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ABSTRACT

An electrochemical hydrogen compressor (EHC) is considered as promising technology for hydrogen compression. In this
study, the influence of cell design variables on performance and mechanical behavior was numerically investigated for efficient
and reliable operations of EHC. The distributions of stress and water concentration were examined by coupling computational
fluid dynamics (CFD) and finite element method (FEM) methodology. First, the EHC model is validated against the
experimental data with different Nafion membranes of N115, N117, and NR212. In general, the gas diffusion layer (GDL)
intrusion toward the low-pressure side (anode) is observed induced by cell assembly and pressure gradient between the anode
and cathode. While the stress level tends to be decreased with increase of the membrane, GDL thickness. Regarding the cell
performance, the dehydration which is critical issue for EHC operation, is mainly affected by ohmic potential due to the proton
transport through the membrane. In previous studies, specific causes of the anode dehydration issue and structural problems in
the cell due to pressure differences in the electrochemical hydrogen compressor (EHC) were not well elucidated. Through this
research, using the computational science approach, we have identified and analyzed these underlying causes and conducted
simulations to assess the performance and structural stability of the cell based on various cell design factors required for design
optimization and solution. Particularly, the simulations also show that when common GDL materials such as carbon paper,
carbon cloth, and carbon felt are employed, breaking of GDL could not be avoided with high hydrogen compression ratio (e.g.,

100), which clearly indicates that the structure strength and resistance of GDL should be improved.
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Table 1 Physiochemical, kinetic, and transport properties

Descriptions Value Ref.
Radius of Pt particle, r,, 5nm 31
Density of a carbon particle, p, 1.95g/em? 18
Dentsity of ionomer, p, 1.9g/cem? 18
Density of Pt particle, p,, 21.45g/cm?® 18
Transfer coefficient of HOR/HER, o, =a, 1.0 19
Reference exchange current density for HOR/HER at 80°C and 100kPa, 4/ 0.52 A/cm? 20
Activation energy for HOR/HER, E, 29,800 .J/mol 20
Entropy changes for HOR/HER at 25°C, As,/As, 0.104/ —0.104 J/mol « K 21
Permeability of GDL/CL/mem, K, /K /K, ... 1.0x10712/1.0x1—"13 /1.0x10" ¥ m? 19
Viscosty coefficient of hydrogen at 273K, w, ;. 8.411 %10 Skg/m. » s 23
Viscosty coefficient of water vapor at 350K, s, 10 1.12X10 " kg/m » s 23
Exponent value in hydrogen viscosty relation of Eq.(21), m 0.68 23
Exponent value in water vapor viscosty relation of Eq.(21), m 1.15 23
Critical temperature of hydrogen, 7, , 33.3K 24
Critical temperature of water vapor, 7. ; 647.3 K 24
Critical pressure of hydrogen, 7, ;. 12.80atm 24
Critical pressure of water vapor, £, ;7 217.5atm 24
Porosity of GDLs(JMP40, JNTG co., Korea), ., 0.7 25
Porosity of CLs, ¢, 0.65 Assumed
Porosity of titanium GDLs (P65, Synthes Gmbh., Switzeland), ., 7 0.639 26
Electrical conductivity of BPs (SUS 304), o5, 1.37x10%s/m 27
Electrical conductivity of GDLs (JMP40, INTG co., Korea), 0., 2200s/m 25
Electrical conductivity of CLs, o 5000 s/m 19
Density of BPs (SUS 304), p;p 7900 kg/m? 28
Density of GDLs, p.p. 450 kg/m® 17
Density of CLs, p; 1000 kg/m? 29
Density of membrane (N115, Dupont, USA), ..., 1980 kg/m* 22
Density of titanium GDLS, pgp;. 7 1590 kg/m?® 26
Young’s modulus of BPs (SUS 304), E,, 192 GPa 28-
Young’s modulus of GDLs, £, 6.3 MPa 17
Young’s modulus of CLs, £, 250 MPa, 29
Young’s modulus of membrane (N115, Dupont, USA), £ .. 96.5 MPa 22
Young’s modulus of titanium GDLs, E.,; 7 10,400 MPa 26
Poisson’s ratio of BPs (SUS 304), vy, 0.33 28
Poisson’s ratio of GDLs, v, 0.09 17
Poisson’s ratio of CLs, v, 0.25 29
Poisson’s ratio of membrane (N115, Dupont, USA), v,,,.,, 0.25 30
Poisson’s ratio of titanium GDLs, vy, 74 0.365 26
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Table 2 Catalyst layer specification, cell dimensions, and

operation conditions

Descriptions Value
Pt loading, L 0.4mg/cm?
Tonomer carbon ratio, 7/ C' 0.7
Weight percentage of 7/C 0.7
Thickness of BPs, d,, 1mm
thickness of GDLs (JMP40, 410m
TNTG co, Korea), d.p,
Thickness of CLs, 6., 15 pm
Thickness of membrane
(N115, Dupont, USA), 6.~ 127pm
Thickness of membrane 50.8
(NR212, Dupont, USA), 4.,
Thickness of membrane
(N117, Dupont, USA), 4, 183 pm
Flow gas channel width, W, 0.5mm
Flow gas channel height, A, 1mm
Cell height 2mm
Cell length 60mm
Anode outlet pressure, P, ., 1bar
Cathode outlet pressure, P, 10bar
Cell temperature, 7., 50C
Constant inlet flow rate, @, 3.33 <10 *m®/s
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