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ABSTRACT 
 
 In this work, we investigate a novel synthesis route for the synthesis of LiFePO4 material 
that utilizes an ionic liquid/water composite medium. The effect of reaction time and reaction 
temperature on the crystallinity of synthesized material is investigated through X-ray diffraction 
(XRD). Morphology is analyzed through scanning electron microscopy (SEM). It is observed 
that the intensity of peaks corresponding to LiFePO4 increase as reaction time increases, but 
unwanted peaks are present as well. SEM characterization indicates that various structures are 
initially formed, but as the reaction time progresses product morphology changes in size. 
 
INTRODUCTION 
 
 Batteries are copiously used in a variety of applications such as mobile devices, electric 
vehicles and grid balancing. As a result of this, there is a critical need for energy storage devices 
that are sustainable and can meet modern energy and power demands. The commercialization of 
the lithium-ion battery began in the early 1990s with Sony [1]. These early devices used layered 
transition metal oxides with a graphite anode. The most widely used cathode, LiCoO2, is 
considered unsustainable due to a low abundance of cobalt in comparison to lithium [1]. 
Moreover, for an energy storage device to be used in daily life applications, it needs to be 
reliable and safe. In recent years, there has been significant research done in using phospho-
olivines for rechargeable lithium-ion batteries [2]. In particular, LiFePO4 when compared to 
LiCoO2, is a competitive solution because it is intrinsically more stable, and iron being a more 
abundant element can replace the more rare cobalt [1]. The stability of LiFePO4 was studied by 
A. Andersson et Al., reporting that at slightly elevated temperatures LiFePO4 shows capacity 
improvement and no troublesome reactions such as thermal decomposition were observed at 60 
oC [3].  
 The method used to synthesize LiFePO4 affects the morphology and crystallinity of the 
product. A common procedure in industry is to utilize high temperatures (400 oC-800 oC) and dry 
reactant powders in a solid-state reaction process to form LiFePO4. This creates large particles 
that can be undesirable. Smaller particles are sought to create shorter diffusion pathways and 
larger surface area. Other methods, such as hydrothermal, requires a pressure chamber to create 
particles in the nanometer range. In 2009, a novel approach was developed by N. Recham et al., 
in which ionic liquids were used to control the morphology of synthesized LiFePO4 material [4], 
which serves as one of the motivations for this work. 
 Since then, room temperature ionic liquids have been studied to: 1) achieve high 
temperature thermal stability; 2) maintain low vapor pressure; and, 3) used as solvents with the 
potential to be recycled [5]. This thermal stability in particular has been described by W. Feng et 
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al., referencing an onset of decomposition temperatures ranging from 125 oC to 424 oC [6]. 
Furthermore, Parnham et al. reported that water in ionic liquids could be beneficial as it can act 
as a mineralizer to bring insoluble precursors to seed crystals [7]. 
 Our work attempts to understand the effects of experimental parameters on the synthesis 
of LiFePO4 using an ionic liquid/water composite medium.  
 
EXPERIMENT 
 
 FeSO4 7H2O is added into DI water (type 1 defined by ISO 3696) and is stirred for 1 
hour. Li3PO4 with 1-ethyl-3-methylimidazolium trifluoromethanesulfonate (EMI Otf) is added 
into the FeSO4 aqueous solution. The solution is stirred and ultrasonicated for 1 hour each. The 
mixture is heated at 260 oC in a nitrogen environment for various times: 0 hours, 3 hours, 12 
hours, 18 hours, and 36 hours. Alternatively, while keeping time constant at 36 hours, a second 
experiment was conducted by running two reactions with ionic liquid-only solutions: 1) at 260 
oC (1:1 ionic liquid:water ratio); and, 2) at 230 oC (2:1 ionic liquid:water ratio). After each 
synthesis the product is cleaned with acetonitrile several times. XRD is done using a Panalytical 
X’Pert XRD instrument using Cu Kα radiation, SEM and EDX were done with a NovaNano 
SEM 450. 
 
DISCUSSION 
 
 From the diffractograms shown in Figure 1 (A-B), the gradual growth of peaks matching 
the database reference for LiFePO4 are observed. This is indicative that reaction time is a key 
factor during the synthesis reaction. Specifically, at 29.74o 2θ we can see a gradual growth for 
LiFePO4 over time. 
 

Figure 1. XRD pattern (A) time dependence study, (B) 20o-40o 2θ for time dependent study. 
 
 In Figure 2 (A-B) the XRD pattern for the ionic liquid-only (260 oC), and ionic 
liquid/water composite (230 oC), both show a resemblance towards LiFePO4. Although they both 
indicate very similar peaks, the intensity near 29.74o 2θ is larger for material prepared at 260 oC 
with just ionic liquid. A stronger peak at this point is a key characteristic of LiFePO4. 
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Furthermore, when the medium ratio is adjusted to equal parts of ionic liquid and water, peaks 
that are correlated with LiFePO4 are no longer seen and only one peak is dominant (blue 
diffractogram). 
 
 

 
Figure 2. XRD pattern (A) varying temperature, ionic liquid to water ratio, and ionic liquid only 
at 36 hours synthesis, (B) magnified axis of A between 20-40o 2θ 
 
 Shown in Figure 3(A) are the general structures formed at 12 hours into the synthesis and 
are highlighted in Figure 4(A) and Figure 5. More importantly, we can see the beginning of the 
agglomerations throughout the 18 hours synthesis (Figure 3(B)) start forming, showing 
similarities to the white rectangle in Figure 3(A). Furthermore, Figure 4(B) and Figure 5 
specifically highlights the similarities between the two agglomerations seen at 12 hours and 18 
hours. 
 
 

Figure 3. SEM image of LiFePO4 synthesized for (A) 12 hours and (B) 18 hours. 
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Figure 4. High magnification SEM image showing crystals synthesized at (A) 12 hours (B) 18 
hours.  
 

 
Figure 5. High magnification of the white box shown in SEM image 2A. 

 
Figure 1 indicates that longer reaction time contributes to the synthesis of LiFePO4, yet 

peaks that cannot be attributed to LiFePO4 are present. In accordance with undesired peaks, are 
the elements of sulfur seen throughout the synthesis at 12 hours as indicated by energy 
dispersion spectroscopy (Figure 6). The measured sulfur content can be possibly attributed to 
FeSO4 that is used as a precursor. 
 

Figure 6. Electron dispersion spectroscopy (EDX) of (A) Figure 3(A) and (B) Figure 4(A). 
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CONCLUSION  
 
 Overall, in this work we show an evaluation of parameters on a novel synthesis method 
using an ionic liquid/water composite medium. It is seen that reaction time plays a significant 
factor in obtaining a product that resembles LiFePO4. Moreover, varying temperature and the 
ionic liquid to water ratio can affect the crystallinity of the product as depicted by x-ray 
diffraction. In future works, we will further focus on optimizing the aforementioned parameters 
and investigating other variables such as pH and precursor concentration. 
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