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Abstract: During charge and discharge of the lithium-ion batteries (LIBs), the graphite electrode will produce 

a color change behavior. In view of the difficulty in in-situ observation of the current lithium ion concentration 

distribution in real batteries. An in-situ optical experimental method is reported in this paper, which realizes an 

in-situ observation of the color change of the graphite anode electrode section, and obtains the diffusion path of 

lithium ion in the graphite anode electrode section. Base on colorimetric method the results show that the 

surface of the graphite  electrode is priority region during lithiation/delithiation, and the lithiation characteristics 

are discrete. At the same time, the optical image was further analyzed by the MATLAB program ,obtains three 

color (RGB) variations at different lithiation concentrations (SOC). This method can be used to qualitatively 

analyze the basic color change mechanism of graphite electrode during lithiation /delithiation. 
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I. INTRODUCTION 
Lithium-ion batteries (LIBs) are the most common energy storage components in consumer electronics, 

portable devices and hybrid and electric vehicles[1, 2].One of the main challenges of their development is to 

meet the application and safety requirements of new energy electric vehicles. Therefore, research on lithium-ion 

batteries from battery to module-level design to electrochemical mechanism is essential. In order to evaluate the 

mechanismof color change during lithiation and delithiation of graphite anodes, many theoretical and 

computational models have been established at the particle and electrode levels[3, 4].Graphite has a layered 

structure, and the process of intercalating lithium is a process in which lithium ions are intercalated between 

graphite layers--Intercalation reaction. By observing the graphite discoloration macroscopically, the lithiation 

state of the graphite negative electrode can be obtained. However, it should be noted that the above lithium 

intercalation stage is in a completely ideal state, and the lithium intercalation state inside the actual graphite is 

relatively complicated, and is often a mixture of various stages. One of the possible methods to in situ observe 

the Li diffusion in the electrodes is the colorimetric method, which is widely applied to graphite electrodes. The 

Li intercalation into the crystal lattice of the graphite electrodes would change the visible absorption spectra of 

the LiCx compounds[5-10].In situ colorimetry, a technique that correlates the color of an electrode with the state 

of charge(SOC) to measure the distribution of lithium ions in a battery electrode[5, 11]. A calibration curve of 

the three color values of red, green, and blue are obtained and used to map the distribution of lithium in the 

battery electrode. In-situ optical experiments and in-situ colorimetry were used as a fast, low-cost measurement 

method to study the lithium content in various lithium-ion battery electrodes. The apparent diffusion coefficient 

and activation energy of the porous graphite electrode were obtained by experiments. The distribution of 

lithiation of the negative electrode of aged lithium ion batteries is highly heterogeneous. The color change 

process of Li transport in the surface of the graphite electrode material during charge and discharge was studied 

by in-situ optics, and the effective lithium ion diffusion coefficient was extracted[12, 13]. 

At present, what the researchers observe is only the surface condition of the electrode[14]. The actual 

process inside the electrode is more complicated than the simple diffusion, which has certain limitations on the 

vertical condition of the real battery. In particular, there is a lack of in-depth study on the actual situation of the 

internal charge and discharge process of the soft pack battery. The lithium ion is captured in the whole process 

of the cross-section of the electrode, and the lithiation process is effectively analyzed. An in-situ optical 

experimental method is reported in this paper, which realizes an in-situ observation of the color change of the 

graphite anode electrode section, and obtains the diffusion path of lithium ion in the graphite anode electrode 

section. Base on colorimetric method the results show that the surface of the graphite anode electrode is priority 

region during lithiation/delithiation.  



Experimental Study On Lithium Ion Diffusion Of Graphite Anode Based On In-Situ Optics 

International organization of Scientific Research                                                          63 | Page 

II. EXPERIMENTAL SECTION 
As shown in Figure 1 and Figure 2(b), an in-situ battery device similar to a sandwich structure was 

designed. The structure of the battery is clamped by a glass slide with a graphite anode electrode in the 

middle,and the diaphragms and thecathode electrodes on both sides. Figure 2 shows the experimental process , 

and graphite electrode supplied by soft pack battery (502030 battery), and LiFePO4 (LFP) electrode as cathode 

electrode , and the glass fiber film as separator (supplied by Whatman). In order to obtain a clear and flat cross 

section for observing the graphite stacking configuration, graphite-based electrode was cut using a scalpel. 

Assemble the battery (excessive positive electrode) and seal it in the in-situ cell. The in-situ cell sealing device 

prevents the battery from contacting the air. It is made of PTFE material (no reaction with electrolyte, good 

sealing), as shown in Figure 2c. The upper end of the in-situ cell is made of glass, and the test sample can be 

clearly displayed at one end.Inject electrolyte infiltration (~ 1 ml) at the edge of the battery separator before 

sealing, and the electrolyte is made of commercial lithium iron phosphate (LiFePO4=LFP, 99%). The above 

sample preparation process was carried out in a glove box (Ar gas environment, H2O<0.1, O2<0.1). 

 

 
Figure 1:Cross-sectional schematic of the full battery sample(Red frame is the observation area) 

 

 
Figure 2:Flow chart of sample preparation 

  

As shown in Figure 2(d), the experimental platform consists of optical microscopy (KEYENCE, VHX-

S90) combined with a battery test system (Neware, BTS 2000). All electrochemical tests were performed at the 

temperature of 25℃. The full-cell was tested at the current density of 330mA/g (1 Cate). The test area was 

magnified 500 times using optical microscopy  and continuously photographed with the interval of 30s. The 

series of optical images were developed in Photoshop software with a resolution of 1600×1200, and the 50μm 

area of the images corresponds to 130 pixels. 

 

III. RESULTS AND DISCUSSION 
As shown in Figure 3, the initial thickness of the double-coated graphite anode before the test is 130μm. 

The initial color of the graphite electrode is black. As shown in Figure 4, the multi-cycle test was performed by 

charging/discharging at a constant current of 0.5 mA, and it is a stable cycle of voltage and current. Since the 

battery does not reach the upper limit voltage due to the excess of the LFP cathode electrode, the charging time 

is set to 1h. During the cycle test, pictures were taken at different times by optical microscopy. 

During the insertion of lithium ions into the graphite particles, the formation of LiCx leads to a change 

in lattice spacing and a presentation of different colors. The microstructure evolution of  the graphite electrode 

during charge/discharge process as shown in Figure 5. The color change state of the graphite electrode under 

different state of charge (SOC) can be obtained by in-situ colorimetry. The study found that the surface of the 

graphite electrode is a preferential region of lithiation, and the lithiation process is star-shaped and discrete. The 

lithiation process of the graphite electrode: subjectively, the color changes continuously from black gray to gold; 

the delithiation process: lithium ions are successively removed from the graphite electrode, and the color 

gradually fades. The lithium intercalation state inside the graphite is complicated, and it is often a mixture of 

various stages. It was found that there was a phenomenon of lithium deposition phenomenon between the 

graphite electrode and the separator. 
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Figure 3: Initial cross-section of the full battery 

 

 
Figure 4:Current and voltage cycles of full cell 

 

 
Figure 5:.color change on the cross-section of graphite electrode 

(white line frame is the RGB analysis area) 

 

As shown in Figure 3 and Figure 6(a), three color evolution values of red, green and blue (RGB) are 

extracted from the experimental optical digital image of graphite electrode (the white frame portion shown in 

Figure 4 by MATLAB programming. In the process of cycling, RGB forms stable intervals and trends. For 

further quantitative analysis, the correspondence between the state of charge (SOC) and the color (RGB) is 

calibrated, and the calibration result is shown in Figure 6(b). In the initial stage of lithium insertion, the RG 

values arereduced firstly , and then the fast response is positively correlated with the SOC. The delithiation 

process is the reverse process of lithiation, and the RGB values are relatively more responsive. The B values is 

negatively correlated with SOC, and the interval of R value is the largest. 
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Figure 6:The second cycle: (b)curves of voltage and colorsand (b)curves of SOC and colors 

 

IV. CONCLUSION 
In this paper, the in-situ optical experiment was used to report the inside of the real battery, revealing 

the lithium ion diffusion mechanism. The following main conclusions were obtained through experiments: The 

lithiation process of the graphite electrode is obtained based on the in situ colorimetric method. The electrode-

separator interface is the preferential region for lithiation and delithiation, and the lithiation process is discrete. 

At the same time, At the same time, there is a phenomenon of uneven lithiation, and a place where the electrode 

material has high activity has a concentrated lithium intercalation region.The RGB values were extracted from 

the optical digital pictures by MATLAB programming and corresponded to the lithiation process, and the semi-

quantitative characterization of the lithiated color change in the electrodes. 

 

REFERENCES 
[1]. Armand M., J-M. T. (2008). Building Better Batteries. Nature,451(7179), 652-657. 

[2]. Bruce D., Haresh K., Jean-Marie T.(2011). Electrical Energy Storage for the Grid: a Battery of Choices. 

Science, 334(6058), 928-935. 

[3]. Fu R., Xiao M., Choe S. (2013). Modeling, Validation and Analysis of Mechanical Stress Generation and 

Dimension Changes of a Pouch Type High Power Li-ion Battery. Journal of Power Sources,224, 211-

224. 

[4]. Sahraei E., Hill R., Wierzbicki T. (2012). Calibration and Finite Element Simulation of Pouch Lithium-

ion Batteries for Mechanical Integrity. Journal of Power Sources,201, 307-321. 

[5]. Maire P., Evans A., Kaiser H., et al. (2008). Colorimetric Determination of Lithium Content in Electrodes 

of Lithium-Ion Batteries. Journal of the Electrochemical Society,155(11), A862-A865. 

[6]. FERGUSON T R, BAZANT M Z. Phase Transformation Dynamics in Porous Battery Electrodes. 

Electrochimica Acta, 146, 89-97. 

[7]. Ghannoum A., Norris R. C., Iyer K., et al. (1944). Optical Characterization of Commercial Lithiated 

Graphite Battery Electrodes and in Situ Fiber Optic Evanescent Wave Spectroscopy. Acs Appl Mater 

Interfaces,8(29), 18763-18769. 

[8]. Maire  P., Kaiser H., Scheifele W., et al.  (2010). Colorimetric Determination of Lithium-ion Mobility in 

Graphite Composite Electrodes. Journal of Electroanalytical Chemistry,644(2), 127-131. 

[9]. Harris S. J., Timmons A.,Baker D. R., et al. (2010). Direct in situ measurements of Li transport in Li-ion 

battery negative electrodes. Chemical Physics Letters, 485(4-6), 265-274. 

[10]. Qi Y., Harris S. J. (2010). In Situ Observation of Strains during Lithiation of a Graphite Electrode. 

Journal of The Electrochemical Society, 157(6), A741. 

[11]. Maire P., Kaiser H., Scheifel W., et al. (2010). Colorimetric Determination of Lithium-ion Mobility in 

Graphite Composite Electrodes. Journal of Electroanalytical Chemistry,644(2), 127-131. 

[12]. Harris S. J., Timmons A., Baker D. R., et al. (2010). Direct in situ Measurements of Li Transport in Li-

ion Battery Negative Electrodes. Chemical Physics Letters, 485(4), 265-274. 

[13]. Qie L., Chen W. M., Wang Z. H., et al. (2012). Nitrogen-doped Porous Carbon Nanofiber Webs as 

Anodes for Lithium ion Batteries With a Superhigh Capacity and Rate Capability. Advanced Materials, 

24(15), 2047-2050. 

[14]. Tripathi A. M., Su W., Hwang B. J. (2018). In-situ Analytical Techniques for Battery Interface Analysis. 

Chemical Society reviews, 47(3), 736-851. 

 


