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TOM TAT: Trong céng trinh ndy da si dung phwong phdp “melting impregnation” dé
diéu ché spinel liti mangan oxit (LiMn,O,) lam vt liéu cuc duong thay thé cho pin sac ipn liti
tir bon ngucfn nguyén liéu dioxit mangan (MnQ,): 1) MnQO, dién héa (EMD) thuwong pham (do
xi nghiép Pin Con O cung cdp), 2) MnO; dién héa nay da xu ly nhiét, 3) MnO, diéu ché bang
phuong phdp héa hoc (CMD) va 4) MnO, diéu ché bing phwong phdp dién héa tai phong thi
nghiém.Cdu triic tinh thé, sur hién dién tap chat, hinh théi va kich thude hat ... cua nguyén liéu
MnO; ban dau va cdc spinel téng hop dugc khdo sdt bang phwong phdp nhiéu xa tia X (XRD)
va phwong phdp chup anh kinh hién vi dién tir quét (SEM).

Tinh nang dién hda cua vt liéu spinel liti mangan oxit duoc danh gid bing phuong
phdp do dwong cong phdng nap. Két qua cho thdy spinel dwoc diéu ché tie EMD-xir ly nhiét cé
dung lugng phong lém nhdt nhung mdt mdt dung lugng tir chu ky thir hai, trong khi spinel
duge diéu ché tir CMD cho mat mdt dung luong phong thép nhdt.

Tir khéa: Liti-mangan oxit, mangan dioxit, pin liti ion, catod, spinel.

1. GIOI THIEU

Do nhitng tinh chét vuot trdi nhu mat do nang lugng cao, dién dung va dung luong 16n,
thai gian sir dung lau dai, kha ning sac dién lai tot, gon nhe va dé sir dung, pin sac ion liti ngay
cang duoc sir dung rong rai Tuy nhién, nhugc diém cia pin la dung nguyén liéu cuc duong
LiCoO,, hop chét c6 gi4 thanh san xudt 16n, gay doc hai v6i méi truong va con ngudi [1-4].
M0t trong nhiing vét liéu thay thé c6 kha ning thoa man cac yéu cau trén la cac hop chit cua
mangan dioxit va liti mangan oxit (LiMn,0,) [5-10]. LiMn,O, c6 céc vu didm sau: (i) pin str
dung vét li¢u cyc duong LiMn, Oy c6 hiéu dién thé 1én (khoang 4 V); (ii) dung lugng -thudn
nghich 16n, gi4 nguyén liéu thdp, it doc hai, va chu ky sbng dai.; (iii) cdu tric spinel LiMn,0,
c6 cic 16 trong phit hop cho sy dan xen Li* ma khong bj pha v& [11-12].

Hién nay Viét Nam chua c6 co s& ndo san xuat pin sac, cic loai pin sac sit dung & nudc ta
hién déu nhap tir nuée ngodi vé voi gia ca kha cao. Véi hy vong budc diu nghién ciru vé loai
vt liéu liti mangan oxit dé c6 thé dwa vao san xuft pin sac tai Viét Nam, chang ti di chon
phuong phép melting impregnation [13-16] (tam dich la phuong phép thdm néng chay) dé
tong hop liti mangan oxit. Ngoai ra chiing t6i ciing khao sét cdc tinh nang dién hoa vit ligu cua
liti mangan oxit tong hop dugc tir nhitng ngudn nguyén liéu diu MnO, dé kiém trong nudc.

2. THU'C NGHIEM
2.1 Céc ngudn nguyén li¢u thé mangan dioxit (MnO,)
a) MnO, dién héa céng nghiép do xi nghiép Pin Con O cung cdp (ky hiéu EMDnm)

Theo két qua phan tich MnO, dién héa do Xi nghiép cung cip, ham lwrong MnO, trong
EMDnm la 91%.
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b) MnQ), dién héa da xu Iy nhiét (EMDt)
Quy trinh xir Iy nhi¢t EMDnm nhu sau:

Say dbi huu & 103°C trong 10 git (sau2 gio say dé nguoi trong binh
hiit 4m 6 gid) va cubi 120°C & 2.75 gid. -

D = L
EMDnm Tinh ham lugng nudc mat theo thoi gian xir ly

¢) MnO, diéu ché bang phwong phdp héa hoc (CMD)

Quy trinh diéu ché CMD:
Dung djch DPun sdi, gia nhiét 5 phut T, ot Loc, rira
MnSO, va Ket tia nau —»  CMD
K;S;05 MnSO,4+K;S;05+2H,0— MnO, |+ K;80,4 + 2H,S04 den Sdy 55°C,12 gitr

d) MnO; diéu ché bang phwong phdp dién phén ciia phong thi nghém

Thuc hién dién phan hdn hop dung dich MnSO, IM + H,SO, 0,5M & mat d§ dong 10
mA/cm? v&i 2 dién cuc catod graphite (7,5cm x 4,0cm x 0,7cm) va 1 dién cuc anod chi (6,5¢m
x 3,0cm x 0,2cm); khoang céach giira catod va anod la 2 cm; thoi gian dién phan 2 gio; nhiét 4o
80°C.

Sau khi dién phan, rira anod nhiéu l1dn bing nudc ct, cao ldy sin phdm MnO,, sdy kho va
can.

2.2 Piéu ché Liti mangan dioxit (LiMn,0,) tir cic nguén MnO,

Quy trinh diéu ché LiMn,0, tir cic ngudn MnO, theo so dd sau:

MnO, + > Spinel
LIN(?s 1. LINO; sdy trude 80°C trong 5 gity e

theo ty 16 o Nghién, nung hén hop 260°C trong 4 gi& a4
mol 2:1 M6

3. Nghién, nung tiép 610°C trong 2 gi&r
4. Nung 750°C trong 12 gir
5. Pé nguéi trong 10

Ky hiéu: M2 - LiMn;0, diéu ché tir CMD; M4 — LiMn,O, diéu ché tir EMDnm; M6 -
LiMn,0, diéu ché tir EMDt.

2.3 Khio sat tinh ning khong dién hoa ciia nguyén ligu MnO, va san phim LiMn,0,

a) Phwong phap XRD [17-20]

Céu triic pha tinh thé ctia cac miu MnO, va spinel LiMn,O, dugc phan tich bing nhiéu xa
tia X (Bang 1).

Bing 1. Cic thong sé chup XRD

Méy chup XRD, Cuc doi MnO, LiMn,0, diéu ché

Goéc quét (26) | Toc dd quét | Goc quét (26) | Toc do quét
D8 ADVANCE BRUCKER, CuK, 6° - 70° 0,030%1s 6°—70° 0,030%1s
SIEMEN D8000, Co K, 10° - 90° 0,025%1s 10° - 130° 0,025%1s
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b) Phurong phdp chup anh kinh hién vi dién tir quét (SEM)
Kich thude hat, sy phén bd va hinh thai hoc cdc mdu MnO, va spinel LiMn,0O, dugc khio
sat bang chup anh hién vi dién tir quét véi d6 phong dai X2000, X5000, X10000, va X20000.

2.4 Khio sat tinh ning dién hoéa cia cac sian phim LiMn,0,
Phuong phdp duong cong phong nap (charge — discharge)
CHhé tao dién cuc dwong tirvit liéu LiMn,0,

Toan b quy trinh ché tao vat liéu cuc duong dugc trinh bay trong so dd

400,3 mg M4 } 20 ml cyclohexan Vit liéu Say chéan khong

76,5 b il
RN > cuc duong 120°C, 24 gid

Khudy tron 15 phut téc do
400,4 mg M6
76.0 mn;%:arbon }- 5000 r/phiit v6i 135 mg PTFE

(60% nhi truong — Efl mg
400,4 mg M2 } KL tht). Dung moi béc hoi
76,0 mg carbon 30 phut, 40 - 50°C

H¢ pin mdu Swagelok: Mb hinh pin mau dwoc mé ta nhu trong Hinh 1.
Mang ngin, dlng dich dién ly

e

~ + Spinel

Hinh 1. M6 hinh pin miu do dudng cong phéng nap

Dién cuc duong: spinel LiMn,O4 duge xir Iy nhu trén; Pién cuc am: Li kim loai; Dién cyc
dan: Al va Cu; Mang ngin: s¢i thity tinh Whatman; Dung dich dién ly: 1M LiPF trong hén
hgp dung méi EC:DC (1:1)

Ché di do dwong cong phong nap

Thyc hién céc chu ky phéng nap voi qua trinh quet thé tir 3,0 V dén 4,3 V theo hai che do
galvanostatic va potentiostatic. Str dung phén mém MacPile dé xir Iy va tinh toan thong sd.

Cbng thirc tinh dung lwong phéng cho pin sau mdi chu ky phéng-nap nhu sau:
Os(d) = 26802*Ax(d)/M
trong d6: Os(d) dung luong phong (mAh/g); Ax(d) sb dién tir tham gia qué trinh phéng cho
1 chu ky; M khdi lugng mol ctia LiMn, O, (g/mol).
3. KET QUA VA BIEN LUAN
3.1 Mangan dioxit
Két qua phan tich XRD

Cac peak dic trung cua tit ca cac mau MnO, déu twong ddi rong, véi cudng do thip chimg
t6 ca ba mau EMDnm, EMDt va CMD deéu c¢ tinh vo dinh hinh cao.
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Trong tit ca cac miu nguyén liéu EMDnm , EMDt, vi CMD déu khong ton tai tap chét
Mn,05 lap phuong truc thoi.

Sau mot cong doan xir Iy nhiét kha don gian ham luong pyrolusite trong EMDnm tang Ién.

CMD c6 ham lwong thd hinh a-MnO, va MnO, t& dién tam thé chiém ty 1¢ 16n.

MnO, diéu che bang phuong phéap dién hoa trong phong thi nghiém c6 cdu tric ¥, nhung

quan sat bing miét thudng, nhén thay cac hat MnO;, nay kich thudce hat 16n, khéng dong déu,
nén ching t6i da khong dung nguon MnO, nay cho diéu ché spinel.

Anh chup SEM cua cdc nguon MnO,
Céc két qua vé kich thurée va hinh thai hat duge thé hién trong Bang 2.

Bang 2.So sanh anh chup SEM ciia cac mau MnO,

Hinh thai Kich thwée | Tinh dong déu
hat
CMD Hat hinh cau 0,5um -3um | Dong déu hon EMDnm va
EMDt

EMDnm Dadang 0,2 um -5 um | Khéng déng déu
EMDt Dba dang, giong EMDnm 0,2 um -5 um | Khong dong déu
EMD phong | Pa dang Lén Khéng dong déu
thi nghiém

3.2 Spinel LiMn,0, tong hop

a) Phdn tich XRD

Phd dd XRD ctia mau M2 (SP-CMD), M4 (Sp—EMDnm) va M6 (SP-EMDt), do trén may
XRD dién cuc dbi Cu K, cho thiy cac mau M2, M4 va M6 cé cdu tric lap phuong tdm mat
LiMn, O, va hau nhu khéng chira Li;Mn,0, tir dién tdm thé.

Cudng dd céc peak cua M4, M6, va M2 hoi thay ddi so véi céc peak cua LiMn,O, chuin
cho thiy c6 thé c6 sw hinh thanh ctia mét pha khac bén canh pha spinel. Trong d6, cuong do
céac peak cia M2 gan trung véi pho chuén hon so véi céc spiriel con lai, cho thiy ty 1& pha tinh
thé la trong M2 thap hon so véi céc spinel M4 va M6.

Phén tich XRD trén méy do sir dung dién cuc déi CoK, cho thay bén canh pha spinel
LiMn;0; (cong thirc hop thirc), trong cac mau liti mangan oxit didu ché con c6 thé ton tai mot
sb spinel khong hop thirc nhu (Lig, 932Mn0 018)Mn,04 va (Lige71Mng ogg)MIh 0160s.

Bang 3 trinh bay cac thong sb mang dugc tinh bing phan mém CELREF, cho thdy mau
LiMn,0, diéu ché tir EMDt c6 thong s6 mang lap phuong gan véi tiéu chuén nhit.

Bang 3. Thong sé mang lap phuong a, (A) tinh tir dit liéu XRD
M6 (Sp-EMDt)
8,2448

M2 (Sp-CMD)
8,2185

M4 (Sp-EMDnm)
8,2351

LiMn, 0, tiéu chuén
8,2476

Mot trong sb cac tap chét ton tai trong spinel gy ra mét mat dién dung I6n khi str dung
spinel 1am v4t liéu cuc duong cho pin sac 12 Mn;O;. So sinh pho XRD cua céc spinel diéu ché
v&i Mn,0; 14p phuong [01-071-0636] nhén thdy phé XRD cia M4 (Sp-EMDnm) va M6 (Sp-
EMDt) c6 cac peak tai 20 = 45°, 65°, va 78,2° triing vdi céc peak cia Mn,O; lap phuong, trong
khi M2 (Sp-CMD) khong ¢6 cac peak nay. Nhu vay, M4 va M6 c6 chira tap chat Mn,0;
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Trong nguyén liéu EMDnm va EI\:IDt ban dau khéng ton tai Mn;Os, nhu vdy Mn,0; hién
dién trong thanh phin pha clia cac mau spinel M4 va M6 c6 thé dugc hinh thanh trong qua
trinh diéu ché spinel khi nung & nhiét do cao.

LifMn2 O
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Hinh 2. XRD cta cdc méu spinel diéu ché, sir dung dién cuc déi Co.

b) Anh chup SEM

Két qua so sanh kich thudce va hinh thai hat cla céc miu spinel dugc trinh bay & Bang 3.
Sur khéc nhau vé kich thudc hat 1a do cac hat nguyén liéu ban dau kich thuéc khéc nhau va do
téc ddng clia qua trinh nghién.

Béng 4. So sanh anh chup SEM ctia cic mau spinel

Spinel Hinh thai Kich thuéc Tinh dbng déu
M2 Phén 16n hat hinh cdu 0,5 pm dén 3 pum; khong chénh | Déng déu
léch kich thudc nhiéu
M4 Da dang, két thanh khéi 16n 0,1 pm dén 10 um Khéng déng déu
M6 Da dang 0,1 pm dén 7pm, nhiéu hat 16n | Khéng déng déu

3.4 Két qua do dwong cong phéng nap
Dudng cong phéng nap cua céc cell do cho biét viing thé xay ra phéan ing, dung lugng pin
va su duy tri dung Iugng sau céc chu ky.

3.4.1 Dang dwong cong phong - nap

Quét thé tir 3,0 V @n 4,3 V so véi thé dién cye Li"/Li va nguoc lai cho cac pin mau chira

cuc duong diéu ché tr spinel LiMn,0, véi téc d6 10 mV/gid va dong ap vao duogc tinh bing
cach diing dung lrgng ly thuyét chia cho thdi gian cia 1 chu ky.
Hinh 3 cho thdy trong toan bd chu ky phong nap ciia pin mau chita M4 khéng c6 mét khoang
nghi thé (viing bing phing) nao chimg té khong c6 phan tmg dién cuc xy ra, nhu vy dung
lugng cua cell M4 s& thip. Trong khi d6, pin M6 va pin M2 c¢6 khoang nghi thé (viing bing
phéng) & ca hai qué trinh phong va nap, tic 1a c6 phan ng dién héa xdy ra. Du doén dung
lugng ciia pin M6 s& c6 gié tri 16n hon dang ké so véi pin M4.

D6i v6i pin M2 va M6, c6 2 ving bing phéng tai 4,1 V va 3,9 V (Hinh 3 vi 4) - céc ving
thé nay c6 thé xem 1 ving twong (g véi phan img dién hoa cia cac cip Mn’*/Mn* va
Mn%/MnH.\ Gia tri dung luong ciia pin M2 va M6 cao hon pin M4. Nhung véi sy hién dién
cua vung bang phang ¢ 3,9 V, thi pin M2 va M6 c6 kha ning tdn tai chét gdy bién dang Jahn -
Teller khi pin phéng va nap dién, va s& mit mat dién dung theo chu ky phong nap.
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Uss Lisi v

Hinh 4. Pudng cong biéu dién thé theo s & hoat dién (x), tir trai qua phai: M2, M4 va M6

3.4.2 Dung lwgng dién ciia pin M2, M4 va M6

Tir cac dudng cong phéng nap cd thé tinh toan cac thong s6 vé tinh nang dién hoa cua pm
nhu dung lugng phéng va nap, thé ghi nhéan truéc mdi qué trinh phéng nap, s6 dién tir tham gia
qua trinh phong va tham gia qua trinh nap.

Hinh 5 cho théy sy thay dbi dung luong pin theo s6 chu ky phong - nap. Dung luong cla
cac pm tang dan theo day M4 < M2 < M6. Gié tri dung luong pin M6 khoéng 110 mAh/g la
16n nhat trong céc pin mau dugc didu ché, phu hgp véi du doan theo thong s6 mang & phan
trén. Dung lugng cta pin M2 16n hon pin M4 , mét phin do M4 chira tap chat Mn,05 con M2
thi khong chira tap chat nay, phan khéc 1a do cac hat ciia M2 dong déu hon cac hat M4. Dung
lugng cua pin M2 khong thay d6i dang ké sau 8 chu ky. Dung lugng ctia pin M6 va M4 giam
tir chu ky 2 do su ton tai tap chét Mn,Os trong vét liéu spinel.

120 50 1
o 110 1 ._\-%""\
= 2 oo
iﬂw' —— 3 N 9 14 1
| A — A A
- 90 M6 = s — - M4
£ 80 Ao 3 - — M6
£ 701 ! -10.0 - M2
CIN R i & N 3 \ ‘
50 ; ; 480 \
0 5 10 15 .
200
Sé chuky S8 chuky

Hinh 5.Bién thién dung lwgng phong va sy mit mat dung lugng phéng theo chu ky phéng nap
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Hleu ‘qua phong nap ¢ pin M6 1a lon nhét. Hinh 6 so sanh dung luong phong cua cac mau
spinel diéu ché vai cong trinh [15] cua tac gia S. Bao. Nhén thay mau M6 cia chung téi co
dung lugng twong dwong véi cac spinel do tac gia nay diéu ché theo cling mét quy trinh; trong
khi mau Sp-CMD M2 bao toan dung luong theo chu ky tét hon so véi spinel CMD ciia S. Bao.

3 13
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i '_H‘A—._.__.\ 134
- S e—— R S e
4 - T . ﬁ LR R B
E % —— M4 “;‘ 1% - / -;-. bl L2 O )
S 60 |t o P H { Spinel / -.._.. S
£ El g W \\ FMD tous
s : 2 T —
o | g
20 i $ .
! %
0 I e e e e L e 2
01234567 829101 2‘0
Sb chu ky
a0 T T T T v T - T T
o 2 m s o 2% 0
Numbes nf Cveles

Hinh 6. So sénh két qua cong trinh nay (tréi) va cong trinh [15] (phai)

4. KET LUAN

1. Mangan dioxit dleu ché bing phuong phap héa hoc (CMD) cé ciu tric vo dinh hinh
cao, 1a hdn hop cia nhiéu loai thu hinh, trong d6 thit hinh MnO, tr dién tim thé va 0—MnO,
chiém ty 1¢ 16n. MnO, diéu ché bing phuong phép dién héa (EMD) va hoéa hoc déu khong
chira tap chit Mn,Os. Kich thuée hat CMD déng déu hon so véi EMD.

2. Bang phuong phap thidm - néng chay, liti mangan oxit LiMn,O, tong hop tir MnO, va
LiNO; ¢6 cdu tric spinel l8p phwong tdm dién. C6 sy hién dién cta tap chit Mn;,O; trong Sp-
EMDnm va Sp—EMD, trong khi Sp~CMD khéng chira tap chét nay. Théng sb mang tinh thé
ting dan tir Sp—-CMD < Sp—EMDnm < Sp—EMDt.

3. Trén dién cyc Sp-CMD va Sp-EMDt trong pin mé hinh c6 phan tmg trao ddi dién tir
xdy ra tai cac ving thé 3,9 Vva4,3 V.

Dung lugng ctia pin ting theo ddy: Sp~EMDnm < Sp-CMD < Sp—-EMDXxIt, véi trj sé 16n
nhat khoang 120 mAh/g.

Hiéu qua phéng nap ctia Sp-EMDxIt 12 16n nhat. Sy mit mat dung luong cua Sp—EMDxlt
va Sp-EMDnm qua céc chu ky phong - nap tuong d6i sém dugce gia thiét 1a do anh hudng cua
tap chit Mn,0;. Trong khi d6 dung luong ciia Sp-CMD trong nhiing chu ky diu khéng nhitng
khoéng giam ma con tang nhe, 6 thé 1a do Sp-CMD khéng chira tap chit Mn,0s.

Phuong phap thdm - néng chay kha don gian va dé dang thuc hién trong diéu kién phong
thi nghiém dé tong hop spinel LiMn,0,, tuy nhién kich thuéc hat spinel diéu ché con 16n va
chua déng déu. Ngoai ra ching t6i ciing chua tim ra dugc nguyén nhén hinh thanh tap chét
Mn,O; trong qué trinh téng hop spinel LiMn,0y tir EMD do Xi nghiép Pin Con O cung cép.
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STUDY ON LITHIUM MANGANESE OXIDE SPINEL SYSTEM AS
CATHODE MATERIALS FOR LITHIUM ION BATTERY: SYNTHESIS,
MORPHOLOGICAL AND ELECTROCHEMICAL CHARACTERISTICS

Lam Thi Xuan Binh, Le My Loan Phung, Nguyen Thi Phuong Thoa
University of Science, VNU-HCM

ABSTRACT: Lithium manganese oxide (LiMn,0,) spinel compounds were synthesized
by melting impregnation method using manganese dioxide (MnQO) and lithium nitrate
(LiNO;). Four sources of MnO, raw materials were used: a commercial electrochemical
manganese dioxide (EMD) supplied by Pin Con O factory; EMD thermal pretreated (EMDt),
and MnO, synthesized chemically (CMD) by oxidation of MnSO, solution with K;S,05 and
EMD synthesized in our laboratory. The effect of the MnO; materials on the microstructure
and electrochemical properties of LiMn;O is investigated by X-ray diffraction, scanning
electron microscopy, and electrochemical measurements. The charge-discharge cycling
behavior in Swagelok model of lithium-ion cells, using synthesized LiMn,O4 as cathode,
lithium metal as anode and LiPFs as electrolyte with Whatman glass separator, showed that
the spinels from thermal treated EMDt and CMD gave higher (> 100 mA.h/g) and more stable

values of specific capacity than the spinels from non-treated EMD.
Keywords: Lithium manganese oxide, manganese dioxide, lithium ion battery, cathode,

spinel.
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