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Abstract: This review represented recent work on minerals application in electrochemical energy storage, i.e., the use of minerals in

electrodes, electrolytes and separators of secondary batteries or supercapacitors. In addition, the existing problems, challenges and

future development in this field were also described.

Keywords: minerals; secondary batteries; supercapacitors; electrode; electrolyte; separator

WY RAFED ARG S
(B H A B8R 10 £ 45 A 25 2ELORUSC, R3]
A, AR ] R FE A A N TR 98 s A5 it o B
B T At AR I IR T N TR s
T W KBRS U . BRI
KA1 F B AE e i e 1F O3 B A
EORAFAE A R FETRORIR M Al o 3 T 7Y
IR 7/ N0 72 TN 4T (AN e W 8 VA S R P
LA S Ak e O FEARA R B S O BEAT R, AT
GO AL A BE A 1T I RE R R 2 24 2 T I
PERE, JFREFALHbEA, RN SEHL ) B

WA E I 2021-01-31, BT H#: 2021-03-04.

FEWH: HKARBEILE I H (41831288, 21875223); ik
ABHIFIL 25 2 (35832020088) -

R X R1982—), B, A, mIEEE.

WEEE: B 1963—), %, fd, #Hiz.

FEACMT . JEEER, AT ORI T R P B
FORHROE 22 H H H RO SR A+
IrRZ . AT RENSEON Axiii i 1% U I T
JES RSy, AP T OEICRRI IR, R i
WU AT SCHEAT T A AR BRI 358 . ARLRR A
AW P GEIRANRDRE LS A 2 Ak REATRE 5 F 11 (1 5%
AFERD % ORE ST WA R R, F 4
MR PE — R L SO B A I AR U
983 5% K% Zh BEAE EORL D5 1 (K S P 92t e s B Jm 45
LRI, TR OUR AR T Bk
V& IETER R

Received date: 2021-01-31. Revised date: 2021-03-04.

First author: LIU Hao (1982-), male, Ph. D., Associate Professor.
E-mail: livhao1398@cugb.edu.cn

Correspondent author: LIAO Libing (1963-), male, Ph. D., Professor.
E-mail: clayl@cugb.edu.cn



%49 &5 10 ) X5 S HTE A A RE AU N T T < 2131 -

1 F AR

WA T SCRUBR L2 53 U200 e ST Wb el
SEFE T LA B AL 2 M RE I R AR WA A
A RIRE W0 A o B sUR I T e i e, 1
HAR g5ty PEReRE IRk e SRR W) A i
FIFAE B4R A R AT RIS, T X WrdR) 2 g
DL 445 A ok 5 R0 T 45 I A RBH (AL 3 AN —
SESN W), W A R R AR AR R AR
PP, WA o AR SR — AT 4y AR
JCE. ). A KA A EEEERIR LK
stk 5 KRB, A KR T XA Kb 41
gy, WREE A )z . Rk 3 2 ORI i A
(R R DT BRI A D RE T bR A R RT A D
Yk kL. SRS, ARLRIRE SRR )
TEff REAUIR I N, N A R K BN . KT8 A
PR AR AT SN IANE VR TE N o BTSSRI
A E TN, FEMNLIE 2 7 E: 1)
W a i P ol sl b 5 B T i A At Re K
BB, HA. gk, YEREFME AL RE S ) IR
BHMFEAE EREGRAOCR . Hiln, RIRASE. BHT
TR AE FAE Z it AR R 2) DAk 32
JEORIZ S a0 s % 0 m R T AR A i R
PRI RE, Al e, 45k, PhRe R 2R S
W A R T LA AR ARG R . ltn, &
T WA DAL A Ak R R AR A R
2 BB

HIAL 2P R A A — T LASE I L fig S5 1 2 e
A3 E, FEAR B S BEA BALR T
7% 2 RO, i FaE b pe S T, i
120N, KIALLR AT H SR AR i AR 1 A
B b, AHIC MY 2 A I B f s A
FEAH BT A AT, [ R R b . ATt
PR B T UK L I B R R A A A R A P
Ji&o FERBRENLEE T I, BB Fth A R Lt 3
Sl B 78 TR0 H I R L BROR R A AT S A SR AL /3E
)V (Faraday 13 F%)SE IR g & I AAAd SREEG T EEZ)
FL 2 A B I B/ B Bt (I Faraday i 5)5k
R )ZEAE IR S N (Faraday &b F ) S I BE & F A7l
ERe™, Uk, R A R A R R,
1068 20 L5 A LA S R B0 T B2 R K (R i A 7
o FERSAER RO, AU, B AL,
IEAR S BRI R . Ahse 5 AN it

il

Har, Wik ress b b M s e, Mm%
Sk AR K % T AL ST 1 R R
3B SR R

HAT, A9 2 A R F i F AL L (LA A7
BAPRE R A2) R B ] 2 P A T 4 L OB A R
FHAE RO R B PR PRV IR A — S8 RaE . IR
Hl R AR, HEroEoE FE Z AR rh A1 B 1 it
AN R b, A/DRN ATk, 3L
by R Lt DU D D
3.1 GarkarEd
301 R fasss HAT R R R T
SRR, 708 F I T RN G 23 T A e 2 ) 4L
EW) LiCs, HEBA RN 372 mAh/g. R A a4k
SRS C, I AT AR A RSO A B . KRR
A1 S SRRADRE— MR R SR 85 1 0 28 08 UL o
FXFF IS A8, RGBS, RSEEE R,
PR TG, R, B T7E 7 M R v g ) 3 Bl AR
BT IR g DA 88 2 RITE IS, IR IR
IR IR AS 0] 336 75 B B R R 2 [ i B g
PRI, 50 AR A SR AT O ke s L 1 5 4
P, $ETF ke, o SCA A R ]
PR AT P AU SRR A B, I
OB A =T 318 mAh/g, I8 R RCR K
T 75.5%, fEnliks 79.6%, it 5 EER G, L
R 300 mAh/g BA L AR a2 R 0
i R NI SRR RIS, MRIR A
AT ROV BT R0 R A 2
TARN G A7 58 2 25 RBR , 83 30 Bl 78 )i
ARG, LR ELAN 325 mAh/g, AR EEN
RARAT SR LA B L T ORI . W di
S LTSRPH UM IR T e Ty 8 A I 0, 0 R AR 0
AR, R E RS R A LR, Hh
F 0.3 nm FFLARGRUE T8 & 7k, R SCRT
1E HEARRRL A T I E N, BRI mT A 3 e s R
TR AR . AN, BRI B B AR
SR A RHNR A A A a0, AT AR
FaE Tt

RARA B AR TR A AN B 1 it SR RE, )3
FERATAS] 150 mAWg!" 7 H i TR 7Rk
K, PN A BN sk A2 A 58 2 R AR I I Bl
A, FaEMERE
3.1.2 WA BN YIRS E B4
JE It E SR & AL A TR AR A, B



. 2132 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

P2 T . ARSI . BT (MoS,)
FEEE (SbyS3)s FHHIH (CuFeS,). NEEN (ZnS)&5: Kk
R AL 22 1 B iR A Ts v, T T
21t He FLAAA Lo

1) HEEHE"

FERHT 24 15 9 MoS,, Forp A 5 7 )2 5 AHAR
2 JEBR R T R A B Al A R = IR R A
F, E5RELL van der Waals ) 4541200, (HR SR
N SRR, T BRI G A R AR S R
Jiang PV SR J5ORE, SR AR
TR UG 2R 2> 2 T 2 AHEE SR s 2k, i
1B ERLAR ) FOR MoS,, R T 1M EHE
BT HL B AR INE, ORI AR I A T BRI S
GERFW], SEEPRIAR N 1 um [ MoS, FEAR HLAT fetE:
HIAL A RE o 1% P2 o TR 4 79 P P T
SRR SRR AN 45 b P B e A B
2 L 4T 4 3 (CMC) LE 2R f 91 £ 945 (PVDF) B 3E T
VENFEG R BB TAENT Y78 2 ik ) Tk Ak
AR PR T AN TR LS o AU B B LR SR R AH
B FIRAB J A SR a7 B IR A3 B R 2 A ™), O
ORI T et A B R DA 2 P S G T T i
PERE

2) MR

MEERH L2 IO A SbaSs, AR S 14 8 T 1EAS
(B FR, BAT LA(SbSe)FE T2 1 2ok 45 k24
SbySs A& — PP T I8N B 1 Fe it S A R, JLES 2%
F A LUk 5] 946 mAh/g*. Deng 25200514 T R KK
BRI RS 2B 2 M A RE, AR B 1 it
b, AL 0.1 A/g 244 FIEFS 100 XG0 B AT
R A A B 455.8 mAh/g, LA RSRIEBED B
A3 S A3 2 A SRR S G R e P« Ge 45127
BRI SRS 515 BNl 5= Sb,Ss, &
Tk 078 Jo A g 4 B T b b, VRS TSk 5.0 Alg
i 7% A AR FEAE 674 mAh/g 225 A RN B 1 Ha i
TR, HREEN 3.0 Alg WAl R FEAE
366 mAh/g. ZHAO 25PSIiygk 7 HAT 5 2 45 K (1
SbyS3y/Sb/S A%tk Z IR A M kL. 2 St ] g ik
TS5BS IR, GG T A O, B
AR E R R A A PERE

3) BRI 5 S

B 422 154y 0 ZnS, 82545 R I
W) AN 124 /& CuFeS,, BT SR, &
PRGER R N EER TSR IO AT AR g5 4, LB A7t i 2
LLFF 2 ANNEED I B %, Zhou 2P0

FARBHI A JEORE, ik fa] VR IR R 1T 250l
2T PR Al 5 (98.6%) Ik 2% CuFeS,, 154
B T P A AR R B R R A5 Z 1 RE AN R L
PEERPERE . LRI N 1.2 Alg N, WA Tk
700 mAh/g, £ 1000 AGHF G PREF 660 mAh/g,
SRR FFE A 94%. Zhang 2B SE R4 5 KAk
HR™, 433 AR [RIRLAR R CuFeS, - g8 55 1 v it 471
WMo GEREH, P RSTA R T4 il i v fk 2%
PERE. (HUE, B AEATRORL RSO, ARl el
KRR ik, HATL ZEPH LIRS0 N J5
Kb, e, AERRR RIS ) P (<1 )il TR
RGO PR E AR, G RETE T INEER 1 A it
REFLAR IR Ha Ak 2k R, A R I P i) 2% B 2R 4 Kb
BHE LT —Fh A BT s R % .
313 WA FERBEE T AR A R
AR BES LU 2 8 Ik 4 200 mAh/g, BB EE
HUA A, SRR E R, B, R FhRH
AR AR T 2 M P S A K E R
7, RUEIF N 3 LA R0 0 Rk S RS AR
b FERAERE B it A kL. i ah, HAE )
FrEY R AR AT D O .

1) e A2

FE 8 - PR AR AT S OB T T A
HAL 224 A Si0, ok (LA Si02nH,0 [T N AFHE),
2y ik 1 80% (iR H)LL b, IF S A A AL
Fe 254", Wang 25 R L HUA JE I 4% 2 4L
FERORL, I 5 INBAL T 00 R A 58 5 2 FLIE 25 T
HAHE T At SO RE . RO A B A
T, K 2 FURE R SR IE R R, 0 il — 4 T HL I 45,
AT m AR L 2 PR O, fE PRI JE 0.1 Alg
ZAFR, 25 300 FETEIRR A AT AT R4 938 mAh/g;
155 Alg I = L% 2 T4 470 mAh/g 1) LL
id . MR DO U RO 5T i LR 4% T 2 AL AE
L, FE 46 T K 22 FLRE/AT B8/ B AT A TR B 2 1
H It SR AL FE RSN 0.2 A/g I, & B IE3R
R Z5 5 817 mAh/g; £eid 100 PEIIEIA )5 25 &
fRFFR 96.7%. Zhang 0T 8 L ik 1 4%
(1) 2 FLIE S & B 2 1 F it R R, AR E
At B 25 b, R BERGE Ik m] IR+
il £ 2 AURERRL, 3L S 2 RO Bk b 4
BIE =4 T WA i A ik, R TR
1y FLAL 2 1 R

AR AT BT LA by ) 25 ESE AR JsUkE o
A1 52 1 TO, (T AR ALER Si) Y T 44 1 R K A A,



%49 &5 10 ) XSS A A S RE UE NH E SEE - 2133 -

FEE R DY T A R 4 DY T 4 00 3 6 P AU T AR
Lin ZPLRAMRES AL SR T 2k i kg, H4%
HEmAR St KRR, R AR & o SR
Bl ZEHIRSE AN 0.5 Alg I, Huis b aEL N
2 663 mAh/g; 7EFEIE A 20 A/g I, HATii b7
HAhEIE 1613 mAh/g, JEEA RIFHMEATERE.

2) ity

W) R M B A AN R AR (<2 pm)
FERA T, R RN SN it
WY RAFEENSHWATES, o H T H4& 2 A AR
OB S RER RIS, i BL B M HLER b 2E B 5T BT
] 72 VA 5 AT 266 L™ 4 ) 4 e 55 47 A A Rl
TRANBEI . RIHM M S S35 A R
ML, RABERGE A % T 24, —4if =
YEREGUREEM o XELGRIL, VB8 & 1 Fa it b A
B, R S 4 1 gk S5 Rk PR AE 2R T
HL I R AR A 28N, A S I IR WAk 2 P e
TEHIRE R 1 Alg 401, R 200 PG ) LL A &
A5 1 369 mAh/g, HERFEEN 78%. H4b, LA
AR UL AT g SR 45 1 Tk 20 2K B (SNRs) Y B A7
BRI R TR (122 mY/@) M2 FLE K, T 2B 78
T I AR A R BRI )8, SRR R 1
HLAL AR RE . AL, B DA SE I A4 i N TR
Bl R R SR B i S BB A A BRI
SAMRHSIUNG) O, HATBAT 45 R M fE S8 A
Ao WA RISAT AR 0 Wt gl F R s Ak
FEAT AR,

gil, FHLwYMRERE. AR, JEeE
REEPR W AR A R R RER R, 2P
S EAR Y R

3) oAt

WA R KB AW AR, NEAR
PUF T2 BB i B RN ™, 20k fa %, FAN
DOV AR A PR T A R Y IR e
RE, FEERIT T AN R 28 2% A0 JLA Rk RE 1) 5%
LB, WFTURIL, VEH S i sk, &
HA F—C SERm  igsE Lh s i, (o
fERVERERR; SHUbTL LR mIELS, Ak
(S EE AR TE, LR BLE 7w B R A R
IGERTERE, AT H AT S8 IR Wb 2 R e
3.2 IER##R

4 H R A ) A PR AN T AR R A R b
kL, A DH 5 SCHERAROE T B AR (H 2
Jide A, R ) L AR AN SRR ARG ), ]

PORHE T REAE N IEM, SCRTREVE N Sk, Huh T4
FEL I PP H R R A TR RN A

321 BN I EEE SN FeSy, Hi
Fe Rl S™ 4. LB N IEARAA AL 1 4% ) 4 5 1
H AT EE A R MR BRSEILA, JE Rt R
16 1.5 V Zidi, WA RN, nfEN—RE
VR o BT A I S B o R A 4R,
EA [ AU P S A HELA L 2 M RE 22 AR KB, A5 R
T NAEF= B il PR RS MR, iR
NESR R P, AN, FERCRIE R, TERR
MR R A, 55 AR R R e Y 5 37
B RUR DY, Bk RN, AT T i A
IR P o A FH ] 45 H g 5 93D B ™ i SN2
JerE, WA AR T e i R A R R MR i
Ab, SRR BT R A DY, i
PR AE AT Y, P RS R . A
Ab, SR AT R IEAAA LAY T8 2 e,
FHOCHIF 73 I 3 OO EE 3 =i JA 758 mAb/g,
BRI B DY, AT IR KR T 23 1) o

322 EEHIET SEHIHT AT F AR B AR
Bl Zhou SO0 B4R Lot ik S AL FE S,
VERE b I E A R, AEFLURZEJE N 100 mA/g
i, Al 2R s ]k 1300 mAh/g, - HAH RIFHY
R RERE AR e PE, AT 0 S FAR G FR
FasEtE. Gao LI N sk A R T 2R
Na,MO, (M=Cu, Fe, Mn), ] F %4427 it A AL
B, i Hoar RS 2 i s I SRS R A A R A5
(AR, EATIRUF I T A = J 5o

323 ALY WERREREE L LR R T
IERATRL, Dong %2R FREERE™ g ME— 2k, 11
% LiFePO,/C HA WM. AL, M N T A
(A s 5 ARAT R, RN AR N B 7 Rt e )
EREEA S 4 (0 B Ak 2 P R, Kravehyk 2609
SR RO IE A RL, LA S HR I R Ak L 2
63 Whikg, JHFRARmEMIRER, HARGHIK
FETT 5%

33 ESHBRERE

3301 [FEMmME RS RS TR
MR O D T ISR R, [ A7 AE 2 R
B SRS E e A, CANRE L T
2R i SR, i 2 HL AR B e L B RS S 1A%
FHIDIEE, ATBRRE BRSO TN . S IR GE
51} NN 7 = LN e X LR ) A R B K e
TR —ANE il [ AR — Mok 3 25, AP



. 2134 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

REDEA M TCHLE A AR A -
A SRR, A S B R R 5
FARAH F T BEAR U 2%, (H S0 T 251 L P A 4
% JCHLE 2 FAR ST LIRS SR, (EAH S BRHTR
T —MIAK, B HL-JCHLSE A8 A AR T
KN, R PERERT, 2 4RI IT IR H 500,

AT A R SR R TR E
AR, BRI, MRIREES, . Sk
TEMp A mERGE MR it —e ik
PERT B B8 AR A, n A F v [ s e
. 7T, FhLYE B AR R A A
FR SR TEH LR A R T R RS . B
EW. R SRR T, By PR o far ] i
I Coulomb J7 58 & 1A HAEH(HH 4T Lewis i1
fath), A E TS5 REGY TR YT
S EAER, $Em TR e & P4 H JOT R
B, s B T G0 I, A g
ARSI E ST, AT E TR R
WA AL, ASINES TN A HU AR T H LR R
JERIFAAR e W3 — e P e T . Rk, B n
A AR PR I PR A T R PR R i 5

1) 2:1 BRE L)

SEAT . WEATERE T 201 B SR R
R, ik ROl 195 TR E LY
JE TR T AT R B 57« A8 ORI 22 T s DA% 22 TR) 7K
R T 2B 422 B, LiT Na" Mg™

Zn* S5 2 Pl BH B A T A 2 AT RS I A B g
%%hmm 570 2T W 7/ PR R o R S e B
A% 107 S/em, o AR B T SRRSO, B,
A P NI AR A 25 R B 0 i
B SRR G T A AN A TR )
HIFRE T T35 i [ 25 r i i i 578500
B, Lee S5PTR2BR UIBEERGE S 2, K52 A
F 2 )55 DMSO R4 #hiE, 412 7 HATZIRE,
FAITRI 52 6 A MBS, AL i R P A 1 4 i) o )
(55.3+4.8) MPa F1(210.24+32.6) kl/m, Z5iE48 5 71
SR 23107 S/em, T FAIEE X 18] H—100~120 C.
mH, ZEAWENA SRR S, 8Bk R,
AT R A

B A R AR b R R R/ T 2 PR T I
TN LRSS, B DRI R T L
FHREE AN AT HREE, T RmE IR iR e
P . Chen 2503505 521 47 B4 5 55 X0 = 98 TP e i
JEAL(LITFST) VU 4% (PTEF) . SACEK IR 406

BE(FEC)Ss JsURHl i e o « A T2t 17—
P2 AL A A A T, SRR ILH TS m
. PEC. LiIMNT Al LiTFSI 2 [a] ff)i o142 AT
TSR B TN 283, 455 T DB A,
P T TIT .25 °C INHZ A A [ A AR T
B TIERA BT R R R AL A oA
#) 0.83. 3.5x10* S/cm M1 4.6 V (vs Li"/Li). Tang
412 o PR A7 B SR IRAH L4 (PEO) AT LATFSI 4% —
%mwﬂﬁMnF R IR R T HAT RN

SER A A AR T, LR . LB
M F R e IR BT, 5i4h, XFERE L
W, ST IR iEa it TR S
J7 TR AE Y, DR EAT R S I 2R E
WA BRAE IR L2 J7 i) A S 304 BE A7 1R 8 1A o
Ferk, JET RS, Tang &M MR A #8, K
FH i EIR R BV R R ﬁ%ﬁmm%ﬁia,
A6 HH LA 0 1o 25 7 A i L T 52 A LA O
LA T SRk 1.89x107" S/em, B TITBEH
H0.5.

2) 1:1 BERRF L)

Wit mle . BAEA8 101 BRI
REEMRERE L. TR R 2R AL
Hods 1, BB FIRMEAZENB. (HE, TR
TR S B POMLBRNERE, 28R 0 ] 1SR

EWE &ilﬁ%ﬁEM%mﬁﬂm%wommg
2 OSSR A% 48 56 AL R AN 1 4T 4 2 5 R %
BE, PFrFRREpUR R B, ik 84.4 MP, 4L
B WORE S A 83%F1 369%, FHE T HL S
HIE 5.13 mS/em, T ARBIELTYER AR I
Wi— R OG- R WNIG RAE S R T TS
%, Lin S M RARIR AT 9K 55 PEO FI LITFSI
RA, e 4% 52 A A A T, Zhu
SO T BT AR . bbb, i A ORI BT OO
mﬂﬁﬁumw EIE .

3) FYeRFE LY

VAT AT A R P T SR TR S G
T W R ), SEREWE A BRI
BB J 18 7 U1 Mejia 2510 8%
A AW G -EERELS PEO. SMeT4E s
(BEO)E A, T — Bl AL M B 1 52 A T 2 vl
R, H LRSS, AT A A
EZSVIEA/ €N AV EE kbs e S R TAINEE 5 3 e S A R
22RASE R 135 4.5V (70 °C). Song 25 ThE U] b A
VE TN RS I SRR AR &, R WS me vk



%49 &5 10 ) XSS A A S RE UE NH E SEE .+ 2135 -

HH T AR M IR R S Y
R A, WL 420%. HF Mo
AL RR A LR TE RS, LSRR T AL A,
TG T AR G BRI AT SR I 1 (5 G )
332 WREBSREME AR YR E AR S
BRI, R ILmAE . HUE RE S H it A B
FasE k. Yang UM SR Ui e RS
W PEfG 5 PVDF 1RBA, IRE RN (PP
v, T HA 2 RS G IR A, LR
BTG, M ERLE B HE . Ahn 25010
UL PVDF-HFP JLRYIME N F 41 5 5 A A, IF
B S AT AT i L BRI P i, BT S AT LR
AR, KA. B TREN S
Ji A m B 2 R kI L, AR AR . B
A, i IF AT e T R e Ak g
VESR A BRI R
3.4 HihzhgetEEy
3.4.1 FRmiEI AT A EUE B FI R T
SR, HE TR RSz el Rk
TR R DL Z A 10 248 350 55 T SO A
PEREFIIGIA MR RE 22, BRI T JCSpr Y o WF5ER 1,
IR E L P AN .V SN -V ST 3 0F SN
& S T N (B SN = e I LA S E A TR AR/ B
R, BB T AR AR AR s okl
Yt — B TR E ", TR b, A scE
B AR AR e . R, A Ay AR A T P
Jth o LA R R R RIS
3.42 MRS I Bt S 0 K LI R
R BER , B 4 b R LA v 2 e S R [
P sk, AR T A B R AT 5T ) R B
T 01 ] 0 50 7 P o R R A PR S A
SHLRE 4 A7 b S AL K Be S — 25 . Chen 2501
WFFUARI, 71 kS AR v s in b 12 1R 52 A
W i 281) 52 I A 2% T 00 48 128 7 T L 281 0 1Y L 97 A%
A FIREERIE, SEBUEE & 7 I3 5 Mt
B T A Rl AR S B S AR K. A
G 0 Bk T ) AE i HE RS YR H PR AR A T
B E .
4 YRR R A A

HE AR AN ARG R A S F 2 R ) —
PRt ALGE REAS 1, LR R 0 3 B M

K ey, SRESY. 1N EH
PR, KA A 3 PG IL: 1) ARG TEA R T

Wes 2) VAR & AR RE, 28 K B H ATy
RGN W); 3) AENBAME A TR Ak, &
T I B BAT R R AR 04
4.1 EAREEM R

P TFEY AN S ME R YN
WA, R SUR IERR (B R ) MR A B Y
Tk ) RE PRI A )2 FRUARAARE, 1T 5 — AR A X
JEAEREM B HHE R AL, KRR AT LU
YRR B TR B R B 1 b . Lim 2502050 5
RN A 5 B AR BT VI G o P A A BEAG 3 Ak
IR, PETE T RIS - S H AR AR 1) T 2R P R B
PEBE, 7E 10 000 XG5 B EIRFEFE N 74.6%. It
Ab, RARAT S mT AR B B 7 G i A 48 I
R Wang U2IDUR SR SR IEMR, B4k A
SN, FIE T —FOB B R AR
TETRBE N 0.22~21.00 kW/kg F, REREZIE N
167~233 Whkg, HA Tt 5 L= RE

BRRRAT S840, A Pt D HH R
AT EA R RE . B, A (CuS) R AT ™
(CupS) T B i 7 2 e A 224 ke
5 G ST ATERBE A K ks i, AT Ol R L 7R
HUBAA R 2T AR 5 4 20 4 HEAT IR AL B 5 kb
U, RARESL I A A R e I R T,
4.2 1EHRARY

AT B AT s A R R e gk
TES, W AR & AR e B3 Bk TR
HEWERWAEL. BET, O 2R Y08 FH R
K WAL R, BRI KR,
M&%'/ﬁ[BO—BZ]\ ﬁ@jﬂl%—l%]\ ggi:mrzéi'/ﬁ[wﬂ\ ﬁ%
N N SN 1 Sl T ¢ =y = 1]
URINAT VR M RS 5 1 22 FLI it - AT =
& AL, AT R AF 0 A2 PR RE . ) 4, Zhang
A URTD) e 4y N R, ] 2 5 1 22 FL A KT A
kL, LLH AT Ik 286 F/g, HL7E 100 A/g HILVEIE T,
LN 85 Fg, A7 RAFMIME R AL, Zhang 251°F
eI A BN e s ki, BB, &
T A FLE R IR ATRL . E 6 mol/L ) KOH HLf#E
AL 1 Alg FHGHAIAR] 232 Flg; S
5A/g TIEH 5000 IR, HEREEN 95.3%. o,
Xt 2 FUBRIEA T 5 A 2 ik b #2240y e — B 4
TR F Ak 25 1 B

TR G — I WL 2 A AR
B, ] R S G R TR R A
Pyt 190] Fan SEUOTL IR AT JBEAR & 1 T IR SR



. 2136 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

HKJE(PANY), ZREE 5% EAE 1 Alg I HLIRE
[N HLAT 654 Flg (A EL L ZE, IF ELAE 10 000 VXA
e L R 87%, AT R G B
(K 1),

Aniline hydrochloride NH, 4
solution @ H 4

=

HNTs/ANI
S A1) Polymerization

.

emoval HNT:

-

Carbon coating

-

PANI(HNTs)/C PANI(HNTs) HNTs/PANI
o\\c 120 f
Rl
g sof |V ¥
2 N
5 o0 b oo ormommomn®

PANI(HNTS)/C
& 40t :PANIfHNT:;+Ds-PANI
2 ~b- Ref. [7] == Ref. [11]-v—Ref. [12]
o 20 ~<—Ref. [14]-e— Ref. [16]-A— Ref. [69]
8 0 -0~ Ref. [70]-% Ref. [71]-4— Ref. [72]
0 2000 4 000 6 000 8000 10 000

Cycle number
Ref. is reference.
K1 DB A B & IR PANVC R & R
LRI e
Fig. 1 Flow chart and cycle stability test diagram for synthesis

of tubular PANI/C composite electrode using halloysite
as template

<o LAt T A P A AR R
Li 250U I RESE LB, & BUR MnO, HLIL,
FAT RUrr tb s v ge

i b, WM SRR . AR S
DE R (AR AR R I R W 7 B B R (A
FRIR), SRR
4.3  EIRE AR

R VE AR B SR SR A S AR
R DR S PERR R E TS, JF Bl T4k
IREYE, i TEA AR, ATRTH R R
PG E VYRR . SO R TR R 3 T
MR SRHESY. SEANY. SEmEYE.
i, wAPRE ] g LU sy U0 S
AL A A T T R A
k. FHEEYSEHA. wilal™ Rk
E[ISS—ISS]‘ m&%[l@—lél]\ ﬂE&EEﬁ[mz]%E%Eﬂ

PAFR N PRI A Y, HEREAS B T BTt
filtn, Wu 18R PANIIRIE A0k E -S4 kL
P A BRI B A GRS G, AR
PR B APTR R (351.9 MPa) by e i) 5 H
#(397.0 S/em), AN BT BB, &
it 5000 P S 7RG EE IR

& 8 E A (B A ) R AR S i B e L
L2, (HSZPr P L A T RS L 2%, nll
RGBT ey A L0100 g - 167 1TOL
SIS Y A SRR T AR R . AN, BT
Yrar [F I SEAE 2R G K E A (AL
PNERRIE A, B LR SRR, A
A I R .

5 ReE5REE

7 FAL A BRI N FH b, T el 2 07 1k
FERURF IR o %8 T AR X ek, Bk
IR EEAE P ET 10 a 5T 5a N, 2
HEFIREZ e, B T — SR B, #E
BT AL AG BRI A S . R, 2SR
— UG, AHOCHE A R IR . B

1) W) &R R2 i S R i 7 N

WL, AR ST AR . 2/ S AR
PEREAHSG . DL, B WA SR a0 (A Ha ik
B AR IR FO A AP R I AR B e . B /DB 9T
AN AT IE SR Z AR A — R e R
RN, S 1) 3 2502 AR I FL AR SR R, AN TR
WA EE S s R T O R D . i,
JORES AN T A g g, HEr 2
LTSI FIEAT . TS B N A
FKIRFEMGEA, nI = — RYIAR B, 2
A 85 5 L A7 B R\ TR 2 P BH B 7 0 2 B ) o
7 55 J2 B B R B ) ] A R TR L
Na 554 J@ BH 25 1 s Rk i sg Rk WARE . 534,
TERLE 1 it BB 2 LA S I S G ik, AR
PRER T BA SCEEEEA L BH RIS PEAL R R B
AL, B4 B 5 2 10/ SRR AR n] BEXT 2 A AR 1)
WEE, Ak Re A . thln, —ROAk, R
FAR S NG - el AR T S 2 A I 5
AHEAEH 9B Fth () AR AN, S THIR A
AR 50 P~ o 7)) Pae R - AN 2E (1D 9
ANFE YRS Z oA B4 FH 5 s A FOGT e
AL SRR R IS RHR AT . TR R A
PSR, B B 53R O AR HAL



%49 &5 10 ) X5 S HTE A A RE AU N T T < 2137 -

FERERI AT B IF AR WG . R, X THRT
Yo ¥ R R T, A e 1 (K 5 i A R AT
FUTRE N .

2) fHRENLHITTRE— DRI

FUR, AR R A7 s e e e i REAT LA
WK AN T & MR 5, AN e Rl
AE S A ALY TR . AT N Ak
IR kL, KRG Do SEEE N Ze, B
e PR ol e AR S AT DR W 2R TUL R
R PEA Y R TR A LA B AT AL S
WIS TR AR, A2 BRAR A AR 1 LA K
R MERE; X+ BAT i is P s AR P R e
2, TRES U A 0t A PR LA A S R . D)
BE, OG0 R AR A R R LA 2 S W I R A i
RENLEL T ST IRANI ST 38k, W3/ S s ok
A REXS HRR S N I R AR R . A, AR
HUBRBC RS NS A, 7l DASCAR B < J S i R T 11
BT URBE YA, T RS IR 4 R i e,
1A R B 7 e S A Al b, S IR LA kA
AT A AR B B IR AT, X R
LAY LA 27 BN o e A LA 7 2 AR T S )
RENMT o AL, B TR PG AR R i fiE
GRS ILNTE e o 2

3) NI il 2 b

U WF SRS b AR 1 R i S 2 A s
R AR e B A LA BT T AR, BRI 1 L
PO LA, AR T BRI, B
TR B TR PR R PR A
BT L R ST, ) 1) P R e S
figp St 7 T N X e R . LR ST R
RWL, ST Wb R A AR B TR B
HE ST T A G TR A P (R BT
FAVERN 57 R AR 4RED . R, o A
B R (K Y A ST Al . AN, e
BTIEUESE, RS AR P A I Sl 25 3
i < R i R, X R AR N BSOR IRAT it
TSR, Tl A DA R A R A I )
S IR I R AR RE, T A R AL S A AT
RIS ISR T H RS B . BRI, 72 AR ST A S Al
s WA AL S A BE AU ] R LARE— 2B 9
FFRAT R KR .

4) JENIA W P bnE, VRS RRE T

FEL U S5 il E 4% 1 0T 7 i 18— SSCE A AR g 11 22
Ko M YIEER S B BN R A%, AN,

EEARF R IIAE Y U EAAAE EORZE
R ze i e 2l 5l REAEAS G 3855 J5 TH A7 7E 22
gl P EANR] AN [ B Al T 2 T A S

A REZE RN, BRI Rt i AR A — Sk
PRI, AN F X AN EIN L 23R A
W2 5 A B NS f it H A 2 RE SE W R RIE 5 5 1R
fitio FESLIEAS B, BERANEX . AR T 23k
TR0, NI PRAR AR, B i 2™ i (1)
RO PERT— Pk G2 K WA RIAE Fa e S Al e
RURC N AN A (AN SR 1B 2 B

B2, ZAECAE CA RS T g AR R
UFRIR R T, B D ORRE I RS IR SEHL
W RESETT A o AEARCRA S, i 2 SN A
W IERIEA, PSSR B ST B
(R AL RAL ST BO) K BB B T-Be, &
eIy AN B R e g S SRR A S e 1=
IO R, BB IRAAR SR RE B 1A% S HLEE
L0V 1 T <y N i N N [ I B K
W PhRttE, VPALE A AL A AR RE SRR KRR
PERN—E0E, TSIk 5 AR R

S 3Hk:
[1] R FRET AT IR S R RG], b ES, 2005,
14(1): 17-20.

PENG Tongjiang. China Min Mag (in Chinese), 2005, 14(1): 17-20.

[2] ER. AR KNS RFED]. T 4G, 2008, 28(3): 1-8.
WANG Ling. Miner Petrol (in Chinese), 2008, 28(3): 1-8.

[3]1 B il ws R R e X558 0) iER EhmHk, 2010, 29(5):
1067-1071.

LIAO Libing. Bull Chin Ceram Soc (in Chinese), 2010, 29(5):
1067-1071.

[4] BSf. RET VT REMBIBTFT R P RT]. FEIR R 2R, 2011,
39(9): 1523-1530.

LIAO Libing. J Chin Ceram Soc, 2011, 39(9): 1523-1530.

[51 Sigsc. TP 5] dest: A DAL AL, 2011: 1-4.

[6] YOO H D, MARKEVICH E, SALITRA G, et al. On the challenge of
developing advanced technologies for electrochemical energy storage
and conversion[J]. Mater Today, 2014, 17(3): 110-121.

[7] LIM, LU J, CHEN Z, et al. 30 years of lithium-ion batteries[J]. Adv
Mater, 2018, 30(33): 1800561.

[8] WINTER M, BRODD R J. What are batteries, fuel cells, and
supercapacitors?[J]. Chem Rev, 2004, 104(10): 4245-4270.

[9] CHOI J W, AURBACH D. Promise and reality of post-lithium-ion
batteries with high energy densities[J]. Nat Rev Mater, 2016, 1(4):
16013.

[10] 7h2%s%, Z83540, DALB, 5. 4 1 Ak SR BHIE ST e D).
H4)E, 2011, 63(2): 147-151.

SUN Xueliang, QIN Xiujuan, BU Limin, et al. Nonferr Metal (in
Chinese), 2011, 63(2):147-151.
[11] ARSCE, WO, MR, &5 Bymem iR s a SR D B8 IR



2138 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

[12

(13

[14

[15]

[16]

[17]

[18]

[19]

[20

[21]

[22]

[23]

[24

[25]

[26]

HB IR USRI ST [T]. R FEEAR, 2002, 3: 11-15.

SONG Wensheng, HU Chenggiu, SHANG Erchao, et al. Carbon Tech
(in Chinese), 2002, 3: 11-15.

WO, SR, ERA, & ST RAYEE LT IR
WAARHI]. s, 2002(S1): 38-40.

PAN Qinmin, GUO Kunkun, WANG Lingzhi, et al. Battery (in
Chinese), 2002(S1): 38—40.

Wik, KRR, TRELHE, &5 MR RGBS EE T b i
RRIWESUT]. TEHU R, 2000, 4: 711-716.

YANG Ruizhi, ZHANG Dongyu, ZHANG Hongbo, et al. J Inorg
Mater (in Chinese), 2000, 4: 711-716.

Ve, SN, TR, AF. BRAUKA AR 8856 SRR
FHRAL]. NLAE2AR, 2016, 45(4): 1041-1046.

DENG Linfeng, PENG Huiyan, YAN Zhong, et al. J Synth Crystals (in
Chinese), 2016, 45(4): 1041-1046.

SRR, EAERE, XK, AR BREUDKE /AT SRS SRR
& LA PERERTTUI]. TEHIMRLEEAR, 2012, 27(10): 1135-1141.
GUO Dechao, ZENG Xierong, DENG Fei, et al. J Inorg Mater (in
Chinese), 2012, 27(10): 1135-1141.

SANG-MIN J, JIN M, MASAHARU T, %. SRAKEFYE- RIRAT AL
T BB AR K TG AR S S e B SR R R e A 2 P (5
SO, FERAEL 2010, 25(2): 89-96.

SANG-MIN J, JIN M, MASAHARU T, et al. New Carbon Mater (in
Chinese), 2010, 25(2): 89-96.

KIM H, HONG J, PARK Y-U, et al. Sodium storage behavior in natural
graphite using ether-based electrolyte systems[J]. Adv Funct Mater,
2015, 25(4): 534-541.

WO, R, Al SR B R U R R S
JE[I. FPRFGR, 2017, 31(21): 19-23.

HUANG lJianfeng, WANG Caiwei, LI Jiayin, et al. Mater Rep (in
Chinese), 2017, 31(21): 19-23.

A, #AL, TLT, A5 BRI IN D6 R AR S TOUL 45 # AT i
FITERE I RERT]. TERR R 4R, 2016, 35(4): 1080-1084.

YANG Shaobin, DONG Wei, SHEN Ding, et al. Bull Chin Ceram Soc
(in Chinese), 2016, 35(4): 1080—1084.

AEE, EIAKE, B, A A SR ST TRLER K T ST
JE[I]. HEEE, 2015, 39(5): 48-53.

YAN Xin, YAN Congxiang, ZHAO Peng, et al. China Molybdenum
Ind (in Chinese), 2015, 39(5): 48-53.

JIANG F, LI S, GE P, et al. Size-tunable natural mineral-molybdenite
for lithium-ion batteries toward: Enhanced storage capacity and
quicken ions transferring[J]. Front Chem, 2018, 6: 389.

LI S, TANG H, GE P, et al. Electrochemical investigation of natural
ore molybdenite (MoS,) as a first-hand anode for lithium storages[J].
ACS Appl Mater Inter, 2018, 10(7): 6378—6389.

WANG S, HAI Y, ZHOU B, et al. Improving the electrochemical
performance of a natural molybdenite/n-doped graphene composite
anode for lithium-ion batteries via short-time microwave irradiation[J].
RSC Adv, 2020, 10(70): 43012—43020.

AR, SRENHE, PHATFS, 4. SbyS; ARMHAEHIBMBFITULRET]. AT
ERZAAR, 2016, 45(8): 2125-2129.

TAN Miao, ZHANG Lina, TAO Hongxiu, et al. J Synth Crystal (in
Chinese), 2016, 45(8): 2125-2129.

HWANG S M, KIM J, KIM Y, et al. Na-ion storage performance of
amorphous Sb,S; nanoparticles: Anode for Na-ion batteries and
seawater flow batteries[J]. ] Mater Chem, 2016, 4(46): 17946-17951.
DENG M, LI S, HONG W, et al. Natural stibnite ore (Sb,S;) embedded

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36

[37]

[38]

[39]

[40]

[41]

[42]

in sulfur-doped carbon sheets: Enhanced electrochemical properties as
RSC Adv, 2019, 9(27):

anode for sodium ions
15210-15216.

GE P, ZHANG L, ZHAO W, et al. Interfacial bonding of metal-sulfides
with double carbon for improving reversibility of advanced alkali-ion
batteries[J]. Adv Funct Mater, 2020, 30(16): 1910599.

ZHAO W, ZHANG L, JIANG F, et al. Engineering metal sulfides with
hierarchical interfaces for advanced sodium-ion storage systems[J]. J
Mater Chem A, 2020, 8(10): 5284-5297.

WEN S, DENG J, XIAN Y, et al. Theory analysis and vestigial
information of surface relaxation of natural chalcopyrite mineral
crystal[J]. T Nonferr Metal Soc, 2013, 23(3): 796-803.

ZHOU I, JIANG F, LI S, et al. CuFeS; as an anode material with an

enhanced electrochemical performance for lithium-ion batteries

storage[J].

fabricated from natural ore chalcopyrite[J]. J Solid State Electr, 2019,
23(7): 1991-2000.

ZHANG Y, ZHAO G, LV X, et al. Exploration and size engineering
from natural chalcopyrite to high-performance electrode materials for
lithium-ion batteries[J]. ACS Appl Mater Inter, 2019, 11(6):
6154-6165.

HAI Y, WANG S, LIU H, et al. Nanosized zinc sulfide/reduced
graphene oxide composite synthesized from natural bulk sphalerite as
good performance anode for lithium-ion batteries[J]. JOM, 2020, 72:
4505-4513.

R ER, ZRUG, BRARAT, A R T b ik OB R F St
RE[T]. b Tk, 2019, 23(2): 92-100.

PAN Yumo, NIU Zheng, CHEN Xiangzhen, et al. Chinese Battery Ind
(in Chinese), 2019, 23(2): 92-100.

X, BRI R R BT S BUIR Rk ()], BB Rl S,
2009, 34(5): 104-106+161.

LIU Jie, ZHAO Dongfeng. Environ Sci Manag (in Chinese), 2009,
34(5): 104-106+161.

WANG J, LIU D H, WANG Y Y, et al. Dual-carbon enhanced
silicon-based composite as superior anode material for lithium ion
batteries[J]. J Power Sources, 2016, 307: 738-745.

ARARHE, PMEMT, dhoRdl, 5. BEE T b R AR Ak 2 FLI A
SRR G ORI A S YERE[]. AR AR 2A AR, 2019, 40(6):
1216-1221.

LIN Weiguo, SUN Weihang, QU Zongkai, et al. Chem J Chinese U (in
Chinese), 2019, 40(6): 1216-1221.

ZHANG Y J, HUA C, ZHAO L W, et al. Si/graphene composite as
high-performance anode materials for Li-ion batteries[J]. J Mater
Sci-Mater El, 2017, 28(9): 6657-6663.

DAVIS M E, LOBO R F. Zeolite and molecular sieve synthesis[J].
Chem Mater, 1992, 4(4): 756-768.

LIN N, HAN Y, ZHOU J, et al. A low temperature molten salt process
for aluminothermic reduction of silicon oxides to crystalline Si for
Li-ion batteries[J]. Energy Nviron Sci, 2015, 8(11): 3187-3191.
FPERA, XE, #B, & F R S BRIV
B PR HFIH, 2018, 5:139-142.

YAN Chunjie, LIU Yi, LI Zhen, et al. Conserv Util Min Resour (in
Chinese), 2018, 5: 139-142.

RYU J, HONG D, CHOI S, et al. Synthesis of ultrathin Si nanosheets
from natural clays for lithium-ion battery anodes[J]. ACS Nano, 2016,
10(2): 2843-2851.

RYU J, HONG D, SHIN M, et al. Multiscale hyperporous silicon flake
anodes for high initial coulombic efficiency and cycle stability[J]. ACS



%49 &5 10 ) XSS A A S RE UE NH E SEE < 2139 -

Nano, 2016, 10(11): 10589-10597.

CHEN Q, LIU S, ZHU R, et al. Clay minerals derived nanostructured
silicon with various morphology: Controlled synthesis, structural
evolution, and enhanced lithium storage properties[J]. J Power Sources,
2018, 405: 61-69.

CHEN Q, ZHU R, LIU S, et al. Self-templating synthesis of silicon
nanorods from natural sepiolite for high-performance lithium-ion
battery anodes[J]. J Mater Chem A, 2018, 6(15): 6356-6362.

CHEN Q, ZHU R, HE Q, et al. In-situ synthesis of silicon
flake/nitrogen-doped graphene-like carbon composite from organoclay
for high-performance lithium-ion battery anode[J]. Chem Comm, 2019,
55(18): 2644-2647.

HUANG X, CEN D, WEI R, et al. Synthesis of porous Si/C composite
nanosheets from vermiculite with a hierarchical structure as a
high-performance anode for lithium-ion battery[J]. ACS Appl Mater
Inter, 2019, 11(30):26854-26862.

LIU S, ZHANG Q, YANG H, et al. Fabrication of Si
nanoparticles@carbon fibers composites from natural nanoclay as an
advanced lithium-ion battery flexible anode[J]. Minerals, 2018, 8(5):
180.

SUN L, SU T, XU L, et al. Preparation of uniform Ssi nanoparticles for
high-performance Li-ion battery anodes[J]. Phys Chem Chem Phys,
2016, 18(3): 1521-1525.

LI C, WANG R, XU H, et al. Interstratification of graphene-like carbon
layers within black talc from southeastern China: Implications to
sedimentary talc formation[J]. Am Mineral, 2016, 101(7): 1668—1678.
FAN P, LIU H, LIAO L, et al. Excellent electrochemical properties of
graphene-like carbon obtained from acid-treating natural black talc as
Li-ion battery anode[J]. Electrochim Acta, 2018, 289: 407-414.

FONG R, DAHN J R. Electrochemistry of pyrite-based cathodes for
ambient temperature lithium batteries[J]. J Electrochem Soc, 1989,
136(11): 3206-3210.

STRAUSS E, ARDEL G, LIVSHITS V. Lithium polymer electrolyte
pyrite rechargeable battery: Comparative characterization of natural
pyrite from different sources as cathode material[J]. J Power Sources,
2000, 88(2): 206-218.

TOTIR d A, BAE I T, YINYING H, et al. In situ Fe k-edge x-ray
absorption fine structure of a pyrite electrode in a Li/polyethylene
oxide (LiClOy4)/FeS, battery environment[J]. J Phys Chem B, 1997,
101: 9751-9756.

GOLODNITSKY D, PELED E. Pyrite as cathode insertion material in
rechargeable lithium/composite polymer electrolyte batteries[J].
Electrochimica Acta, 1999, 45(1): 335-350.

MONTORO L A, ROSOLEN J M. Gelatin/DMOS: A new approach to
enhancing the performance of a pyrite electrode in a lithium battery[J].
Solid State Ionics, 2003, 159(3/4): 233-240.

STRAUSS E, GOLODNITSKY D, FREEDMAN K, et al. To the
electrochemistry of pyrite in Li/solid composite-polymer-electrolyte
battery[J]. J Power Sources, 2003, 115(2): 323-331.

ZHAO H, WANG 8, FAN L, et al. The modification of natural pyrite
and its electrochemical properties in Li/FeS, batteries[J]. Funct Mater
Lett, 2014, 7(1): 1350069.

ERNI, A, B2, A5 SRR 0 B HUHLE AR R AL
FVERELT]. MEHTR, 2012, 26(18): 93-96.

WANG Dagang, FAN Liren, WANG Shengping, et al. Mater Rev (in
Chinese), 2012, 26(18): 93-96.

KITAJOU A, YAMAGUCHI J, HARA S, et al. Discharge/charge

reaction mechanism of a pyrite-type FeS, cathode for sodium
secondary batteries[J]. J] Power Sources, 2014, 247: 391-395.

ZHOU J, LI S, SUN W, et al. Natural chalcopyrite as a sulfur source
and its electrochemical performance for lithium—sulfur batteries[J].
Inorg Chem Front, 2019, 6(5): 1217-1227.

GAO X, JIANG F, YANG Y, et al. Chalcopyrite-derived Na,MO,
(M=Cu, Fe, Mn) cathode: Tuning impurities for self-doping[J]. Appl
Mater Inter, 2020, 12(2): 2432-2444.

DONG J, HE H, HE Q, et al. Cost effective and eco-friendly synthesis
of LiFePO./C cathode material from a natural mineral magnetie[J]. J
Mater Sci, 2019, 30: 17128-17136.

XU J H, TURNEY D E, JADHAV A L, et al. Effects of graphite
structure and ion transport on the electrochemical properties of
rechargeable aluminum—graphite batteries[J]. ACS Appl Energy Mater,
2019, 2(11): 7799-7810.

KRAVCHYK K V, WANG S, PIVETEAU L, et al. Efficient aluminum
chloride-natural graphite battery[J]. Chem Mater, 2017, 29(10):
4484-4492.

GOODENOUGH J B, KIM Y. Challenges for rechargeable Li
batteries[J]. Chem Mater, 2010, 22(3): 587-603.

GUO Y, LI H, ZHAI T. Reviving lithium-metal anodes for
next-generation high-energy batteries[J]. Adv Mater, 2017, 29(29):
1700007.

YAO P, YU H, DING Z, et al. Review on polymer-based composite
electrolytes for lithium batteries[J]. Front Chem, 2019, 7: 522.

DAS P, MALHO J M, RAHIMI K, et al. Nacre-mimetics with
synthetic nanoclays up to ultrahigh aspect ratios[J]. Nat Commun,
2015, 6:5967.

THACKERAY M M, WOLVERTON C, ISAACS E D. Electrical
energy storage for transportation-approaching the limits of, and going
beyond, lithium-ion batteries[J]. Energy Environ Sci, 2012, 5(7):
7854-7863.

SHUKLA N, THAKUR A K. Ion transport model in exfoliated and
intercalated polymer-clay nanocomposites[J]. Solid State Ionics, 2010,
181(19/20): 921-932.

LIN'Y, WANG X, LIU J, et al. Natural halloysite nano-clay electrolyte
for advanced all-solid-state lithium-sulfur batteries[J]. Nano Energy,
2017, 31: 478-485.

GREATHOUSE J A, CYGAN R T, FREDRICH J T, et al. Molecular
dynamics simulation of diffusion and electrical conductivity in
montmorillonite interlayers[J]. J Phys Chem C, 2016, 120(3):
1640-1649.

CHURAKOV S V. Mobility of Na and Cs on montmorillonite surface
under partially saturated conditions[J]. Environ Sci Technol, 2013,
47(17): 9816-9823.

GLAUS M A, BAEYENS B, BRADBURY M H, et al. Diffusion of
22Na and 85Sr in montmorillonite: ~ Evidence of interlayer diffusion
being the dominant pathway at high compaction[J]. Environ Sci
Technol, 2007, 41(2): 478-485.

BOURG I C, SPOSITO G, BOURG A C M. Modeling the diffusion of
Na® in compacted water-saturated Na-bentonite as a function of pore
water ionic strength[J]. Appl Geochem, 2008, 23(12): 3635-3641.
SALLES F, BILDSTEIN O, DOUILLARD J M, et al. On the cation
dependence of interlamellar and interparticular water and swelling in
smectite clays[J]. Langmuir, 2010, 26(7): 5028-5037.

KASAR S, KUMAR S, BAJPAI R K, et al. Diffusion of Na(I), Cs(I),
Sr(IT) and Eu(III) in smectite rich natural clay[J]. J Environ Radioact,



. 2140 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

2016, 151: 218-223.

[78] FAN Y, WU H. A new family of fast ion conductor-montmorillonites[J].
Solid State Ionics, 1997, 93(3): 347-354.

[79] MARAQAH H, LI J, WHITTINGHAM M 8. Ion transport in single
crystals of the clay-like aluminosilicate, vermiculite[J]. MRS
Proceedings, 1990, 210: 351-357.

[80] Aewk, F R, AT3CHE. S84 B4R i 5T ¥ A0 2 7 5 i ).
YA, 1988, 8: 1307-1314.

ZHU Bin, WANG Dazhi, YU Wenhai. Acta Phys Sin-Ch Ed (in
Chinese), 1988, 8: 1307-1314.

(811 i, Jiwlih, BRAZIR, S5 BRUSEIAT A 1 S LR, T

BE, 1992(1): 71-77.

HUANG Zhenhui, SU Mingdi, CHEN Liquan, et al. Chinese J Geol (in

Chinese), 1992(1): 71-77.

FRBET. MR fi B ep it ) [T]. Hidth, 1990, 6: 26-29.

LIN Fengliang. Battery (in Chinese), 1990, 6: 26-29.

FRAE. MBS AR AR BT[], Hidh, 1991, 1:22-24,

LIN Fengliang. Battery (in Chinese), 1991, 1: 22-24.

[84] VHEE:, £y =, SWETF. —FH LRSS T A RS ].
REHA62, 1988, 6: 72-74.

FAN Yuqin, WANG Shousan, WU Haoqing. Chinese J Appl Chem (in
Chinese), 1988, 6: 72-74.

[85] GONZALEZ-ROMAN D, RUIZ-CRUZ M D, POZAS-TORMO R, et al.
Ionic conduction in sepiolite[J]. Solid State Ionics, 1993, 61(1):
163-172.

[86] LIN Z X, TIAN S-B, YU H-J, et al. A mineral ionic conductor-
saponite[J]. Solid State Ionics, 1991, 47(3): 223-25.

[87] LEE S, HWANG H S, CHO W, et al. Eco-degradable and flexible

solid-state ionic conductors by clay-nanoconfined dmso composites[J].

Adv Sustain Syst, 2020, 4(5): 1900134.

NUNES-PEREIRA J, LOPES A C, COSTA C M, et al. Porous

membranes of

(82

(83

(88

montmorillonite/poly(vinylidene fluoride-
trifluorethylene) for Li-ion battery separators[J]. Electroanal, 2012,
24(11): 2147-2156.

[89] FANG C, YANG S, ZHAO X, et al. Electrospun montmorillonite

modified poly(vinylidene fluoride) nanocomposite separators for

lithium-ion batteries[J]. Mater Res Bull, 2016, 79: 1-7.

DYARTANTI E R, PURWANTO A, WIDIASA I N, et al. Ionic

conductivity and cycling stability improvement of PVDF/nano-clay

[90

using PVP as polymer electrolyte membranes for LiFePO, batteries[J].
Membranes, 2018, 8(3): 36.

[91] WANG Y P, GAO X-H, LI HK, et al. Effect of active filler addition on
the ionic conductivity of PVDF-PEG polymer electrolyte[J]. J
Macromol Sci A, 2009, 46(4): 461-467.

[92] TANG W, TANG S, ZHANG C, et al. Simultaneously enhancing the

thermal stability, mechanical modulus, and electrochemical

performance of solid polymer electrolytes by incorporating 2D

sheets[J]. Adv Energy Mater, 2018, 8(24): 1800866.

CHEN L, LI W, FAN L Z, et al. Intercalated electrolyte with high

transference number for dendrite-free solid-state lithium batteries[J].

Adv Funct Mater, 2019, 29(28): 1901047.

HUTCHISON J C, BISSESSUR R, SHRIVER D F. Conductivity

anisotropy of polyphosphazene-montmorillonite

electrolytes[J]. Chem Mater, 1996, 8(8): 1597-1599.

TANG W, TANG S, GUAN X, et al. High-performance solid polymer

electrolytes filled with vertically aligned 2D materials[J]. Adv Funct

Mater, 2019, 29(16): 1900648.

[93

[94

composite

[95

[96] XU H, LI D N, LIU Y, et al. Preparation of halloysite/polyvinylidene
fluoride composite membrane by phase inversion method for lithium
ion battery[J]. J Alloys Compd, 2019, 790: 305-315.

[97] WANG H, ZHANG S, ZHU M, et al. Remarkable heat-resistant
halloysite nanotube/polyetherimide composite nanofiber membranes
for high performance gel polymer electrolyte in lithium ion batteries[J].
J Electroanal Chem, 2018, 808: 303-310.

[98] HUANG C, JI H, GUO B, et al. Composite nanofiber membranes of
bacterial cellulose/halloysite nanotubes as lithium ion battery
separators[J]. Cellulose, 2019, 26(11): 6669—-6681.

[99] ZHU Q, WANG X, MILLER J D. Advanced nanoclay-based
nanocomposite solid polymer electrolyte for lithium iron phosphate
batteries[J]. ACS Appl Mater Inter, 2019, 11(9): 8954-8960.

[100] CHI Q, ZHEN R, WANG X, et al. The role of exfoliated kaolinite on
crystallinity, ion conductivity, thermal and mechanical properties of
poly(ethylene oxide)/kaolinite composites[J]. Polym Bull, 2017, 74(8):
3089-3108.

[101] CHEN F, MA X, QU X, et al. Structure and properties of an organic
rectorite/poly(methyl methacrylate) nanocomposite gel polymer
electrolyte by in situ synthesis[J]. J Appl Polym Sci, 2009, 114(5):
2632-2638.

[102] HUANG Y, WANG X, HE X, et al. Gel polymer electrolyte based on
poly(methyl methacrylate-maleic anhydride)-poly(ethylene glycol)
monomethyl ether and organophilic rectorite clay[J]. Clay Miner, 2010,
45(4): 431-440.

[103] RUIZ-HITZKY E, DARDER M, ALCANTARA A C S, et al, Recent
advances on fibrous clay-based nanocomposites[C]//KALIA S ed.
Organic-inorganic hybrid nanomaterials, Switzerland: Springer
International Publishing, 2015: 39-86.

[104] MEJIA A, DEVARAJ S, GUZMAN 1, et al. Scalable plasticized
polymer electrolytes reinforced with surface-modified sepiolite
fillers-a feasibility study in lithium metal polymer batteries[J]. J Power
Sources, 2016, 306: 772-778.

[105] GONZALEZ F, TIEMBLO P, GARCIA N, et al. High performance
polymer/ionic liquid thermoplastic solid electrolyte prepared by
solvent free processing for solid state lithium metal batteries[J].
Membranes, 2018, 8(3): 55.

[106] TIAN L, XIONG L, CHEN X, et al. Enhanced electrochemical
properties of gel polymer electrolyte with hybrid copolymer of organic
palygorskite and methyl methacrylate[J]. Mater, 2018, 11(10): 1814.

[107] SONG Q, LI A, SHI L, et al. Thermally stable, nano-porous and
eco-friendly sodium alginate/attapulgite separator for lithium-ion
batteries[J]. Energy Storage Mater, 2019, 22: 48-56.

[108] YANG S, QIN H, LI X, et al. Enhancement of thermal stability and
cycling performance of lithium-ion battery at high temperature by
nano-ppy/ommt-coated separator[J]. J Nanomater, 2017, 2017:
6948183.

[109] AHN W, LIM S N, LEE D U, et al. Interaction mechanism between a
functionalized protective layer and dissolved polysulfide for extended
cycle life of lithium sulfur batteries[J]. J Mater Chem A, 2015, 3(18):
9461-9467.

[110] LIU Y, LI D, XU H, et al. An expanded clay-coated separator with
unique microporous structure for enhancing electrochemical
performance of rechargeable hybrid aqueous batteries[J]. J Solid State
Electr, 2019, 23(1): 215-226.

[111] TIAN L, XIONG L, HUANG C, et al. Gel hybrid copolymer of

organic palygorskite and methyl methacrylate electrolyte coated onto



B 49 4555 10 1 X

R GE: WTYAE R S R U N B - 2141 -

celgard 2325 applied in lithium ion batteries[J]. J Appl Polym Sci,
2019, 136(38): 47970.

[112] CHEN W, LEI T, LV W, et al. Atomic interlamellar ion path in high
sulfur content lithium-montmorillonite host enables high-rate and
stable lithium-sulfur battery[J]. Adv Mater, 2018, 30: 1804084.

[113] 5K 5. B A SCtE AR i b i E AR A B 9E[D], dbst: dEsife T
K2, 2017.

ZHANG Yong. Study on halloysite nanotubes-modified cathode
materials for liuthium sulfur batteries (in Chinese, dissertation).
Beijing: Beijig University of Chemical Technology, 2017.

[114] WANG Y, WANG X, YE H, et al. Carbon coated halloysite nanotubes
as efficient sulfur host materials for lithium sulfur batteries[J]. Appl
Clay Sci, 2019, 179: 105172.

[115]WU F, LV H, CHEN S, et al. Natural vermiculite enables
high-performance in lithium-sulfur batteries via electrical double layer
effects[J]. Adv Funct Mater, 2019, 29: 1902820.

[116] PAN J, WU C, CHENG J, et al. Sepiolite-sulfur as a high-capacity,
high-rate performance, and low-cost cathode material for
lithium-sulfur batteries[J]. ] Power Sources, 2015, 293: 527-532.

[117]PARK J W, YOON E, KANG J H, et al. Facile and low-cost
fabrication of cathode protection thin layer for durable Li-S
batteries[J]. J Nanosci Nanotechnol, 2019, 19(8): 4643-4646.

[118] XIE Q, ZHENG A, XIE C, et al. Graphene functionalized
attapulgite/sulfur composite as cathode of lithium-sulfur batteries for
energy storage[J]. Micr Mesopor Mat, 2016, 224: 239-244.

[119] CHEN W, HU Y, LV W, et al. Lithiophilic montmorillonite serves as
lithium ion reservoir to facilitate uniform lithium deposition[J]. Nat
Commum, 2019, 10(1): 4973.

[120]LIM Y G, PARK J W, PARK M-S, et al. Hard carbon-coated natural
graphite electrodes for high-energy and power lithium-ion
capacitors[J]. Bull Korean Chem Soc, 2015, 36(1): 150-155.

[121]GAO X, ZHAN C, YU X, et al. A high performance lithium-ion
capacitor with both electrodes prepared from sri lanka graphite ore[J].
Materials, 2017, 10(4): 414.

[122] WANG G, OSWALD S, LoFFLER M, et al. Beyond activated carbon:
Graphite-cathode-derived Li-ion pseudocapacitors with high energy
and high power densities[J]. Adv Mater, 2019, 31(14): 1807712.

[123] STEVIC Z, RAICIC-VUJASINOVIC M. Chalcocite as a potential
material for supercapacitors[J]. J Power Sources, 2006, 160(2):
1511-1517.

[124] RAICIC-VUJASINOVIC M, STEVIC Z, BUGARINOVIC 8.
Electrochemical characteristics of natural mineral covellite[J]. O J
Metal, 2012, 2(3): 60-67.

[125] PHOOHINKONG W, PAVASUPREE S, WANNAGON A, et al.
Electrochemical properties of nanopowders derived from ilmenite and
leucoxene natural minerals[J]. Ceram Int, 2017, 43: S717-S722.

[126] PHOOHINKONG W, PAVASUPREE S, MEKPRASART W, et al.
Synthesis of low-cost titanium dioxide-based heterojunction
nanocomposite  from natural ilmenite and leucoxene for
electrochemical energy storage application[J]. Curr Appl Phys, 2018,
18: S44-S54.

[127] LUO H, ZHANG F, ZHAO X, et al. Preparation of mesoporous carbon
materials used in electrochemical capacitor electrode by using natural
zeolite template/maltose system[J]. J Mater Sci: Mater Electron, 2014,
25(1): 538-545.

[128] XI5t BH, SR WY, ES8k. Whan Bl & 2 7L R & 6 H et
FE00). ThAER L 2010, 41(12): 2134-2136.

LIU Guiyang, GUO Junming, WANG Baosen. J Funct Mater (in
Chinese), 2010, 41(12): 2134-2136.

[129] ANIA C O, KHOMENKO V, RAYMUNDO-PIRERO E, et al. The
large electrochemical capacitance of microporous doped carbon
obtained by using a zeolite template[J]. Adv Funct Mater, 2007, 17(11):
1828-1836.

[130] ZHAO X, LUO H, DU K, et al. Application of attapulgite/maltose
system on mesoporous carbon material preparation for electrochemical
capacitors[J]. J Appl Electrochem, 2014, 44(6): 719-725.

[131]LUO H, CHEN Y, MU B, et al. Preparation and electrochemical
performance of attapulgite/citric acid template carbon electrode
materials[J]. J Appl Electrochem, 2016, 46(3): 299-307.

[132]LUO HM, YANG Y F, SUN Y X, et al. Preparation of fructose-based
attapulgite template carbon materials and their electrochemical
performance as supercapacitor electrodes[J]. J Solid State Electrochem,
2015, 19(5): 1491-1500.

[133] B, HeFhz, WA, . KOH yE kit LA s S H ik
PERERTIE[]. MEHITFI2AAR, 2017, 31(5): 321-328.

LI Aijun, CHUAN Xiuyun, HUANG Dubin, et al. Chinese J Mater
Res (in Chinese), 2017, 31(5): 321-328.

[134]LE Q J, HUANG M, WANG T, et al. Biotemplate derived three
dimensional nitrogen doped graphene@MnO, as bifunctional material
for supercapacitor and oxygen reduction reaction catalyst[J]. J Colloid
Interface Sci, 2019, 544: 155-163.

[135]CAO XI C X Y, LI A J, HUANG D B. Preparation of porous carbons
using a chrysotile template and their electrochemical performance as
supercapacitor electrodes[J]. New Carbon Mater, 2018, 33(3):
229-236.

[136] LIU G, KANG F, LI B, et al. Characterization of the porous carbon
prepared by using halloysite as template and its application to
EDLCIJ]. J Phys Chem Solids, 2006, 67(5/6): 1186—1189.

[137] ZHANG W, MU B, WANG A. Halloysite nanotubes template-induced
fabrication of carbon/manganese dioxide hybrid nanotubes for
supercapacitors[J]. Ionics, 2015, 21(8): 2329-2336.

[138] ZHANG L, YU Y, LIU B, et al. Synthesis of mesoporous tubular
carbon using natural
supercapacitor[J]. J Mater Sci Mater Electron, 2018, 29(14):
12187-12194.

[139] FAN X, YU C, YANG J, et al. A layered-nanospace-confinement

strategy for the synthesis of two-dimensional porous carbon

tubular  halloysite as template for

nanosheets for high-rate performance supercapacitors[J]. Adv Energy
Mater, 2015, 5(7): 1401761.

[140] YANG Y, LI A, CAO X, et al. Use of a diatomite template to prepare a
MoS,/amorphous carbon composite and exploration of its
electrochemical properties as a supercapacitor[J]. RSC Adv, 2018,
8(62): 35672-35680.

[1411JAVED M S, AHMAD SHAH S S, NAJAM T, et al. Synthesis of
mesoporous defective graphene-nanosheets in a space-confined
self-assembled nanoreactor: Highly efficient capacitive energy
storage[J]. Electrochim Acta, 2019, 305: 517-527.

[142] ZHANG Y, LU L, ZHANG Z, et al. Natural nanomaterial as hard
template for scalable synthesizing holey carbon naonsheet/nanotube
with in-plane and out-of-plane pores for electrochemical energy
storage[J]. Chin Chem Lett, 2018, 29(4): 641-644.

[143]ZHANG M, CHEN K, WANG C, et al. Mineral-templated 3D
graphene architectures for energy-efficient electrodes[J]. Small, 2018,
14(22): €1801009.



. 2142 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2130-2143

2021 4

[144] ZUO S, LIU W, YAO C, et al. Preparation of polyaniline-polypyrrole
binary composite nanotube using halloysite as hard-template and its
characterization[J]. Chem Eng J, 2013, 228: 1092-1097.

[145] XIE A, TAO F, SUN W, et al. Design and synthesis of graphene/porous

polyaniline nanocomposite using attapulgite as template for

high-performance supercapacitors[J]. J Electrochem Soc, 2016, 164(2):

H70-H77.

[146] FAN P, WANG S, LIU H, et al. Polyaniline nanotube synthesized from
natural tubular halloysite template as high performance
pseudocapacitive electrode[J]. Electrochim Acta, 2020, 331:135259.

[147] LI K, LIU X, ZHENG T, et al. Tuning MnO, to FeOOH replicas with
bio-template 3D morphology as electrodes for high performance
asymmetric supercapacitors[J]. Chem Eng J, 2019, 370: 136-147.

[148] KANBARA T, YAMAMOTO T, TOKUDA K, et al. Porous and
electrically conducting clay-carbon composite as electrode of electric
double-layer capacitor[J]. Chem Lett, 1987, 16(11): 2173-2176.

[149] LIU Y, JIANG X, LI B, et al. Halloysite nanotubes@reduced graphene
oxide composite for removal of dyes from water and as
supercapacitors[J]. ] Mater Chem A, 2014, 2(12): 4264-4269.

[150] GANGANBOINA A B, DUTTA CHOWDHURY A, DOONG R-A.
New avenue for appendage of graphene quantum dots on halloysite
nanotubes as anode materials for high performance supercapacitors[J].
ACS Sustain Chem Eng, 2017, 5(6): 4930-4940.

[151]ZHANG W, REN Z, YING Z, et al. Activated nitrogen-doped porous
carbon ensemble on montmorillonite for high-performance
supercapacitors[J]. J Alloys Compd, 2018, 743: 44-51.

[I52] ME AR, MEsso, s, S5, RIS AR AL I M B A 1) ol 8 S I
HALZEPERERTSE[I]. T IRl SRR, 2016, 35(1): 68-72.

LIU Xindong, YING Zongrong, LU Jianjian, et al. Electron Compo
Mater (in Chinese), 2016, 35(1): 68-72.

(SRR B, MR, MER, & W EEEB KL ALH
@MnO@PANI = G AP RHII G i % SE AL HL AR PR R 9 T].
LTHAMEL, 2017, 45(3): 49-51+57.

RENG Zhenbo, YING Zongrong, LIU Xindong, et al. New Chem
Mater (in Chinese), 2017, 45(3): 49-51+57.

[154] CHANG Y, LIU Z, FU Z, et al. Preparation and characterization of
one-dimensional core—shell sepiolite/polypyrrole nanocomposites and
effect of organic modification on the electrochemical properties[J]. Ind
Eng Chem Res, 2013, 53(1): 38-47.

[155] WANG F, ZHANG X, MA Y, et al. Synthesis of hnts@pedot
composites via in situ chemical oxidative polymerization and their

application in electrode materials[J]. Appl Surf Sci, 2018, 427:

1038-1045.
[156] YANG C, LIU P, ZHAO Y. Preparation and characterization of
coaxial  halloysite/polypyrrole  tubular nanocomposites  for

electrochemical energy storage[J]. Electrochim Acta, 2010, 55(22):
6857-6864.

[157JHUANG H, YAO J, CHEN H, et al. Facile preparation of
halloysite/polyaniline nanocomposites via in situ polymerization and
layer-by-layer assembly with good supercapacitor performance[J]. J
Mater Sci, 2016, 51(8): 4047-4054.

[158]WU C, ZHOU T, DU Y, et al. Strong bioinspired HPA-RGO
nanocomposite films via interfacial interactions for flexible
supercapacitors[J]. Nano Energy, 2019, 58: 517-527.

(1591 BT, WiF5IN, SEiERE, 5. SRORNG/MNY M Ao/ B8 AR AL 5 N A
Fo il o 2 L A 2 PERERE A [T]. JEG R, 2013, 36(4): 43-45.

SUO Longning, SHANG Xiuli, WU Haixia, et al. Non-Metallic Mines

(in Chinese), 2013, 36(4): 43-45.

[160] SHAO L, QIU J, LEI L, et al. Properties and structural investigation of
one-dimensional SAM-ATP/PANI nanofibers and nanotubes[J]. Synth
Met, 2012, 162(24): 2322-2328.

[161] WANG Y, LIU P, YANG C, et al. Improving capacitance performance
of attapulgite/polypyrrole composites by introducing rhodamine B[J].
Electrochim Acta, 2013, 89: 422-428.

[162] YANG C, LIU P. Polypyrrole/conductive mica composites:
Preparation, characterization, and application in supercapacitor[J].
Synth Met, 2010, 160(7/8): 768-773.

[163] KK, BRR, D5k, S KGRI M YR L -Mn;0, K
PZEPEREWTFT[I]. YR TS 22 e 22 4R (1 AR B2 B, 2017, 16(2):
142-146.

SHAN Yuyu, ZHAI Chenchen, MA Zhen, et al. J Huaiyin Teach Coll
(Nat Sci Ed) (in Chinese), 2017, 16(2): 142-146.

[164] CHAI H, DONG H, WANG Y, et al. Porous NiCo,S4-halloysite hybrid
self-assembled from nanosheets for high-performance asymmetric
supercapacitor applications[J]. Appl Surf Sci, 2017, 401: 399-407.

[165] AL, HhILGR ALY AR AT R 1 2 S LB AL # L RERTS[D], & &
AR5 Brimkes, 2017.

DONG Hong. Preparation and electrochemical performance of
cobalt-based sulfides as electrode material (in Chinese, dissertation).
Wulumugqi: Xinjiang University, 2017.

[166] LIANG J, TAN H, XIAO C, et al. Hydroxyl-riched halloysite clay
nanotubes serving as substrate of nio nanosheets for high-performance
supercapacitor[J]. ] Power Sources, 2015, 285: 210-216.

[167]ZHANG Y X, HUANG M, LI F, et al. One-pot synthesis of
hierarchical MnO,-modified diatomites for electrochemical capacitor
electrodes[J]. J Power Sources, 2014, 246: 449-456.

[168]ZHANG Y X, LI F, HUANG M, et al. Hierarchical NiO moss
decorated diatomites via facile and templated method for high
performance supercapacitors[J]. Mater Lett, 2014, 120: 263-266.

[169] GUO X L, KUANG M, LI F, et al. Engineering of three dimensional
(3D) diatom@TiO,@MnO, composites with enhanced supercapacitor
performance[J]. Electrochim Acta, 2016, 190: 159-167.

[170] LE Q J, WANG T, TRAN D N H, et al. Morphology-controlled MnO,
modified silicon diatoms for high-performance asymmetric
supercapacitors[J]. ] Mater Chem A, 2017, 5(22): 10856-10865.

[171] BADATHALA V, PONNIAH J. MnO,/Mont K10 composite for high
electrochemical capacitive energy storage[J]. Int J Hydrogen Energy,
2016, 41(28): 12183-12193.

[172] ZHANG W, MU B, WANG A. Halloysite nanotubes induced synthesis
of carbon/manganese dioxide coaxial tubular nanocomposites as
electrode materials for supercapacitors[J]. J Solid State Electrochem,
2015, 19(5): 1257-1263.

[173] MAITI S, PRAMANIK A, CHATTOPADHYAY S, et al
Electrochemical energy storage in montmorillonite k10 clay based
composite as supercapacitor using ionic liquid electrolyte[J]. J Colloid
Interface Sci, 2016, 464: 73-82.

[174] GANGANBOINA A B, CHOWDHURY A D, DOONG R-a. Nano
assembly of N-doped graphene quantum dots anchored
Fe;04/halloysite nanotubes for high performance supercapacitor(J].
Electrochim Acta, 2017, 245: 912-923.

[175] WANG Q, LIU X, JU T, et al. Preparation and electrochemical
properties of NiCo,O, nanorods grown on nickel foam filled by
carbon-coated attapulgite for supercapacitors[J]. Mater Res Express,
2019, 6(12): 125524.



%49 &5 10 ) ARG YR

fith BE AT I Y FH B 5 0k o 2143 -

[176] BME 5. s A 4K E A MR 6l o B LA R RERT X (D). B9
B M RTHELTR, 2016,

LI Yanan. Preparation and supercapacitance characterization of
halloysite nanotube composites (in Chinese, dissertation). Nanjing:
Nanjing University of Science & Technology, 2016.

[177]1L1 Y, ZHOU 1J, LIU Y, et al. Hierarchical nickel sulfide coated
halloysite nanotubes for efficient energy storage[J]. Electrochim Acta,
2017, 245: 51-58.

[178] ZHOU J, DAI S, L1Y, et al. Earth-abundant nanotubes with layered
assembly for battery-type supercapacitors[J]. Chem Eng J, 2018, 350:
835-843.

[179]WU F, LV H, CHEN S, et al. Natural vermiculite enables

high-performance in lithium—sulfur battries via electrical double layer

effects[J]. Adv Funct Mater, 2019, 29(27): 1902820.

[180] Ak, ESCRE, MRd, 5. S A HLA &2 45 1] 4 v g 5 0]
T RREAR, 1991, 2: 213-218.
ZHU Bin, WANG Wenlou, CHEN Maochun, et al. J Inorgan Mater (in
Chinese), 1991, 2: 213-218.

(1811 M 3CHA, RETE, 25, S5t 7o L IL s b ]. )
PHIT e 2= AR (1 AR B4 AR), 1995, 2: 69-76.
YANG Wenzhao, MA Suisheng, MAI Gong. J Guangzhou Norm U
(Nat Sci Ed) (in Chinese), 1995, 2: 69-76.

[182] ¥R, K&, 40®, . B/ S AT 4 B A5 it ). Tohl
MR, 1987, 1: 82-87.
YUAN Wangzhi, WANG Dazhi, ZHU Bin, et al. J Inorgan Mater (in
Chinese), 1987, 1: 82-87.



