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Nghién ctru nay danh gia anh hwéng ciia sy pha tap ion Co** dén cAu tric va kha niing dan cai ion natri
VﬁO’V@t li¢u MnO, ?irnessite.‘V@t li¢u MnO, birnessite pha tap ion cobaltv(}’ cég ham lugng khzic’nhau (tir
5 dén 25%) dugc tong hgp bang phuong phap nung pha ran ¢ 600°C. Phé nhi€u xa tia X cho thay su pha
tap Co?* khong lam thay ddi cau tric 16p ciia vt lidu MnQO, birnessite va khoang cach trung binh giira cac
16p dat 7,2 A. Két qua do phéng nap tai tc do C/10 trong vung thé 1,5-3,8 V (vs Na*/Na) cho thdy ham
lwgng pha tap cobalt 10% gitp cai thi¢n dung hrgng tot nhit va duy tri 9 bén dung lugng so véi birnessite
khong pha tap. Vit liéu birnessite pha tap cobalt 10% c6 kha ning dan cai 0,55 ion Na* cho 1 mol vét li¢u,

twong wng véi dung lwgng riéng 150 mAh/g.

Tuwr khéa: birnessite MnO,, ciu triic 16p, dan cdi natri, pha tap cobalt, pin sac Na-ion.

Chi sé phén loai: 1.4

Effect of cobalt doping on the structure
and sodium ion intercalation behaviour
of birnessite MnO,

Summary

MnO, has many applications for electrochemical power
sources such as battery and super-capacitor. In this
work, cobalt-doped birnessite MnO, was synthesized by
the solid route. XRD patterns of cobalt-doped birnessite
exhibited the large distance of interlayers at 7.21 A
that is a good possibility for sodium ion intercalation.
The electrochemical behaviors of birnessite MnO, in
NaClO /Propylene Carbonate were evaluated by the
cyclic voltammetry (CV), charge-discharge cycling.
The CV curves proved the reversible insertion of Na*
ions in the potential range 1.5-3.8 V (vs. Na*/Na). The
10% cobalt-doped birnessite exhibited the highest
specific capacity of 150 mAh/g and the fading capacity
after 25 cycles due to the modification of structure.

Keywords: birnessite MnO,, cobalt doping, layered
structure, Na-ion batteries, sodium ion intercalation.
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Gioi thiéu

Trong twong lai, pin sac Na-ion c¢6 tiém ning
thay thé mot phan cho pin sac Li-ion dang phd
bién hién nay boi nhirng vu diém vé gia thanh,
d6 an toan va su doi dao ctia ngudn nguyén liéu.
Linh vyc 6 tiém ning cua pin sac Na-ion 1a cac
thiét bi sir dung pin c6 kich thudc 16n nhu tram
phat dién, nguon luu trit dién cho cac ngudn
ning luong tai tao nhu gio, mat troi... [1, 2]. Ké
thira thanh cong tir cac nghién ciru vé vt liéu
dién cuc cho pin sac Li-ion, cac nghién ciru vé
vat liéu dan cai ion Na* tiép tuc dugc phat trién
trén cac hé vat lidu c6 ciu tric 16p, cAu tric
spinel hay cac cdu duong ham. Trong do, cac
oxit mangan duoc xem la vat li¢u dién cuc tiém
ning boi cac wu diém nhu: dung luong riéng
cao, khong doc hai va gia thanh thap. Trong
sO cac oxit mangan, dang hydrate oxit mangan
(hay con goi 1a birnessite) duoc chi y dén boi
n6 ¢6 cdu tric dang 16p véi khoang cach gitra
cac 16p 16n (7,24 A), rat thich hop dé dan cai
ion Li* hay Na*. Cac nghién ctru vé dan cai ion
Li* hay Na cho thay vét liéu MnO, birnessite
c6 kha nang dan cai thuan nghich cao cua ion
Li* (0,9 F/mole, twong ng dung lugng riéng
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trén 200 mAh/g). Trong khi d6, kha nang dan cai ion
Na* tha‘ip hon chi khoang 0,5-0,6 F/mole va co6 sy suy
giam manh kha nang dan cai sau vai chu ky hoat dong
[3-5]. Dé cai thién dung luong ciing nhu d6 6n dinh
cua vat licu MnO, birnessite trong qua trinh dan cai
ion Na*, cac nghién ctru da chi ra sy pha tap céac ion
kim loai chuyén tiép nhu Co, Fe, Ni lam tang d6 bén
clia cAu triic khi dan cai va phong thich ion Na* [5-7].
Trong nghién ctru ndy, chung t6i tién hanh pha tap kim
loai cobalt vao vat li¢u MnO, birnessite bang phéan ting
pha ran va budc dau danh gia anh hudng cua ion dén
céu truc va kha ning dan cai - phong thich ion Na’.

Thuc nghiém

Quy trinh téng hop vt liéu birnessite pha tap cobalt
dugc thyuc hién nhu quy trinh tong hop MnO, birnessite
[4]. Hon hgp KMnO, (Merck) va Co(NO,),.6H,0
(Sigma-Aldrich) duoc tron déu trong chén st va nung
o 600°C trong 12 gio. Ham lugng pha tap dugc tinh
bang ty 1é n = Co/(Co + Mn) va dugc ky hiéu tuong
mg 14 Bir-Co-n. (5% < n < 25%). Bot rén sau khi nung
duoc thuy giai trong acid H,SO, 1M dé loai bo ion K+
va Mn?**. San pham sau khi xtr 1y acid dugc loc, ria
nhiéu 1an bang nudc cit dén pH trung tinh. San phdm
dugc sdy kho ¢ 60°C qua dém va sau d6 dugc bao quan
trong binh hit am.

Céu tric ctia cac vat ligu MnO, birnessite pha tap
cobalt dugc phan tich bang phuong phap nhidu xa tia X
trén may nhiéu xa D8 Advance (Bruker) v4i anode Cu
(A, = 1,7889 A) trong khoang goc quét 10-60° (0,02°/
step). Hinh thai bé mit va phan b hat dwgc phan tich
anh kinh hién vi dién tir quét SEM trén thiét bi FE-SEM
S4800 (Hitachi, Nhat). Pho dao dong Raman dugc ghi
nhén trén may quang phd Raman LabRam HR 800
(Horiba Jobin Yvon) véi ngudn kich thich laser Ar'
(A = 514 nm). Cong thirc phén tir ctia vat liu MnO,
birnessite pha tap cobalt dugc tinh toan tir cac két qua
phan tich thanh phan nguyén t6 bang phd nguyén tir
F-AAS (6300, Shimadzu) va chuan d6 v6i KMnO , va
axit oxalic dé xac dinh sb oxy héa ctia mangan.

Mang di¢n cuc cua cac vat licu MnO, birnessite pha
tap cobalt dugc ché tao gém vat liéu dién cuc, carbon
C65 (Timcal), carbon graphite (Imerys) va Poly-
tetrafluoroethylene PTFE (Sigma-Aldrich) theo ty 1€
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khéi lwong 80 : 7,5 : 7,5 : 5. Pin m6 hinh Swagelok
hai dién cuc dugc lap v6i mang dién cuc dat trén cuc
Al, dién cuc d6i va so sanh 1a natri kim loai dat trén
cuc Cu va 3 mang ngan thily tinh Whatman tam dung
dich di¢n gidi NaClO, 1M trong dung mdi propylen
carbonate dat gitra hai dién cuc. Qua trinh lép pin dugc
thyc hién trong budng thao tac (glovebox) nap day
khi Ar dé tranh anh huéng cta oxy va hoi nuée. Tinh
chét dién hoa cua céac vat liéu MnO, birnessite pha tap
cobalt duoc danh gia boi cac phuong phap quét thé
vong tuan hoan (CV) va phong sac dong cb dinh trén
thiét bi MPG-2 (Biologic) diéu khién boi phan mém
ECLAB 10.36.

Két qua va bién luan

Vit lieu MnO, birnessite két tinh ¢ dang luc
phuong (hexagonal) v&i nhom khéng gian P3m1. Cau
tric dugc tao bdi cac 16p bat dién [MnO,]_lién két véi
nhau qua sy dung chung céac canh trong mot mat phang
cua bat dién [MnO,]. CAu trac cua vat liéu birnessite
v6i thir tu sap xép cac 16p nguyén tir trong tinh thé doc
theo truc ¢ twong tng 1a O-Mn*"-O-K* hay H,O-Mn**-
O-Mn*"-O (hinh 1a) [7-9].

Gian d6 nhiéu xa tia X cta cac mau birnessite pha
tap cobalt duoc biéu dién trong hinh 1b, cac phd nhidu
xa déu cho thiy hai miii nhidu xa c6 cudng do cao tai
cac vi tri 20 khoang 12° va 25°, twong Gng v4i cac mat
mang (001) va (002) cua 6 mang co sé birnessite. Him
luong pha tap cobalt tir 5 dén 20% gan nhu khong anh
huéng nhiéu dén cuong d6 twong dbi cua cac miii nay
v6i cdc mili nhidu xa khac trong viing 35° < 20 < 40°.
Diéu d6 cho thiy cau trac 16p cua birnessite van duoc
uy tri khi pha tap ¢ cac ham Iuwgng nay. Mat co so cua
cac hat 1a mat mang (001) va trong 6 mang co sO cac
16p nguyén tir xép chdng theo truc c. Vi ciu tric nay,
cac ion Na* dan cai s& di chuyén theo hai huéng con
lai ciia 6 mang tinh thé va nam gitra cac 16p [MnO, ]
[8-11]. Tuy nhién, khi tang ham lugng pha tap cobalt
dén 25%, gian d6 nhidu xa xuat hién cac miii nhidu xa
ctia hop chét oxit cobalt Co,0, va Co,0,,
luong pha tap cao nhat co thé dat dugc 1a 20%. Mot s6
ham lugng pha tap cobalt cao hon c6 thé dat dugc, phu

do vay, ham

thudc vao diéu kién téng hop.
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Hinh 1: (a) Céu triie vit liéu birnessite; (b) Gian dé nhiéu xa tia X

cua cdac mau birnessite pha tap cobalt

Bang 1: théng s6 mang va ty I¢ kali va cobalt ciia cdc mdu birnessite
pha tap cobalt

Ty 1€ K: Ty 1€ Co:

ad) | c@ (Co+Mn) | (Co+Mn)
Bir-Co-05 | 2,842 | 7,294 0,120 0,058
Bir-Co-10 | 2,843 | 7,124 0,132 0,107
Bir-Co-15 | 2,831 | 7,223 0,131 0,158
Bir-Co-20 | 2,840 | 7,176 0,134 0,210

Théng sé mang cua cic mau birnessite pha tap dugc
tinh tir gian d6 nhiéu xa tia X ¢ hinh 1b duoc biéu dién
trong bang 1. Thong s mang “a” a” duong nhu khong co
su khac biét dang ké giita cac mau birnessite c6 ham
lwong pha tap khéc nhau va dao dong trong khoang
2,84 A. Thong sb mang “c” dac trung cho khoang cach
giita cac 16p co thay d6i trong cic mau birnessite pha
tap. O méu Bir-Co-05 va Bir-Co-20 ¢6 dich chuyén
vi tri mili vé phia 20 16n lam cho théng s6 mang giam
nhe. Nhin chung, cac gia tri thong sé mang cua cac
mau birnessite pha tap cobalt phu ho‘p v6i cac két qua
da nghién ctu trude day. Ngoa1 ra, két qua phan tich
ham lucmg Mn va Co bang pho nguyen tir cho két qua
rit gan véi ty 1é cua tién chat ban dau (bang 1). Qua
trinh thiy giai trong moi truong acid khong lam thay
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ddi dang ké ty 1é cac nguyén to.

Hinh 2 1a anh SEM cuia mau birnessite & ham luong
pha tap 10%. Mau Bir-Co-10 c6 kich thuéc hat da
phén tan véi cac hat c6 kich thudce 16n khoang 1-2 pm.
O d6 phén giai cao, anh SEM cho thdy cac hat c6 cau
tao tlr phién mong.

Hinh 2: anh SEM ciia mau Bir-Co-15

Phd Raman ctia birnessite pha tap cobalt (hinh 3) c6
miii dao dong dac trung cua ho MnO, birnessite, cac
mili dao déng cua cu triic xuat hién trong khoang 450-
700 cm™!. Miii dao ddng tai ving 650 cm! dac trung
cho dao dong ddi xtmg cua cac lién két Mn—O trong
bat dién [MnO ], miii tai 575 cm™ dic trung cho dao
dong kéo dan trong mat phang cua 16p bat dién. Ngoai
ra, mili ndy c6 cudng do cao noi 1én rang Mn chu yéu
ton tai & trang thai oxy hoa +4. Anh hudng cua viée
pha tap cobatl duoc thé hién & su dich chuyén dén cua
mili dao dong tai 650 cm™! vé ving tan s6 cao khi ham
lwong pha tap ting dan, diéu nay chimg to cac ion pha
tap Co**lién két vé6i céc 16p bat dién [MnO,]_lam ting
ning luong mang va giup bén héa ciu tric [10, 11].
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Hinh 3: phé Raman ciia birnessite va birnessite pha tap cobalt

Tinh chét dién hoa ciia cic mau birnessite pha tap
cobalt dugc danh gia bdi sy dan cai va phong thich ion
Na* trong dung mo6i hiru co (IM NaClO, trong dung
moi propylene carbonat) bang hai phu’ong phép: quet
thé vong tuan hoan (CV) va do phong -nap dong co
dinh. H1nh 4 biéu dién duong quét thé vong tudn hoan
clia cic mau birnessite pha tap cobalt trong ving thé
1,5-3,8 V (vs. Na"/Na) véi toc do quét thé 50 pVi/s.
Céc duong cong CV déu thay xudt hién mot cip pic
oxy hoa khu tai vi tri 2,6 V (pic oxy hoa) va 1,9 V (pic
khr), cap pic nay déac trung cho cap oxy hoa khir Mn**/
Mn**. Puong cong CV ciia mau Bir-Co-10 dugc biéu
dién trong hinh 4b cho thay sy on dinh ctia dong khu,
diéu nay du doan su 6n dinh vé kha ning phéng nap
ctia mau Bir-Co-10.

I/ mA/g
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E/V vs. Na'/Na

Puong cong phong sac ciia mau Bir-Co-10 (tdc do
C/10) 6 cac chu ky dugc biéu dién trong hinh 5a. Cac
duong cong phong sac ciia mau Bir-Co-10 déu c6 dang
chit S voi diém uén ¢ khoang 2,0 V. Diéu nay ching to
qua trinh dan can ion Na* vao ciu triic birnessite dién
ra nhu trong mot dung dich rén, khong c6 su hinh thanh
pha mai trong qua trinh dan cai. Ngoai ra, qua trinh
dan cai ion Na* dién ra dong thoi voi sy suy giam cua
thong s mang ¢ [9-11]. Trong chu ky dau tién, mau
Bir-Co-10 c6 kha nang dan cai 0,55 ion Na* twong ing
dung luong riéng ~150 mAh/g. Hinh 5b biéu dién do
bén dung luong cta cac miu birnessite pha tap cobalt
theo s6 chu ky hoat dong. Kha ning dan cai ion Na*
ctia cic mau birnessite pha tap cobalt tir 5 dén 20% déu
dat dugc cao nhat tir chu ky dau tién, 1an lugt cia cic
mau pha tap 1a 0,50; 0,55; 0,45 va 0,40 ion Na* trén
mdi mol vat liéu, tuong (mg v&i gia tri dung lugng 138,
150, 130, 105 mAh/g. Trir mau Bir-Co-20, gi4 tri dan
cai du tién ndy gan véi gia tri cua vat liéu birnessite
khong dugce pha tap. Tuy nhién, birnessite khong duoc
pha tap chi duy tri duoc dung luwong trong khoang 10
chu ky dau tién. Mau Bir-Co-10 c¢6 dung luong dat
dugc cao nhit va ciing duy tri dung luong tét nhét sau
25 chu ky (64,5%). B¢ giam dung luong sau 25 chu ky
cua cac ham luong pha tap 5%, 15% va 20% lan luot la
41,5%; 37,5% va 51%.

50
0] ®

Chuky 1

I/mA

404

-50

T+ T T T T T T T T T T "~ T1°
16 18 20 22 24 26 28 30 32 34 36 38 40
E/V vs. Na'/Na

Hinh 4: duong cong CV ciia cde mdu birnessite pha tap cobalt (a) va duong cong CV ciia mau Bir-Co-10 trong 5 chu ky dau
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Hinh 5: (a) Puong cong phong sac ciia Bir-Co-10 6 toc dé C/10; (b) Su thay doi dung leong va s6 ion Na+ dan cdi (x) theo chu ky ciia cdc mau
birnessite pha tap cobalt

Két luan

Vit liéu birnessite pha tap cobalt ¢ cac ham lugng 0
dén 20% dugc téng hop tir phan (mg nung phéan huy c6
céu triic 16p va khoang cach cach 16p khoang 7,22 A.
Sy pha tap khong 1am thay ddi ciu tric cia birnessite
nhung lam tang kha nang dan cai ion Na* v&i ham
luong pha tap cobalt 10%. Birnessite pha tap cobalt
v6i ham lugng 10% c6 kha nang dan cai ion Na* 16n
nhat 0,55 F/mole (dung luong riéng 150 mAh/g) va
suy giam dén 0,35 F/mole (100 mAh/g) sau 25 chu ky.
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