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SUMMARY

RESEARCH ON THE FABRICATION OF MnO,/GRAPHENE COMPOSITE
MATERIALS AND CAPABILITY OF APPLICATION AS CATHODE
MATERIALS FOR ZINC METAL BATTERIES

This report presents the synthesis of MnO, by the chemical precipitation method and graphene oxide by
improved Hummers’ method. Graphene was produced by reducing graphene oxide. TEM observation and X-
ray diffraction confirmed that the synthesized MnQO, has a nanorod form with an a-MnQ, structure.
Graphene oxide formation was verified through Raman scattering spectroscopy with two characteristic
peaks at 1344 cm™ and 1591 cm™. When combining MnO, with graphene to form a cathode for zinc-ion
batteries, the results indicated the potential of this composite as a cathode, showing an initial specific

capacity of 40 mAh/g after 3 cycles.
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1. GIOI THIEU

boi song con nguoi can nang luong. Do
do, cac nghién ctru ché tao va phat trién
cac nguon nang luong ludn dugc quan
tam cung voi thoi gian. Trong do, pin la
dang nguon nang luong dang dugc sur
dung phé blen trong doi song hang ngay
dé cung cip ning luong cho céc thiét b
cd nhan nhu laptop, dién thoai thong
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minh, xe dién, hay cho nhirng tram tich
trit nang luong dé dam bao an toan ludi
dién... Sau khi ra mat thi truong cach day
ba thdp ky, pin sac lithium ion (LIB) da
thu hat dugc sy quan tdm cuda cac nha
nghién ctu vi mat d6 du trlr nang lugng
cao va do bén chu ky xac/xa cao. Cho dén
nay, pin LIB va pin axit chi (LAB) dang
thong tri thi trudng thiét bi luu trir nang



lugng cho dién tu ti€u dung, xe 6 t6, hé
théng cdp dién lién tuc, vién thong ciing
nhu dy trlr ndng luong tai tao [1-4]. Tuy
nhién, do nhu ciu tiéu dung co6 su dung
LIBs ngay cang cao, va chic chin con
tang vot do nhu cau sir dung 6 t6 dién gan
day, nén nguon cung cap nguyén t6 Li tré
nén mot thach thirc 16n cho nganh san
xuat pin. Dé c¢6 thé dat duoc mat do du
trtr nang luong cao hon, cac nghién ctru
kham pha vé cong nghé “vuot ra ngoai
pin Li-ion”, chang han nhu pin Li-O, va
Li-S hay pin dga trén cac ion kim loai
khac da duoc thic ddy. C6 nhidu du doan
cho mgt budc nhdy vot cia cong ngh¢ pin
dé dat duoc kha nang du trit ndng lugng
16n ciing nhu tinh an toan, tiét kiém chi
phi va than thién v4i véi modi truong.
Trong do pin sac cua cac kim loai da hoa
tri voi cac vat liéu cathode vo co lai hoa
graphene ndi bat nhu 1a mot thé hé pin
htra hen s& 14 cac lya chon thay thé cho
LIB va LAB do chi phi thp va sy phong
pht cua cac kim loai da hoa tri.

Vat liéu dién cuc duong trong pin ion
kém da dugc nhom cua Chunshen Wang
(Pai hoc Cong nghé Nam Trung Qudc,
Trung Qudc) nghién ctru ché tao vat
composite trén co s MnO, va vai cachon
(MnOy/CFP) [5], vat liéu cung cdp dung
luong rieng dat 300 mAh/g tai mat do
dong 90 mA/g (0,3 C) trong khoang thé tir
1-1,8V; duy tri 90 % dung luong sau
300 chu ky tai mat d¢ dong 1,3 C. Pac
trung dién hoa cua vat li€u tuong duong
v6i ac-quy liti-ion, tuy nhién dién ap lam
viéc thap (ving lam viéc chinh 1 1,2 V).
Nhom nghién ctru cuia Sonti Khamsanga
(Pai hoc Chulalongkorn, Thai Lan) da st
dung vat li¢u 6-MnO, ung dung lam di¢n
cuc cathode trong pin ion kém [6]. Két
qua nghién ctu chi ra rang, 8-MnO; cho
phép chén/chiét cac ion Zn" thuan nghich
va thé hién kha nang luu trit cao cla céc
ion Zn?*. Tuy nhién, do din kém cua &-
MnO,, ciing nhu cac dang tinh thé khéc,

147

lam han ché cac tmg dung tiém ning cta
n6. Bé khic phuc nhuoc diém nay, Sontl
Khamsanga di tong hop 8-MnO, véi ciu
tric bong nano trén nén graphit vay than
chi (6-MnO/graphit). Pin ion kém su
dung catdt 8- MnO2/graphit thé hién cong
sudt xa ban dau cao 1a 235 mAh/g & mat
do dong dién 200 mA/g, cao hon nhiéu so
vo1 0-MnO; (130 mAh/g tai mat d§ dong
200 mA/g). Két qua thu duoc mé duong
cho viéc cai thién tinh dan dién cuia MnO,
bang cach st dung chit hd tro vay than
chi.

O trong nudc, nhém tic gia Nguyén
Manh Tudng va cong sy [7] da tong hop
hon hop GO/MnO; dua trén tién chat
oxide graphene va cac hat nano MnO;
bang phuong phap két ta. Hon hop thu
duoc tlep tuc duoc sir dung lam chat hap
phu dé loai bé cac ion kim loai ning tir
dung dich nuéc nhu Pb(II), Cu(Il), Ni(II).
Két qua cua ho da chimg minh rang vat
lidu to hop GO/MnO, thé hién kha nang
hap phuy tét ion kim loai ning véi dung
luong hép phu cuc dai 1a 333,3 mg/g;
208,3 mg/g va 99,0 mg/g tuwong ung cho
Pb(I), Ni(Il) va Cu(I). Mot sé6 nhom
khac di ché tao vat lidu dién cuc ung
dung lam siéu ty dién. Nhom tac gia Tran
Viét Thir va cong su [8] da phat trién mot
loai polymer dan polypyrrole Ppy trén nén
t6 hop vat liéu lai hoa graphen -
MnFe,0,. Do d6 su két hop giita Ppy va
t6 hop vat liéu graphene - MnFe,0, lam
tang hiéu suit dién dung cao va tinh 6n
dinh cua vat liéu.

Viéc nghién ctu vé vat liu to6 hop
MnO,/graphene lam vat li¢u dién cuc
duong trong nudc chua c6 nhiéu nhom tac
gia quan tam, chu yéu dung to hop vat
liéu nay dé hap phu cac kim loai ning
[7.8]. Vi vdy, trong bai bao nay nay chung
t6i nghién ciru ché tao vat liéu MnO, bang
phuong phap két tia héa hoc; graphene
dugc ché tao bang cach khur graphene
oxit. Hai véat liéu MnO, va graphene sau
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d6 duogc to hop v6i nhau dé thir nghiém
lam dién cyc duong trong pin ion kim loai
kém (Zn). Két qua budce dau cho thiy kha
nang lam di¢n cuc duong trong pin kim
loai da hoa tri kém cta t6 hop nay khi
dung lugng riéng dat hon 40mAh/g sau 3
chu ky.

2. THU'C NGHIEM
2.1. Tong hop vit li¢u
2.1.1. Héa chdt

KMnO,4, KBrO3z, MnCl,, MnSQ4, H,SOy,
HsPO4, H,0,, NaHCOs; HI, C3H;OH
(IPA), C:HsOH (ethanol), CH;COOH
(axit axetic) (cac hoa chat co ngudn gbc
tr Trung Qudc), than chi dang vay, nudc
ct 2 lan.

2.1.2. Tong hop vit liéu MnO,

KBrO; va MnSO4 dugc tron theo ty 1¢
1:3, khudy trong 6 gio tai 40 °C. Sau khi
két thuc thi nghiém thu duoc két tua
MnO, mau den. San pham dugc loc rira
nhiéu 1an trong nudc cit dé loai bo cac
tap chit, sau d6 dugc sdy kho 80 do
trong 12 gio.

Phan tng dién ra theo phuong trinh:

KBrO;+3MnSQO,4+3H,0 - >
3MnO,+KBr+3H,S0,

2.1.3. Tong hop vit liéu graphene oxit
(GO)

60 ml H,SOy4, 6,5 ml H3PO, va 6,5 g bot
than chi dang vdy duogc dua vao binh ba
co, khudy trong 10 phut. Sau d6 KMnO,
dugc thém tir tir vao binh va khudy manh
(trong diéu kién nudc dd) thu dugc dung
dich mau xanh den. Nang nhiét d0 phan
g dén 50 °C va khudy lién tyc trong 12
gio, dung dich chuyén mau tim xam.
Giam nhiét d6 phan ting xudng 5 °C bang
cach ngam vao dé lanh. Tiép tuc rot tur tur
120 ml nudc vao binh phan Ung, dung
dich chuyén mau nau den. Sau d6, thém
H,0, dung dich s& chuyén sang vang cam.
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GO thu dugc duogc rua bé“lng nude cat
trong mang dién di.

Graphene thu dugc bang cich khir GO
bang phuong phap phuong phap khtr hoa
hoc su dung axit axetic. Cho 0,2g
graphene oxit phan tan trong 75ml axit
axetic, rung siéu am trong 1 gid. Thém tur
tr HI, tiép tuc siéu am trong vong 30
phiit. Nang nhiét do 1én 60°C, khudy
manh trong 40 gio, Cudi cung, dung dich
NaHCO3; dugc thém vao dé trung hoa
lwong axit du. Sy khé thu dugc graphene

2.2. Phuong phap nghién ctru

Hinh thai cua vat liéu MnO;, GO va
graphene va dugc khao sat bang kinh hién
vi dién tir truyén qua phan giai cao (JEM
2100 Jeol, Nhat Ban). Ciu trGic cua vat
liéu duoc xac dinh béng gian dd nhiéu xa
tia X (XRD-Equinox5000), phuong phap
quang phd tan xa Raman (Xplora Plus,
Horiba). Hiéu suit dién hoa cua vat liéu
MnO, két hop graphene dugc danh ia
thong qua phwong phap nap xa dong
khong d6i (GCD), trén thiét bi phong dién
tu dong Neware.

3. KET QUA VA THAO LUAN

Hinh 1 1a &nh TEM cua MnO, & cac do
phong dai khac nhau. Két qua cho thiy
MnO, c6 dang thanh, bé rong trong
khoang (13-20) nm, chiéu dai thanh c&
(200-300) nm. Khoang cach mdt mang
0.49 nm twong dwong mit phang mang
(1 10) dién hinh cua MnOg

Hinh 1. Anh TEM ciia mau MnO,

Hinh 2 1a gian d6 nhiéu xa tia X va phd
tan xa Raman cua MnO; ché tao duoc.
Két qua hinh 2a cho thy cac dinh nhiéu
xa tai cac goc 22°, 28°, 34°, 38°, 42°56°,



Cuong d6 nhiéu xa (dtdt)

65°, 68° dac trung cho cAu trac a-MnO,
Cac dinh nay twong tmg véi mit phing
(213), (211), (122), (110), (111), (200),
(221), (211) theo thé chuan JCPDS 44-
0141 [9-11].
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Hinh 2. Gidn dé nhiéu xa tia X (a) va phé tin xa
Raman (b) cua vat liéu MnO,
Pho tan xa Raman (hinh 2b) cho thdy mot
dinh sic nét & 639 cm ' dugc quy cho la
cac dao dong kéo gidn Mn—O dbi xung
cua bat dién MnOg trong MnO, [12-14].

Gian do nhiéu xa tia X cadc mau cua GO,
graphite (than chi dang vdy) nhu trong
Hinh 3a cho thay dinh nhiéu xa tai goc
20=10,5° twong Umg v&i mdt phang mang
(001) ciia graphene oxit (GO). Pho tan xa
Raman (hinh 3b) ciia GO ché tao bing
phuong phap Hummer cai tién, st dung
mang dién di dé loc rira, sdy lanh & nhiét
d6 -93 °C xuét hién cac dinh G (tai 1344
cm™) va dinh D (tai 1591 cm™) dic trung
cho cac mode dao dong GO [15-17]. Véi
mau graphene con xuat hién thém dinh
2D (tai 2715 cm™) cua graphene. Ti 1¢
gitra cac dinh D va dinh G hay ti I¢ gitra
dinh G va dinh 2D trong phd tan xa
Raman 1a minh chung r6 rang cho viéc
hinh thanh graphene.
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Hinh 3. Gidn do nhiéu xa tia X (a) va Phé tdn xa
Raman (b) cia vdt lieu GO
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Anh TEM phan giai cao ciia cac mau GO
va graphene thé hién trén hinh 4. Két qua
cho thiy su thay dbi rat rd rang vé hinh
dang mang tir GO (mang day nhiéu 16p)
cho t61 khi vat li¢u graphene dugc hinh
thanh (cac 16p mong hon, mot sd vi tri
con cho thdy mot vai 16p nguyén tor
cacbon). MnO, va graphene sau khi ché
tao thanh cong dugc thur nghiém lam dién
cuc duong.

Hinh 4. Anh hién vi dién tur truyén qua phan gidi
cao cua cac mau GO (a) va graphene (b)

Pé 6 thé kiém tra kha ning lam dién cuc,
qui trinh lam dién cuc duong va dién cuc
am dugc thuc hién, trong doé dién cuc
duong dugc ché tao bang cach tron
MnO,, graphene, PVDF (Polyvinylidene
fluoride) vai ti 1 vé khéi luong la 8:1:1.
Hon hop nay dugc nghién tron déu bang
cbi mad ndo. Sau d6 mot luong nhod dung
moOi NMP (N-Methylpyrrolidone) duogc
thém vao va tron déu dén khi thu duoc
hdn hop dong nhat. Hon hop nay dugc
phii 1én trén bé mit ban cyc bang Ni-foam
(da duoc chuén bi trudc), sau d6 duoc séy
chan khong trong 12 gio, thu dugc dién
cuc duong. Pién cuc duong duoc cach ly
v6i dién cuc am, sau d6 dung dich dién ly
dugc thém vao cho dén khi ngap 2 dién
cuc.
Panh gia hiéu suat dién hoa cua vat liéu
ché tao dugc va kha nang lam dién cuc
duong trong pin ion kim loai da hoa tri
kém, phuong phap nap xa dong khong doi
(GCD) duoc st dung. Két qua phép do
nap xa dong khong d6i (GCD) cia 3 chu
ki ddu tién voi mau MnOs/graphene dugc
thé hién trong hinh 5. Dung luong riéng



cia 3 chu ky dau tién cuoa mau
MnO,/graphene tha nhat (M1) lan luot 1a
66,5 44,7 va 35,7 mAh g~ (hinh 5a).
Dung luong riéng caa 3 chu ky dau tién
ciia mau MnO,/graphene thir hai (M2) l1an
luot 14 55,8; 44,4 va 43,7 mAh g* (hinh
5b). Mau M1 c6 dung luong cao nhat &
chu ki 1 véi 66,5 mAh g*, tuy nhién lai
sut giam dung lugng nhanh chéng ¢ cac
chu ki 2 va 3. Mau M2 c¢6 dung luong &
chu ki 1 thap hon so véi mau M1 khi chi
dat 55,8 mAh g, tuy nhién khi sang dén
chu ki 2 va 3 thi gitr duoc su 6n dinh vé
dung lugng. Piéu nay cd thé thiy xu
huéng mau M2 sé& ¢ tinh chu ky 6n dinh
hon so v&i mau M1.

Tuy nhién, két qua nay so sanh véi céac
mau tuong tu trong cac nghién ciru trudc
day thi con kha khiém tén. Trong béo céo
cua minh, Ning Zhang va cac cong su da
ché tao dwgc mau MnO; sir dung trong
pin Zn-ion co6 dung luong dat dugc la 120
mAh g* cing véi hé dung dich dién ly
(ZnSO4+MnS0Oy), con véi dung dich dién
ly 1a (Zn(CFSO03),+Mn(CFsS0s),) dung
lwong con dat dwoc 1a 275 mAh g™ [18].
Két qua nay ching to, qua trinh ché tao

Potential vs. Zn**/Zn (V)

vt lidu, cling nhu qua trinh chuan bi dién
cuc va ché tao pin can duoc cai thién
thém trong, dé dat duoc két qua cao hon.
Mic du vay voi nhitng két qua ban dau
nady cho thidy kha ning lam dién cuc
duong cua MnO_/graphene composite cho
pin ion kim loai kém (Zn).

4. KET LUAN

Chung t6i da ché tao duoc vat litu MnO,
bang phuong phap két tua hoa hoc va
graphene oxit bang phwong phap Humer
cai tién. Graphene duoc tao thanh bang
cach khir graphene oxit. Cac két qua khi
t6 hop MnO, véi graphene 1am dién cuc
duong cho pin ion kim loai kém da cho
thdy kha nang lam dién cuc duong cua to
hop ndy véi két qua budc dau: dung
luong rieng 40mAh/g sau 3 chu ky.
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