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R TR K. (a) LEP-KB; (b) LFP-MWCNTS; (c) LEP—GO. 2 BSEMIE: (d) 1.0 wt.% LFP-KB; (e)
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Figure 1

Schematic diagrams of suspensions with different carbon additives. (a) LFP-KB; (b) LFP-MWCNTs; (¢) LFP-rGO. SEM images of the

slurry. (d) 1.0 wt.% LFP-KB; (e) 1.25 wt.% LFP-MWCNTs; (f) 7.0 wt.% LFP-rGO. Relationships among the addition amount of conductive
additives, conductivity and viscosity. (g) LFP-KB; (h) LFP-MWCNTs; (i) LFP-rGO (color online).

1150



REFRE: b 20224 Hs52E BT

3.1.2 MWCNTs

KB, —4EIMWCNTsEIA B — 2 & 5 A
e AE SRR I RS L IR 2% S M (BIS Te), LEFPIIT s 2k
it 77 5 MWCNTs#EAT L T (E1d) .
1.25 wt.% LFP-MWCNTs[{]SEME F] LAF i, MWCNTs
BI5) s AELFPR HI(K 1e), LFP5MWCNTsZ [AIfE4E
T A, R S LFP-KBIRAH EE, LFP-MWCNTs
WRLAAE SR TR, YMWCNTsH IIEIAE1.0
wt. %I, FORLA Bz B E (& 1), LFP-MWCNTs#
BHI e 8 S TF AR TR R, Foe MR (IS2b). 28
i, 76 AR INEA FER, LFP-MWCNTsH R4S
JE it i FLFP-KBHK EHEIS3Db, e), X2 NHRT=E
HEK B fa] B P fk, — Z4E MW CNTSTE IR B 23 &
AR YRGS, TR AR BE K A [ A RORE, 38 T 2Rk
1B1TRH ).

313 rGO

EKBHMMWCNTsH L, —4EKrGOF 3 R~k
(2~5 wm) HAHAR F 2 (8]t Fye 4 ) 5 ke A e S (B
S1d), HILFP—rGOHK k2 F M2, R KGO INE
EZE0 wt.%, LFP-rGOEHEICIEAE K ] Py F2
TEBVF(ES2c). T LAELFP—rGOX R b s LUIE i 58

S M2 1g, h), SLFP-KBAILFP-MWCNTs#
BHHEEE, LEP-rGOF K HL T AL, HrGOR A INE
INEN7.0 wt.%I, R -G E H14.9 mS em™ (E1H).
BEE TGOS = — D1, LFP—rGOX KL H T35
PRGNS, (H RSB PSS K (ES3e, f). XZH T
B Al RS AR BT &7 LI BRI, OB A5 BE 3G R, 2
BHEAT Sy n ™.

3.2 AL R AR

FET AN LA ey e R, FRATTZH 2 B AS b g
AT AL AA R REXT LU (EISS). WIEIAEERE R AT LG H, 5
FEL 751 A8 AR ) B S FR I AR IR . PR PR AR e
72, XAREKIR B T ) 5 T ) 5 DA 58 44 fi,
WRITCF AR R B TPIRAS. 105 H R e ) 4 mn 1
FRAS L T RORLRG B, BT RO R, ERH
WS TR ERAR. RS & R A i A
Ers R LA MR RE, HEH.0 wt.% LFP-KB, 1.25
wt.% LFP-MWCNTsH17.0 wt.% LFP—rGO¥ kAT 5
SRR, AR L (C V)L T IR, =FE S H
HILE3.SFI3.3 VI A — XIS R (K2a), 435
of I8 Z8 R R FP LT ZELFPH i s A AL 7EAH
[FI 408 T, LFP-KBFH A HL b S A 5k 5 06 2 ]
IR 22 B/ WEHL R AR =, R PR AR Ak FE R/

5
(a)1. — (b) 4.0 (c) 400 120 _
= —— MWCNTs I L N o | 9
o 101 T2 a5 a0 &anw%n%%\ g« 10
2 o6 LiFePO, —> FePO, s , = 80 £
2 o 05Ag E @ KB @ MWCNTs o rGO 2
] & E =
g 00 g 32 = 200 £
2 S 5 k)
€ 05 > k]
g 7] = £ 100 5
£ e - — MWCNTs s S
3 4.0 FePO, — LiFePO, — GO o =1
o 0.1mvs? 8
L
1.5 24 oy LAY, . . —Lo
24 28 3.2 3.6 4.0 0 40 80 120 160 (] 10 20 30 40
Potential (V) Capacity (mAh g Cycle number

(d)200 (e)300 120
0.1 Hz - 100 kHz =
160 —o-KB B ‘?250 gm‘alrﬁ"f‘rvz':wrvw rr’"rv'f*yfr\'(rr'IVWK‘C*WWT;r(*(q'."rvr«'rvrr-'rrn'i'rxirvvm‘.*rmvr/rVwVﬁh*\ 100 E
-0~ MWCNTs 3 g
T 120 9100 / ? s o KB @ MWCNTs @ rGo [5 .
F =
e 9 Q/ E
H Q
N / 8
£
o
> 3
P S ]

0 40 120

25 50

Cycle number

75 100

B 2 LFP-KB, LFP-MWCNTs, LFP—rGO## 4 HLi ) (a) 0.1 mV s~ 93 FIICVIIZE; (b) 0.5 A g~ HIIf 25 B F 1 78 i i 2% ;
(c) MRS (d) Nyquistl; () 0.5 A g™ FILU S N OB HR 1 B (P 45 RRORE 1)

Figure 2 Electrochemical performance of static cells based on the LFP-KB, LFP-MWCNTs and LFP—rGO. (a) CV curves at 0.1 mV sfl; (b) charge/
discharge curves at 0.5 A g_l; (c) rate capability; (d) Nyquist impedance plot; (e) cycling stability at 0.5 A g_1 (color online).
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Figure 3 (a) Optical images of flow batteries. Electrochemical performance of the LFP-KB in flow batteries: (b) Nyquist impedance plot and the
change of the charge transfer resistance; (c) charge/discharge curves under different current densities; (d) energy density and voltage plateau under
different current densities; (e) cycling stability at 3.1 mA g71 (color online).
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Figure 4 (a) Schematic diagrams and (b) optical images of the in-situ
XRD model for lithium slurry batteries. (c¢) charge/discharge curves
and (d) in-situ XRD patterns of LFP-KB-based flow batteries (color
online).
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Abstract: Lithium slurry batteries are promising large-scale energy-storage devices because of their low cost, long life,

and independent scalability of energy and power capabilities. Electrode slurry is the main component of lithium slurry

batteries and its conductive and rheological properties play an important role in the electrochemical performance of

batteries. Herein, the types and amounts of conductive additives on the conductivity and rheology of LiFePO,-based

cathode slurry were investigated. By comparing the viscosity, suspension stability and conductivity of different cathode

slurries, the 1.0 wt.% LFP—KB cathode slurry displayed a better electrochemical performance. Based on this cathode

slurry, the lithium slurry batteries exhibited a stable cycle performance over 450 h. This work provides a guidance to

select conductive additives for lithium slurry batteries.
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