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A B S T R A C T   

A fast transition towards the use of clean and green energy sources requires accelerated discovery of new energy 
storage systems and devices. In this concept automation and robotics can play a key role. Here we present the 
development of a robotized platform, Poseidon, for the screening and discovery of new water-based electrolyte 
candidate systems for lithium-ion batteries (LIBs) systems. We have successfully demonstrated the Poseidon 
screening and characterisation capabilities for electrolytic discovery, which includes a range of steps such as 
electrolyte formulation, Raman spectroscopic characterization, coin-cell mounting/disassembling and electro-
chemical battery evaluation via an accelerated screening cycling procedure. A comparison with analogous 
manual laboratory experiments shows that relevant accuracy for robotized screening purposes has been estab-
lished. Furthermore, the presented accelerated charge/discharge cycling procedure is shown to be adequate for 
screening purposes of the test system.   

1. Introduction 

Currently, there is an urgent need for sustainable, safe and high 
energy storage devices in order to replace and substitute carbon-based 
fuels for cleaner energy sources [1–3]. In this ongoing process LIBs 
play an essential role. However, LIBs are for many aspects far from fully 
optimized and significant development is needed in several areas e.g. 
active electrode material, efficient interfaces and electrolytes. In gen-
eral, it takes an alarmingly long time to screen and discover new ma-
terials, and the time to implement new energy technologies into the 
commercial market from the time of discovery is in the realm of decades 
[1,4–6]. This is very problematic considering the immediate demand of 
novel and efficient energy storage technologies. Consequently, acceler-
ated discovery and development of new systems and devices are ur-
gently required and robotized screening systems accelerating the search 
for novel materials for energy storage may facilitate this process 
significantly. 

In all types of batteries the central component, the electrolyte, plays 
a fundamental role for the electrode processes, materials interactions, 

stability, cost, safety, sustainability and overall efficiency. Depending on 
battery type and application, the electrolyte criteria and complexity can 
differ significantly. LIB electrolytes can contain many different compo-
nents, such as organic/inorganic solvents, salts, ionic liquids [7,8], and 
performance-enhancing additives [9,10]. Thus, electrolytes constitute a 
complex system with a broad range of physical and chemical properties. 
In general, two approaches for electrolytic design can be identified: 1) 
electrolytic engineering, and 2) electrolyte chemistry [11]. The former 
focuses on modifying the electrolyte physiochemical properties by 
incorporating additives and co-solvents, while the later focuses on a 
synthetic approach aiming to design new electrolyte components for 
control on a more detailed level, i.e. molecular level control. Both these 
approaches operate in a vast compositional and chemical space, which 
by its very nature is very suitable for systematic and robotized screening. 

In the literature, various attempts of implementing both in silico 
screening and robotic screening methods in the battery electrolyte field 
have been reported. In the area of experimental robotic electrolyte 
screening there are two systems reported, by the groups at the University 
of Münster and Ulm, which represent more holistic approaches [12–14]. 
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The Ulm group’s system (AutoBASS) is an automatic battery assembly 
system, including dispensing and coin cell cycling. The variance in non- 
normalized capacity of the manufactured test cells (LNO cathode, Si-C 
anode and Li[PF6] electrolyte) was reported to be 3.4 %. The Munster 
group’s system shows analogous capabilities, however it is also equip-
ped with instrumentation for conductivity measurements, Karl Fischer 
titration and data matrix bar-coding. 

There are also studies reported including rational design focusing on 
different compositions of carbonate-based solvents in Li[NiMnCoO2]|| 
graphite cells, redox flow battery studies involving solubility and con-
ductivity, robotized synthesis and characterisation approach, as well as 
screening of the effects of electrolyte additives utilizing a microplate 
platform where the electrolytes are directly dispensed into the sample 
wells containing the battery cells [15–18]. In addition, an electrolyte 
screening system “Otto” has recently been developed [19]. This system 
has high-throughput (HT) capabilities and implements automated 
evaluation and machine learning. More recently, also a HT method 
utilizing micro fluid chips has been reported in the literature [20,21]. It 
is clear that robotization has become an active and highly competitive 
field in the battery research field. 

In this work, we present a newly developed robotic platform, 
Poseidon, which performs automized electrolyte screening, character-
ization and accelerated electrochemical device evaluation of coin cell 
batteries. The platform is capable of both applying electrolytic engi-
neering and electrolyte chemistry discovery, thus both otherwise 

tedious optimization as well as expeditions into the unknown. While 
comparing with other reported holistic robot platforms the Poseidon 
system can work with more diverse types of workflows, experiments of 
larger volumes, turbidity monitoring and perform monitoring/analysis 
both in liquid and solid state, both during and after experimentation 
[12–14]. However, even though the Poseidon screening experiments 
(mixing and synthesis) are made under nitrogen atmosphere, the coin- 
cell assembly is currently made under ambient conditions. Notable is 
that the developed workflows are currently not designed for high- 
throughput screening, instead focus is on fewer and intelligently 
designed experiments. Our objective in this paper is to present a proof of 
principle of the Poseidon platform and to demonstrate some of the 
platform capabilities. 

2. Results and discussion 

2.1. Robot system 

The developed screening platform Poseidon consist of two robotic 
subsystems, Proteus and Eioneus, which together constitute the robo-
tised battery screening and characterisation platform. The Proteus sys-
tem manage the reactants, solvents and characterisation of the 
electrolyte system themselves, while the Eioneus system performs the 
coin cell mounting/disassembly and electrochemical evaluation of the 
battery devices, as well as the storage of the manufactured coin cells. A 

Fig. 1. Schematic overview of the Poseidon robotic platform (PLI = Polarised Light Intensity device; XRPD = X-ray Powder Diffraction).  
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schematic description of the platform is shown in Fig. 1. 
Further details on the Proteus robot and its general screening pro-

cedure are presented in a previously published article on the automated 
robotized screening of perovskite-type materials for solar cells [22]. In 
the electrolyte screening workflow described below (section 2.2), the 
full analytical capability and features of Proteus are currently not 
utilized. 

The Eioneus system consists of a platform with coin cell mounting 
and supply area, crimping and decrimping stations, a potentiostat-based 
electrochemical evaluation station and a control board, see Figs. 1-2. 
Furthermore, there are coin cell hotels for temporary storage included in 
the system. A swap robot and a robotic arm manages all steps connected 
to the transport and storage of the evaluated coin cells. A video 
demonstrating the Eioneus system in action can be found in this video 
link: Poseidon_Eioneus [23]. 

The overall Poseidon system capability, capacity and specifications 
are described below. As reference system, for demonstration of the 
platform capabilities, we have used Li-ion batteries with V2O5 anode, Li 
[Mn2O4] cathode materials and a 2 M Li[TFSI] water-based electrolyte 
as test system. For further information about the system components see 
the Experimental section.  

• Reaction/mixing temperature: − 15 to 100 ◦C  
• Working Volume: 0.05–0.25 or 0.3–10 ml  
• Nitrogen blanking  
• Reagent/additive positions: 84  
• Sample holder positions: 204  
• Capacity: ~100 parallel experiments  
• Maximum viscosity additive/solvent viscosity: ~ 60 cP  
• Coin cell: CR2032 stainless steel coin cell case  
• Battery cycling: customized protocol  
• Strict control of experiment dimensions: temperature, composition, 

time and reagents  
• Coin cell storage: 34 coin cells in each sample hotel. 

2.2. Screening workflows 

The developed robotic workflow consists of five main steps: 1) 
experimental setup 2) electrolyte screening and dispensing, 3) coin cell 
assembly, 4) electrochemical evaluation and 5) disassembly for post- 
mortem analysis. Step 1–2 is managed by the Proteus system, while 
step 3–5 is managed by the Eioneus system. 

1) Experimental setup. Experimental conditions and parameters are 
submitted using a computer-controlled system. Here, reaction temper-
ature, stoichiometry and analysis points are some of the parameters that 
are defined prior to the start of the screening. In this work, a test 
screening was performed by diluting an aqueous solution of Li[TFSI], 

concentration of 10 mol⋅kg− 1 (denoted A) and deionized water (denoted 
B) in a ratio 1:5. Stock solutions of A and B were typically prepared in 60 
ml vials and fed to the robot. Upon initiating the screening experiment, 
including the experimental parameters, the robotic system starts the 
fully automated screening cycle. Bar-coded reaction vessels are checked 
in and fed to the Proteus robot conveyor in tube rackets. The reaction 
vessels are provided with magnetic stirrers, septa and screw caps, Fig. 3. 

2) Electrolyte screening and dispensing. The checked-in, bar-coded 
reaction vessels are verified by the Proteus system and subsequently 
automatically placed in thermal blocks with the requested temperature. 
Successively, the Proteus system moves the reaction vessels to the 
sampling preparation superblock, where it starts to dispense the correct 
volumes of the pre-mixed stock solutions of A and B. Before dispensing 
the stock solutions, the test tubes are purged with nitrogen gas. Here-
after, the solutions of A and B are mixed by stirring for a pre-defined 
time, which was set to about 1 min. An analytical chain, utilizing 
turbidity, controls if a precipitate has formed or not. If precipitation 
occurs, the screening cycle proceeds with addition of more solvent and 
repeated turbidity check. If no precipitation can be detected, the 
analytical sequence continues to the next step involving Raman spec-
troscopy for characterisation of the electrolyte system. Subsequently, 
sampling of 100 μL, 50 μL and 10 μL of the reaction solution is performed 
onto a 96-well plate at three different positions for further characteri-
sation, crystallisation and evaluation. The prepared electrolyte is here-
after ready for dispensing onto the prepared half-cell of the coin cell. Our 
initial investigations show that 50 μL is an appropriate electrolyte vol-
ume. The electrolyte is dispensed directly onto the anode on the half 
coin cell prepared by the Eioneus systems. An option available for 
handling precipitation of the mixed electrolyte is filtration, which is 
performed with a workflow utilizing syringe filters. 

3) Coin cell assembly. In parallel with the preparation of the elec-
trolyte, the Eioneus system assembles the half-cell of the coin cell 

Fig. 2. The Eioneus system. Left: full overview of the system including the crimping/decrimping units and robot arm. Right: detailed overview of the coin cell 
components storage area, coin cell holder unit and the control board area. 

Fig. 3. Left: Reaction vessels used for screening: 15 ml tube and 1 ml vial, both 
provided with magnetic stirrers. Both vials have bar-codes. Right: Rack with 
tubes/reaction vessels (in total, 50 positions) ready for screening experiments 
and furthest to the right the utilized 96-well plate. 
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consisting of: the anode case (negative case), spring, spacer and the 
anode electrode. These coin cell components are mounted on a coin cell 
holder (see Fig. 4) through several steps using a robot arm using dedi-
cated suction devices (see Experimental section and video [23] for 
further details). The coin cell holders are stored in a specific storage 
hotel (Fig. 4), and coin cell components are stored in storage devices that 
have embedded linear actuators and push rods (Fig. 2). The actuators are 
driven by custom-made schematics that are controlled by optical posi-
tion sensors and provide the automated feeding of the cell components. 

The prepared half-cell is transported to Proteus for dispensing of the 
electrolyte. Following this step, the half-cell prepared with electrolyte is 
transported back to the Eioneus system, where it is fully assembled by 
adding the separator, cathode electrode and positive case in an analo-
gous workflow as used for the assembling of the negative case half-cell. 
Subsequently, the coin cell is flipped and transported to the crimper, and 
before initiation of the crimping procedure, the robot arm secures the 
coin cell closure and alignment with tapping movements around the 
coin cell centre. Subsequently, the robot arm initiates the crimper which 
applies a pressure of 800 kg. When finalized, the robot arm moves the 
assembled coin cell either for resting in the sample hotel or directly to 
the potentiostat for device characterization. After initial electrochemical 
evaluation, the coin cell can be transported for resting and later, 
repeated electrochemical characterization or sent directly for disas-
sembly for subsequent post-mortem analysis. The full coin cell assembly 
procedure is shown in the video above [23]. Overall, there are three coin 
cell storage systems: 1) coin cell holder storage hotel 2) coin cell resting 
storage and 3) coin cell storage for further evaluation i.e further elec-
trochemical characterization or post-mortem analysis. A schematic 
overview of the complete workflow is shown in Fig. 5. 

4) Electrochemical device characterization. The coin cell is posi-
tioned horizontally and with the negative case upwards onto one of the 
potentiostat electrode pins, while the other electrode pin is already 
connected to the coin cell positive case in the gripper arm. The cycling 
protocol (for more details, see the Experimental section) is automatically 
initiated as soon as the coin cell is in position. 

In the current platform setup, a 1-channel potentiostat/galvanostat is 
used for primary charge/discharge cycling. The main ambition is to 
trigger a fast initial electrochemical evaluation, which can be followed 
by a more traditional cycling protocol utilizing a multi-channel poten-
tiostat, in order to maximize the screening throughput. The work 
implementing a multi-channel potentiostat is ongoing, as well as further 
development of electrochemical cycling procedures to speed up the 
identification of promising candidates, thus more appropriate for high 
throughput screening procedures. 

5) Coin cell disassembly. After electrochemical characterization, the 
coin cell is transported to a pickup position, from which it is subse-
quently transported to the decrimper unit. A pressure of 900 kg is 

applied and the decrimped coin cell is transferred to a disassembly 
station, where the negative case is removed by the robot arm. Currently, 
the post-mortem analysis is performed off-line. 

2.3. Evaluation of the robot system and workflow 

In this study, 12 coin cells were assessed according to the workflow 
described in Fig. 5. 

2.3.1. Electrolyte dispensing and screening 
The preparation of the investigated electrolyte systems was made at 

(25.0 ± 0.1)◦C. This temperature was also kept during all preparatory 
and characterization steps in the Proteus system. 

The dispensing of the electrolyte is only made once, and onto the 
centre of the anode electrode. The assessment shows that this procedure 
is satisfactorily for screening purposes. In the literature, it is more 
common to first dispense half the volume on the anode electrode, and 
subsequently the other half on the separator. This procedure risks to 
become a workflow bottleneck and has therefore been omitted. The 
battery performance using different electrolyte volumes was evaluated, 
and it was found that if volumes above 60 μL were utilized there was a 
risk of leakage during coin cell crimping. The dispensing of the prepared 
electrolytes into the well plate wells represents a helpful tool for 
investigation with a light microscope and to document any type of 
precipitation. Furthermore, if crystallisation experiments are needed, 
the well plate is an excellent platform for initial trials. The Raman 
spectra obtained give significant information regarding the electrolyte 
solvation structure and can be used in the future to screen the molecular 
interactions in different types of electrolytes, as well as the same elec-
trolyte with different concentrations in order to obtain fast correlations 
between solvation properties and battery performance. In Fig. 6, the 
Raman spectrum of a one of the prepared electrolytes containing Li 
[TFSI], is shown. 

2.3.2. Coin cell assembly/disassembly 
Overall, the pickup and the assembly of the coin cell cases and spacer 

proceeds very smoothly. The handling of the device springs was the most 
challenging the initial stages of the robot development. However, after 
having constructed a special three-part suction device, also this step 
works efficiently. The tapping procedure before crimping secures 
alignment and complete cell closure, which in turn ensures a well- 
functioning coin cell crimping. The disassembly procedure also works 
well, however additional tuning and modifications will be needed to 
secure a stable automated handling of the disassembled coin cell com-
ponents for automated post-mortem analysis. This is a result of that the 
disassembly not always results in a uniformly disassembled coin cell 
geometry, which in turn can create issues with half-cell separation and 
component handling. Currently, the post-mortem analyses are per-
formed off-line. 

The accuracy of the electrode placements can only be indirectly 
estimated by evaluating the reproducibility of the electrochemical de-
vice cycling and from the robot arm precision. From the results of the 
electrochemical cycling described below, it can be concluded that the 
accuracy is adequate and results in excellent reproducibility. 

Consequently, the coin cell assembly/disassembly workflow works 
robustly and repeatably. However, to avoid any contamination in the 
coin cell assembly, a step where the suction cups can be rinsed will be 
implemented in the future. Furthermore, in order to implement a fully 
automatized coin cell component separation workflow for a subsequent 
post-mortem analysis an additional robot arm will be needed. 

2.3.3. Battery charge/discharge cycling 
Initially, 50 charge/discharge cycles were performed on the assem-

bled coin cells to collect benchmark data (Fig. 7) and to determine from 
which cycle consistent results can be extracted. Based on the results 
obtained, sufficient stability of the charge and discharge process was 

Fig. 4. Left: Detailed view of the coin cell holder. Right: The coin cell hotel 
with 34 positions. 
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observed after the 3rd cycle, and therefore all subsequent experiments 
were performed up to the 3rd cycle only. In this study, the results of 12 
tested battery devices are presented. The approach of having the coin 
cell horizontally placed with one contact placed in the gripper and the 
other in a fixed position in the potentiostat setup results in stable and 
reproducible results. No significant correlation between any of the as-
sembly parameters (electrode or separator placement, image embed-
dings, wetting time etc.) and electrochemical results (charge/discharge 
energy capacity, shape of the cycling curves) were detected. 

During the charge/discharge cycling of different battery samples, 
occasional noise can be observed in the 1st and 2nd cycles (Supporting 
information, Fig. S1 and S2), which originated from the lack of cell 
resting time before experiments. The applied fast-screening cycling 
procedure can also be considered as an accelerated equilibrium method, 
which becomes statistically reliable in the 3rd cycle. For the normali-
zation and evaluation of the results, the specific energy capacity was 
determined based on the average mass of the V2O5 electrode. The 
charge/discharge cycling was performed at a constant current, with a C- 
rate of 10C. The obtained results are presented in Fig. 8, and it should be 
noted that battery sample number 4 experienced a short-circuit during 
the 3rd discharge process. Therefore, this battery sample was excluded 
from further evaluation. In total, only one cell suffered a short-circuit 
corresponding to an 8.3 % failure level. These results are comparable 
with the Ulm group results, who reported a failure rate of 10 % [12]. 

The average values of the charge and discharge cycling with corre-
sponding relative standard deviation are presented in Fig. 9. The data 
are presented with a confidence interval of 90 % with a relative devia-
tion of 4.6 % for charging specific capacity and 3.2 % for discharging 
specific capacity. The main reason for the difference is the use of the 
average mass of the active material in the capacity estimates. The ac-
curacy of the presented robotized screening strategy was determined by 
comparing the results of batteries assembled using Eioneus system and 
manually assembled batteries (Fig. 10). The resting period and 
measuring procedure were the same. The manually assembled batteries 
show higher charge and discharge capacities resulting in a 3.9 % higher 
final specific capacity during discharge, and a 2.4 % higher specific 
capacity during charge. Overall, the comparison with manually assem-
bled batteries show that the robotized screening results in similar trends 
and accuracies relevant for screening purposes. 

During the initial cycles (1st and 2nd) the change in the specific 
energy capacity during charging showed a significantly higher statistical 
spread, with a relative deviation of 17 % in the 1st cycle and 9 % in the 
2nd cycle, followed by a decrease in specific capacity from 74 mAh⋅g− 1 

to 58 mAh⋅g− 1 (Fig. 11). The discharging process proved to be more 
robust and uniform, with a relative deviation of 11 % in the 1st cycle and 
6 % in the 2nd cycle (Fig. 11). Also, the increase in specific energy ca-
pacity during discharging was less pronounced (from 50 mAh⋅g− 1 to 52 
mAh⋅g− 1). The results for the 3rd cycle shows a clearly smaller differ-
ence in the specific capacity and energy density, and it was therefore 
considered qualified as the ‘production’ cycle. Comparing the values for 
Coulombic efficiency(Fig. 12), it can be observed that after the 3rd cycle, 
92 % efficiency is obtained, with a relative deviation of 1.5 % suggesting 
that the applied procedure is of high accuracy and reproducibility. 
Notable is that the electrode coatings are manually prepared and are 

Fig. 5. Schematic overview of the robotic workflow.  

Fig. 6. Raman spectrum of a prepared electrolyte containing Li[TFSI].  

Fig. 7. The initial charge/discharge cycling performance of a battery device.  
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consequently far from optimized. Thus, increased reproducibility could 
be obtained by utilizing industrially prepared and standardized coat-
ings. However, the current available ones would not work very well with 
the investigated system. In this context, it should also be emphasized 
that the battery cell investigation has been aimed at efficient screening 

and not maximum performance. At the charge/discharge cycling con-
ditions used, maximum performance will never be obtained, but with 
proper references promising candidates for novel electrolyte system will 
be possible to identify in a reasonably short screening experiment using 
the Poseidon system. 

Fig. 8. Charge and discharge processes for the 3rd cycle of each investigated battery cell.  

Fig. 9. The average value of the charging and discharging process (solid line) of 11 different battery cells, along with the corresponding standard deviation 
(dashed line). 

Fig. 10. Comparison of manually assembled batteries (red line) and batteries assembled by Eioneus (black line). The presented data for manual assembly is averaged 
values of 10 different batteries. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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3. Summary 

We have successfully demonstrated the function of a novel robotized 
screening platform, Poseidon, for a complete and robust screening 
procedure of electrolyte systems from mixing to device performance 
characterization. The platform is based on a combined robotized 
screening and battery characterization system aimed to evaluate and 
identify promising candidate electrolytes for LIBs. The investigated test 
systems highlight the Poseidon capability and successful execution of a 
full battery screening workflow. The presented results also show that 
sufficient accuracy and reproducibility for screening purposes have been 
established. Furthermore, the accelerated charge/discharge cycling 
procedure developed is shown to be adequate for screening purposes. 
However, there are also several workflow steps, e.g. coin cell disas-
sembly and subsequent coin cell component separation, which will need 
further studies and improvement. To be able to accomplish high-through 
put screening the current bottleneck, electrochemical characterisation, 
needs to be extensively expanded to handle a multitude of battery 
cycling experiments in parallel. Moreover, since the current robotized 
coin cell assembly system has been constructed with a rather low 
budget, there are of course opportunities to further improve through-put 
by implementing more advanced components, such as industrial robot 
arms. 

The presented screening platform and methodology can be expanded 
to also include electrolyte chemistry screening and electrode screening 

procedures, as well as automized post-mortem analyses. Ultimately, it 
can also be correlated to in silico screening and AI/ML to create a holistic 
screening system. Consequently, there is a significant potential to 
further accelerate the discovery and evaluation of novel battery mate-
rials and concepts. With the introduced platform, screening of electro-
lyte candidates for other aqueous batteries such as Zn, Na, Ca and Mg are 
also possible, as well as screening with organic electrolytes. To 
strengthen the electrolyte screening, implementation of conductivity 
measurements in the workflow would be advantageous. Finally, this 
work can hopefully provide inspiration for further developments and 
advances within robotized materials discovery, as well as research of 
robotized experimentation within the area of energy materials. 

4. Materials and methods 

4.1. Materials 

The electrode materials Li[Mn2O4] (LMO) and V2O5 were provided 
by Sigma Aldrich and used as an active material without further treat-
ment. In order to prepare electrode films of LMO and V2O5, the active 
material was mixed with conductive carbon super C65(MTI Corpora-
tion) and polyvinylidene fluoride (PVDF, 5 wt% in N-methyl-2-pyrroli-
done, NMP) binder in a weight ratio of 80:10:10. A viscous slurry was 
prepared as follows, a small amount of NMP was added and afterwards 
pasted onto a stainless-steel foil. The prepared electrodes were dried in 
vacuum at 70 ◦C for 12 h. The disc electrodes were punched out in a 
diameter of 13 mm. The mass loadings were ≈2.2 mg for LMO and ≈1.1 
mg for V2O5. The used separator was a Whatman glass fiber GF/A, with a 
diameter of 16 mm. The full coin cell was assembled as a CR 2030-type 
coin cell. For the electrolyte preparation, firstly a stock solution of 10 
mol⋅kg-1Li[TFSI] (Sigma Aldrich) in deionized water was prepared. 
Before the preparation of the solution, Li[TFSI] was dried, and the water 
content was determined by Karl Fisher titration. The stock solution was 
further diluted with deionized water to obtain 2 mol⋅kg-1Li[TFSI] and 
used in the coin cell assembly. In each coin cell 50 μL of electrolyte was 
added. 

4.2. Electrochemical characterization 

The galvanostatic cycling was performed using an EmStat4S instru-
mentation (see Instrumentation section 4.3). The charge/discharge 
cycling of all batteries was performed with a constant current of 0.5 mA 
in the voltage range from 0.01 to 1.00 V, which represents a 10C-rate. 
For the specific energy and capacity estimates, the average mass of 
V2O5 from all assembled battery cells was used (1.10 ± 0.03) mg. 

The galvanostatic cycling of manually assembled battery cells was 

Fig. 11. Charge (a) and discharge (b) specific energy capacity and energy density averaged over the 11 battery cells studied.  

Fig. 12. The average Coulombic efficiency for the 11 battery cells studied.  
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performed at Neware Battery Cycling station, with the same cycling 
protocol as for automatically assembled batteries [24]. For all calcula-
tions, the average mass of V2O5 was used. 

4.3. Instrumentation 

The Eioneus system consists of the following systems and 
components:  

1) Potentiostat/galvanostat: EmStat4S HR system EmStat4S - PalmSens 
[25].  

2) Control board: Arduino based controller with custom made I/O 
modules that controls electric DFRobots air pumps and linear 
actuators.  

3) Robotic arm: DOBOT Magician Dobot Magician [26].  
4) Crimper/decrimper: TMAX MSK-160S [27] (semi-auto lab splice 

crimping machine for CR20XX coin cells). 
5) Coin cell mounting: custom made turntable flat gripper and 3 dedi-

cated suction cap assemblies. 
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[21] L. Frenz, A. El Harrak, M. Pauly, S. Bégin-Colin, A.D. Griffiths, J.-C. Baret, Droplet- 
based microreactors for the synthesis of magnetic iron oxide nanoparticles, Angew. 
Chem. Int. Ed. 47 (2008) 1433–7851, https://doi.org/10.1002/anie.200801360. 

[22] A. Starkholm, L. Kloo, P.H. Svensson, Implicit tandem organic-inorganic hybrid 
perovskite solar cells based on internal dye sensitization: robotized screening, 
synthesis, device implementation, and theoretical insights, J. Am. Chem. Soc. 142 
(43) (2020) 18437–18448, https://doi.org/10.1021/jacs.0c06698. 

[23] https://www.youtube.com/watch?v=6S0XJkpnORQ. 
[24] http://www.neware-testing.com/10-neware-hotsale-product/8-ct-4008-5v10ma 

-164. 
[25] https://www.palmsens.com/product/emstat4s/. 
[26] https://en.dobot.cn/products/education/magician.html. 
[27] https://www.tmaxcn.com/lab-electric-coin-cell-crimper-crimping-machine-for-cr 

20xx-coin-cells_p1100.html. 

P.H. Svensson et al.                                                                                                                                                                                                                            

https://doi.org/10.1002/aenm.202102785
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_3541
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_3541
https://doi.org/10.1038/s41578-018-0005-z
https://doi.org/10.1016/j.jmst.2020.12.010
https://doi.org/10.1016/j.jmst.2020.12.010
https://doi.org/10.1016/j.jpowsour.2009.06.089
https://doi.org/10.1016/j.jpowsour.2020.228791
https://doi.org/10.1016/j.jpowsour.2006.07.074
https://doi.org/10.1021/acsenergylett.9b01441
https://doi.org/10.1002/aenm.202102678
https://doi.org/10.1002/aenm.202102678
http://refhub.elsevier.com/S1385-8947(22)06435-X/h0060
http://refhub.elsevier.com/S1385-8947(22)06435-X/h0060
http://refhub.elsevier.com/S1385-8947(22)06435-X/h0060
https://www.chemspeed.com/news/munster-battery-development/
https://doi.org/10.1016/j.jpowsour.2018.04.102
https://doi.org/10.1016/j.jpowsour.2018.04.102
https://doi.org/10.1149/2.0811412jes
https://doi.org/10.1149/2.0811412jes
https://doi.org/10.1016/j.electacta.2017.05.167
https://doi.org/10.1016/j.electacta.2017.05.167
https://doi.org/10.1149/2.0081509eel
https://doi.org/10.1149/2.0081509eel
https://doi.org/10.1016/j.xcrp.2020.100264
https://doi.org/10.1021/acs.chemrev.7b00360
https://doi.org/10.1021/acs.chemrev.7b00360
https://doi.org/10.1002/anie.200801360
https://doi.org/10.1021/jacs.0c06698
https://www.youtube.com/watch?v=6S0XJkpnORQ
http://www.neware-testing.com/10-neware-hotsale-product/8-ct-4008-5v10ma-164
http://www.neware-testing.com/10-neware-hotsale-product/8-ct-4008-5v10ma-164
https://www.palmsens.com/product/emstat4s/
https://en.dobot.cn/products/education/magician.html
https://www.tmaxcn.com/lab-electric-coin-cell-crimper-crimping-machine-for-cr20xx-coin-cells_p1100.html
https://www.tmaxcn.com/lab-electric-coin-cell-crimper-crimping-machine-for-cr20xx-coin-cells_p1100.html

	Robotised screening and characterisation for accelerated discovery of novel Lithium-ion battery electrolytes: Building a pl ...
	1 Introduction
	2 Results and discussion
	2.1 Robot system
	2.2 Screening workflows
	2.3 Evaluation of the robot system and workflow
	2.3.1 Electrolyte dispensing and screening
	2.3.2 Coin cell assembly/disassembly
	2.3.3 Battery charge/discharge cycling


	3 Summary
	4 Materials and methods
	4.1 Materials
	4.2 Electrochemical characterization
	4.3 Instrumentation

	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


