
Size Controlled Li4Ti5O12 Nanocrystals 
Synthesized in a Continuous Pulsed Flow Reactor

Yanbin Shen, Jakob R. Eltzholtz and Bo Brummerstedt Iversen
Centre for Materials Crystallography, Department of Chemistry and iNANO, Aarhus University, Denmark 

 Introduction                                              Continuous pulse flow reactor 

  Battery performance   

Figure 5: PXRD patterns of samples synthesed at di�erent 
              temperatures and resistent times

Figure 7: TEM Images of (a)10nm particles and
            (b) 6nm particles after anealing at 600°C for 4 hours

(a) (b)

For highly controlled synthesis of nanoparticles, we have designed a new synthesis method called
 “continuous pulsed �ow synthesis”, [2] which provides better control of key synthesis parameters 
and hence the particle size. Li4Ti5O12 nanocrystals with tunable particle size from 2 ~ 20 nm can be 
easily prepared by adjusting the reaction temperature, pulse frequency within this set up  .

Figure 3: Outline of the continuous pulse �ow hydrothermal 
reactor used to synthesize Li4Ti5O12 nanoparticles. 
(1) pulsed pumps used for reactant and solvent 
(2) Heating block keeping the reactor temperature 
(3) Manometer to monitor pressure 
(4) Spiral cooler to quench the product as it leaves the reactor 
(5) Proportional relief valve used to adjust synthesis pressure 
(6) Container for collecting product as it exits the system

The Li4Ti5O12 particles were synthesized by reacting ethanol lithium and titanium isopropoxide in deionized water in the high temperature, high pressure reactor, for di�erent 
resisdance time. The temperature range is from 425 °C to 500°C; the resisdance time is from 30s to 300s ; the pressure is �xed at 250bar.

The electrochemical performance of the sample  was tested using a 2032-type coin cell (counter electrode:  Li metal;
electrolyte: 1 M LiPF6 dissolved in ethylene carbonate (EC)/dimethyl carbonate (DMC)/ethylmethyl carbonate (EMC), 
volume ratio of EC:DMC:EMC=1:1:1; cathode: LTO: acetylene black:PVDF=60:40:20 wt.%).
 

  Nano particles 

Figure 1: Phase diagram for water showing the critical
point where a transition to the supercritical state
occurs. phase transitions are indicated 
by solid lines 

Figure 2: The density of water as a function of temperature, 
plotted for a series of pressures
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Figure 6: Particle growth with temperature and reaction time

Nano-sizing is a popular method for increasing power density of material for lithium ion battery. One of the well
known synthesis of nanoparticle is hydrothemal synthesis, especially under supercritical state, which is found at 
elevated temperatures and pressures, characterized by having a mix of properties from the gas and liquid phase. 
Strong and uniform mixing of reactants can be easily achived in this state. Since there are no phase transitions in 
the supercritical regime, the properties of the medium may be manipulated continuously by changing e.g. temp-
erature and pressure, this makes the supercritical state such an interesting reaction medium.

Figure 8: Discharge-charge capacity of 6nm and 18nm 
                                   sample  at 1C rate

Figure 10: EIS Nyquist plots of the electrodes with di�erent particle sizeFigure 9: Rate map of particles with di�erent size
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  Conclusion 
1  Particle size range from 6nm to 9nm showed batter rate perfomance compared to the ones that with smaller and bigger size based on this study. 
2  Base on the EIS data, we may conclude that the rate capability is a combination result of faster charger transfer, which might due to larger solid-electrolyte interface, and faster lithium ion di�ussion, which might thanks to 
    the smaller particle size that shorter the lithium ion di�usion path. 
3  Smaller particle, like 4nm, showed worse performance at higher current operation, this might be due to too high surface area or low crystallinity, which result in some amorphous around the particels,  increasing the resistant
    for the electron transfer and the lithium ion di�usion.
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Continuous �ow supercritial hydrothermal synthesis is one of the most successful supercritial 
hydrothermal synthesis techniques. It provides laboratory control through high heating rates, 
quick quenching of product for short reaction times, while providing high throughput for larger 
productions and scalability for possible industrial application.


