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Formation of LiCoO, Crystals on Al Substrate Utilizing Co-Al Layered Double Hydroxide
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Crystalline LiCoO, (LCO) crystals were successfully formed on the directly grown Co-Al layered double hydroxide (LDH) on Al
substrate by flux-coating method. The LCO crystals were formed on the entire substrate coated with Co-Al LDH treated
hydrothermally using nitrate aqueous solution at pH = 7.58 and 9.73. The film characterizations of the LCO crystals were performed
using XRD, EDX, SEM, and XPS. Direct growth method of the Co-Al LDH on Al substrate by hydrothermal treatment using nitrate
aqueous solution was developed for the first time. In this study, the Al substrate was used as a source to grow directly the Co-Al
LDH crystal. Under specific conditions, the Co-Al LDH was uniformly formed on Al substrate.
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1. %S5
LiCoO, (LCO) 1%, o-NaFeO, %! (Z2fI#E R3m) & FEITI % &
WAEAMETHY, TO/BIIEEGERERICIBL, TOK
FEHIT a =028 nm, ¢ = 1406 nm THD[1], ZDOHET
KB b A A BSEODSLT R THEE R L 0, RN Tt &
o TnD, kWA A 3ERo Q1) maEi L, £o
BRI F LA I L arIy b DN —BBEIFET
%, Thb, CoOg NEENLRDBERIZY T U LAF
ﬂﬁf?é@k%ﬁﬂf%ém LCO %, 1980 4EiZ
Mizushima 5|2 VFULERBAA NI LT 4V OE
ﬁ%%b,é%uu%7A4ﬁy@H@%&%%ﬁﬂﬁﬁ%
ThorZENRHENT[3], TNUKE, LCO XU F U LA
k&M (Lithium ion battery : LIB) O EARFTEL & L TOH]
FRFE S, %@ﬁn%%xﬁﬁ%%%_ﬁbhfm % [4-
9], Eﬁ/ﬁ%f’f LCO % 7= LIB 1%, FFHAYITIE 190
Ah@ DTFNVX—HEE, 42V OBEEZHATDHZ amﬂ
f@éﬁ ﬁﬁ* TRE S LB ER ETOIEME O
%ﬁ%% ERHY, ZOL YLZEBRISATHARY,
7=, LIB 0)?%%§£%{t °E%:EJ?lva“—%ETL1K0>3§ﬂ%%)Ei§¥i£3%
EThD, ZOMEERIT 5 B LRI
LiEmOEmmELOEE %k«@ ﬁﬁﬂ@ﬁ%ﬁ@@ﬁi
N TH D, mOFEeatt O BmAE & (BRI 5 kL LT
T T v AENEF LN, 7T v I AEICIY, SUS KK
Iz LIB MM TH D LCO fEmDMKREERITx 52 &
DHEINTWB[I0]l, 20Xz, 77 v 7 AEEANVD
ZLIZLY, EAED LCO MMM EETEHR TE 5,
BUEE TR STV 2 BB BHE, OFEHECKEE
BOEZIZ L DIEWE DA, OEWE, SEMAI, HEWE
HIRE LT-MEORIR, QEEMK E~DEEL, &5 LBk

BoOFETERINTND, OICBWTIE, EREOEDE
RS 570D 70 ARSI ENTETNER, QDR
AIRFEL QD EELIRFEIC L 0, MENKESERDL LV
BIENE LTS, Z0d, ENIEWEZA/KLTYH,
ZOMREABRRIRICF EHE TRV, S5, HhErE
BIR E~EET HERICHERAT 2 EEME S BEMMEREL KT
SHTWD, —RIIZ, BHMETE, 2O/ IELUEED
HEL 57280, BEMEE BEROBEEEL D HMLEN
HbH, INOLOREERT DFEE LT, EERLTEY
BEEHEERTLIENEETHY, ZOERICI Y EMhE
BEERAEIERZENTED &%z s, E£EEEA~
LCO {EWE # BT 572 0121%, £EIR(SUS X Al &
ILO%%@ﬁﬁ%ﬁ@#étb@&m%%ﬁzgf%éoﬁ
AR & LT, BB LICEBEEORIBRMENE 2 K
THZEN—DODOFELERVED, HlxIE, Al £EEEIC
LCO fdh Z AT 2 72D ORIBMEME 2 ik S &, ORI
B % LCO FificBlb&sws & T, BEMEETD
lxo#%%zu% ER ISR T D Z LN EETH D, EE

AKELEIC LD Mg BRI Mg-AlRIEREKER L
% (LDH : Layered double hydroxide, ZE[EI#E R3m : ¥ EXK ;
a=0307nm, ¢=2.323nm) X EHERETDLZ LI LTE
D, ZOEEFEMEIIBOTENI L EZHLMTLTWB[11],
ZOEEEDOE ST, MO Mg 2FBHCHAWTRIES O Al
TR & RS &8 T Mg-Al LDH % Mg BICESFEK SE-2 &
DERELTHETOND, ZOEEORIE LI-FIELFIAL
T AIEER LI LCO #Hk & 554, LCO fdh Ok
FTHD Corgr, PO AIEREFEE LTHWSZ LA
A[RE7: Co-Al R D@ KER LY A Al BE R E DR B &
LTEZLND,
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AWFFETIE, KBULFIZ LY Al B _EIC Co-Al 2 LDH
L, €@ LDH kEIZ7 T v Aa—T7 4 7HEICED
LCOREMmEREIED 2B E LT, AREWEIZL VP
L7 LDH B LT 7 v 7 AKX VIR LT- LCO OF5 M
PERHL A DFEM 21T - 72,

2. EBRAE

2.1 AlEBROFTLE

FARIZ 1T AL11050 (10 mm x 10 mm) 25 L7z, #IDic, #
fifs L=k iz Al iz 30 DRRIESH D Z &L TR—~ o
I (AIOOH) % DAL %17 - 72[12],

2.2 JKEMLIEIZ KB Co-Al F LDH DS

30 mM @ Co(NO;),'6H,0 & 10 mM @ NH,NO; #{E&T 5
Z LT 40 mL OKEEEFE L, NaOH Z AWV CHIED pH
\ZFEEE L7z, pH = 7.58, 7.98, 8.48, 898, 9.73 IZFHEi L7~
BIR AL 21T > 72 Al FEiRE 4 — F 7 L—T 12 AR,
150 °C OEKIFN T 5 FEfIREE L 7=,

YERL L 7= LDH % EARE 7985 (SEM, HAE T, JSM-
6010LA) T L, E&ICFET DIuHkEEd = /¥ —oii
X B2 (EDX, BAEY, ISM-6010LA) 2 CHHTr -« E&
L7z, F72, R X BEHFERE (XRD, X #E : Cu Ko ##,
Y 772, RINT Ultima IV) OEEBEHIE (0 =1 °) 2 AW T smteE
ZEE LT,

2.3 7399 RA—T 4 2T%kIZLD Co-Al %k LDH/AI &
TIXE~D LCO ﬁ.%a)ﬁzm‘z

LCO %*HE.@%EE X, BlLS X BLIRWEE CREMRE S8
HZ LT, B ’E@n’tﬂaé’ T DHZEMTEDL T T I A
EERAWE, FEHZIE, Co(NOs),6H,0, LiOH-H,0 X W
LINO; & Hl W\ 7=, 0832 g @ Co(NO;3),6H,0, 0.892 g &
LiOH'H,0 33 L 102276 g ® LiINO; Z 1B ¥ =K%z, %M
WTREEDER—2 MROFER A ER L, ~—2X Mk
%, %&TE pH TIERL L 7= Co-Al 5% LDH/Al &K E~—E &
WAL, 7AIFTHREICHRE L, VUL ERE LTV
ST REBRIFNICREL, KEFEMKIZT 950 °C-h'!' o3
JET500°C £ TMENL, T OIEETSEEFEIRE Lz, RE%,
200 °C-h' OFHEET 100 °C FTHHAIL, DEEKIFN T=EIR
ETHRE LTz, TOH%, BXIFNLY I AERYH LR,

VERL U 75 & & B AR EE 7 BAMMSE (SEM, HRE T, JSM-
6010LA) CTHIZE L, fEflcFET HrHh %Iz\/vﬂe—/\ﬁkﬂ‘”
X B g (EDX, HAE T, JSM-6010LA) | T’%ﬁ
Lz, B2, fmobFEHEAIREEZ X ftE j‘r:iz‘:
(XPS, %ﬁ%’ﬁfﬁ, ESCA-3400) (2 X 0 #IE L7z, if_, 1
K X BEPTEER (XRD, X #JH : Cu Ka #, U 42, RINT
Ultima IV) O#EEE— RERBHIE (0 = 1 °) Z W TR %
RIE L7,

3. MBREEE

3.1 AlERE~®D Co-Al % LDH DOFHL

pH 73(a)7.58, (b)7.98, (c)8.48, (d)8.98, (e)9.73 DIAIK
WALRALER L D Al A2 E AL, 150 °C DEKIFNIZ 5 IF
MREF L7202 70 XRD /8% — % Fig.1 12" T, ééf@
WIRIZBWT, 20 =10, 34, 60 B L 61 °FFIEDALEIC
BB BB BE I, Zhbit, Co-Al D LDH[Col
LAL(OH),(NO5), nH,01 ® 003, 012, 110, 113 lﬁlfﬁﬁ [ rsy =2
T& 5[13], pH = 7.58 O TRE L 7= 8HA121%, Co-Al
LDH @ 003 D &' — 7&%#{1@@%/7»&@* Lﬂf&ﬁﬂﬁu
BATLI, Zov—7(LBEOKRAMA~ORBENL, 1 H&E R
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Fig.1 XRD patterns of the samples formed on Al substrate by
hydrothermal synthesis from nitrate aqueous solutions with pH
being (a) 7.58, (b) 7.98, (c) 8.48, (d) 8.98 and (e) 9.73.

DIENY, 72, LDH OBMEMNIEN o722 L iciE
K3 %, £7, pH = 8.48, 898, 9.73 OIFIER TUE L 7=V
TNVDFEIIE, 20 =22 (HEICBREOTHVE— I BFEEL,
Z i Co-Al D LDH[Coy. Al (OH),(NO;),#H,0] D 006 [&]
FRUCIRB TE A[13], ZRHDOE—2Z72MZT, 20 = 38,
44, 65 B L 78 °FHIIC Al EIRITER T 58— 27 bIFEET
Do

pH 73(a)7.58, (b)7.98, (c)8.48, (d)8.98, (e)9.73 DIFK
ZHWTKBILER L= 7LD SEM 48 L OF DIVE S
BA Fig2 |\ d, ABEHKD pH I2hhb b, Al RS
ATt U CRE SIS — MROFEEDI R STV DERT
NEETE, MMESORRIHRTE D, £77, SMEIEE

DOFERID, pH % 7.98, 8.48, 8.98 IZFHE L~k & M-
Bh, BIENERESEICER LT, pH =758, 9.73 1ZH%L

Fig.2 SEM images of the samples formed on Al substrate by
hydrothermal synthesis from nitrate aqueous solutions with pH
being (a) 7.58, (b) 7.98, (c) 8.48, (d) 8.98 and (e) 9.73. Insets show
appearance photographs of the samples.
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f_{E{ﬁ%)ﬂb‘t ZiX, Fig2(@) & (e) DAMVEIEED L b
HEol &HE@h“%bHB TR THDH L HITR X %723, LDH
znh‘%l,fu\f;b\ct IR XD TH, SEM BEIZTH
/N — MR OSSO & R LT,

Fig.3 {2, EDX I2X % Co-Al LDH ® Co & Al DJFFH
[Al/ (Co+AD ]! ﬂ‘f%&&fif{ﬁ@ pH KIFEDRERE T,
pH = 7.98 LL_EDFRIE CUER L 72 35E8121%, FRIEF D Co & Al
DR F T 02~035 &f“f&;of_o — %I, Co,.
AL(OH)(NO3), nH,0 @ x 13 0.20~0.33 DIEIZ/2 5 T L AVA
LNTEY, pH =798 LI LD pH THHE L 7= > F L O
EZOfEE—%T 25, —F, pH =758 OIEETLE LT
BITIE, EEFO Al OFHFEIX 50 %L EE2RL, @i Sh
TWAEL Y bEL otz UL, MIEDBEE N O
RO Al, Z L LRV /ERL L 7= AIOOH 23 &h
Tl EZ N5,
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Fig.3 pH dependence of Al/(Co+Al) atomic ratio of the samples.

IHNH ORI, BV EETORRSEMOKELEIZ
X, Al ZEH EIZ Co-Al LDH 2k T& A2 L &27d, £
72, pH =798, 8.48, 8.98 DIFR CTHE L LA, HEikE
N1 i’J R AETER T E 53, 7 58 2 9.73 @ pH THLELL
TG AL, BRIEOMENRE—I2 5,

3.2 I739wHYRA—T42TEIZkS Co-Al & LDH £~
D LCO R DL

pH 7% (a)7.58, (b)7.98, (c)8.48, (d)8.98, (¢)9.73 Tk
L7z Co-AlLDH kIZ7 T vy Aa—F 4 v 7IEIZ LV ERK
L7=% > 7 nd XRD /3% —2 % Fig4 2777, £7TOD LDH
FIZBRR L=V T and, 20 =19, 37, 45 BLO 66 °ff
OB IR EYTRABEE S, IO IXERIRS RO
LCO @ 003, 101, 104, 018 EIFHRITIFE T B[13], &5
12, pH 7% 7.98, 8.48, 8.98 TIEHL L7z Co-Al LDH DA
1%, 260=69 °fFEI2 LCO d 113 ITIR B T& 2RI A R T
x5, ¥/, 2TV I KT S XRD 3% — v EiZiT
Co-Al LDH OfEfITERET 5 B — 7 1I3FEE LR -T2, T
LOFERND, KRFEBRTIER L7 Co-Al LDH EIZ LCO #Edd
ERHTHZENARETHD VD, Zhh LCO @ SEM
BB I OSNEERE% Fig5 IZ77, SEM &b, fERL7-
LCO #&dbiE, #E nm~% um 1 XORLT 3% %ijwt
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Fig.4 XRD patterns of the samples formed on Co-Al LDH
produced from nitrate aqueous solutions with pH being (a) 7.58, (b)
7.98, (c) 8.48, (d) 8.98 and (e) 9.73.

i Sum

Fig.5 SEM images of the samples formed on Co-Al LDH produced
from nitrate aqueous solutions with pH being (a) 7.58, (b) 7.98, (c)
8.48, (d) 8.98 and (e) 9.73.

8.98 T/KEERL LT- Co-AlLDH ETI%, 7J v 7 A ETER
L7 ORBEDNER TE 5, —F, 758 BLT 9.73 ® pH
THLEE L 7= Co-Al LDH LTI, 7T v 7 RIETHER LI-#E
mHEEEE - &I, BRECEELESNTWDHZ LD
N5,

Fig.6 {2, EDX (2L % LCO ® Co & O D FH[Co/ (Co+
0) 11Zxt4 % Co-Al LDH JERHRIC izawf!aﬁ&@ pH K1E
OB ERT, pH = 8.98 OIAEIR CTULHE LIZHE10I%, &
fEF D Co & O OMtkITR EZ4:1THDY, CO ﬁ%ﬂ@ﬁ-ﬂ
BCholz, —F, TOMDERK pH THAL L7z Co-Al LDH
EIZBAEC L7 LCO OFAITIE, Co & O Okt L%
2:3ThHY, {LFEFHMEKEL D HEENIZ Co BREIOMLTH
o7, £72, EDX A7 MUVHIZIE Al IZERTZ2E—2 %
FEL, TORTFEIT 3 %RETH-oTZ, 20 AllE, LCO
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Fig.6 pH dependence of Co/(Co+Q) atomic ratio of the samples.
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Fig.7 {2 pH = 9.73 Tk L7z Co-Al LDH EIZfEHR L7
LCO FEMFERD Li 1s, Co 2p, O 1s D XPS A~/ hL &R
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Fig.7 XPS spectra of LCO crystal surface formed on Co-Al LDH
produced from nitrate aqueous solutions with pH = 9.73.
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72, 531 eV IT L0 ICEETLHE—27 iERTE D, O 1s
D XPS AT MADFaryR) a— 3 OFEENS,
LiCo0, & Li,0 OHMEEIATX 61.7 %& 383 % Tholz, ZD
FERENS, LCO FEMFEMICIE, LCO IZMA T Li0 MBS
nTnsrEZLHND,

4. FEo

pH = 7.58, 7.98, 8.48, 8.98, 9.73 DIFIR% M\ 7= KEL
PIZ XY, Co-Al LDH 4 Al FfK LB CTE 7=, pH %
7.98, 8.48, 8.98 [ZHHE LIWIRE AW -GG, RENEK
EIRIZIBAL L722Y, pH = 7.58, 9.73 \[ZiFHE L= Rk % AV iz
BEIE, REOMNEFEN D ehotz, 7T v 7 Aa—T 4
YR &Y, Co-Al LDH € IZ LCO #EdaERL LT,
pH=7.98, 8.48, 898 T/KELGHK L7z Co-Al LDH ETIE, 7
T w7 AETHRLIERPHEE L, —F, 758 BLO
9.73 ® pH THLEE L 7= Co-Al LDH % LTI, 77 v 7 ik
TR L= LCO fEdb 23 HlEiw3°c, R SmIcEEfcx
77 T LCO fEEEDOFEMEITIE, L0 NI ST
WHZ EEHLT L,

BiEE

AWFEO—ERIL, TR 24 4FE L VIR I TV D NEDO
B VX — B BB R E 3 (23-0712004) DERBhO & 1T
BITENT-, LT, #EEET S,
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