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1. Synthesis of Li6.45Al0.05La3Zr1.6Ta0.4O12 (LLZO) powder 

A modified solid-state reaction (SSR) route was used for the synthesis of LLZO powders used in this work. The 

synthesis route for aluminum and tantalum doped LLZO powders with nominal composition: Li6.45Al0.05La3Zr1.6Ta0.4O12; 

has been discussed in detail in an earlier publication [32,60]. The starting powders were stoichiometrically mixed with 

10wt% excess Li source to compensate for any loss of Lithium during the sintering step. Precursors used for synthesis: 

LiOH·H2O (Applichem-Germany, 99%), La2O3 (Merck-Germany, 99.9%, dried for 10 h at 900 °C before start of 

synthesis), ZrO2 (Treibacher-Austria, 99.5%), Ta2O5 (Treibacher-Austria, 99.99%), and Al2O3 (Inframat-Manchester, CT, 

USA, 99.9%). 

In the 1st step, homogenized precursor powders were pressed into pellets of 45 mm diameter and calcined at 850 

°C for 20 h in air. In the 2nd and 3rd steps, homogenized powder was calcined at 1000 °C for 20 h in air. Powders were 

homogenized by milling, then sieved down to <100 μm, and re-pressed into pellets in preparation for next calcination. 

After the 3rd calcination, pellets were broken, milled and sieved with 100 μm sieve, to prepare for sintering of powders. 

LLZO powders after calcination, were prepared into pellets with 13 mm diameter for sintering step at 1175 °C for 10 h 

in air. Sintered pellets were crushed and milled for 1 hour at 100 rpm in a mortar grinder (Retsch RM 200). A scheme of 

the preparation process has already been reported in our earlier publication [32]. Using a 25 μm standard sieve (CISA - 

Spain, 200.1 wire mesh-ASTM E-11-2013) synthesized LLZO powder was sieved for preparing C-SCE separators. 

2. Synthesis of Li1.3Al0.3Ti1.7(PO4)3 (LATP) powder 

A modified solution assisted solid-state reaction (SASSR) route was used for the synthesis of LATP powders used 

in this work. The synthesis route for LATP powders with nominal composition: Li1.3Al0.3Ti1.7(PO4)3; has been discussed 

in detail in an earlier publication by Rosen and colleagues [61]. The starting materials for synthesis: LiOH·H2O 

(Applichem-Germany, 99+%), AlPO3 (Alfa Aesar- Germany, 97%), ZrO2 (Treibacher-Austria, 99.5%), H3PO4 (Alfa Aesar- 

Germany, 85%), were mixed in stochiometric amounts in Deionized (DI) water, with Ti[OCH(CH3)2]4 (Alfa Aesar- 

Germany, 97+ %) being added dropwise to the suspension in DI water.  

The suspension was mechanically stirred continuously for 4 hours, after which it was kept for drying at 80ºC for 7 

days. The dried batch of powders were milled and homogenized in a mortar grinder (Retsch RM 200). The homogenized 

powders were calcined at 600 °C for 5 h in air with heating and cooling rates at 5 ºC/min. At the end of calcination step, 

powder was homogenized by milling, then sieved down to <100 μm, to prepare for sintering of powders. Calcined 



LATP powders from the previous step, were prepared as pellets with 13 mm diameter for sintering step at 900 °C for 5 

h in air. Sintered pellets were crushed and milled for 1 hour at 100 rpm in a mortar grinder (Retsch RM 200). A scheme 

of the preparation process is shown below in Figure S1 below. Using a 25 μm standard sieve (CISA - Spain, 200.1 wire 

mesh-ASTM E-11-2013) synthesized LATP powder was sieved for preparing C-SCE separators. 

 

Figure S1. Scheme of LATP synthesis process via solution assisted solid state reaction route. 

Figures S2 (a) and (b) respectively show XRD diffractogram of the synthesized LLZO and LATP powders. The 

XRD diffractogram of LLZO in Figure S2 (a) shows the conductive cubic phase (space group Ia-3d) [14,62] formation, 

without any peaks for Li2CO3 or Li-deficient La2Zr2O7 phases. The XRD diffractogram of LATP in Figure S2 (b) shows 

the conductive rhombohedral phase (space group R3̅c) with additional peak for orthorhombic and Al-poor LiTiPO4 

phase each. These additional peaks have already been studied and reported by Rosen et. al [61].  

 
Figure S2. XRD diffractograms of (a) cubic LLZO and (b) rhombohedral LATP powder with ( )marking additional orthorhombic 

phase and ( ) marking additional marking additional LiTiPO5 phase; SEM micrographs for (c) LLZO powder particles and (d) 

LATP powder particles. Powder particle size distribution graph for (e) LLZO and (f) LATP.  



SEM micrographs in Figure S2 (c) and (d) depict the morphology of LLZO and LATP particles respectively, which 

are used in this work. Figure S2 (e) and (f) show the particle size distribution (PSD) for LLZO and LATP powders used 

in this work. In Figure S2 (e), the PSD for LLZO particles shows an increased volume density of small particle sizes 

with a broader distribution peak for medium to big particle sizes with comparatively lesser volume density. On the 

other hand, LATP powder in Figure S2 (f), also shows two distinct peaks, however both peaks have similar volume 

density depicting a bimodal distribution of powder particles.  

 
Figure S3. Cross-sectional SEM images of fabricated C-SCEs comparing microstructures of different polymeric matrix groups, 

starting from PEO matrix based separators [32]: (a) LZ90_PEO300k and (b) LZ95_PEO300k , PVdF-HFP matrix based separators (c) 

LP70_PVdF-HFP and (f) LP70_PVdF-HFP without SN, PBA matrix based separators (d) LZ70_PBA and (e) LZ80_PBA and PDDA-

TFSI matrix based separators (g) LZ70_PDDA-TFSI (h) LZ80_PDDA-TFSI and (i) LZ90_PDDA-TFSI. 

 
Figure S4. TGA thermographs for (a) LZ70_PDDA-TFSI and (b) LP70_PVdF-HFP. 



The determination of Li+ transference number for GEN 2 C-SCE separators was done by Bruce-Vincent-Watanabe 

method in symmetric Li/Li cells at 60 ºC. More details regarding the measurements can be found in detail in an earlier 

published work [63]. 

 

Figure S5. Original and fitted EIS spectra for (a) Li/LZ70_PDDA-TFSI/Li and (d) Li/ LP70_PVdF-HFP /Li cell before and after 

polarisation; Inset- Chronoamperometry profile (I vs time) of (b) Li/LZ70_PDDA-TFSI/Li and (e) Li/ LP70_PVdF-HFP /Li 

symmetric cell; (c) and (f) Equivalent circuit used to fit the (before and after polarization) impedance profiles for transference 

number. 

Table S1. Transference number for GEN 2 separators. 

C-SCE separators Transference number (60 ºC) 

LZ70_PDDA-TFSI 0.13 

LP70_PVdF-HFP 0.1 

 

 

Figure S6. Voltage versus time profiles for long-term galvanostatic cycling of Li/Li cells with LP70_PVdF-HFP. Cycling conditions: 

current density 0.1 mA/cm2, half cycle step of 1 h, 60 ºC. 

 



 

Figure S7. Discharge capacity and (b) coulombic efficiencies efficiency and (c) average voltage of both charge and discharge step of 

Li/NMC622 cells with LP70_PVdF-HFP and LP70_PVdF-HFP without SCN. Voltage versus capacity curves for Li/NMC622 cells 

with GEN 2 separators after long-term cycling (d) LP70_PVdF-HFP without SCN and (e) LP70_PVdF-HFP. All comparisons were 

made after cycling for 20 cycles. dQ/dV versus voltage curves of the 1st and 10th cycles for Li/NMC622 cells with (g) LP70_PVdF-

HFP without SCN, (h) LP70_PVdF-HFP. 
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