Si C W Other

AISI 316L 10-13 - 2-2.5 - Bal. 2.0 - 16.5-18.5 - 1.0 0.03 - N Less 
0.11

AISI 321 9-12 0.4-0.7 - - Bal. 2.0 - 17-19 - 1.0 0.08 - -

AISI 347 9-13 - - 0.8 Bal. 2.0 - 17-19 - 1.0 0.08 - -

Inconel® 

625
62 0.4 9.0 3.5 5.0 0.5 0.4 21.5 1.0 0.5 0.1 - -

Hastelloy® 

C-276
57 - 16 - 5.5 1.0 - 15.5 2.5 0.08 0.02 3.75 V 0.35

153
154
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155 A platinum wire of 0.4 mm in diameter, provided by Dansk Aedelmetal A/S [32], was used as a 
156 counter electrode. A silver wire of 0.5 mm in diameter, also provided by Dansk Aedelmetal A/S [32], 
157 was used as a reference electrode. The ionic liquid [N1114][Tf2N] saturated with Ag2SO4 (with 99% 
158 purity provided by Heraeus [33]) was used as an electrolyte for the reference electrode compartment in 
159 all of the experiments. The reliability of this reference electrode has been previously reported [34,35]. 
160 The potential of the Ag/Ag2SO4 electrode is approximately 0.7 V more positive than of the standard 
161 hydrogen electrode [36] at room temperature.

162 Gravimetric method and scanning electron microscopy 
163 Five samples of each alloy were prepared as thin cylindrical discs that were cut from the tested alloy 
164 wires, and their faces were grinded with a P1200 grit silicon carbide paper (provided by Struers [37]) to 
165 achieve a reproducible surface finish. Then, the samples were washed with acetone to remove any 
166 polishing residue, dried in the oven, and weighed using an analytical balance with an accuracy of 0.01 
167 mg. The weighted samples were placed in small Pyrex vessels filled with ionic liquids and placed in the 
168 furnace at 80 °C. After 120 hours of immersion, the samples were rinsed with acetone, dried in a 
169 furnace, and finally weighed again at room temperature.
170
171 To obtain more information about the corrosion behavior of the tested alloys, cross-sections of the 
172 samples after the immersion test were studied using scanning electron microscopy (SEM). All samples 
173 were mounted in PolyFast phenolic hot mounting resin with a carbon filler, provided by Struers [37]. 
174 SEM measurements were made using a Zeiss EVO MA10 scanning electron microscope. 

175 Electrochemical Corrosion Cell
176 The corrosion test was performed in an electrochemical cell with a special design that was built in our 
177 laboratory. The cell (shown in Figure 1) represented a typical three-electrode configuration that 
178 consisted of the working, counter and reference electrodes. The two working and reference 
179 compartments were separated with a porous frit, which is shown as Position 6, Figure 1. The counter 
180 electrode (Position 4 in Figure 1) was placed in the same compartment where the working electrode 
181 was located. The spiral form of the counter and reference electrodes (platinum and silver wires) 
182 ensured a high surface area.
183
184 For the measurements at 80 °C, the cell was immersed in the temperature-controlled water bath. A 
185 Chromel-Alumel PFA coated thermocouple, which was provided by Omega [38], was used to measure 
186 the temperature inside the electrochemical cell. The thermocouple (Position 3 in Figure 1) was located 
187 in the same compartment with the working electrode. A temperature tolerance of ±3 °C was allowed 
188 during the experiment.
189
190 A potentiostat model VersaSTAT 3 with the VersaStudio software by Princeton Applied research [39] 
191 was used for the electrochemical measurements. Once the open-circuit potential was established, the 



ACCEPTED MANUSCRIPT

7

192 steady-state cyclic voltammetry technique with a scan rate of 5 mV/s was performed. The potential 
193 window was 2 V, starting at -1 V, then going to 1 V and ending at -1 V, all against the reference 
194 electrode potential.  

195
196 Figure 1 - Electrochemical cell: (1) Working electrode; (2) Reference electrode (Ag wire); (3) 
197 Thermocouple; (4) Counter electrode (Pt wire); (5) Hot water bath; (6) Porous frit; (7) Saturated 
198 Ag2SO4; (8) Electrolyte (ionic liquids)

199 Results and discussion

200 Immersion test
201 After 5 days of immersion, neither serious damage on the surface of the alloy samples nor any 
202 considerable changes in the color of ionic liquids were observed. Table 4 shows the amount of changes 
203 in the weight of alloy samples after 120 hours of immersion in the tested ionic liquids at 80 °C. Other 
204 than a slight increase in weight, no significant changes were detected using an analytical balance. The 
205 formation of an oxide layer around the samples, as a known factor reported in many corrosion studies 
206 [40,41], explains the slight increase in the samples’ weight. Figure 2 shows SEM images of the 
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207 stainless steel alloy AISI 347 after 120 hours of immersion in [EMIM][CF3SO3] at 80 °C, with the 
208 highest weight gain percentage. The formation of thin oxide layer on the sample surface can be 
209 observed in Figure 2.

210 Table 4 – Amount of weight gain and weight gain percentage of stainless steels and nickel-based alloy 
211 samples, after 120 hours of immersion in the tested ionic liquids at 80 °C

gain weight, 10-5 gr (weight gain percentage *)

[EMIM][CF3SO3] [EMIM][Tf2N] [P66614][Tf2N] [N1114][Tf2N] [N1888][Tf2N]
AISI 316L 34 (0.77%) 4 (0.1%) 7 (0.24%) 6 (0.24%) 6 (0.2%)

AISI 321 8 (0.19%) 2 (0.04%) 23 (0.55%) 5 (0.15%) 1 (0.02%)

AISI 347 27 (0.78%) 9 (0.34%) 9 (0.37%) 3 (0.13%) 4 (0.17%)

Inconel® 625 14 (0.33%) 12 (0.27%) 21 (0.64%) 16 (0.54%) 4 (0.13%)

Hastelloy® C-276 10 (0.34%) 4 (0.14%) 8 (0.29%) 1 (0.05%) 10 (0.46%)

212 *Weight gain percentage is calculated based on ((weight after immersion – weight before immersion)/ weight before 
213 immersion)*100

214

215
216 Figure 2 – SEM of the cross-section of the AISI 347 sample after 120 hours of immersion in 
217 [EMIM][CF3SO3] at 80 °C

218 Electrochemical measurements
219 Figures 3-7 show Tafel plots of austenitic stainless steels and nickel-based alloys that were measured in 
220 [EMIM][CF3SO3], [EMIM][Tf2N], [P66614][Tf2N], [N1114][Tf2N], and [N1888][Tf2N] at 80  °C.
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221

222 Figure 3 - Tafel plot for the tested alloys in [EMIM][CF3SO3] at 80 °C

223

224

225 Figure 4 - Tafel plot for the tested alloys in [EMIM][Tf2N] at 80 °C
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226

227 Figure 5 - Tafel plot for the tested alloys in [P66614][Tf2N] at 80 °C

228

229

230 Figure 6 - Tafel plot for the tested alloys in [N1114][Tf2N] at 80 °C
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231

232 Figure 7 - Tafel plot for the tested alloys in [N1888][Tf2N] at 80 °C

233

234 Figures 3-7 show that by changing the direction of polarization from anodic to cathodic, the current 
235 values of the reverse voltametric curves are reduced in high anodic region close to 1 V vs. the reference 
236 electrode. This fact indicates the passivation of almost all of the electrodes in this region with the metal 
237 oxide layer at 80 °C. However, further investigation is required to better understand the nature of the 
238 passive layer.

239 Table 5 presents the estimated corrosion current densities of all tested alloys in the five studied 
240 electrolytes. The intersection point of the vertical line through corrosion potential and the extrapolated 
241 linear portions of the anodic and cathodic polarizations in Tafel plots can be used to estimate the value 
242 of the corrosion current density (icorr) [42,43].
243
244
245
246
247
248
249
250
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251 Table 5 - Corrosion current densities for the stainless steels and nickel-based alloys in the tested ionic 
252 liquids at 80 °C

icorr (10-5 mA/cm2)

[EMIM][CF3SO3] [EMIM][Tf2N] [P66614][Tf2N] [N1114][Tf2N] [N1888][Tf2N]
AISI 316L 4 5 2 6.3 3.2
AISI 321 5 3.5 2 5.6 5
AISI 347 5 4 3.2 10 6

Inconel® 625 20 8 8 25 8
Hastelloy® C-276 10 6.3 1.3 31.6 4

253

254 Although a considerable increase in the corrosion rate can be expected at elevated temperatures, the 
255 corrosion current density values, as estimated from the Tafel plots (shown in Table 5), were very low, 
256 which indicates a small corrosion rate for all of the alloys in any of the five tested ionic liquids at 80 
257 °C. It can be seen from Table 5 that even in the worst case (Hastelloy® C-276 in [N1114][Tf2N] with 
258 icorr = 31.6×10-5 mA/cm2), the corrosion current density value is very low and is comparable to the 
259 corrosion current density and corrosion rate values for one of the most corrosion-stable metals in an 
260 aggressive solution of hot phosphoric acid (tantalum icorr = 31.5×10-5 mA/cm2 equal to corrosion rate < 
261 1 μm/year) [44]. In general, materials can be considered outstanding corrosion-resistant materials when 
262 the corrosion rate is less than 20 μm/year [45]. Consequently, a primary evaluation of the results shows 
263 that all of the alloys tested in this study can be safely used as construction materials for all of the 
264 components in direct contact with the five ionic liquids tested at elevated temperatures and up to 80 °C. 
265 Table 6 shows the ratio of corrosion current densities of the stainless steels and nickel-based alloys in 
266 the tested ionic liquids at 80 °C compared with 23 °C [46].

267 Table 6 – Ratio of the corrosion current densities at 80 °C to Corrosion current densities at 23 °C [46] 
268 for the stainless steels and nickel-based alloys in the ionic liquids tested

icorr _80 °C / icorr _23 °C

[EMIM][CF3SO3] [EMIM][Tf2N] [P66614][Tf2N] [N1114][Tf2N] [N1888][Tf2N]
AISI 316L 5 3.1 2.5 1.6 1.8
AISI 321 6.2 3.2 2.5 1.8 6.2
AISI 347 2 3.1 2.5 1.2 2.4

Inconel® 625 4 2 2.5 1.6 1.6
Hastelloy® C-276 5.6 3.1 1.3 3.2 2

269

270 Table 6 shows that the rate of corrosion current densities increased at 80 °C compared with that at 23 
271 °C [44]. Depletion of the protective layer and a reduction of viscosity at higher temperatures can play a 



ACCEPTED MANUSCRIPT

13

272 role in the corrosion current density rate increase. The viscosity will significantly decrease with an 
273 increase in temperature based on the Arrhenius equation [47]. Table 1 reports a dramatic reduction in 
274 viscosity at 80 °C compared with that at 25 °C. Generally, the viscosity of an ionic liquid is an 
275 important electrochemical property, and a highly viscous medium decreases the rate of diffusion-
276 controlled chemical reaction [48]. In contrast, a less viscous medium has faster ion motilities in the 
277 presence of oxidant, which facilitates faster electrochemical reactions. 

278 Table 7 presents the corrosion potentials of the stainless steels and nickel-based alloys in the tested 
279 ionic liquids at 80 °C, which are obtained from Tafel plots (Figures 3-7). The corrosion potentials of 
280 the tested alloys probably relate to the dissolution of the anodically polarized alloys, whereas the 
281 current drop at negative potentials (cathodic process) may be related to the reduction of oxygen or 
282 electrolytes. Further studies of the chemistry and electrochemistry of the tested ionic liquids are 
283 required to obtain a detailed understanding of the cathodic processes. Higher corrosion potentials will 
284 lead to lower corrosion rates of the alloy in the electrolyte, as reported previously [44]. 

285 Table 7 - Corrosion potentials of the stainless steels and nickel-based alloys in the tested ionic liquids 
286 at 80 °C

Ecorr, mV (vs Ag/Ag2So4)
[EMIM][CF3SO3] [EMIM][Tf2N] [P66614][Tf2N] [N1114][Tf2N] [N1888][Tf2N]

AISI 316L 503 374 620 252 417
AISI 321 428 461 536 83 309
AISI 347 522 508 629 242 479

Inconel® 625 321 502 569 272 407
Hastelloy® C-276 265 324 394 45 245

287

288 A comparison of the results obtained in Table 7 at 80 °C with those reported in [46] for 23 °C shows 
289 the reduction of corrosion potentials at higher temperatures. This is consistent with an increase in 
290 corrosion current densities at 80 °C, as shown in Table 6.

291 It can be seen from Table 7 that among all of the tested alloys, AISI 347 is remarkable at 80 °C because 
292 it has high corrosion potentials in all of the ionic liquids tested. The high corrosion resistance of AISI 
293 347 at 80 °C can be attributed to the presence of approximately 0.8% niobium and tantalum in the 
294 structure of this alloy. The presence of niobium and tantalum in AISI 347 may lead to the formation of 
295 a passive layer, which reduces the dissolution rate of the alloy in the electrolyte [49]. 

296 Figure 8 shows the Tafel plot for the stainless steel alloy AISI 347 in all five ionic liquids tested.
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297
298 Figure 8 – Tafel plot for AISI 347 in [EMIM][CF3SO3], [EMIM][Tf2N], [P66614][Tf2N], [N1114][Tf2N], 
299 and [N1888][Tf2N] at 80 °C.

300 It can be seen from Figure 8 and Tables 5 and 7 that the stainless steel alloy AISI 347 shows the 
301 highest corrosion resistance in [P66614][Tf2N], [EMIM][Tf2N] and [EMIM][CF3SO3] ionic liquids.

302 In general, a comparison of the corrosion potentials of the two nickel-based alloys (Inconel® 625 and 
303 Hastelloy® C-276) with the stainless steel alloys at 80 °C shows that there is no noteworthy 
304 improvement in the corrosion rate of high nickel concentration alloys in the studied electrolytes. Table 
305 7 shows that Hastelloy® C-276, with a nickel content above 55 wt. %, is the least corrosion-resistant 
306 alloy at 80 °C. The lack of niobium and tantalum in the structure of this alloy compared with the other 
307 nickel-based alloy Inconel® 625 may play a role in the poor performance of this alloy [49,50].

308 Role of Ionic Liquid Cation and Anion
309 Although AISI 347 and Hastelloy® C-276 showed a similar corrosion behavior in all of the ionic 
310 liquids tested, different corrosion behaviors were observed for AISI 316L and Inconel® 625 in 
311 different electrolytes. As can be seen in Figure 4 and Table 7, AISI 316L showed a relatively poor 
312 corrosion resistance in [EMIM][Tf2N] compared with the stainless steel alloys AISI 347 and AISI 321 
313 and the nickel-based alloy Inconel® 625. In contrast, stainless steel AISI 316L was one of the most 
314 stable alloys in other electrolytes, with a relatively high corrosion resistance close to that of AISI 347. 
315 In contrast, as seen from Figure 3 and Table 7, Inconel® 625, with a relatively high corrosion 
316 resistance (comparable with AISI 347) in [EMIM][Tf2N], [P66614][Tf2N], [N1114][Tf2N], and 
317 [N1888][Tf2N], showed a relatively poor corrosion resistance compared with the other alloys in 
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318 [EMIM][CF3SO3]. Such differences show the role of both cation and anion of ionic liquids in the 
319 corrosion behavior of the tested alloys in different ionic liquid-based electrolytes. Such dependencies 
320 have also been reported previously [21].

321 Role of Ionic Liquid water absorption
322 In addition to viscosity and the nature of the cations and anions of ionic liquids, water miscibility is an 
323 important parameter in ionic liquids that can affect the corrosion behavior of alloys. Water is reported 
324 to be one of the most significant impurities in ionic liquids that can change the physical and chemical 
325 properties of ionic liquids [51–53] because even hydrophobic ionic liquids can absorb some amount of 
326 water from the atmosphere [51,54]. Water can affect the electrochemical reaction and reduce the 
327 potential window [55]. In addition, an increase in the water content in an ionic liquid has been shown to 
328 decrease viscosity [53,55–57]. Enhancing the cation and anion mobility and increasing the transport of 
329 molecular species in ionic liquids are consequences of a reduction in ionic liquid viscosity [58]. The 
330 significant role of reducing the water content in decreasing the corrosion rate has been reported [22]. 
331 To investigate the role of water content in the corrosion rate of the tested alloys, the water content of 
332 five ionic liquids studied was measured at 25 °C under atmospheric conditions using Karl Fischer 
333 Titration. The samples were used directly from the bench without any attempt for drying or purification 
334 and the results are shown in Table 8.
335
336 Table 8 - Water content of the five tested ionic liquids at 25 °C under atmospheric conditions

Ionic Liquids Water content (ppm) 
[EMIM][CF3SO3] 1683

[EMIM][Tf2N] 792
[P66614][Tf2N] 442
[N1114][Tf2N] 1007
[N1888][Tf2N] 1046

337
338 It can be seen from Tables 5, 7, and 8 that all of the stainless steels and nickel-based alloys showed the 
339 best corrosion resistance behavior (the lowest corrosion current densities and the highest corrosion 
340 potentials) in [P66614][Tf2N], with a relatively high viscosity and the lowest water content compared 
341 with the other ionic liquids in this study. 

342 Generally, as discussed above, the low corrosion current densities at 80 °C prove the possibility of 
343 selecting all of the alloys tested as construction materials for components that are in direct contact with 
344 the five ionic liquids studied in this work. However, the final choice may depend on several 
345 parameters, such as the operating temperature and pressure of the system, limitations in selecting a 
346 material for a specific application, ease of fabrication, mechanical properties, hydrogen embrittlement, 
347 and price. 



ACCEPTED MANUSCRIPT

16

348 Conclusion
349 The compatibility of various austenitic stainless steels and nickel-based alloys as construction 
350 materials, in contact with five different ionic liquids, selected as performance fluid in an ionic liquid 
351 hydrogen compressor were studied at 80 °C and atmospheric air. The role of parameters, such as 
352 temperature, viscosity, ionic liquid cation and anion, and ionic liquid water absorption, on the corrosion 
353 behavior of alloys were investigated using the gravimetric test, cyclic polarization and Tafel plots. 
354 Under the tested conditions, the following findings were presented:

355  In general, the corrosion rate increased with increasing temperature. However, very low 
356 corrosion rates of the tested alloys in the studied ionic liquids were observed. Consequently, all 
357 alloys are safe to use as construction materials for ionic liquid hydrogen compressors and/or 
358 other hydraulic and pneumatic components that are in direct contact with the studied ionic 
359 liquids at elevated temperatures up to 80 °C. 
360
361  Small weight gain of the tested alloys and SEM analysis confirmed the formation of an oxide 
362 layer after the exposure of materials to selected ionic liquids. 
363
364  A small addition of tantalum and niobium to the alloy structure can enhance the corrosion 
365 stability of alloys that were tested in the studied ionic liquid-based electrolytes at 80 °C.
366
367  The stainless steel alloy, AISI 347, showed an outstanding corrosion stability in all five ionic 
368 liquids studied. Nevertheless, the nickel-based alloy Hastelloy® C-276 showed the poorest 
369 corrosion resistance compared with the other tested alloys in the studied electrolytes.
370
371  The preliminary investigation of the tested alloy behavior in the studied ionic liquid-based 
372 electrolytes proved the importance of both the cation and anion roles of ionic liquids in 
373 determining the corrosion resistance of the tested alloys. 
374
375  Reducing the viscosity and enhancing the water content of an ionic liquid can play a key role in 
376 increasing the corrosion rate. All of the studied alloys have the highest corrosion resistance in 
377 the [P66614][Tf2N] ionic liquid, with a relatively high viscosity and the lowest water content.
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Highlights

 Corrosion behavior of stainless steels and nickel-based alloys was evaluated at 80°C
 Suitable construction material for ionic liquid hydrogen compressor has been found
 AISI 347 showed very high corrosion resistance in all of the tested ionic liquids
 The ILs viscosity and water content play key role in alloys corrosion behavior
 The highest corrosion resistance of the alloys is observed in [P66614][Tf2N] IL


