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Abstract: A spinel lithium manganese oxide doped with nickel (LiNi,Mn,404) was prepared by a sol-gel method
using acetic lithium, nickel and manganese as raw materials. The lithium ion-sieve (denoted as LiNiMn-H) was obtained
by acidification of the obtained LiNi,;Mn, 0, with 0.5 mol-L™ (NH,),S,0;. After testing, we found that the dissolution
ratio of Mn* from LiNi,;Mn, 0, during the acid-modification process was only 0.31% (w, mass fraction) and the saturation
ion-exchange capacity of LiNiMn-H for Li* was 5.29 mmol (36.72 mg) Li*/g ion-sieve. The exchange isothermal curves of
LiNiMn-H in the H*Li* system were measured at 15, 25, 35 and 45 C and the average activity coefficients of the
electrolyte were calculated using Pitzer electrolyte solution theory. Other thermodynamic constants, such as the
equilibrium constants K,, AG,, AH,, and AS,, were calculated during the exchange process. We conclude that the
equilibrium constants reduce with the increase in temperature and that the selectivity of LiNiMn-H for Li* is higher
than the original ion H*. The exchange process is exothermic and the adsorption process occurs spontaneously (AG,<0).
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Fig.1 XRD patterns of LiNi,Mn, 40, at various temperatures
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Fig.2 Dissolving ratio of Mn?* from LiNij;Mn; 0, in
(NH,),S,0; solution with different concentrations

o
)
=Y

SER R B M BE M 0.5 mol - L' ) Mn2* [ 17 HY 38 f
N, AR 0.31%(w), HESCHERE 5% ()N, 33X 2 H A,
Xd‘ ?LiNio_f)SMn] .9504(/E\: EF‘ % % % IEIL: % {jll\ —% % s /E:ﬁ
Mn**F1 Mo P02, 78 R AR L #2 , Mn* &
Az U Ak R AR i Min™ il Min?, [R] i FE A Min2* il
i, @B ETR

ALi[Mn"Mn"]O,+8H"—3[Mn} JO,+

ALi*+2Mn?+4H,0 (i)

FIT AR PG 8 184 RIS, H P o 488 o, s o ) A
HEAT, DRI Min? PR 1 25808 . 7 P o 8 I B 1R 2
i, 3ol T PR e A AV VR R R i, R =X G A
(i) r7s:

2(NH,),S:0:+2H,0—4NH,HSO +0, (ii)

NH,HSO,—NH,SO;+H* (iii)

Jr G T HER BRI VEFH, MLiNigsMn, 0,
sl Liv, % M, 1 R G H AR R B AL
YEF, 31 LiNigMn, 00, F Mn®* % A2 U85 4k 2 7 (3
HHMn?), Fr AMn* 3 22581, (H 2 an 2R 3 i iR
B AR BE R A, o —3 4 Min®* SR Ak B Mn ™ s (FH
1.0 mol - L™ {3 it PR i e M sf, 5 VR 2 B Min™ [y e
TEEE ), BRI R0, Fr DL, A S gk
0.5 mol - L™ b A PR e A Ay 741
22 HMTHAE

BB T LiNiMn-H XF 0.1 mol - L™ Li* ) 1 1l
ZHZH N 5.29 mmol - g™ (36.72 mg - g™), %X EH
FILiINi)sMn, :O, ) FE 1S 75 1 35E (5.52 mmol - g ) AH I,
Ui LiNiMn-H XF Litf3 8 iR R g e 758 1, toidd
BB 0 A VAT 52 M 3] LiNiMn-H % Li*i9 25 7
1A S S0 LiNIMn-H 2511012 M 1 P 2% b2y

FEA: (1) B F IR ZE 4, LiNigMn, 6:0, AT
A AT 4 AR, AR T (Bl 1Y) TR YRS A A 1
PRz B, B A BRARD, BRERFIESMAS 5 Bl
HAB AR R B F oK 7555 (2) dh A B4R
B B R L 2 B ) R/ IN RIS 5 M 28 579 A R
A A T A2 e F 2 & LiNigeMn, 60,
R ekcPEJa i F HAEUR T B e 7 Lit, H B8 6 55
LB NS R KON R T LitdE AL B, B
i LiNiMn-H X Li* BA B Fid ek,
23 #EEFHRULIMBEFLHRANZE
231 H-Lr#WEFR&EERLH

ANFERRE T, H-LiT/R 2 00 B 7 3c 4 SRR 26 14
&l 3. INIEl 3 AT LA H, 855 48 S 1w 3k 31 -1 B
PR AE T Lt EE 2R 2040 Y B P AERORE Hh LivEE
IRATE X 38 RT3 R, RIS A A P Lit Al ik B
A, AN B T AR Lty S . 7R LR
FEFL RN, LiNiMn-H 9 H*-Li 3¢ 4 550 4 2 60 T X6
ALy by, HoAw B AR, U AR B 10 Lit AT
I B IWRIE AT LA, S A LitEE
IRATEL X RR RIS, T AR, YA o 5 i A vp Li*
A A g, D AR X 122 8 A4 S oy A A
232 EEABRH-LFBEFREEEZRAFERMITHE

58, O H-Li 8 T2 4R R 0 7 2C # S5 i
AR, T Pitzer HLMF BT RIS A (D)FI2)
THEA Y H-Lit 88 38 e 1A 2 10 WA 1 20006 B R 4
Y <Lic~Y sHal- ﬁﬁﬂ H+-L1+%?§@1$%B@%?§@%
IRABHR A A (B) @) FNG), AT LI H 15.25.35
Fl 45 CHF ) K. i _E RT3 A i T 306 R

1.0

—m— 15°C Y~
—e—25°C /

08F _a 350¢
—v— 45°C /

061 /

>;:

041 Y

02F

00 Il 1 Il 1

0.0 0.2 0.4 0.6 0.8 1.0
XLi
B3 15.25.35 #A 45 "CH$# 5 F 7% LiNiMn-H ) H*Li*
THEREE

Fig.3 Exchange isothermal diagram of H*Li* system
on LiNiMn-H at 15, 25, 35, and 45 °C
Xii: molar fraction of Li* in solution phase; Y;;: molar fraction of Li* in

solid ion-sieve phase
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Table 1 Electrolytic activity coefficients of H*-Li*ion

exchange system at 15 and 25 °C
T/C Xii Yu Y-Lia Y+HcL K InK%

15 0.9335 0.9890 0.8287 0.8307 6.4475 1.8637
0.8690 09736 0.8283 0.8307 5.6026 1.7232
0.7446 09494 0.8289 0.8309 6.4721 1.8675

0.5329 0.8682 0.8291 0.8311 5.8045 1.7586

0.2915 0.6585 0.8294 0.8313 4.7086 1.5494
0.1671 03871 0.8295 0.8315 3.1622 1.1512
25 0.9334 09890 0.8218 0.8230 64572 1.8652
0.8687 09757 0.8217 0.8230 6.0886 1.8064
0.7455 09460 0.8217 0.8230 59972 1.7913
0.5366 0.8614 0.8216 0.8229 53877 1.6841
0.3083  0.6429 0.8215 0.8228 4.0522 1.3993
0.1890 03769 0.8215 0.8227 2.6028 0.9566

y.ia: average activity coefficient of electrolyte LiCl; y.uq: average
activity coefficient of electrolyte HCI; Kii: Kielland quotient
(revisional selection coefficient)

% 2 Kielland BEIfI Sz B T4 R

Table 2 Results of polynomial regression of

* 3 AEIEE T F 0 (LiNiMn-H) IR i Lith
RITFHE
Table 3 Thermodynamic data of LiNiMn-H for
Li* at different temperatures

T/'C  Ink%  AG,/(J-mol) AS,/(J-mol"-K") AH,/(J+-mol™)
15 13159  -3480.69 -25.6027 -10858.1
25 11560  —2865.39 —26.8077
35 1.0279  -2633.31 ~26.6909
45 08838  -2337.74 -26.7810

Kielland diagram
T/C Result of polynomial regression R
15 InK%=1.1054Y,+0.7632 0.9381
25 InK%i=1.4325Y,,+0.4397 0.9948
35 InK%=2.3119Y,-0.1764 0.9934
45 InK%=0.8104Y,,-0.4786 0.9775
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Fig.4 Relation of equilibrium constant InK, and
temperature

K : thermodynamic equilibrium constant of H*-Li*

ion-exchange reaction
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