Sulfur-Graphene Oxide Nanocomposite Electrodes
for Next-Generation Lithium/Sulfur Batteries

fFrfrrrrn1r

BERKELEY LAB
Min-Kyu Song':3, David N. Fronczek?, Caiyun Nan?, Zhan Lin2, Seong E. Choi3, Yuegang Zhang!' and Elton J. Cairns2-3
Molecular g 1'The Molecular Foundry, Lawrence Berkeley National Laboratory B
Found ry f 2 Environmental Energy Technology Division, Lawrence Berkeley National Laboratory T
3 Department of Chemical and Biomolecular Engineering, University of California, Berkeley

a Excellent rate capability by novel electrolytes

Introduction Results & Discussion

- 900
o . o . . e 140040.02C A Electrolyte A T=300C |
e Why Lithium-Sulfur batteries? 9 Graphene oxide (GO) as a sulfur immobilizer 1. * PYRUTESIPEGDME T e
- ectrolyie
= - - 700
O High theoretical specific energy Synthesis of Graphene Oxide: modified Hummer’s method :;-’-’ 10004 2 0.1C 600 &
£ : -2
o :Advanc_ed Li/S batteries cpuld provide - Chemical Approach % 7 teeit 02c '500?"2’:
s >300 mile range for electric vehicles. . $i121 0.5 0.2¢  Liog
3500-_ I Li-ion O Low cost HOOC COOH COOH OH EJ) A..... 1C :::::111:1:1‘{ 300 é’
™1 ~2,600 ~2,800 0 Abundance of sulfur on earth G g 400+ fasaa 2C 3
2500 - 0 Environmentally benign 2 21111 (<o
20:}0-‘ ~1,800 HO 200 - 121112 - 100
1500 L AT e -\ . ’ 0 é 1I0 ‘||5 '2I0. '2I5. 310 3|5 400
1000 - S+2Lrm+2e < LIES % 'f COOH Number of cycle
| ~600 . ﬁ\‘
D o S, e Effect of elastomeric binder on cycle life
. 2 electron reaction sHoING 30
Spegﬂ;ﬁ n)ergy Ener{g\ﬁ{,gﬁ?sity 1600 T=300C | 500
’ Theoretical specific capacity: 1,675 mAh/g COOH COOH | acharge sl ls - oo
Capacities of t cathodes: 130 ~200 mAh/ T el sl o — -
dpacities of current cathodes. -~ m J 1200 - 700
Vi-K. Song et &l Nanoscale, 2015, 5, 2186-2204 (€9 LiGe0a) C 1s and O 1S XPS spectra showed the presence of sp? carbon (C=C), 1000 - oo
The Lithium/Sulfur battery could provide up to 4 times hydroxyl (C-OH), epoxide (C-O-C), carbonyl (> C=0) and carboxyl (HO-C=0). 300 - Elastomeric binder "

the specific energy of current lithium-ion batteries.

600 . ]
Traditional binder

400

n
o
o
Discharge capacity (mAh/g.,

9 Conformal, thin coating of sulfur onto GO

Discharge capacity (mAh/g_ . )

200 - - 100
Capacities of current cathode materials

0 | | | | | | | | | -0
0 20 40 60 80 100 120 140 160 180 200

9 Critical challenges of sulfur cathodes

Number of cycle

R Address
LT polysulphide solubility Capacity fading Elastomeric binders played important roles in
" \ : v withstanding the volume expansion/contraction
: B\\ ~ 1600 ° [
> PN - ‘\ @ Estimated cell-level specific energy
:‘3 [Q/ '\"';'o e . .\ -l_r; 1,200
S 15 LizS, LizS, Li,S, > o 1800 . —
o et . [ " 5 o "ay, i : Li/S Cell Specific Energy =
> > c 500 L N
0 p' 0 S iaag, ing 1600 -
1,00 @ ol ey
Capacity (mAhg’) ' ; o L FTTTIT AT TT ‘ * : Initial (0.05C)
£ 400 1400 N

Y : After 400cycles

1200 | (0.05C)

A\
A

Irap discharge CC 10 20 30 40 b .: ; "
products in rﬁo'-\',npor(;l.\‘, Cycle number ’ \T‘: -'“;;';‘:‘ T "‘ 3" 1000
carbon cathode / ) ' , *‘, <
3 nmy . e eRTAL 23 ::‘,‘;‘ ' E 800 |
000 Sl Sulfubmag EV Battery Goa
65O 000 : ( mile)
000 «physical Ab TSy ho Uniform and thin (around tens of nanometers) sulfur coating on 400 —
00 ysitd SOIPHONFPProac Graphene oxide + heat treatment (155°C x 12h, Ar) process | N Li-ionCell
200 | (State-of-the-Art)
_ L. Ji et al, Journal of The American Chemical Society, 2011, 133, 18522-18525 i -
P. Bruce et al, Nature Materials, 2012, 11, 19-29 0
o o 0 0.2 0.4 0.6 0.8 1
e Factors limiting the performance of Li/S cells e Chemical bonding between Sulfur and GO e

'-G(:'} S 25000 T He'asura;lape::tra T T ' TSZp' - Summary

— GO-S —— Fit
(1) Loss of Sulfur: Formation/dissolution 20000 | :22 g - Demonstrated 400 cycles for a Li/S battery with excellent specific capacity (above 1100
of lithium polysulfide e > 3 g - MAh/gS).
Sy e m —
Cathode 8 LES S L5 LS LS, 1e ] > -E - Demonstrated 400 cycles for a Li metal electrode, enabled by the LBNL’s safer ionic liquid
(2) Polysulfide shuttle between negative | g § based electrolyte.
and positive electrodes during cycling Polysulfides  \ insoluble £ - _ o
e . e ' compounds - Novel electrolytes developed at LBNL have good properties for use in Li metal rechargeable
throug

cells, and offer safer operation than conventional, more flammable electrolytes.

Separator . Separator

(3) Mechanical degradation by volume

change (~76%) of the sulfur electrode R — i L e “The strategy for improving a single component may not
during cycling e p 200 400 600 800 1000 1200 1400 1600 1800 be able to address all of the issues that are interlinked.”

S, LISy Li;S; LIS, LIS, Raman shift (c m“‘} Blndmg energy (eV)

Li
> ‘ f From “Lithium/sulfur batteries with high specific energy: old challenges and new opportunities,”
Polysulfides reduction on the Anode surface M.-K. Song, E. J. Cairns, Y. Zhang, Nanoscale, 2013, 5, 2186-2204

Li

Shuttle

(4) Insulating nature of S and discharged
product, Li,S

Anode Lithium plating-stripping Raman Spectra of GO and GO-S nanocomposite S 2p XPS spectrum of GO-S nanocomposite

Acknowledgement

Cyc|e life is controlled by coup|ed ‘chemical’ and ‘mechanical’ degradation! between GO and S after coating S onto GO. This work was supported by University of California, Office of The President, UC Proof of Concept

Raman and S 2p XPS showed the existence of chemical bonding

Commercialization, under award no. Discovery009530, and by the Office of Science, Office of Basic
L. Zhang et al, Physical Chemistry Chemical Physics, 2012, 14, 13670-13675 Energy Sciences, of the U.S. Department of Energy under contract no. DE-AC02-05CH11231.



