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Figure 3 (Color online) Single-phase region of LWO powders plotted
against the La/W ratio and sintering temperature (heating and cooling
rate 2°C/min)[l4]
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Table 1 Preparation methods, phase conditions, and electrical conductivities of LWOs reported previously[m

R il PR (°C) HIL S HLS:3(S em ')(500°C)
LWO54 S 1500 A 4.6x107*
LWOS56 S 1500 kg 9.0x107*
LWO60 S 1500 LR | 1.0x107°
LWO58 F 1550 HpH 8.0x107"
LWO60 F 1600 EZ 1.0x107°
LWO54 C 1500 P 4.5%x107
LWO60 C 1500 ZH =

a) S, [, F, Wil T, C, AR A b) “=7, Rl
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Table 2 The conductivities of Lay;_,W,,, 0545 family with different dopants

[30]

800°CHIHL $:%(g, S cm™' 107°)

Lats WiB 4k
LW LKW LCW LNW LMW
Wet H, 2,861 3,145 ~2.01"° - -
Wet air 2,948 3.598% - - -
Wet 5%H,/Ar - - - ~10.0"" ~5.3117

a) LW: Lay; 0sW400054025 LKW: (Lag§K02)27.08W4.0205538-05 LCW: Lag 99sCag 00sW1/602-9; LNW: Lay;NbW,Os5; LMW: Lay; 05(WsM0g2)s.00

Oss538-05 “—, R

3 LWOMBHGTZR H

VER—Fh T30k, LWOH AT EZ0 T 75
TREESOF C H fift Jo b4 A} A B B0 1 B 88 00 15 I 45
.

3.1 LWOMBHER TS 3ESOFC Ji i1 Hl

TERTF SARBESOFCHE it B iy i HI 7 T, - H ARy AiF
5 EBEP FHRALWOM K, WIFLWOS4LL S et
KILWO6TH KL, MiBZ<LWOM kL T HAEEA
— 5 I HL L S AR /D 7 FH T SOF CHAL A .

TEIR S LWOM AR BT % 0w, aiAMRE
SISz £, TTE AR TR 7T, MagrasoP g
HPHERHLL, LWOS4YENHLf#T, 7£1000°CHT Sl
5713.6 mW em HYER K INFRBRE, LI AR K Rl
bR, X AT fE 2 i TR A M R BT R e S
LWOSANAHZE M SR, ILoh, PAg & 5, MELIN
FH, 0B A A F AR A A LR A (IR . 2 S50
SNz 6. QuarezZE APTEER T — 25 B A
*4La0'7Sr0'3Mn03_5(LSM)\ Lag 7581 25Cry sMn 50;5_;
(LSCM)F1Bay sSt, sC0g sFeq ,05_s(BSCF), BF5% HR 1 T
PAILWON HL i i I SOFCRY I A1k, 25536, LWOHL
fE S LSM . LSCMMELZ [ & R i fb 2= A 2,
{HZTELWO S5 BSCFRY A AL AL T FH 4y B4, H
AW A 2E RN & A AR L T R 2 SR R L SM
HAT TR AT LB, 20355 743 Q em’, BERA R bR}
i — Ak, 25, QuarezZE AP SUHFFY T Pr,oNiO,
AR ALRL,  IF58 35 2P, NIO B R A B g L BE . %R
FL AR LR . R R R R e AR B 2 A S i A ok
oA LB, S2 675 B9 S 0 T HLBEL(E 0,46 Q em®
(700°C), HSEFLHIAMBER B TALA R B B, XA
FI T RO K A E BT, SolisZE AR La,NiO,, ;41

BHB R, §ilF53 T La, sProsNigsCoq 04 SR AL, I
TELALWOS5 Ay LR R B 6 R EEL 130045 70,62 Q cm”
FIRALBET. BN, TFFE N B IRARRSE T ALWORM K
g HL T I SOFCRIMR AR, BIFFE 45 S350, 124550 B
e A4 BENTO I AN IE A A A LALW O A1} Sy H fiff S5 Y
SOFCPHIE™, PRI 2T & B AR, Solis A
% T PIFhBHA A B, 4351 F Lag g5Stg 1 5Cro sNig ,05_s
(LSCN) LA 2 2% FHI5 mol L™l i B 7K 15 Ak 12 15k ol 45 114
LSCN+5Ni. WE4/R, Nigx WLSCN i Hh 4384, I7E
AR NG KR T, TR K i T Nk 1
TE AR AARAR B A . Sk Be Kok T R A A AL
VPR T ARG PR A, B T SRR R A G
P, BEAR T AL BH. £E700°C, SZ5IASLSCNIf) T
BH£70.47 Q cm®. [, Balaguer®s A" & T —Fh AL
Aol A PE B B B Lay ,5Cey St 1sCrO5_g,  FFHE
750°C T iI750.26 Q e AT FELREL{EL. S SEBIF5E#EH LA
LWOM LAy H i S5 i SOF C 1Y S BRIz FHAE Hy T B %
BTk,

J T R LW O 5 B AR AL 2 A A 2 )
RIIEHE Rt TR, ST A GO AR R A B 9 Jr
. Zayas-Rey%5 A543 75 LW O HR fi# B R H =2 7]
T2 Cey sGdy,0; o(CGO)ZFLLE i 2 Ayl /> FL ik T
5 MR 22 ] B B oy DA R bt . SR A SR
PALa,, W4NbOss_s(LWNO)E N T T PR L i T, LA
Lag gSrg,MnO;_;(LSM). Lag ¢Sry 4Co,_Fe,O;_;
(LSCFx). Lag 581 5Cro sMng sO5_J(LSCM)Z5AE K 1%
PERE, DANWER BHBATEL,  £E750°CTF 1R X e )
KR53 A B A RILSCF0.2-CGO/CGO | i H, FHAY
H0.11 Q em’, &4 BB FEINIO-CGO/CGO ) T Hi FHL
H0.29 Q em®. AR T AN, 2 AR AR LR T
RRRRAR. X FRBH, HL A o R A AR 2 [ () Bl N A T
A 2 08 3 1 EL 11 B W / e £ JR SR T %) B T s A K

167



M F b 202518 H67s H2MH

.
LJ

H,0 @y H+ ®

R
) \ >’

% .\ 3w

’ Electrolyte

LWO LSCN Anode

—~
(3)

-
®
z
=
=
o
3
(o}

el
o
2
o
™
n

LSCN Anode

(6]

LWi

Electrolyte

Bl 4 (MERRUR )LSCN B 7R ZE 1] () FIH R 107 1 451 4 o 0 43K
B (SEM) 14 (b) L LSCN+5Ni BHAR A4 7~ 2 & () AL 1 Y SEMIEI %
, &

Figure 4 (Color online) Schematic diagram of the LSCN anode (a)
with its corresponding SEM image (b), and the scheme of the LSCN+
5Ni anode (c) with its real SEM images (d, e)ml
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Figure 5 (Color online) Cell voltage and power density curves as a
function of the current density at different temperatures, using air and
5%H,/Ar as oxidant and fuel respectivelym]
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Figure 6 (Color online) Schematics of the structures of the anode
support[43]. (a) BZY monolayer cell; (b) BZY|LWO bilayer cell
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As one of the most important clean energy and commodity chemicals, hydrogen is widely used in human life and industrial
production. In the present decade, three main technologies for hydrogen recovery have been developed, namely pressure
swing adsorption (PSA), cryogenic separation, and membrane separation. Among these three different hydrogen recovery
technologies, the membrane separation method is favored for its high efficiency. Benefiting from its absolute selectivity of
hydrogen and the low cost, mixed protonic-electronic conductors (MPEC) have become an important research object in the
field of hydrogen separation membrane materials, which enable a significant approach for the purification and utilization of
hydrogen energy. For the traditional proton-conducting perovskite oxides doped with Ce and Zr, although they have high
proton conductivity, their poor chemical stability under the atmosphere in the presence of CO, and H,O hinders the
commercial application. Rare-earth metal compound lanthanum tungstate material (LWO) is a kind of crucial proton
conductor, which has good chemical stability in CO, atmosphere. However, the hydrogen permeability of LWO is not
satisfactory because of the low electronic conductivity. A variety of effective methods to improve the hydrogen
permeability of lanthanum tungstate film are summarized in this review.

This review introduces the basic electronic conductivity of LWO-based single-phase materials, with the emphasis on
improving the electronic conductivity of LWO by adjusting La/W ratio, cation doping strategies, and preparation methods.
Furthermore, it reviews breakthroughs in their application in proton-conducting solid oxide fuel cells (SOFC) as well as
hydrogen separation membranes. The problems now faced by LWO oxides are analyzed and their future development is
predicted.

Firstly, the proton conductivity of LWO is positively correlated with the La/W ratio. Adjusting the La/W ratio improves
proton conductivity of LWO. For cation doping, the substitution of W rather than La more effectively improves the proton
conductivity of LWO. Secondly, compositing LWO and the electronic conductors effectively enhance the performance of
the hydrogen permeation membranes. Thirdly, in terms of the SOFC applications, an additional oxide layer between the
LWO electrolyte layer and the electrode layer avoids the phase reaction on the interface, which prevents the chemical
incompatibility between the LWO and electrode materials. Many studies show that the maximum utilization of LWO can be
realized by optimizing crystal structure, phase composition, and the SOFC structure.

In view of the problems existing in the research of LWO materials, future research can be focused on the following
aspects: (1) Further exploring the electronic-ionic conducting pathway and catalytic mechanism of LWO series materials,
and then optimizing the electrochemical properties under the guidance. (2) Developing the electrode materials with good
catalytic performance and good chemical compatibility with LWO which is significant to the stable operation of SOFC.
Also, it is necessary to improve the cell preparation process in which the unbeneficial interface reaction between the
electrode and the LWO can be avoided. (3) For hydrogen permeation membrane, future research can be developed towards
optimization with cation doping, surface engineering, and composite materials preparation.

lanthanum tungstate, proton conductor, solid oxide fuel cell, hydrogen separation membrane
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