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Abstract

The poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) coated LiNio.gC00.15Al0.0502
cathode material was successfully prepared by wet coating method, and their microstructure and
electrochemical properties were studied. The conductive polymer films on the surface of the Li-
Nio.gC00.15Al0.0502 particles are about 14 nm thick, and the PEDOT:PSS-coated LiNio.3C00.15Al0.0502
has good electrochemical performance. The first discharge specific capacity was 193.8 mAh/g at
0.1 C, and the capacity retention rate was 90.3% at 1C after 100 cycles. The PEDOT:PSS cladding
layer has high electrical conductivity and can improve the electrical conductivity of the material.
Therefore, the PEDOT:PSS-coated LiNio.sC00.15Al0.0502 has high discharge specific capacity, good
cycle stability, and good rate performance.
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BT HI(LIB) B T B A S R B R A A 2 T k%, R AR AR
AIRE B Al RGOSR AL AT T IZ M AT R (1] (2] [3]. FEARSGERIIERRAT R, LiCoO, A 5T & M. 1
IVERE LSS0 A, AT AR AR B 7 st p N O V2 . R IR . BRSSP T ETE R
RV IR o AL, & BZIR LiNig sCoo.15A1p.0s02(NCA)AN LiNi,CoyMn, ., O, 4K FE 7 By
ARRA TGS RS0 R 26 32 IRV [4]-[9]- (HAZ, B HLZIR NCA Fll LiNi,Co,Mny_.,O, ¥ B R JEF I 5
AR R 4 2 v R T 5 R RV R R AR R RONE X e S 1 A DA AR P o A . DAL,
B ZIR ERA R I Z g AR Fe e v, i 7l HE S RRE M2 . N T e ROX A e, BT
TETHLA R TR AV ERA R T THAE T KEMEFF[10]-[18].

WL R B 5 R S0 IERARLE AT R T Sk, AR T B AR, 32 BRI B AL 23 M 19]
[20]. ZE&FSHBESYIT, BG4-T 25 AN RCE 2R ) (PEDOT:PSS) 1 T H i Sl M Al R
IR E M, &2 TN A BR(21]. AR JE B I Sk 5 3R B PEDOT:PSS .78 v] LA3R =i A1 L
(15 LM AR E P (S R A% PEDOP:PSS SCPE BT IE 8, 4B At o 1 ) FH 6 R0 25 S DR R 2R B
RAFH K E[22]. Dae % A H PEDOT:PSS {F 475 M AR H S8 A3 5 Js B (A RDRG & 751, RT LA iR e
iR IR 2 ) PR ) B 7 3 e B 4 A B A R P BE[ 23] PEDOT:PSS 4 51 A A 988 B 1 Bt RORG 45 571,
PEDOT:PSS 1 Ak 45 71 AT AR iy FARAA R ) L T SR RL S8R IR 2 (R R PR 36 0, AR s DR IR 21 1
HE[24]. Liu % A\l H] PEDOT 75 4R LiNiy3Co13Mny 0, #EF  Fff Z 0k BE AR IAE REAT BB =i [25]
Schougaard %5 N\l i fE AL 22 58 &9 % PEDOT/LiFePO, H &41kE, DURE MRS R IERE26]. % T %
BTFIWE T, ASCR A SR B AR A B T B AR NCA IERA R, F R 3 ik & #1457 PEDOP:PSS
7K NCA [EAHA L, @it PEDOP:PSS #t LiNigsCoq15sAlg0sO, HEAT Rk, e Ak 7GR P A
[EESEA.

DOI: 10.12677/amc.2018.63010 81 MRMEZERT I


https://doi.org/10.12677/amc.2018.63010
http://creativecommons.org/licenses/by/4.0/

#

o

&

2. KISy
2.1 . LiNi0.8C00_15A]0_0502 E"J*uﬁ'

NigsCo0.15Alg0s (OH), Flf BR A M 4 3t BE Y5 A4 RL A R A F N, B 87 3RAK NigsCop.15Alpes (OH),
LiOH-H,0 (7 #T4l AR)ZIREE/REL 1:1.03 (LU S0, NN E T fH, SREE T HEANE
PR X . EEERSINES S AT THEE 480°CTiEE 5h, 750°Ckess 12 h /53] NCA EHRHE .

2.2. LiNiy3C0y15Aly,s0, B R E BB XK1

# 11.5 g PEDOT:PSS ¥ i{(Aldrich, 1.3 wt%7K 73 HOR) 73 # 3 N-H Bt e fi(NMP)H, BRI 5
g NCA IEWAT BT 8ot B RAYINAE] 60°CHFE 4 he 2 JEEIRSWILIE, 76 100°C FES T
24h, 7333 wt% PEDOT:PSS fU75 ) NCA IFHA

2.3. EAREYHIE K EtbE R

BIEWATEL R R ORI R LG 8:1:1 BT R &, RGN IE &) NMP %57
HATIRG, BIBIRGHSNEE. 2 ERERRMmEEHE L, BT R0CHESTE 12 h, 2B
FNERM o DL N, Celgard 2400 2P ML A R@ AT NCA #) v 9 IEM, EL 1.0 M LiPF6/EC +
DMC + EMC (1:1:1, RO AR, ERmE N FEF P AR A SR CR2032 B4 41t .

2.4, FRAEFNMR

RETHE ) NCA AL Bt 1) NCA TERRATEHE d iR S5 74 ) XRD (Rigaku, Rint-2000)i3E4753#7; 1@
I B A (SEM, JEOL JSM-6300)F13% & Fi 185 (TEM, JEOL JEM-3010)3 /i A 78 Al et 1)
NCA BRI fei il X HZOLISEDX)# A TR S NCA Fioki ETES VG MR TR R
ks TS T #E 73 HT AU (NETZSCH STA 449C) AT RAEAE B A, LA 5°C/min [FHE#ZE M 30
F+ 2 700°C; KA #E (Nicolet 6700)F AE NCA 2 /i 5 R H AR IS5 FA8 46, R5E B A 400~4000
em o FECA AR T ERAL A, AE 2.8~4.3 VI HL S T BBl A EAT R T I AR s L
(EIS)IMHALE CHI 660A FaAL Y TARuS BT, ZHAEN: MMFTEH 0.01 Hz~100 kHz, ZZHIE{E 5 mV,
TAEREER 25C.

3. RS
3.1. XRD &#9

RIHER) NCA £ 3 wt% PEDOT:PSS fU78 ) NCA IEMF R XRD K& DiR. RS REEE
TN a-NaFeO, 45H, FLAAH, HFFEIE(108)/(110)A1(006)/(102)1 72T &, 1(003)/1(104) )35 B U AE K
F 1.2, WHMELEGE R ZIREB N R4 k27, SRR, XRD BRBITEAT$1ES
JRIARE S — 3, R4 TR B 24 5 B AR . G S MRS 1543 AR S AR 3 4 NCA (a
=2.8621 A, ¢ = 14.1551 A)A1 PEDOT:PSS .7 /) NCA (a =2.8623 A, ¢ = 14.1564 &), FH] NCA L0075 &
PEJG PRI S R G5 A8 R AR B AR A . R E B XRD ASRe A & > B G M e E 2 .

3.2. FT-IR # TG 7347

A E R O ) NCA RIS T et NCA ORI FT-IR Jeilh, F—2DAEsk 73R i e NCA i

B EAFTE SR AW PEDOT:PSS. W1 2 o RILA M I NCA FIERTH S 1) NCA BA ALK EIE, [
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Figure 1. The XRD patterns of pristine and PEDOT:PSS-coated NCA
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Figure 2. The FT-IR spectra of pristine NCA, PEDOT:PSS, and PEDOT:PSS-coated NCA: (a) full scale and (b)

magnified scale

& 2. K% NCA 1 PEDOT:PSS €17 NCA B FT-IR B&: (a) £EF(b) FBEBHAE
£ 566 cm ' AHYEL T NCA kit M-O #(M N4 Bt &K Niv Co. ADRIRENE, RWLEZIEE T NCA
Al PEDOT:PSS 2 [H)¥%4A KA M [28]. PEDOT:PSS 5 1) NCA B4 A ff) PEDOT:PSS Wi,
TEBCR BB, N 1497, 1357, 1162, 1119 ARSI 5y 5% . PEDOT:PSS H i H #g 4] C=C, C-C,
S-0, S-REERBNIE ., JEE 1274, 1044, 1029, 998 4%t PEDOT:PSS H ) E fEH] C-O-C KI5 Hh iz
B, R M ZE AN 18 0T DI PEDOT PSS X NCA 1IER A RIEAT 7 R T [29]. N T #i € PEDOT:PSS
(EL7E i B, I AE IR E 3 s, PEDOT:PSS B NCA 1EM AT 52FR) PEDOT:PSS
TRMTTN 2.62 wt%, SRR 3 wt%dEH BT

3.3. EEOHT

RO MER NCA F1 3 wi% PEDOT:PSS 178 [f] NCA IEMABHEUR [ TE55 H SEM F1 TEM AL . 24R,
M 4(a), & 4(b)F HIXFIREE S I TESE A BB X A, # A — R BURL 5% 25 [ 51 B BRI B R ER T 1)
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Figure 3. TGA curves of pristine and PEDOT:PSS-coated NCA
B 3. KM NCA 1 PEDOT:PSS 7 NCA KA EE

and EDX mapping images of (c¢) Ni, (d) Al (¢) Co and (f) sulfur in the
PEDOT:PSS-coated NCA particles
4. R NCA (a)F1 PEDOT:PSS 178 NCA (b)BikifY SEM [ELAK PEDOT:PSS

17 NCA i) EDX i : (c)Ni, (d)Al, (¢) Co #(f) HTE

TURBRL, R AL OB B R NCA Bk SR . i EDX R8I ER I PEDOT PSS f.78 NCA ki
FKIH Ni(c)s Co(e)s Al(d) S(HILEMA, MIE 4(c)~(HH T LW EE E)iE A B NCA # Niv Co. Al Jt
EI 5040, RN AT LUE S SY PEDOT:PSS ' S TEMBAI AL, XEWFHELEY
PEDOT:PSS 5L 7ETE NCA LA KR TH .

5 %R T HERAY) PEDOT:PSS HHAT (7 Bk 2 5 A2 5 I NCA AEHEURL I 5 3 #5256 TEM B1Z.
KRR NCA BRER B R A HEMAEE, WK s@BR. HR, Bl 5b)H BRI R e E sk
(1) NCA Bk K Eg, BB ERGH5aEN S HESY) PEDOT:PSS #E2, HEEZ 14 nm.
NCA ki % 1 ¥ 51078 11 S B 4% PEDOT PSS, A | A BHE 7R b At (o 75685 .
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Figure 5. TEM images of (a) pristine NCA and (b) PEDOT:PSS-coated NCA particles
B 5. KM NCA (a)F1 PEDOT:PSS 7 NCA (b)FHI# TEM

3.4. EALEFEMRESHT

T2 2032 A9 e b R IR R 2o NCA F1 PEDOT:PSS 078 Y NCA 1IEM AR AL 22 BE . 4] 6(a)
AR NCA Al PEDOT:PSS £ 1) NCA IEMRA R & i i 2k, MR A 0.1 C (1 C = 180
mAW )% T, H PEDOT:PSS L 1] NCA IEARM R4 25 8 (193.8 mAh/g) L AR S NCA 1E
AR BILE A (191 mAh/ R . X F 22 FHEEY PEDOT:PSS 78 JZ & MEIER TR 2.
V1) 3 i Eb BEL AR BE AR b (0 B 4% 3%, PRItk PEDOT PSS #2557 istEM B T 5 &, il SRS
) PEDOT:PSS .78 [f) NCA TEARA RFR B H B i (s 2

FEARAE3 0.1 C NIEFF 2 Bl )5, B 1 C A3 MNAAR 4 NCA Al PEDOT:PSS €. ] NCA 1EA A4 K
PG PERE, FEELBOX PR A RO 2 B R R R 115 6(b). RIATELE PEDOT:PSS [ NCA IEMAEL, LI
PPERE B A5 B 3% . PEDOT:PSS F Itk (1) NCA IEARATEHE 100 IRIEFF 5 (5 BARRAUN 9.7%,
T A SOk AR 25 B 2 15% . KT BOME ) NCA IERA RN R T 0 25 B (% B o 3 8 Ry L Jiker
K FAAESFHEAYEE EDOT:PSS. R TR EWIEHIE R Y2 78 o5 23 VEM B (1 R i, FH
157 R AR TR 1 B R, R PR TTE i R R R R, AT AT AR AR S R R e

7 NAE R IR E T AR S NCA F1 PEDOT:PSS £L78 [f] NCA IEMRAM B 2 PERE . I EL 0.5 C %
EABEE 43V, HLL0.2 & 5.0 C PIAFRMGERIITRAHE. ME 7 iTLIE B AR S NCA 1 PEDOT:PSS 4
I NCA IERM B AR KR, I FHEEEY PEDOT:PSS &1 NCA fEm R FIHHE
BRI &S T ARSMER NCA IEWAE, Wil H 3R -5 PEDOT:PSS H.78 1) NCA IEMRMEHE 5 C %
RN N 155.6 mAWg, AR SR NCA HARTEA [R5 T H5 8 148.7 mAh/g. XK iE
HAEERM BRI AE FHEEY, NIEMMEHREE T RIFHM FRMLE, FibH a7 5 ae 8 0eE,
KEFT AR, BRI TMRME S T IRk, TS 1A RS 2R

A BEPT(EIS)H B O Hu Al FELA 2 IR B3 ) 2 K AR ST 454045 8. S8 T - 5: L S &) PEDOT:PSS
75 )7 NCA EARM R AS B BRI 2, I T FEAE 2R AT 5 A2 BT 14 8(a) ATE IR T,
MEIRHT A NCA A1 PEDOT:PSS H K] NCA IEARM KK A2 i BT S, 32 2l 78 A IX (1 2F B 5I0RN
A R 45° B BLZRALRL, 1% 53 1) S B (18]t R s % 38 L BELRT L 78 TEARAA B} N BB IE A2 B8 . mTT LA
M 8(a) A AT HH T L 54 PEDOT:PSS 5.7 1Y NCA 1 Fa AR R 5T 2 1] 1) L fmf % 4% HEBH (Ret)  42.4
Q, M) NCA #EHK) Ret y 58.27 Q, RW]FHLIEEY) PEDOT:PSS 1607 {3 13 A48k 1) o far 5 7 Hy
FELFEAIC, AT 42 5 1 AR B A 22 Ve« [4] 8(b) NAERE 2 1 C T, JEFE 100 P85 AR et NCA #1 PEDOT:PSS

DOI: 10.12677/amc.2018.63010 85 MORMEZE R


https://doi.org/10.12677/amc.2018.63010

4t
o
Bl

4.5

[N
=]
=]

-

3

=3
L

4.0 4

160
3.5

140

3.0 4

Voltage(V)

120

o NCA
100 O PEDOT:PSS-coated NCA

80

254 ——NCA
—— PEDOT:PSS-coated NCA

Discharge capacity(mAgh g™

2.0

-3
=3

T T T T T T
0 50 100 150 200 20 40 60 80 100

o

Specific capacity(mAh g”) Cycle number

(a) (b)

Figure 6. (a) Initial charge and discharge cures of pristine NCA and PEDOT:PSS-coated NCA materials at 0.1 C rate; (b)
Cycling behavior of pristine NCA and PEDOT:PSS-coated NCA materials at 1 C rate
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Figure 7. The rate capability for pristine NCA and PEDOT:PSS-coated
NCA materials

& 7. KB4 NCA 1 PEDOT:PSS Bl HY NCA EEMRMRIAIERMEE

A NCA IERM B A ST RS o A AT DA AN B S 3, RS 2 1 28 BTt 7t &
BRI AN )2 [y L e e A b ) 3R TS (ROIE RS 1M 7= A AR HELBEL, 7 7 mP A R P 7 3 v
R R T 2 [A) B L Aer % A2 HLBH(Ret) [30] [31]. ZRIMELFE PEDOT:PSS (1) NCA MRk F it it 28 i 1 Fp BH
(137.8 Q)R FEF5 HIBH(220.7 Q)BMETF AR MR NCA A4k} TH FE H BH(202.4 Q) AT HL 17 5% F2 FELBH
(493.3 Q). XU FHERESYOHEZABH0G] T AR AR R, BRRS T 482 LiF FIUTRR . MRkR
I -3 R A2 PEDOT PSS R 7E AR T HPER NCA Boki 2 AE & K4 i) S M, HBh T 1
R I HARY T NCA PR 952 HF (200, 1Xuess MR, @il 5 iR A9 PEDOT:PSS Xf NCA IEARAF
BHART A, BeA U B A BHIE R A2 o 1) 71 f B
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Figure 8. AC impedance spectra of pristine NCA and PEDOT:PSS-coated NCA materials: (a) before cycle; (b) after 100
cycles
[E 8. Rt NCA 1 PEDOT:PSS B &Y NCA [ERMRIHIREIEL: (a) EIET; (b) & 100 XZ/E
4. &g

FERR B AL A R A S LR B ) NCA IERRAT R, @ik e EiEE& M T PEDOT:PSS L&

1) NCA IERRATEL . FHELA PEDOT:PSS 1) NCA IEMAM RS A SR NCA ML, HEA B &Y

B CH B B AN TR AR PG A R . BT SR A Y PEDOT:PSS B M 7SR, BT NCA IE
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