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Figure5 Olivine structure of LFP cathoé [50]
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Figure6 Layered structure of LCO cathod¢56]
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Figure7 Potentials of charge carriers in lithiuraion electrodes [57]
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Figure8 a) Spinel structure of LMO cathode and b) oxygen stattice [60]
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Figure9 SEM of NMC622 calcined at a) 750 °C, b) 800 °C, ¢) 825 °C, d) 850 °C, ) 875 °C, and f) 900 °C
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Figure10 SEM ofLMO hollow microspheres (left) and LMO nanorods (rightynthesised via the templating of
LMO onto precursors synthesised using wet chemical synthesis, using solid state synthe$&9][64]
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Figure12 SEM images of uniform sphericgbrimary particles (left) and cuboidalprimary particles (right) LMO[67][68]
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Figure13 SEM image of nanoscale NMC811 primary particles synthesised using syl [69]
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Figure14 SEM image of spherical LFP primary nanoparticles synthesised using the hydrothermal metH@@]
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Figure15 SEM images of Cubic LCO secondary particles formed from cubic &4 (left) and spherical LCO secondary
particles formed from spherical CaOs (right) synthesised using the hydrothermal method75]
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Figure16 SEM image of octahedral LMO synthesised using the hydrothermal methfb]
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Figure17 SEM image of LFP rhomboidal particles synthesised using-qwecipitation [78]
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Figure18 SEM image of polyhedral LMO primary particles synthesised using-poecipitation [79]
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Figure19 SEM image of NMC811 particles formed using eprecipitation [69]
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Figure20 SEM image of NCA octahedral primary particles synthesised using-goecipitation [46]
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Figure21 SEM images of NMC111 hexagonal primary particles (left) ahMO primary particleswith no distinct shape
(right) synthesised with the Pechini method81] [83]
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Figure22 SEM image of octahedral NMC811 primary particles synthesised using moltesalt synthesis[84]
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Figure23 SEM images of LFP primary particles synthesised using spray pyrolysis a)-@ned b) post sintering[86]
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Figure24 SEM images of LCO particles synthesised using spray pyrolysis using nitrate precursors (left) and acetate
precursors (right)[87]
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Figure25 Chelation of Single Monomer of Sodium Alginate
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Figure27 Chelation mechanism of dextran[90]
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Figure29 SEM image of NNM plateshaped particles synthesised at 850 °C using dextran biotemplatin§2]
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Figure30 SEM image of LCMO particles synthesised using dextran biotemplatif@g]
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Figure31 a) Sodium Alginate "Eggbox" modgB8] and b) (-G-)n and ¢M-)n monomer structurers[99]
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Figure32 SEM images of nanowire morphologies formed from sodium alginate biotemplating for LSMO (left) and
YBCO (right]94] [96]
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Figure33 SEM image of blocky YBCO particles synthesised usingcarrageenanbiotemplating [106]
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Acetate Hydrate Nitrate Hydrate

Lithium (g) 0.2551 0.1724

Nickel () 0.4977 0.5816

Manganese (g) 0.0613 0.0447

Cobalt (g) 0.0623 0.0727

Distilled water (ml) 10 5

Table2 Masses of acetate and nitrate precursors used
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Biotemplate Solvent Biotemplate to solvent ratio (g/ml)
Dextran Water, room 0.5/10
temperature
Sodium Alginate Water, 85°C 0.1/10
' -carrageenan Water, 85°C 0.1/10

Table3 Methods of and associated mass and volume ratios of dissolution for biotemplates
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Acetate Hydrate Nitrate Hydrate
Lithium, x = 0.1 (Q) 0.2296 0.1552
Lithium, x = 0.2 (Q) 0.2041 0.1379
Sodium alginate, x = | 0.1 0.1
0.1 (9)
Sodium alginate, x = | 0.25 0.25
0.2 (9)
Nickel (g) 0.4977 0.5816
Manganese (g) 0.0613 0.0447
Cobalt (g) 0.0623 0.0727
Distilled water (ml) 10 5

Table4 Masses of metal precursor salts used in thattempted synthesis of sodium-doped NMC811 via substitution
of lithium (Liz-xNaxNioeMno.1C00.102) using sodium alginate
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X =0.2, 1:0 Sodium alginate:| X = 0.2, 0.5:0.5 Sodium alginate
sodium nitrate sodium nitrate
Lithium acetate 0.2041/0.1379 0.2041/0.1379
dihydrate/Lithium nitrate
(9)
Sodium alginate (g) 0.25 0.1
Sodium nitrate (g) 0 0.0213

Table5 Masses of metal precursor salts used in thattempted synthesis of Na-doped NMC811 via substitution of
lithium (Li¢-xyNaxNio.sMno.1C00.102) using sodium alginate and sodium nitrate
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X=0.1 X=0.2
Lithium acetate dihydrate/Lithium nitrate (g)| 0.2296/0.1552 0.2041/0.1379
Dextran (g) 0.25 0.25
Sodium nitrate (g) 0.0213 0.0425

Table 6 Masses of metal precursor salts used in thattempted synthesis of Na-doped NMC811 via substitution of
lithium (Lia-xNaxNiosMno1C00.102) when using dextran as a biotemplate and using sodium nitrate
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Acetate Hydrate Nitrate Hydrate

Lithium (g) 0.2551 0.1724
Nickel (g) 0.4977 0.5816
Manganese (g) 0.0613 0.0447
Cobalt (g) 0.0623 0.0727
Sodium alginate, x = | 0.1 0.1
0.1(9)
Sodium alginate, x = | 0.25 0.25
0.2 (9)
Distilled water (ml) 10 5

Table7 Masses of metal precursor salts used in thattempted synthesis of Na-doped NMC811 via addition of
sodium (LtNaxNio.sMno.1C00.102) using sodium alginate and sodium nitrate

X=0.1 X=0.2 X=0.3
Sodium alginate (g) | 0.1 0.1 0.1
Sodium nitrate (g) 0 0.0213 0.0425

Table8 Masses of metal precursor salts used in thattempted synthesis of Na-doped NMC811 via addition of
sodium (L{NaxNio.sMno.1C00.10) using sodium alginate and sodium nitrate

X=0.1 X=0.2
Dextran (g) 0.25 0.25
Sodium nitrate (g) 0.0213 0.0425

Table9 Masses of metal precursor salts used in thattempted synthesis of Na-doped NMC811 via addition of
sodium (LiNaxNio.sMno.1C00.102) when using dextran as a biotemplate and using sodium nitrate agdapant
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Acetate Hydrate Nitrate Hydrate
Lithium (g) 0.2551 0.1158
Nickel (g) 0.04977 0.3722
Manganese (Q) 0.0613 0.0286
Cobalt (g) 0.0623 0.0466
‘ -carrageenan (Q) 0.1 0.1
Distilled water (ml) 10 5
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Reactant Mass /Volume
Lithium Sulfate monohydrate (g) 0.3199

Nickel Sulfate heptahydrate (g) 0.5257
Manganese Sulfate hydrate (g) 0.0423

Cobalt Sulfate heptahydrate (g) 0.0703
Sodium Alginate (g) 0.1

Distilled water (ml) 10

Table11 Reactant masses for synthesising NMC811 using sulfate precursors and sodium alginate
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Figure37 Diagram of XRay Diffraction[114]
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Figure38 Diagram showing emission of characteristic XRays ofcopper [7]
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Figure39 Visual lllustration of Bragg's Law115]
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Figure40 Images showing method for determining resolution of separation in twin peaks and a) the variables used to
calculate Rsand b) how Rrelates to peak overlap[117]
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Table12 NMC811 (CID IDL520789) Atomic Data for Rietveld Analysifl19]
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Figure41 Scanning Electron Microscopy a) Schematic[120] and b) Types of Interactiong121]
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Figure44 SEM of control NMC811 a) secondargpherical particles and b) primaryirregularly particles
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Figure45 Calcination of NMC811 using dextran and acetate precursors at a) 80C and b) 850°C
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Figure46 Calcination of NMC811 using dextran and nitrate precursors at a) 800 °C and b) 850 °C
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Figure47 SEM of NMC811 particles synthesised with dextran and acetate precursors, calcined at a) and b) 8G0and c) 850
°C, with a) exhibiting irregular particle morphologies, b) exhibiting plate morphologies, and c) also exhibiting irregular particle
morphologies
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Figure48 Calcination of NMC811 using dextran, acetate precursor, and 10% Na at 830 in a) Tall Crucible and b)
Shallow Crucible
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Figure49 SEM of NMC811rregular primaryparticles synthesised with dextran and nitrate precursors, calcined at a)
800 °C and b) 850 °C
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Figure50 Calcination of NMC811 using sodium alginate and acetate precursors at a) 750 °C b) 80(afd c¢) 850 °C

Temperature,°C

(003Y(104)Intensity
ratio (l(oosy(104)), abs
units

Resolution of
(006Y(012)
reflections, R

Resolution of
(018)/(110)
reflections, R

750 1.2 0.44 0.22
800 1.3 0.60 0.37
850 15 0.69 0.80

Table13 Comparison of organisation of layered NMC811 when synthesising with sodium alginate and acetate
precursors
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Figure51 SEM of NMC811 particles synthesised withodium alginateand acetate precursors, calcined at a)/50
°C, b) 800 °C, and ¢)850 °C
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Figure52 Calcination of NMC811 using sodium alginate and nitrate precursors at a) 750 °C b) 800 °C and c) 850 °C

Temperature,°C

(003Y(104) Intensity
ratio (loosyi04), @abs units

Resolution of
(006Y(012)
reflections, Rs

Resolution of
(018)/(110)
reflections, Rs

750 1.55 0.56 0.62
800 1.68 0.71 0.92
850 1.5 0.94 0.66

Table14 Comparison of organisation of layered NMC811 when synthesising with sodium alginate anitrate
precursors
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Figure53 SEM of NMC811 particles synthesised with sodium alginate amidtrate precursors, calcined at a) 750
°C, b) 800 °C, and ) 850 °C with ac) consisting of smooth/octahedral primary particles and d) exhibiing
nanowire morphologies
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Figure54 SEM of NMC811 particles synthesised with sodium alginate and nitrate precursors at 88D showing a)
nanowires 1 day after calcination and b) surface impurities 10 days after calcination
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Figure55 Calcination of NMC811 using dextran, acetate precursor, at 850 °C in a) air and b) under oxygen
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Figure56 Calcination of NMC811 using sodium alginate, acetate precursor, at 850 °C in a) air and b) under oxygen
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Figure57 Calcination of NMC811 using dextran and acetate precursors at 850 °C calcination and a) 200 °C, b) 300 °C,
¢) 400 °C, and d) 500 °C preheat temperature

Preheat Temperature,C (003Y(104)Intensity ratio Resolution of | Resolution of
(l(ooay(104)), abs units (006Y(012) (018y<110)
reflections, Rs | reflections, Re
200 1.55 0.71 0.52
300 1.51 0.55 0.48
400 1.38 0.37 0.21
500 1.7 0.48 0.35

Table15 Comparison of organisation of layered NMC811 when preheat temperatures using dextran and acetate

precursors
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Figure59 DSC/TGA for NMC811 calcined to 85T in G using dextran and acetate precursors and a preheat
temperature of 300°C.
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Figure60 Calcination of NMC811 using dextran and acetate precursoris airat a) 200 °C, b) 300 °C, c) 400 °@),500 °C e) 600
°C,f) 700 °C, andg) 80 °C

OoN=ANIKEP! RUNW U¢d! +t R WYNWI REE YO2IT W D+ql ¢cO0Wwe U7 L
NSIWW ¢ G GUWWRY Wedt YWwWeU¢ea! + 3T WAWqs BIUWq6é Wl I ! RUNLWE
[ RNEWBMs t Wad!l WIIWG ¢t AllldsaRIGNSZLH LYNINFAUGEY T LRNGglld Ut R q ! LWs
¢ UT WxMUW OWRNE 1t DWGIE t + BIDID Elc 10 HI10Kd) o W ROHRHG 100 LR OTIL ENGHLRYT G 1
| Ve #HqRY U WA IReydE0T OsU R # tM#IRT WWnhe URqRY UG 0 WNI Ye Gt We GY
TWql ¢cUWARY qJ0 God ayldiLLee WIS 10 & 1dddd RW MRAUR Y Ut We UT W6 RNG |
sROGRUWqE W ¢ GO UWet W3¢l a! Wet W wi I RUNDWGE¢t AU
Gl Urz21 + Y1+t WOYquwYrH2I I RUNOW 0! Weqqllt GalaqYWRUHAI ¢t
H6WocqRYUlg MROMWWE ALY WHe!I AYUAWSs 6 RAG Ws Ye gdUlA¢c 2t U
¢t Waqd IWERYHIDWEF ¢ Wi Ys UWwe UT Wnl 1313t We GWHE | MESURB LY W 13 ¢
Ct Wewl Wt edqgqWsYedl wWayelOwat+t wy#! nUUWqYLW WeHqlls Rab
DI Weaqldl W Rt YINeURt ¢qRYULWIE We Wl 1JE 13 1 oNROMESBC|Y 1 YH U o Y R
GY!I DWRUOWI VGq6 W6 Ys WasW2¢l ReqRYUWYNWHRY qJG Gi ¢ qlJ WG

®0



~9YNNUWGI YT edqWAz qWNWIUI ¢aa! AWect WGl W2RYet W Rt Het
| T e HRUNDWE q & Yt G611 1JLWa IITUR 660 G v WR U g ¥ diIIR WE B RK R WY F
| Ut GUHqR21JG! WHe qlls Ye Tl WEat Yilet HIWLE ¢ddiRio 0 QWS w2 R Y
~9YNNIOW t W eH6We UWRUHAI et WWRUWGS DLW D¢ qR2IJWECH
[ Rt YI DCURt ¢cqRYUWRUWq6 W3 UecdlW ~9YNNWGI YT e #Hawe U7 WE

[ R+RUNWSERY Ws Yedl W WheRI YWe Wt RDURIAcUqUWRUHI et 1L
GRNEVI WHe!I AYOWHYUqUUqOWe Ys D211 AWNR2130WYI ne URt IT U
T 9AWERNEGRNE RNAIBIMEIB RYIE £ WK W6 W6 ! T 1 Y+FRT JWGE et L
q 6HIUD q MMULRHIO R AT DO WY+ RT DAWRqWs Ye ol WOYqWAWWG! ¢ AqRHC

b1 Uq6 13t R Waa G ¢ gel WJHOW

1000 —

Intensity (counts)

800 —

600 -

400

200 -

15 20 25 30 35 40 45 50 55 60 65 70 75 80
2Thet a

Figure61 Dextran and acetate precursor solution postdrying
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Figure62 Morphology of NMC811 calcined using dextran and acetate precursors at 850 °C calcination and a) 200 °C,
b) 300 °C, c) 400 °C, and d) 500 °C preheat temperature
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