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TONG HQP VAT LIEU NANO SPINEL Li Mn,O,,
BANG PHUONG PHAP THUY NHIET

* Nguyén Minh Thao®,
Tém tit

Pham Minh Xuan®

Vatlieu Li Mn O, dwoc tong hop thanh céng bang phwong phap thiy nhiét. Diéu kién tong hop dwoc
xac dinh: ti lé mol Li:Mn = 5: 3 nhiét do 120°C, 2]6glo’ thiéu két 500°C trong 6g10' Vat lieu Lan
dwoe phan tich thanh phdn, cdu tric, hinh thai bang nhiéu xa tia X (XRD), pho hap thu nguyen tir ngon
lira (F-AAS), pho hong ngoaqi (FTIR) phiwong phép xdc dinh carbon trong mau ran (TC), hién vi dién
tir quét (SEM) hién vi dién tir truyén qua (T. EM), ddc trung tinh chat dién héa bang ky thudt quét thé
vong tudn hoan (CV). Vit liéu Li Mn,O i co cau truc spinel (Fd3m), kich thudc hat khoang 40-60 nm,
ti 1¢ Li:Mn xdc dinh (F-AAS) la 0,798, so oxy hoa trung binh cua Mn trong san phdm la +3,98 + 0,02.

Vat liéu c6 kha ndng dan cai-phéng thich thudn nghich ion Li* tot.

T khoa: Li Mn.O

1. Mé dau

Vat li¢u oxide kim loai nhu LiCoO,, LiMn,O,,
LiMnO ,, Li,Ti,O,, dugc ung dung rong rai lam
vat liéu dién cuc cho pin Li-ion do kha nang dan
cai- phong thich ion Li* tot. VAt liéu lithi mangan
oxide dan thay thé cho vat liéu L1COO do cac uu
diém vuot troi nhu gia thanh ré, dé tong hop, it doc,
than thién moi truong [1], [3], [5], [8], [9]-

Spinel lithi mangan oxide c6 thé duoc viét 1a
Li, Mn, O,. Trongdo, 1 ionLi* chiém mat tir di€n
8a, x ion Li" va (2-x) ion mangan chiém cac mat bat
dién 16d. Vi gia tri x = 0-0,33, thanh phan vt liéu
bién doi tr LiMn,0, dén Li , Mn, O, (Li,Mn,0 )
ung vai trang thai oxy hoa trung binh ciia mangan
tang tir +3,5 dén +4,0 [8]. Vat liéu LiMn, O, dat
dugc dung luong cao, nhung mat dan dung luong
qua céac chu ky phong/sac do hi¢u ung Jahn-Teller
ctia ion Mn** [5]. Ton Li* ¢6 thé di chuyén qua cac
16 rong hinh thanh gitta cac mat bat dién va mat
tor dién. Ngoai ion Li* hién dién ¢ mat tr dién, ion
Li* ¢6 thé chén vao mit 16¢, hinh thanh pha mubi
[Li][Mn] O, xayra hié}l ung Jahn-Teller. Pha
Li,Mn O, hinh thanh c6 do6i ximg bac 4 va ti 1¢
c/acia 6 co sd 1a 1,163. Viec mo rong kich thude
khoéng déng déu lam giam do bén vat liéu, dan dén
mat dung lugng qua cac chu ky phong-sac. Vat lidu
LiMnO , (hay Li ;,Mn, O s Voi su thay thé Mn
bang Li 16n nhét (x =0 33) ¢6 céu tric 1ap phuong
tam khoi, thuoc nhom khong gian Fd3m, theo vi tri
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nano, spinel, phwong phap thuy nhiét.

Wyckoff, ion Li* nam & vi tri 8a tur dién va 1 phﬁn
O vi tri 16d ciia mat bat dién, cac ion mangan ¢ vi
tri 16d mat bat dién, do d6 han ché anh hudng cua
hiéu g Jahn-Teller ti s6 c/a sau khi bién dang chi
la 1,106, nho hon so v6i truong hop cua LiMn,O,
la 1,163.

Hinh 1. Ciu tric ciia vat liéu LiMn,0,,

hay Li

1(8a)

L1 Mn. O, duoc téng hop béng phuong phap

pha ran, phuong phap sol-gel, thity nhiét [3], [7],
[8], [10]. Nhiét &6 dé thuc hién phan tmg cao, thoi
glan phan g nhanh, vat li¢u tao thanh kho dat hé
s ti lugng, cau trac hoan hao nhu mong muén do

vat ligu LiMn,O kém én dinh nhiét.

Phuong phap thity nhiét c6 thé dung dé tong
hop vat liéu & nhiét 6 thap hon nhiéu so véi cac
phuong phap nung théng thudng, thich hop dé tong
hop vit ligu Li,Mn,O ,. Nhom tac gia Zhang, Y.

[Li, ,Mn, ] ., O

1,670 (16d) ~ 4(32¢)

79



TRUONG DAI HOC DPONG THAP

Tap chi Khoa hoc s6 23 (12-2016)

tong hop thanh cong vat liéu Li Mn O, [10] vei ti
1¢ Li/Mn 14 0,796 va hoa tri trung binh ctia Mn 1a
3,96 khi thuy nhi¢t & 110°C trong 144 gi¢. Trong
nghién ctru nay, chiing t6i tong hop thanh cong vat
liéu spinel Li MnO,, bang phuong phap thuy nhiét
va qua trinh thiéu két san pham d¢é téi vu cu trac,
thanh phan vat liéu.

2. Thue nghiém

2.1. Héa chét - Thiét bi va dung cu

- Héa chat: LiOH.H,0 (Sigma, 98%),
Mn(OCOCH,),.4H,0 (Kanto, 99,3%), H,O, 30%
(Merck), FeSO,.7H,0 (Merck, 99,5%), KMnO,
(Trung Quoc), H,SO, 98% (Trung Quoc).

- Thiét bi va dung cu: autoclave Teflon 190
ml, may khudy tir IKA (Pirc), 16 nung Nabertherm
(Prc), tu sdy Memmert (Pirc), dung cu thiy tinh
cac loai.

2.2. Tong hop vat ligu LiMn,O ,

Qua trinh téng hop gém 2 giai doan chinh
[3], [10]. Cac héa chat st dung déu co do tinh
khiét phan tich; hé thay nhiét c6 dung tich khoang
~200 ml.

Giai dogn 1. Nho tung giot dung dich LiOH
0,6 M/HZOZ, 3% vao dung dich Mn(OCOCH,), 0,3
M véi khuay tr 1000 vong/phtt trong thoi gian
30 phut, dé yén 24 gio, loc rira 3 1an v6i nuée
khtr ion (500 ml/lan) thu dugc chat trung gian
Li-birnessite. Luong Li* nim giira cac 16p trong
birnessite gop phan hinh thanh vat liéu Li Mn O,
de dang hon so véi viée dua toan bg Li* tir ngoai
vao oxide mangan bang phwong phap thity nhiét.
Theo nghién ctru ciia nhom tac gia Feng, Q., vat
li¢u thu dugc dat ti 1€ Li:Mn ~ 0,8 sau 25 ngay
thuy nhiét ¢ 170°C [4].

Giai c?‘oan 2. Cho thém mot lugng LiOH.H,O
vao san phém trung gian (til¢ LiOH.H,0:Mn=5:3)
va lam day 50% thé tich Teflon vé1 nudce khir ion,
khudy déu hén hop trong 15 phut. Pem hé thay
nhiét dat vao 10, 6n dinh nhiét d6 120°C trong 216
gid. Pé ngudi ty nhién hé dén nhiét 46 phong. Ly
tam, rira 3 1an voi nude khir ion. Ly mau sy 80°C
trong 12 gio, tiép tuc thiéu két mau & 500°C trong
6 gio, tc d6 gia nhiét 10 K/phut. Dé ngudi mau tu
nhién trong 10 vé nhiét do phong.
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Trén day la diéu kién toi wu xac dinh dugc
sau khao sat nhiéu yéu t6 anh huong dén qua trinh
tong hop vat liéu Li Mn,O , nhu thdi gian thiy
nhi¢t, nhiét do thuy nhiét, ti I¢ mol Li:Mn, nhiét
do thiéu két...

2.3. Phuwong phap nghién ciru

Cac d:Elc trung cﬁ7a vat liéu LiMnO , duqc
xac dinh bang kinh hién vi dién tr quét trén thict
bi FE SEM S4800 Hitachi - Nhat Ban, kinh hién
vi dién tir truyén qua TEM H-7100 Hitachi - Nhat
Ban, nhiu xa tia X dién cuc dbi CuK  trén thiét
bi D8 Advance, Brucker - Burc v6i A = 1,5405
A; 20 = 10-70°; toc d6 quét 0,25 /s.

7 Su loai bo gbc CH,COO dugc xéc nhan bang
pho hong ngoai FT-IR trén thiét bi Tensor 27 -
Brucker va phuong phap xac dinh tong carbon trén
thiét bi TOC1030S - OI Analytical.

Thanh phan nguyén té va sé oxy hoa cua
chung dwgc xac dinh bang k¥ thuét hip thu
nguyén tir ngon lira acetylen/khong khi trén thiét
bi AA240FS - Agilent, budc song/khe do 1an luot
cho Liva Mn 1a 670,8 nm/0,1 nm va 279,5 nm/0,2
nm; chudn do oxy khu dé xac dinh sb oxy hoda cua
mangan [9]. Két hop cac két qua thu dugc, 1ap duoc
cong thirc thyc nghi¢ém cua vét li¢u.

Tinh chét dién hoa cta vat liéu duoc danh gia
dura vao k¥ thuat quét thé vong tuan hoan véi hé 3
dién cuc (dién cuc dbi 1a ludi Ti, dién cuc so sanh
Ag/AgCl/KCl bao hoa, dién cuyc lam viéc 1a Pt phu
hdn hop C, e PVDF:Li,Mn O, = 1:1:8 trong dung
moi NMP, chat dién giai L1,SO, 1 M.

3. Két qua va thio luzfm

Gian d6 nhiéu xa tia X ctia san phiam trung
gian (Hinh 2b) ¢6 céac pic ¢ vi tri 20 ~ 12,6° (001),
25,5° (002) dic trung cho cdu trac birnessite
L1 Mn O, xH O (JCPDS 50-009). Birnessite co
céu trac 16p, nhom khong gian C2/m, mat (001)
c6 khoang cach d~7A, khoang cach gitra cac 16p
kha rong, co thé chtra sin nhiéu ion Li'. Lugng
Li* ¢6 trong cdu triic s& tiép tuc tham gia vao qua
trinh thuy nhiét, gitip lugng Li* dan cai trong ciu
tric oxide mangan ting d& dang hon néu dua truc
tiép tir ngoai vao, kha ning hinh thanh vat lidu
Li,Mn,O,, tot hon.
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Hinh 2. Gian d nhifu xa tia X
Ghi chu:

a) Mili nhiéu xa tia X cua LiMn,O,,

b) Tién chét trung gian Li-birnessite

¢) San pham sau thity nhiét 120°C, 216 gio

d) Mau c¢) dem nung 500°C, 6 gid (LM5006)

Mau sau thiy nhiét 120°C trong 216 gio cho
gian dd nhidu xa tia X nhu Hinh 2¢, cac pic dic
trung cua Li-birnessite bién mat hoan toan, cac pic
dic trung cho pha spinel xuét hién & goc nhidu xa
20 ~ 18°, 36°, 44°, 58°, 64° voi cuong do thip, van
con thiéu mot sé pic cua pha spinel. Vat liéu lithi
mangan oxide hinh thanh sau thiy nhi¢t chua co
duogc cu trac spinel hoan chinh.

chuan

MaAu sau thuy nhiét dugc thiéu két & nhiét do
500°C trong 6 gio (LM5006) cho gian d6 nhidu xa
tia X (nhu Hinh 2d) vdi cac pic dac trung cho pha
spinel, gia tri goc nhidu ciia cac pic lan lugt 26 ~
18°,36°, 38°, 44°, 48°, 58°, 64°, 67° phu hop vai dir
liéu pho chuan cia Li MnO, (JCPDS 46- 0810)
(Hinh 2a) Cucmg do pic cao, can dbi cho thay vat
lidu két tinh t6t, bé rong chan pic rong, vat lidu co
kich thudc hat bé, kich thudc nano.

Két qua tinh kich thu6c hat ciia mau LM5006
bang phwong trinh Debye - Scherrer dya vao dit
liéu nhiéu xa tia X [2], hat c6 kich thudc ~31,9 nm,
kha phu hop voi két qua xac dinh dic trung hinh
thai cua vat lidu bang hién vi dién tr quét (SEM)
va hién vi dién tir truyén qua (TEM).

1-6 3.0kV 8.4mm x130k SE 400nm

Hinh 3. Anh SEM ciia mau LM5006

do

SO0 nhn

Make Mic HV Mag |
Hitachi|H7100|100 kV[60000 x|

Hinh 4. Anh TEM ctia miu LM5006

Qua anh SEM, TEM cho théy vt liéu spinel
thu dugc sau thiéu két ¢6 kich thudc hat kha dong
déu, khoang 40 - 60 nm.

Phé hdng ngoai ciia mau LM5006 dugc trinh
bay trong Hinh 5.
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Hinh 5. Ph6 hong ngoai ciia miu LM5006
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Két qua FT-IR ctia mau LM5006 cho thiy vt
liéu sau khi nung da loai bo dugc tién chét acetate.
Trén hinh cho cac dinh hép thu 63416, 1628, 1088,
619,512 cm. Ving 3416 cm! ¢6 thé quy cho dao
dong ctia nhom O-H (stretch). Ving hap thu 1628,
1088 cm™ dugc quy cho dao dong ciia nhém O-H
(bend). Cac nhém OH nay la nhém OH cuia nude
dugc hap thy trén bé mat. Ving 619, 512 cm™! 1a
dao dong cua lién két Mn-O (stretch). Tién chét
ban dau dugc sir dung 1a Mn(CH,CO0),.4H,0,
LiOH.H,0, nudc khur ion. Sau khi thuy nhiét, loc
rira, ngam acid acetic, rira lai bang nude DI Sau
quy trinh tong hop, rira, sdy, nung, mau thu dugc
khong quan st thiy dao dong ciia cac lién két C-H,
C-0, C-C, C=0, ching t6 mau di loai dugc cac
gbc hitu co tién chit va luong acid du khi rira. Két
qua xac dinh ham luong carbon tinh dugc ~ 0,0%,
cho théy khong phat hién sy hién dién cta carbon
trong mau sau thiéu két.

Phan tich thanh phan nguyén t Li, Mn bang
phd hip thu nguyén tir ding ngon lira acetylene/
khong khi (F-AAS) thu dugc ti 1¢ Li:Mn ~ 0,798,
phan Li" con lai phan tan trong thé tich dung dich;
két hop v6i chuan d6 nguoc Mn trong vat liéu voi
FeSO,, KMnO,, H,SO, [6], s6 oxy hoa trung binh
cua Mn duoc xac dmh 1a +3,98 £ 0,02. S6 oxXy
hoa ctia Mn trong vt liéu cao hon trong san pham
trung gian, diéu nay do trong hé thity nhiét van con
50% khong khi, gop phan lam ting s6 oxy héa ctia
mangan trong qua trinh thay nhiét [3]. Cong thtrc
thyc nghi¢m thu duge cta vatligula Li, oMN O o,
kha phit hop véi cong thirc 1y thuyét du kién ban
dau 1a LiMnO,,.

Khao sat tlnh chat dan cai-phong thich ion
Li* cua vat li¢u nano spinel LiMn,O , trong dung
dich Li,SO, 1 M, toc do quét the 1 mV/s Puong
cong quet the vong tuan hoan thu dugc nhu Hinh
6. Cudng d6 dong kha cao, cho thiy ion Li* ¢6 kha
nang di chuyén d& dang trong cu trac dudng ham
ctia vat liéu. VAt liéu tao thanh cé ciu tric spinel
kha hoan hao.

1500

0,99V

1000 +

-1000 0,72V 0,87V

— T T T T T T T T T " 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
E/V (vs Ag/AgCI/KCl bdo hoa)

Hinh 6. Puong cong quét thé vong tuidn hoan cia vat

liéu LM5006 trong Li,SO, 1 M, tbc d§ quét

thé 1 mV/s

Trén dudng cong quét thé vong tudn hoan ciia
mau LM5006, cip pic oxy hoa - khir & 0,86 V/0,99
Vva 0,87 V/0,72 V dac trung cho cadp oxy hoa khir
Mn*/Mn?*. Cap pic xuit hién kha 15 cho thiy qua
trinh dan cai-phong thich ion Li* & mat tir dién 8a
va mit bat dién 16d dién ra thuan nghich tot.

4. Két luin

Vitliéu spinel Li,Mn,O,, dugc tong hop thanh
cong bang phuong phép thuy nhiét. Picu kién tong
hop dugc xac dinh 1a 120°C trong 216 gio voi ti 1¢
mol tién chét Li:Mn = 5:3, thiéu két & 500°C 6 gio.
Vit liéu c6 do két tinh tot, kich thude hat khoang
40-60 nm. Vatli¢u Li,Mn O, , dan cai thuan nghich
Li* véi cdp pic oxy hoa khir dac trung cua Mn*/
Mn3*, vét liéu ¢6 tiém nang g dung lam vat liéu
cathod cho ngudn dién Li-ion.

Loi cam on: Nghién ciru nay dieoc hé tro
boi Truong Pai hoc Pong Thap véi dé tai ma sé
CS2015.01.02.
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NANO SPINEL LiMn O , MATERIAL SYNTHESIZED
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BY HYDROTHERMAL METHOD

Summary

Li,Mn,O , material has been successfully synthesized by hydrothermal method. Synthesis conditions
are: Li:Mn molar ratio 5:3, temperature at 120°C, 216 hours, calcinating at 500°C for 6 hours. The
obtained material was analysed its components, characterized by X-ray diffraction (XRD), flame atomic
adsorption spectrometry (F-AAS), Fourier transform infrared spectroscopy (FT-IR), Total Carbon (TC),
Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Cyclic Voltammetry
technique (CV). The obtained Li,Mn O, , material has spinel structure (Fd3m), crystal size in 40-60 nm,
Li:Mn ratio ~ 0,798, average valence of Mn in product is 3.98 &+ 0.02. Li-ions can reversibly insert-
extract in Li,Mn,O , material in well.

Keywords: LiMn,O ,, nano, spinel, hydrothermal method.
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