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Abstract

Using nickel sulfate, cobalt sulfate, manganese sulfate, ammonia base and ammonia water as raw
materials, the precursor of nickel cobalt manganese ternary lithium battery was prepared by co-
precipitation method. The influences of ammonia concentration, pH, temperature, aging time, and
washing water amount on Nig.¢C002Mno2(OH): particle size and morphology were analyzed in the
synthesis process, and the optimal process conditions were finally selected.

Keywords

Ternary Lithium Ion Battery, Nio.cC002Mno2(OH), Physical and Chemical Properties, Influence

Nio.sC002Mno2(OH), & BT 14 BERY
AR

&?J-ﬁ*’ %m ‘%

HEAEB TR, e SRk, Wb Al
Email: "dhb615@qg.com

Weks H . 20204E5H29H; A HM: 20200F6 H15H; & A47H: 2020/F6H22H

o=

FARRE. MR, MR, &, ZACHER, AU &SR = o M a k. i
TARIEHREKRE pH. BE. BRILEK. BRLETKESE F3NiosCoo2Mno2(OH) iR, FES
SRR, REGEHBRKTZ%&M4.

SHEIEE .

ESH: B, #5295, NipgCoo,Mng,(OH), & A b RERI RSB 7T )], 1/ 4 1LFE, 2020, 7(2): 92-99.
DOI: 10.12677/meng.2020.72014


http://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2020.72014
https://doi.org/10.12677/meng.2020.72014
http://www.hanspub.org

X8EiA
=8 B FHAB, NipsCoozMno2(0H),, #iLPERE, B

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

b & 2 7 I RLE BRI B 2858 TE, IRZEAT XT3l 7 Mt e 4 M RE AN ZE M RE ) (1 ZESRoB kbR, AR
P CTRE S AL 457 LR BRI (2012~2020 4E)) Hisk, 2020 4EF) 7 HIB B RE B L F] 300
Wh/kg [1]. TIE NG 8, LR CEF] 350 mAh/g, T FR &I B8 1 o it Bl B 25 PR v ) 2 L [
FARAMKAER B IERARL, 1 E b e R, SRR f it Bk H AR AT BEVERL/DS, T B A SR
EERE . BRSNS 2] = G IER AR E 5 Sepit B AR, DR = IE AR R ORI AR HL AT
WHFCRIE RITJT 1A, NigsCoo2Mnoo(OH), H T BEAE IR B i T — ARE A KL

il = JCIERM R T2 G IR 2, KRBy ERM i Jeilid Fyiie i) G = Jo ik
MRITIRAR, PR R AR e 2592 6 i =t IE A BH3]

1] NigsC0o.2Mng2(OH), AH I FRIME 1 FLAR TR (13 BE AL 5 40 (25°C) L3¢ 1,

Table 1. Solubility product parameters of related insoluble electrolytes in the preparation of ternary materials

=1 ZMESIEPEXERRERNEERS ]

HE VS AR T Ni(OH), Co(OH), Mn(OH), Mg(OH), Al(OH),
WWREER Ky 20x1078 19%x107" 16x107% 12x10% 13x10°%

2 L A[A1, Ni Al Co WA EEAIAER AT, FTLL Ni(OH), 1 Co(OH), HIVTHE pH KEME, 1M Mn #I%
FEFAE Ni #1 Co VA FERMIZZIOR, PR LMHIE 264F T Mn. Ni Co [RIRTE s bL B AHE . mrad it 45 &
BRI FEH pH . B W B SN SR, U4 2 L S B TR RE S IR 2 AT 1 R
A YTTE RS [4] o

B0 HHTA BTG IEARA R T IR I AR P AR AR AR 4 2 . —IRBURLANI 5] A A 72 2% I ) 244
X il AR ARSI AN B 45 r) 5] [6] [7], $RHCRA B AR E R, WA HEKIKRE . pH.
T R K BRAGEEKERT Nig6Cog2Mng 2(OH), HIE2MH , M H A % Nig 6C0o 2Mng 2(OH), [ T
2, FRRBETHTE R NigeCooMng(OH), i & iz il AN fe e S 1 . Ak, XHB™ Mtk & Ta b 5
DA SRS A 775 AR PR A 1R 2 e

2. SEISIIIE

SIZE6 BT FH B SRR R v B BR B (NI SO, 6H,0), 2l 99.9%;  FHIL AR Rl (CoSO,-TH,0), 4l
7999.9%; HihZ% B RER(MnSO,-H,0), 41 )y 99.9%; /K (NHz-H,0): 2, WJE )y 123g/l. 121
IR B (NiSO,-6H,0) . Ml (CoSO4-7H,0) Hit R4 (MnSO,- H,O) %L 77 EE /K LU Il B #h i, AR5 &
SEShULE A 80 mL/min, ZHEIE N 63 mL/min, ZUKHEAN 4 mLU/min, 7EES(N)RI . BERET,
7E 8 m® W 28 A i Nig6C0p2Mng2(OH),, & B FEHH ZU/KIREERH 2 g/l 4 g/L Fih, pH 28 5
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B2 11.2. 11.6. 12.2, ARSI @ PP Fe dys bl & Bam B, P SIS 7 M 4EFF(E 50°CHI 60°C;

R T AR E I &, RBSERUS, BRAG 1.5 h, BRAGHT BRI E 9 111 g/L, BRI N &
FBRARJERBRE A 25 g/L i, Bk oot SOBLRNEA TR S e, PRk A% 20 mft i, BRALE KB 1h,

2h, 4h =4, %4 110°CHET 8 h RIAT45- 3] = J0 1IE M ARl FT R4 .

NI 3 AR o AHOUE I 3R P 722 [ ZEISS GeminiSEM 500 37 & S 43t i T 2. 4Wds,  TAEHLE(EHT) =
1.00kV, #R3KH SE2, P8sfERR 5.0 mm. 5k R A 9 [ B /R SCEO'GRLEE{X Mastersizer 3000, Fitfi
T 2,420, FOkICE 1.000, 4-ECHIFTH 2 1.330, WIHESL25 R FH ZS703 RO AR SE 25 A, $RE)
B 300 IR Gy, IRENTREE 3 mm, & RO FEEETIRY, pph MBS AT, TR H R LT
R
3. S5 ¥He
3.1. |IKRE IR

FUKIE R, BEESEE T M UGS HIE T8 [9], BT :
MSO, +2NaOH = M(OH), + Na,SO,

M2 +6NH, -H,0 =[M(NH,), ] +6H,0

[M(NH,), ] +20H" = M(OH), +6NH,

P20 SI256 BT FH AR 7K E 43 5l 29 0.3 mol/L A1 0.6 mol/L, FAthdz ti| B0 {REr— 2, WL 28 9256 -4 1
[ Nig 6C002Mng2(OH), FIHLEETESR, A 1.

1pum EHT = 1.00kV ] Signal A = SE2 Date : 4 Mar 2020 ] | 1 Hm EHT = 1.00kV Signal A = SE2 Date : 4 Mar 2020 - ]
= WD =5.7mm Mag = 10.00 KX Time: 16:00:41 1 WD =5.7mm Mag = 10.00 KX Time: 16:31:42
(a) 0.3 mol/L (b) 0.6 mol/L

Figure 1. SEM of precursor products with different ammonia concentrations
1. FNEEAKRERTIRE~MmE SEM

Bl 1 aTsn, 2 KHEE S 0.3 mol/L B, NigeCoo2Mno(OH), TS ik, S PhicZE, R4kt
% F/KIMKEEH 0.6 mol/L B, NigsCoo,Mngo(OH), BRIYEH, 2[R .

TR B B A A R B AR R I AN B, S B B e, (R R A
TEBRUAS G AT« BRIZALEE IE 241 NiogC00..Mno2(OH)z, Z/KAE S ML 4 A = i 3128 i < Ja 15 O RR JE0E
FERIVERI[L10], AT a8 B4 1l S S BE (1) B, Bt LA 25 AN [5] 25 23 (¥ Nig sC00.2Mng2(OH)2» BT 75 EE 2K
WA .
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3.2. pH BN

R NOH, M. [11]58 NHHRFL, BIONER. B 81 Ko AR, &MAFRS . & 5
Nig,sC0o.2Mng 2(OH), FYIE B & /K% P AE BN pH /K B AN TH] .

DU R pH BRI =70 IEARA B AT AR S AR AR B KK, IR BRI R R FE A —
SE A, SCEGTEANF] pH BREE T & = J0 IR BT IR, FEMIAN [E] pH X = 76 IEARAA R} SR AR GO0
M ZERRINE, WK 2 Fior, pH B 11.2 88 &3] 12.2 R, BRIEE. BRERH G AE T dcs

S 22 - i SN SERNSNEN £
1‘ um EHT = 1.00kV Signal A = SE2 Date : 13 Feb 2020 1um EHT = 1.00kV Signal A = SE2 Date : 13 Feb 2020
f WD =59mm Mag = 10.00 KX Time: 15:41:18 WD =4.9 mm Mag = 10.00 KX Time: 14:19:54

(a) Ph=11.2 (b) pH = 11.6

Ipm EHT = 1.00kV Signal A = SE2 Date : 13 Feb 20.
f WD =4.8 mm Mag = 10.00 KX Time: 14:25:21
(c)pH=12.2

Figure 2. Effect of pH on precursor morphology
2. pH I ETER AR SRED 200

ARSEE R, pH I E, £SFRRE, NigeCoo,Mng(OH), UKL 25l T[4 pH (K, fkiss
FREA K, NigCog2Mng2(OH), KL S FRE:TH . FEAIE VU NBEE pH BT &, — OB AN FE
DAFRLT, FORLIERIE B AR, IRSEE FE(TD) &, sl 3 Fs([12].

Fribz 4, pH 5 3C AAEXRT MR R, fEabAEKARSET, pH 5 3C MK MR FE L2y 1:1, B pH
$27+0.01, 3C 427t 0.01; fESFIAL T PHRRASES, pH 5 3C KISSK AR L2055 T 1:(2~3), Bl pH #&7+
0.01, 3C #£7t 0.02~0.03; 7 HIZIRERS, pH 5 3C Mg KilgE Eufl K+ 1:3, B pH #27F 0.01, 3C #27+
KT 003, [FRFERARAE T AKARSES, & ZHIPEIC pH AU REr R R B IGR IR BE, i 2 p™
HFRMERRAS, X5 S il i R SR R A
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Figure 3. Effect of pH on the vibration density of precursor
[ 3. pH X ETIR AR SEZ RS20

3.3. IRERNRIE

TR BRI 2 S SDE FE[13] 0 £EE 8 Nio6C00.2Mno 2(OH), i 2 H, 52 8 e 5 b fso IR iod 42 14 Tk
o IER, AR A AR AR B 2 S T AR IS K BE [ 14] . ¥R I 522 2 2K Nig sC0o 2Mng 2(OH),
Al TR RGH pH SR8 TR, A AiEh< S8 pH & T RS pH BERES, 55808 %. BER
SETEFE NI AR AR N B [15], WilE 4, AR TE 50°C I BRI FERCAMN, T3] 60 CHyBRIE AR 2,
AR B2 HH BRI 2 383 2% 3 35 Nl 6C 00, .M 2(OH), [ TE S A5 4 38

1um EHT = 1.00kV Signal A = SE2 Date : 12 Feb 2020 ZEISS 1pum EHT = 1.00kV Signal A = SE2 Date : 6 Feb 2020 ZE1SS
WD =5.9mm Mag = 10.00 KX Time: 14:16:07 WD =5.6 mm Mag = 10.00 KX Time: 18:47:34
(a) 50°C (b) 60°C

Figure 4. Relationship between temperature and morphology of high nickel precursor ((a) 50 ;@b) 60°C)
4 BESSRARARIXR(QRNIEE 50C, (b)RRALEE 60C)

3.4. BRALRHK BRI

WAk I FRAE & B = JC IEARA R T DK T 2R A 2, BRI FE & FRIB MR R RS, 5636 i
PRgE ey, BT E M R BRI [16] [17].

WRAC 56 By FH BV AL FE 9 110 g/L, BROBUIN N E4% MRAGJS TR 9 25 g/L i, BRI K308 1hy 2
hy 4h =247, DURTEARIRALEHHE ST Nig 6C0o2Mng 2(OH), FESR IR .

L 5 AT, BEE ML R EK (L h B 2 h FER] 4 h), = JaIEARMR RO RIER A B AR 15 TN
B, — BRGNS, BRER MUk, BiAs BE A ks .
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<2l TR RS
1um EHT = 1.00kV ) Signal A = SE2 Date : 13 Feb 2020 W 1um EHT = 1.00kV Signal A = SE2 Date : 13 Feb 2020 W
WD =5.0mm Mag = 10.00 KX Time: 14:09:04 WD =5.8mm Mag = 10.00 KX Time: 15:09:39
(@1h (b)2h
1pum EHT = 1.00kV Signal A = SE2 Date : 15 Feb 2020 ﬁ
WD =5.0mm Mag = 10.00 KX Time: 15:08:24
(c)4h
Figure 5. Effect of different aging time on the morphology of NigsCo,Mng(OH),
5. Z:IEB;H{HTHQW N|06C002Mn02(OH)2 ﬁg%ﬂﬂ‘ I%ﬂr“]
Table 2. Particle size of precursor of ternary anode material under different aging time
= 2. TREIFRMURHCT = T ERATR AR RTRE
RG] 1h 2h 4h
D50/um 10.4 10.6 11

H12E 2 AT BRAG I L/ 51 4 /N IR A, = J0 IE R R AT SRR (ROREEE A 10.4 um HE K 11 um,
HERE LB, X R =Tl AR AERR LI R rh INIURE 0B I, OO S RS KK, 7R — B
ETB R YRR HEAT 200 ZOREREAT B, A5 = SO IEARA R AT SR AR AR K, 2 1t 5
v LN by

3.5. BRALRK RIS

MRAbE R E I Ak e, e 22 B n) Nap,SO, [18], ARG IEMP/KHE, M7 W FeLi:
i/ 70°C A4l K Be B BRALJS B0kE, YR 1, Wk BB\ 1 mP K e /K 5 W pH, 15
HEE KBS KER PHXER, WE 6 Fin.
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Figure. 6. Relationship between washing water volume and pH of washing liquid

6. FIKESHKER PH <RE

Hi& 6 AT, Pe/KEHT 5 3L, WeKJE pH TREWIE, BKER] 8 SLi, BEEV/KERIREHE e
AKJE W pH T REAL SR, AREEREINGE KR, Vek)El pH 22 A .

4, &g

1) FIRERARIS, A NiosCooaMnoo(OH), ERILIE SR sAL, BrsihZ, RImAMNIE

2) pHiLH, SSERAEZ, KRESRE TR pHIR, MRiafsbkK, REaRgT s, £
EIGVEE A pHAETE S, — OB AL S BT, ORI BRI BB 220, RSEHEFE(TD) thafie
[E

3) BRALHFTEIAN 1 h 2 4 h, Bl I ) AR SE A IR AR B2 AT AR 7, RLREAR K, BRI th St
B3] 5

4) A1 NiggCooMno2(OH), i, FRALHE/KE A 0 H 3 5 SLpgad e, YekK)a i pH A LR T
%, VKRR 8 ML, FEFEVE/KEARSHIINYLAG W pH T REALLE, RSNk E, Yok)am pH &2t
A .

E&WHE
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