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Abstract

The pseudo two-dimensional (P2D) model is one of the most powerful tools in modelling
lithium-ion batteries (LIBs) ', in that it can describe the complex electrochemical and
thermal behaviours of LIBs with high fidelity yet maintain relatively high computing
efficiency. To achieve that, many assumptions have been made, one of which is the single
solvent assumption. However, most electrolytes used in LIBs uses multiple solvents to
balance the requirements of conductivity, diffusivity and viscosity 2. Therefore, the single

solvant assumption indicates that all solvents move as a single entity.
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However, previous experimental studies have shown that Li* preferentially attracts cyclic
carbonates (like ethylene carbonate, EC) rather than linear carbonates (such as ethyl-methyl
carbonate, EMC) to form ion-solvent clusters 3. During charge/discharge, ion-solvent
clusters move between the positive and negative electrodes to constitute ionic current. At
the electrolyte-electrolyte interface, Li* de-solvates from the clusters and intercalates into
the electrode, or vice versa. Such process will induce concentration gradients of both
solvents and lithium ions; the solvent concentration has been ignored in the P2D model. The
simplification means the current P2D model fails to capture two important phenomena: (1)
many electrolyte properties - including conductivity, diffusivity, and thermodynamic factors -
are sensitive to the solvent concentration 4; (2) the solvent components in the ion-solvent
clusters are preferentially consumed by interfacial side reactions such as the growth of

solid-electrolyte interface (SEI) 3.

To fill this gap, we add an extra governing equation for the solvent concentration (in our
case, EC) which allows us to describe an electrolyte with two solvents and one salt. We also
include a cross diffusion term to consider the dragging effect between the working solvent
(EC) and lithium ions. For the charge conservation equation, we directly use measured liquid
junction potential as a function of both solvent and lithium-ion concentration, which avoids

possible errors brought by identifying the thermodynamic factors.

To elucidate the effect of solvent segregation, we compare the overpotential and
concentration profile of Li ion and EC at the end of 3C discharge of the normal DFN (single
case) and our revised model (double case). The revised model predicts opposite EC
concentration compared with Li*, which has been observed by Wang et al. ® For a high
value of , the dragging effect between Li* and EC is more significant, inducing high
concentration gradients of both species. The EC overpotential can be as high as 10 mV and
further affects the rate performance of LIBs. This revised model captures more complicated
transport mechanisms in the electrolyte and opens the chance of linking the microscopic

understanding on solvation structure to a continuum level model.
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Figure 1

Export citation and abstract ~ BibTeX RIS

& Previous article in issue

Next article in issue =

You may also like

JOURNAL ARTICLES

Decay pathways of superexcited states of nitrous oxide

The valence shell excitations for some noble atoms studied by fast electron impact
Polyanionic electrolytes with high alkali ion conductivity

Calculation of phonon spectrum for noble metals by modified analytic embedded atom method
(MAEAM)

Valence-Shell Excitations of Nitrous Oxide Studied by Fast Electron Impact

Young's modulus surface and Poisson's ratio curve for tetragonal crystals

https://iopscience.iop.org/article/10.1149/MA2023-027975mtgabs/meta Page 4 of 8


https://iopscience.iop.org/article/10.1149/MA2023-027974mtgabs
https://iopscience.iop.org/article/10.1149/MA2023-027977mtgabs
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssn0XVa01pRM_GN8Ulk8CVpWPmOuN2brRL85HiGhU1kmqivdMvcVFOVxYdEqUKo9xNhp78AXeD1WhtPqzu-XemVPnTs02HurVxt4p4tM1VhY-zO1PJ_6EwOFwLaEmSMeQ-pqmWcVy9X3TPM7bUN5VeVdIJ7T3hZ1kwWKoE11EWoq80El90aZJp6pZUhn3HNSCFyd9uv8HkCpJBHIdzIP1d2NNkNm_YmhZMuoxiZ5TBplyTtefnoCMS_6qZh-v0Wo3zUZhRbOAvg44pZ-ykVvqvW6SloiYRC052HydI9SCtnnU9Xsv8mVtM8lFBCsXb8N37vrcoqUfNe5lIYcUaXw9IeeRDDTY991EbPOyApEOGVRgxI1wg6txQ2NNQ-w_mnYbZilg&sig=Cg0ArKJSzBp2ZCZSwIje&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/248/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_abstract_submission%26utm_id%3DIOP%2B248%2BAbstract%2BSubmission
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstaUV9cYc7uXrWVEltqUffH8lqOgJJPz8KVHK7QowodYc4MsBUBYGul3L0EMhz--FojpaYGq6sabEHAREpQ1iWAOq88DRA7Lebrz2k0kc6IxavFE490ArBb1qMT2oSBN3BzO1s0BaVfEf8JbXinwy-AUzNrhUhsY6iRQSm4q_dc1tE_LdkWoszn_EPku9xjyYtC2AZ7KJEiqsG1vAqJd_ZJWhaxBiTOdHYROUn5JZDFHA0IozzQ62f0F2HzUgrRd_uOSTC-mGpy354LIxcKxt70-cFEIb87g2anCT4ezk5ne859fJHA5xoeB1bpnpsQH8AF_YMmKKwODI6tUzVWurrtCz0nAHXFriWKnDxfLz3_jCR-QTLjHUpmFaa-o0vKypn2BxMR&sig=Cg0ArKJSzKFunXqgTZPu&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/248/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_abstract_submission%26utm_id%3DIOP%2B248%2BAbstract%2BSubmission
https://iopscience.iop.org/export?type=article&doi=10.1149/MA2023-027975mtgabs&exportFormat=iopexport_bib&exportType=abs&navsubmit=Export+abstract
https://iopscience.iop.org/export?type=article&doi=10.1149/MA2023-027975mtgabs&exportFormat=iopexport_ris&exportType=abs&navsubmit=Export+abstract
https://iopscience.iop.org/article/10.1088/1674-1056/23/5/053403
https://iopscience.iop.org/article/10.1088/1742-6596/235/1/012007
https://iopscience.iop.org/article/10.1088/0953-8984/13/36/301
https://iopscience.iop.org/article/10.1088/1009-1963/15/9/034
https://iopscience.iop.org/article/10.1088/0256-307X/29/4/043302
https://iopscience.iop.org/article/10.1088/1674-1056/17/5/006

