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Khao sat tinh chat dién héa ciia vat liéu spinel
Li,Mn_O., tong hop bang phwong phap thuy nhiét
ung dung lam vat liéu dién cue
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Tom tat:

Bai bao trinh bay két qua tong hop vat liéu di€n cuc cAu truc spinel Li Mn O, (LMO) bang phu’ong phap thiy
nhiét. Piéu kién tong hop t01 wu dé dat dwoc vat liéu co clu tric do’n pha, khong 1an tap chit dlro’c khao sat
thong qua sy thay déi cac yeu t6 nhu: Nhiét do thuy nhiét, thoi gian, ty I€ tac chit, nhiét d9 nung mau, thoi gian
nung... Ciu tric, thanh phén, tinh chét héa Iy va dién hoa ciia vat liéu dwge xac dinh qua cic phwong phap
nhu: Nhiéu xa tia X (XRD), phd hip thu nguyén tir (AAS), quét thé vong tuin hoan (CV). Piéu kién tong hop
tot nhét ddi véi LMO 1a ty 18 Li:Mn = 4:3; nhiét do thiy nhiét 1a 120°C trong 192 gid, nhiét dé nung 1a 500°C
trong 6 gio. Két qua khao sat dién héa cho thidy LMO ¢6 kha ning dan cai va phéng thich ion Li* thuin nghich
thich hop 1am vét liéu dién cwe dwong cho pin sac lithium-ion. Bén canh do, vt liéu ciing thé hién tét kha ning
tich/phéng dién va téc d¢ dan cai ion dién ra nhanh chéng nén thich hop cho ing dung vt liéu dién cuc trong

siéu tu dién hoa.

Tir khéa: Li Mn O, pin sac lithium, siéu tu di¢n hoa, spinel, thiy nhigt.

Chi 56 phdn logi: 1.4
Md dau

Nhu cdu st dung ning luong ngay cang ting cing véi
van dé 6 nhiém moi truong nghiém trong tai cac nudc
dang phat trién do st dung nang lugng hoa thach dat ra
cho c4c nha khoa hoc phai nghién ciru tim ra cac ngudn
nang lugng moi, nang lugng tai tao va st dung ching
mot cach hi¢u qua hon. Theo do, viéc luu trir va chuyén
hoa niang lugng dé sir dung khi can thiét duoc quan tam
dang ké. Céc nguén dién hoa hoc nhu pin sac va siéu tu
dién hoa cho thay tiém nang tich trir nang luong véi quy
mo 10’n cong suét cao [1]. Bé nang cao tinh nang cua cac
nguon dién nay nhu cong sult va nang lugng, vat licu
dién cuc 1a mot trong nhitng thanh phan quan trong quyét
dinh bén canh chét dién giai, mang ngan, dién cuc gop...
[2]. Vat liéu dién cuc con gilt vai tro then chét quyét dinh
tinh bén cua nguén dién, gia thanh, vung thé hoat dong,
tinh than thién voi moi truong.

Spinel lithi mangan oxid (Li, Mn, O,, x = 0-0,33)
duoc nghién clru rong rai lam vat li¢u dién cuc [2-14].
Vatliéu LiMn, O, (x = 0) dat dugc dung luong cao nhung
dung luong giam nhanh qua cac chu ky phong/sac do
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hiéu tng Jahn-Teller cua ion Mn*" [8,12,15]. Vi clung
ciu tric 1ap phuong nhung Mn c6 sb oxy hoa +4, vt
lieu LiMn O, (x =0 33) khéng bi anh hu:dng boi hi¢u
ung Jahn-Teller. Trong cdu trac nay, ion Li* ndm & vi tri
tir dién 8a va mot phan & vi tri bat dién 16d, phan con lai
duogc 1ap diy bai cac ion Mn*', oxy ndm & vi tri 32e [7,
8]. Su dan cai Li* ctia vat liéu cho vung thé phéng §~3,0
V vs. Li*/Li, tuong ing vdi qua trinh oxy hoa khir thuan
nghich cua cap Mn*"/Mn’".

Vat li¢u LiMn, O, dugc tong hop bang phuong phap
sol-gel véi acid citric & pH = 9 c6 kich thudc hat 50-
100 nm dung lam vat liu dién cuc cho si€u tu dién lai
héa (hybrid capacitor) c6 dung lugng dat 20 F/g & mat
do dong 4 A/g, nang luong riéng dat duoc 1a 31,1 Wh/g
[6]. V6i tac nhan tao phtrc glycerin, vat ligu LiMn,O ,
dat dugc dung lugng 168 mAh/g khi quét trong khoang
thé 0-1,4 V & toc do 5 mV/s trong chat dién giai Li, SO,
1 M va c6 kha nang phong sac hon 900 chu ky véi do
mat dung lwong 1a 1,8% [12]. Trong nghién ciru nay,
cl}ﬁng toi thuc hién téng hop Yét li¢u spinel LiMn,O
bang phuong phap thiy nhiét dé dat duoc vat li¢u cé kich
thuéc nano (40-60 nm) thich hop lam dién cuc cho pin
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Abstract:

In this work, lithium manganese oxide (LMO) was
successfully synthesized by hydrothermal method.
The optimized conditions for LMO synthesis were
investigated including molar ratio of precursors,
hydrothermal/annealing temperature, calcination
time, and so on. The structure, composition, and
physical and electrochemical properties of the
samples were determined via X-ray diffraction
(XRD) technique, atomic absorption spectroscopy
(AAS), and cyclic voltammetry (CV). The optimized
synthesis conditions of LMO were obtained
as follows: a molar ratio of Li:Mn = 4:3, the
hydrothermal temperature of 120°C in 192 hours,
and the annealing temperature of 500°C in 6 hours.

The synthesized samples exhibited the excellent
reversibility of Li" intercalation/deintercalation in
the Li-ion system. The high rate properties combined
with the good charge storage of LiMnO,, show a
high potential for supercapacitor applications.

Keywords: Li-ion batteries, Li Mn.O,,, hydrothermal,

spinel, supercapacitors.
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sac Li-ion va siéu tu dién hoa. Cac yéu t6 anh huong dén
hinh thai, cdu trac va tinh chit dién héa cua vt liéu téng
hop duogc khao sat gém ty 1€ tién chat Li:Mn va nhiét do
nung.

Thuc nghiém
Tong hop vit ligu Li Mn 0,

Vat li¢u nano spinel Li,Mn,O , dugc tong hop bang
phuong phap thiy nhiét véi tlen chat LiOH.H,O (Sigma,
99,9%) va Mn(OCOCH3)2 4H,0 (Kanto, 99%) Qua trinh
tong hop gom hai giai doan: Tao san pham trung gian
Li-birnessite va thuy nhiét dé tao vat liéu lithi mangan
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oxid [4, 14]. Dung dich LiOH 0,6 M/H,0, 3% dugc cl}o
nhanh vao dung dich Mn(OCOCH,), 0,3 M va khuay
manh 1000 vong/phit trong 30 phat sau d6 dé yén 24
gi0, loc rira ba 1an v&i nudce khir ion thu duoc chit trung
gian ’Li-birnessite [14]. Cho LiOH.H,O va Li-birnessite
vao ong teflon (ty 1€ mol Li:Mn = 1:3 - 6:3), thém nudc
khir ion dén 50% thé tich dng, khuay déu hén hop trong
15 phut. Cho 6ng teflon vao binh thily nhiét va gia nhiét
120°C trong 192 gio. Loc rira san pham v&i nudce khi ion,
sau d6 sdy ¢ 80°C trong 12 gio. San pham sau d6 dugc
khao sat nhiét dd nung, tde do gia nhiét 10°C/phtt va thoi
gian nung 1a 6 gio.

Ddnh gid dic trung Iy héa va tinh chit di¢n héa ciia
vt liéu

Céu trac va hinh thai ciia vat liéu duoc xac dinh bang
k¥ thuat nhiéu xa tia X v6i blrc xa CuKa (A =0,15418
nm) trén may D8 Advance (Brucker - Dirc), kinh hién vi
dién tir quét FESEM S4800 (Hitachi - Nhat) va kinh hién
vi dién tir truyén qua TEM H-7100 (Hitachi - Nhat).

Thanh phan nguyén té duge xac dinh bang k§y thuat
hép thu nguyén tir ngon lira acetylene/khong khi trén
thiét bi 240FS AA (Agilent - M¥), budc song/khe do lan
Iuot cho Li va Mn 1a 670,8 nm/0,1 nm va 279,5 nm/0,2
nm; s6 oxy hoa ctia Mn duoc xac dinh bang phwong phap
chuin dd oxy hoa khu voi FeSO,.7H,0 (Merck, 99,9%)
va KMnO, (Merck, 99,9%) véi do chinh xac +0,02 [5].
Vit li¢u dugc hoa tan trong mét lugng xac dinh FeSO,
trong mdi truong acid H,SO, va chuan d6 luong du
FeSO, bang KMnO,.

Tinh chit dién hoa cua vat liéu duge danh gia dya vao
k¥ thuét quét thé vong tuan hoan (CV) trong hé do 3 dién
cuc trong dung dich dién gidi Li,SO, 1 M véi dign cuc
d6i (CE) luéi Ti, dién cuc so sanh (RE) Ag/AgCl/KCI
bao hoa (E =0,194 V), dién cuc lam viéc (WE) platin phu
hdn hop gém Li Mn,O ,:Carbon Vulcan:P\(dF duoc phbi
tron theo ty 1€ 8:1:1. Hon hop duogc tron déu trong dung
moi NMP, sau d6 nhd 1én dién cuc platin duong kinh 3
mm va séy kho & 80°C. Thé cua dién cuc duge thay ddi
trE, =0 dén E, =1V so v6i RE. Tir két qua do CV, dién
dung phong/sac dugc tinh bang cach lay tong dién lugng
phong/sac (Q) chia cho ving thé dugc khao sat va khoi
lugng vat li€u trén dién cuc (m) theo cong thuc:

C= Q = ! jldt
(E,—E,)xm (E,—E,)xm

voéi gia tri [ > 0 la qua trinh sac va 1 <0 la qua trinh phong.
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Két qua va thao luan
Anh hwéng ciia ty 1¢ tién chét Li:Mn

Gian d6 XRD cua cic mau thay nhiét & 120°C trong
192 gio, nung & 400°C trong 6 gid voi ty 1é mol tién chat
Li:Mn thay dbi tir 1:3 dén 6:3 twong tmg dugc ky hiéu
LM13 dén LM63 dugc trinh bay trong hinh 1. Sy két
tua cua Mn?* trong dung dich & giai doan dau cua quéa
trinh téng hop tao ra hop chat birnessite Li MnO,.nH,0
(Li-birnessite). Gian do XRD cua Li-bimessite c6 cac
pic nhiéu xa chinh xuit hién & khoang 12° va 25°. Li-
birnessite ciu trac 16p voi cac ion Li* xen giira cac 16p
tinh thé tao boi cac bat dién MnO, [14] va sau khi thuy
nhiét da chuyén thanh spinel Li, Mn O,,. Khi ty 1¢ Li: Mn
tang 1én, pic tap cua Li MnO o 21u mat dan. Cac miu
LM33 dén LM63 déu ch1 Xuét hlen cac pic dac trung cho
pha spinel & cac vi tri 18,4°; 35,9°; 37,8°; 44°; 48°; 58,1°;
64° va 67,2°, két qua nay phu hop voi dit ligu gian do
chuén cua LiMn, O, (JCPDS 46-0810). Trong d6, mau
LM43 co cucmg do cac pic cao va rd nét, bé rong chén pic
hep hon cac mau LM53, LM63 cho thdy véi ty 1& Li:Mn
= 4:3 cho vat liéu két tinh tét, kich thudc hat 16n hon cac
ty 1€ khac.

A '\ LM63 A
\ LMS53
A A LM43

whiwm

J\v‘\‘ | LM13

Li-birnessite

10 20 30 40 50 60 70

Hinh 1. Gian d6 XRD cta cac mau thay déi ty ¢ Li:Mn.
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Puong cong quét thé vong tudn hoan (CV) ¢ tdc do 1
mV/s ctia cac mau LM33 dén LM63 duoc trinh bay trong
hinh 2, trong d6 déu xuét hién 2 cdp pic oxy hoa khir
twong ung voi cap Mn*/Mn** ¢ 1,00/0,83 V va 0,84/0,72
V so vo1 dién cuc so sanh RE. Su Xuét hién cua céc pic
cho théy vat liéu tich dién theo co ché Faraday, ttc 1a co
su tham gia ctia phan Gmg trao doi dién tir ma ¢ day la
su oxy hoa khir ciia ion Mn, di kém véi do la su dan cai/
phong thich ciia ion Li* trong ciu trac vat lidu.

Mau LM33 van con tap nhu quan sat qua két qua
XRD (hinh 1), dudong cong CV ¢6 cuong do dong thap
nhit va céc pic oxy khir khé quan sat. Mau tong hop véi
ty 1€ Li:Mn = 4:3 ¢6 pic xuét hién rd, sic nét, cuong do
cao nhat chimg t6 vat liéu két tinh tdt, kich thudc hat phu
hop lam vat lidu dién cuc. O cic miu co ty 18 Li:Mn cao
hon cudng do bat dau giam xubng.
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E/V (vs Ag/AgCI/KCl bh)

Hinh 2. Pudng cong CV ctia cic miu LM33 dén LM63 &
toc do quét 1 mV/s.

Anh hwéng ciia nhiét dp nung

Qua trinh tong hop thuy nhiét duoc thuc hién véi diéu
kién nhu mau LM43, san phérn thiuy nhiét duoc tiép tuc
nung ¢ cac nhiét do 400°C, 500°C, 600°C, 700°C tuwong
tmg duoc ky hiéu 1a LM400CN (mau LM43), LM500CN,
LM600CN, LM700CN. Két qua nhidu xa tia X duoc
trinh bay trong hinh 3.



(111)

(311)  (400)

LM500CN

LM400CN
I T T T T T T T T T T T 1
10 20 30 40 50 60 70
2theta
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0 0 Mn,0,

8 MnO,
0 Pha spinel
A Li,MnO,

LM700CN

o

A

LM600CN

10 20 30 40 50 60 70
2theta
b) M&u nung 600°C va 700°C.

Hinh 3. Gian do XRD ctia cac mau thay ddi nhiét do nung,
c6 dinh ty I¢ tién chat Li:Mn = 4:3, nhigt do thuy nhiét

120°C, thoi gian thay nhiét 192 gig.

Khi nhiét d6 nung tang, cudng do pic nhiéu xa ting
1én cho thiy vat liéu két tinh tot hon. Tuy nhién, ¢ nhiét
do trén 500°C Li,Mn,O , bit dau phan huy dan tao ra
LiMn,O,, LiMnO,, Mn,O,, dong thoi that thoat O, nhu
dugc phan tich trén gian do phan tich nhiét [4, 16, 17].
Céc san pham phan hity ndy c6 thé duoc nhan thiy trén
gian d6 XRD ¢ 600°C va 700°C (hinh 3b). Miu nung
& 500°C (LM500CN) cho ciu trac spinel ¢ do két tinh
t6t nhat, duong nén thip, phang, cuong do pic cao, hinh
dang pic can dbi, vi vay nhiét d6 nung thich hop dugc xac
dinh 1a 500°C.

Két qua phan tich thanh phan, xac dinh s oxy hoa ciia
Mn va thiét 14p cong thirc phan tir ciia cac mau khi thay
d6i nhiét d6 nung duoc trinh bay trong bang 1.
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Bang 1. Thanh phan, s oxy héa, cong thiic clia cic miu
trong chudi thay ddi nhiét d¢ nung.

Ky hiéu miu Ty 1€ S6 oxy héa  Cong thirc phan tir
Li:Mn
LM400CN 0,776 3,99+0,02 Li, Mn,O, .,
LMS500CN 0,798 3,98+0,02 Li, (,Mn,O,
LM600CN 0,731 3,71%0,02 Li, MnO, .
LM700CN 0,694 3,67+0,02 Li, ,MnO,
Ly thuyét 0,8 +4 LiMnO,,

Mau LM500CN c6 ty 1& Li:Mn = 0,798 va sd oxy
hoéa cua Mn 1a 3,984+0,02 va c6 cong thic phan tir la
Li,,Mn,O, ;. gan v6i cong thire 1y thuyet LiMn.O,,.
Su giam s6 oxy hoa cia Mn khi tang nhiét d6 nung va ty
1& cac nguyén t cang 1éch khoi cong thire 1y thuyét ciing
duoc chimg minh tir cac két qua phan tich nhiét nhu da
trinh bay & doan trén. Theo d6, Li,Mn,O,, bén nhiét dén
trén 500°C va nhiét d6 cang cao thi trang thai oxy hoa +3
cua Mn cang vuot troi.

Hinh thai vat liéu LMO cua cac mau tong hop thiy
nhiét, nung & nhiét 6 400°C, 500°C va mau khong nung
duoc trinh bay trong anh SEM va TEM (hinh 4).

2) Anh SEM cia mau khong mng b) Anh SEM ctia miu LM3500CN

Hinh 4. Hinh thai cia mau LMO xt ly nhiét khac nhau.

Vat liéu spinel thu dugc cd kich thudc hat trong
khoang 40-60 nm va twong d6i dong déu. Mau nung
500°C (hinh 4b) c6 kich thuéc hat 16n hon so véi mau
nung chi 400°C (hinh 4e). So v6i cac mau duoc tong hop
thity nhiét ¢ cung diéu kién nhung khong duoc nung s&
¢ do két tinh kém hon (hinh 4a-c).

¢) Anh SEM ciia miu LM400CN
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Puong cong CV cuia 2 mau LM400CN va LMS00CN
6 téc do quét 1 mV/s trong dung dich Li,SO, 1M thé hién
trong hinh 5 déu co6 xuat hién cip pic oxy hoa khir thusn
nghich cua Mn*/Mn*" tai vi tri 1,00/0,86 V va 0,86/0,71
V 50 v6i RE nhung mau nung & 500°C ¢ cuong do pic
cao hon.

1500

1000

LM400CN
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-1000
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Hinh 5. Buong cong CV ciia LM400CN va LM500CN.

Két qua tinh dién dung phong/sac tir phép do CV cua
2 mau trong hé do 3 dién cuc & tde do quét thé vong tudn
hoan 1 mV/s dugc trinh bay trong bang 2 ciing cho két
qua phu hop voi diéu nhan thiy trén dudng cong CV.
bién dung phong thu dugc khoang 150 F/g va gia tri nay
ctia mau LMS500CN cao hon LM400CN khoang 2%.

Bang 2. Dién dung phéng/sac clia mau LM400CN va
LM500CN.

Ky hi¢u Dién dung sac Dién dung phong
miu (F/g) (F/g)
LM400CN 184,9 148,2
LM500CN 193.0 1513

Anh huéng cua téc d6 quét thé vong tuan hoan dén
kha ning dan cai/phéng thich ion Li* ctia mau LM500CN
dugc thé hién trong hinh 6. Céc toc do quét 0,5 mV/s, 1
mV/s, 5 mV/s, 10 mV/s duge tién hanh khao sat. O téc
do quét tir 0,5 mV/s dén 1 mV/s van con thiy rd cap pic
oxy hoa khtr thuan nghich cia Mn*/Mn**. Khoang cach
gifra cac pic oxy hoa va khir trong tng dan rong khi tang
toc do quét. Toc do quét tir 5 mV/s try 1én khong phan
biét dugc cac pic nay va hinh dang ctia duong cong CV
cang bat ddi xing.
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Hinh 6. Dudng cong CV ctia mau LM500CN § cac toc do
quét khac nhau.

Két qua tinh toan dién dung phong/sac cia mau
LMS500CN theo toc do quét thé vong tudn hoan duoc
trinh bay trong bang 3.

Bang 3. Dién dung theo toc do quét cia mau LM500CN.

Téc dd (mV/s) Dién dung sac (F/g) Dién dung phong (F/g)
0,5 123,8 83,3
1,0 193,0 1513
5,0 132,5 129,2
10,0 60,1 99,0

Két qua cho thdy & mau LM500CN dat gi4 tri dién
dung 16n nhét véi tbe do quét cham 1 mV/s. Tée 36 quét
thé thdp hon dién dung thu duoc thap hon. Ngoai ra, khi
téc do quét thé ting, gia tri dién dung giam do ion Li*
chi dan cai/phong thich & gan bé mat ma chua di sau vao
trong cac hat vat liéu. O toc do quét 10 mV/s vat lidu van
duy tri hon 65% gia tri dién dung & téc 6 1 mV/s.

Vat liéu spinel Li,Mn,O,, don pha va c4u tric 6n dinh,
hoat tinh dién hoa tét da duoc tong hop voi ty 18 tién chat
Li:Mn = 4:3; nhiét d¢ thuy nhiét 1a 120°C trong 192 gio,
nhiét do thiéu két 1a 500°C trong 6 gio. Kich thudc hat
cua vat liéu trong khoang 40-60 nm va cac hat cé hinh
dang x4c dinh va kha dong déu. Vat liéu thé hién tinh
chat phong - tich dién va dan cai thuan nghich ion Li*
trong Li,SO, 1 M ¢ vung thé 0-1,2 V va cho gia tri dién
dung 100-150 F/g.

10
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