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Research Progress and the Limiting Factors that Affect Performance of the
Lithium Air Batteries
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(“ Department of Chemistry, Harbin Institute of Technology, Harbin 150001, China)
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Abstract Lithium air battery has attracted extensive attention due to its potential in achieving much higher practical specific
energy than existing batteries, and it may become one of the most promising next generation battery technologies. Lithium air
battery has the compelling advantage of theoretical specific energy, i.e. 3622 Whekg ' (assuming Li,O, is the product), which is
attributed to the use of a lithium metal anode and the ready availability of the cathode oxidant, i.e. oxygen, from the surrounding
air. Other advantages include stable potentials, high safety, low cost, friendly to environment. However, before Lithium air
batteries can be commercialized, the following challenges still need to be overcome: optimization of the cathode materials
structure and the electrolyte composition, enhancement of the actual discharge special capacity, and improvement of the cycle
performance and elucidating the reaction mechanism that occurs during charge and discharge. In this paper, we presented the
current research progress and the limiting factors that affect performance of the batteries, such as microcomposition and
microstructure of the cathode materials, constitution of the electrolytes, oxygen selective membranes, the structure design for the
lithium air batteries, charge and discharge mechanism; compared lithium air battery with other advanced batteries, i.e. lithium
air battery, lithium ion battery, lead-acid battery, nickel-hydride battery and fuel cells electrochemical properties, such as
specific capacity, specific energy, specific power and open circuit voltage; summarized the effect of the composition and
structure of the cathode materials on its performance; discussed the merits and demerits of aqueous electrolyte, non-aqueous
electrolyte and dual-electrolyte for Li-air batteries; analyzed the effect of solubility coefficient, conductivity and viscosity of
various components non-aqueous electrolytes, established the heterogeneous reaction model of cathode in organic electrolyte
and aqueous electrolyte and reviewed state-of-the-art characterization techniques of the materials for lithium air batteries and the
application prospect of lithium air battery.
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Figure 1 Schematic of lithium air batteries with different electrolytes
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Table 1 Several secondary batteries and fuel cells related electrochemical data”

FARK SN 1: 0,+2H,0+4e” — 40H™ (1)

FHAR S R: Li— Li'+e )

M 1: 4Li4+0,+2H,0 — 4Li"+40H (3)
(E°=3.45V)

A AL P AR s A L BTN () 1, 1),
12 J v AN Egs. 4~8.

FAMZ S 2: O,+2e +2Li — Li0, “)
BB SN 30 O,+4de +4Li"— 2Li,0 %)
B s v:  Li'+e — Li (6)

Hijth B 2: 2Li+0, — Li,0, (E°=2.959 V)I'' (7)
Ht B 3: 4Li+0, — 2Li,0 (E°=2.913 V)1 ®)

3 #B-TREMMERENTMERRFRER

BRI -3 i LA S N N T S, (RELRY B
JLSERR LU RE AR . I REICIRASERAL, 52 it
PEREMIPR IR 22, i B 2 BRI AROUE &5 44
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T~ Au/BRAN Pr-Aw/BRSEEAL MBI B AL, T80 LE 2%
435024 780, 1300 A1 1500 mAheg . HrLL Pt-Au/fft
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4% Pb 259 LaNis 372 Cs 372 Li 3861 H,—2H +2¢ 6647
alN1 1
: ¢ CH;0H+H,0—CO,+6H" +6e~ 5019
AN DRE=X

BBt/ LiMn,O, 148
mAhekg ™! . 1/2)0,—0*" 3350
( £) Bt Pb0O,224  Ni(OH),289 LiFePO,4 170 (172) o (1/2)0,—0% 3350

LiC00, 274 0,—0; 1675
HLIh B (1/2)0,—0*" 2.913 SRR I 1.229
APV 2044 1319 - Orr O 2,959 AR AL 1.213

Cy/LiFePO, 385 (1/2)0,—0*" 5203
WS HA R (Whekg ) 170 215 CyLiMn,0,392 0,0} 3622 Ha i 1937

C4/LiCoO; 568 A IEEAT 11400 CH;OH FHf} 3484
45 L /v 2.0 12 33~37 22~28 0.4~1.1
SR (Whekg ™)) 30~50  35~70 90~330 850~3800 780~3100
SRR L IR /(Wekg ") 10~50 56~100 80~480 280~840 56~190
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Table 2  Specific capacity are compared with different crystal
morphology of MnO, at same cycling rate of 70 mAe«g '

VIRt ZS B &3 10 IS th g &/
AL 1 1
(mAheg™ (1) (mAheg™ (%)
0-MnO, K2k 3000 1500
o-MnO, fH kL 1500 650
B-MnO, 41K 2400 50

3 2 EAR UL, A TR b TR R B0 T St LA
R B AR KI5 .

2007 4, % [ BER A% MM K2 Crisostomo 257145 %,
T ik A AR (MnOOH),  F44 A 4y - < it 1 ]
WA, SsSB4 R RW: 5oR I MnOOH AHLL, it
ELAR AL T 38%, 1A% 2200 mAheg (7).

2010 4F, 28 [E Py IbEF L= Xiao S5 3 Fiik
BAEHMNO,, V,0s, CF, -10-1.15)9 KB(RIE R EB)E &
o3 Al T AR I SEE A IR B R A
KB Itf, JACH LE 288k 400 mAheg (B + A7), Hrp
MnO, [ IIAXT KB FIAR 1 BE A K, V,05/KB 2 A
BGRB8 Bk 0.1 mAeem 2 I HL LU A BHIA S| T
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IR T TSR P LT 1) )
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Table 3 Specific capacity (0.1 mAscm ?), surface area and pore diameter of carbon materials

Ffdh Super-P XC-72 TEPER CNT VEE i S W MCF-C Bk A 5
thZ¥ E/(mAheg ") 1736 762 583 560 2750 2500 1136
KB (mg ") 62 250 2100 40 6 2630 824 480
fL4%/nm 50 2 10 — 100 30 —

(MoN/NGS), HTH#I-2S Wi Bk, BOeEHES 3.1
V, BB EE R 0.08 mAeem 2, CHL L AR
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FRPE 3 s -2 S b R e e 2 i
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Figure 2 Two phase systems in (A) aqueous electrolyte and (B)
nonaqueous electrolyte

3.22 dEKE WA

(DATHUHLER: 1996 4, Abraham %P1 ()4 - 7
AR LR BN BRSSPI (PAN-PVDF). A ALY
% LI BR(EC) M N M T IR BR(PC) « BHLER N LiPFe, JTi%
HURSRIE T 3V, SRR LRy 2.2~2.5 V, TR
LA, BB 600~1410 mAheg ', HAk
HE W 4.

R4 TR A RN R K S
Table 4 Discharge capacities of lithium air batteries at different current
densities

L2 B /(mAsem %) JRHEHE/V A E/(mAheg )
0.10 2.5 1410
0.25 24 1390
0.50 2.3 800
1.00 22 800
2.00 22 600
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Table 5 Composition of various nonaqueous electrolytes. Respective values for Bunsen solubility coefficient @, conductivity 6 and viscosity # are

compared with specific capacity at different current densities

AS[E) EEL I S /(mA sem ) I FECEE EE 25 B /(mAheg )

No. B HLHL T nleps  al(cm®Oyeem ) 6/(mSecm )

0.05 0.10 0.20 0.30
1 1.0 moleL "' LiPF4PC 8.06 0.0516 5.5 648 380 203 129
2 1.0 moleL ™' LiPFsPC : EC (1 : 1) 7.73 0.0482 6.5 519 512 224 160
3 1.0 moleL ' LiPF,PC : DEC (1 : 1) 4.78 0.0787 6.7 1881 1308 591 338
4 1.0 moleL ' LiPF,PC : DMC (1 : 1) 3.50 0.0729 9.4 817 652 524 363
5 1.0 molsL "' LiPF¢PC : DME (1r:1) 259 0.0722 13.2 1409 999 628 452
6 1.0 moleL ' LiPF,PC : DME (1 : 2) 1.98 0.0998 15.9 1599 1095 678 518
7 0.5 molsL "' LiPF,PC : DME (1r:2) 1.19 0.1218 12.2 1650 1257 809 676
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Figure 3 Cycle performance of the lithium air battery with (a) deep
discharge, (b) restricting capacity to 1000 mAheg ' with a current density

of 0.1 mAecm 2 and (c) limited discharge depth with higher voltage
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