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TOM TAT

Vat liéu nano composite cdu trac I6p MoS/SWNTs — mét vt ligu anode tiém néng cho pin
lithium ion — @& duwoc tong hop thanh cong bang phicong phdp vi séng théng qua phan ing truc
tiép giifa cac tién chat. Tinh chat vdt liéu nano composite dwoe danh gid bang cdc phwong phdp
phan tich: XRD, Raman, SEM, TEM... Két qua phan tich bang gidn d6 XRD vt liéu tong hop véi ti
¢ thé tich SWNTs/H,O:EG = 1:30 thé hién miii déc trung cho MoS, va SWNTSs va ching té duot
si hinh thanh lién két gisa MoS; va SWNTs. Phé Raman ciing chimg té duot su ton tai cia cac
pha 2H-/1T-MoS,. Bén canh dé, anh SEM va TEM cho thdy cac cum MoS; (kich thiréc hat tir 8-20
nm) dang luc giac bam trén cau tric cia SWNTs va phan bé xen ké trong khei vat liéu, giiip ting
tinh nang cua MoSa/SWNTS khi #ng dung 1am vdt ligu anode cua pin lithium ion.

Tir khéa: hat MoS; kich thuéc nano, cau tric 16p nano, vat liéu anode, phuong phép vi séng,
ethylene glycol.
ABSTRACT

Synthesis of nano layered MoS2/SWNTSs composite via microwave assisted reaction

MoS: nanoparticles with layered structures on SWNTs as a potential anode of lithium ion
battery was synthesized in a solvent mixture of water/ethylene glycol (H,O/EG) by microwave
irradiation. The obtained nano-composite was characterized by X-ray diffraction (XRD), Raman
spectroscopy, scanning electron microscopy (SEM), and transmission microscopy (TEM). XRD
patterns only showed well-defined peaks corresponding to the existence of MoS; and SWNTs when
the synthesis condition was performed in the solvent mixture of 1:30 (v/v) H,O:EG ratio. SEM and
TEM images showed the formation of hexagonal MoS: nanoparticles with sizes of 18 to 20 nm
homogenously dispersed on SWNTs. Such nanostructure will potentially facilitate lithium ion
transport and improve electrical conductivity of MoS; when it is applied as an anode material for
lithium battery application. Furthermore, it was demonstrated that the as-prepared MoS; in the
nano-composite consisted of a mixture of 2H/1T phase which is indicated by Raman spectroscopy.

Keywords: nano MoS; particles, nano-layered structure, anode materials, microwave assisted
method, ethylene glycol.

1.  Gidithiéu

Pin sac lithium hién dang dugc quan tdm t4i nhu la mét trong nhirng giai phap luu
trir nang luong tdi wu vi pin 6 mat do ning luong cao va co ché phan tng twong ddi don
gian. Cac loai vat liéu lam dién cuc anode trong pin lithium la cac oxit kim loai, c6 kha

* Email: vanthang@hcmut.edu.vn

95



TAP CHi KHOA HQC - Trwong DHSP TPHCM Tap 15, S6 9 (2018): 95-103

nang luu gitt cac ion Li* theo co ché dan cai (intercalation). Cac dién cuc duoc tao thanh tir
vat lidu c6 cau trac khdi nén tudi tho, kha ning tich dién, kha niang phong — nap va mat do
dong dién tao ra thip. Bé khic phuc nhitng nhugc diém trén, viéc tim ra loai vat liéu moi
dé thay thé tré' nén quan trong. Vat lidu cau tric nano néi chung va vat liéu nano MoS; két
hop vai bng nano carbon (MoS/CNTSs) néi riéng la mot trong nhitng giai phép hitu hiéu
nhat tng dung trong dién cuc cua pin [1]. MoS; ¢6 3 dang cau trdc khac nhau 1T
(tetragonal), 2H (hexagonal) va 3R (rhombohedral) (Hinh 1a).
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Hinh 1. a) Cdu tric MoS; dang 1T, 2H va 3R [2] ; b) khodng céch giia céc lép MoS; [3]

Molybdenum sulfide (MoSz) ttng dung lam vat li¢u dién cuc anode trong pin lithium
(LIBs) vi hat nano MoS; cau tric I6p c6 dién tich bé mat I6n giup huu trix nhiéu ion Li* hon
[4]; lién két giira cac lop MoS; Ia lién két Vander Waals yéu va khoang cach giira hai mat
phang Mo (0,615 nm) I6n hon graphite (0,335 nm) lam cho céc ion Li* di chuyén d& dang
gitra cAc 16p MoS; nhung khong lam thay doi dang ké vé thé tich trong suét chu ki phéng -
nap [5]; tir d6, khong gay phé hity cau tric vat lidu dién cuc, va gitip gia ting déng ké hiéu
nang cua pin. Tuy nhién, vat liéu MoS: khi dugc (tng dung lam vat liéu dién cuc anode co
d6 dan dién, d6 6n dinh giam sau nhidu chu ki phong — nap. Vi vay, dé giai quyét van dé
nay, MoS; dugc két hop véi cac vat liéu carbon nhu carbon nanotube, graphene, carbon vo
dinh hinh... c6 tinh dan dién cao, giGp vat liéu MoS; tr& nén 6n dinh hon. So sanh céc loai
vat liéu carbon khac nhau thi dng nanocarbon (CNTS) c6 tinh chit dién, do bén co hoc va
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dién tich bé mat hoat dong noi troi nhat [6]; CNTs c6 ¢ dién tré suat nho va mang ludi
dan electron hiéu qua gop phan gia ting d6 dan dién va toc do di chuyén caa Li*. Bén canh
d6, CNTs ngan su két tu ciia cac hat MoS; trong sudt chu ki phdng — nap, duy tri 6 dan
dién va cau tric xop cua vat liéu [7]. Mot s6 cong trinh nghién ctu chi ra sy két hop nano
MoS> voi CNTSs 6 thé cai thién tinh ning dién hoa cua vat liéu dién cyc [4], [8]-[11].

Phuong phap tong hop ¢6 anh huong quyét dinh dén hinh théi cua cac vat liéu tong
hop, 1a yéu t6 dong vai trd quan trong trong hiéu suat cua pin [12]. Nam 2013, nhom tac
gia Seung-Keun Park d tong hop thanh cong vat liéu lai hop coaxial MoS2/CNT bang
phuong phap thity nhiét véi su hod trg ciaa L-Cysteine [9]. Vat ligu lai hop c6 dién dung
riéng 736,5 mAh.g™* sau chu ki dau tién va ting 1én 823,4 mAh.g™ sau 30 chu ki v&i mat
do dong phong nap 100 mA.gt. Ciing trong nim nay, nhom nghién ctu cua Kartick
Bindumadhavan d ché tao thanh cong vat liéu t6 hop MoS/MWNT bing phuong phap
tron kho vat li, dat dung lwgng riéng 1090 mAh.g™ sau 30 chu ki v&i mat do dong phong
- nap 100 mA.g™ [10]. Téng hop cac nghién ciu gan day trong cung linh vuc cho thay,
cac phuong phap tong hop vat liéu nano MoS,/CNTs phé bién nhét 1a phuong phéap thay
nhi¢t (hydrothermal method) [4], [9], [12]; phuong phap pha long (solution phase route)
[8], [13] hodc phuong phap tach boc, tron hop va phua trén la kim loai [11]. Cac phuong
phép nay tuy hiéu qua trong viéc tong hop vat liéu nano MoS,/CNTs nhung thoi gian
téng hop dai, phan tng thuc hién véi nhiét do va &p suat cao. Do d6, bai bao trinh bay
mot quy trinh tng hop composite MoS/SWNTs don gian sir dung phuong phap vi song
Vi wu diém téc do gia nhiét nhanh, thoi gian phan @ng ngén; thiét bi trong d6i nho gon
va than thién moéi truong.
2. Thuc nghiém
2.1. Nguyén ligu

Céc hoa chat s dung trong nghién cau nay gom c6: Amonium molibdate
tetrahydrate (NH4)sM07024.4H.0 (98%, hang VWR, Nhat Ban), thiourea (NH.)2CS
(99,8%, hdng VWR, EU), ethylene glycol (EG) C2H4(OH)2 (99%, héng Xilong, Trung
Qudc), ethanol CHsOH (99,6%, hang Chemsol, Viét Nam), dung dich carbon nanotubes
don thanh 1% phan tan trong nuéc (SWNTs/H20) (hdng BYK, bruc).
2.2. Phwong phdp thuc nghiégm

SWNTs/H,O dugc cho vao hdn hop tién chat (NHs)sM07022.4H,0 (2 mmol),
(NH2)2CS (60 mmol) va 120 mL dung méi EG theo cAc ti 1¢ thé tich so voi EG lan luot 13
SWNTs/H,0:EG = 1:15, 1:17, 1:20, 1:24, 1:30 v/v. Hon hop dugc danh siéu &m trong 30
phat ¢¢ SWNTs/H20 va céc tién chat phan tan déu va tiép tuc cho phan ung trong 10 vi
s6ng (Hinh 2a) cong suat 240 W trong 30 phat. Dung dich thu dwoc sau phan ung (Hinh
2b) dugc tién hanh loc, rira bang ethanol va thu hdi két tia mau den (Hinh 2c, d). Két tua
dugc say khd & nhiét d6 55 °C trong 6h dé thu san pham dang bot (Hinh 2e).
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Hinh 1. Hé phan #ng (a), san pham trung gian (b, ¢, d) cia cdc giai doan
va bét MoS2/SWNTs (e) d& tong hop
2.3. Phwong phap danh gia vt ligu

Céu tric MoSz/SWNTs dugc phan tich bang phé nhidu xa tia X, Bruker D8
Advance, dau do Scinti véi nguon CuKa (A = 0.154 nm), pham vi quét 5° dén 70°, toc do
quét 0,02° trong 3s. Kich thuéc tinh thé MoS; tinh theo cong thirc Scherrer:

KA

T =

p.cosé

Trong d6: K =0,9; g (rad) — d6 ban rong FWHM; 6 (°) — gbc Bragg; A = 0,154 nm —
budc song tia X caa ngudn CuKa; 7 (hm) — kich thudc trung binh cua tinh thé.

Lién két gitta MoS, va SWNTs duoc xac dinh bing cach s dung phé Raman, trén hé
thiét bi Micro Raman spectroscopy (JobinYvon/Labram 300, Phap), véi buéc song kich
thich 632,8 nm. Hinh thai bé mit va kich thudc hat cua mau dwgc quan sat trén kinh hién
vi dién tir quét (SEM) va kinh hién vi dién tur truyén qua TEM (JEOL, JEM -1400).
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3. Két qua va thao luan
3.1. Gidn dé nhiéu xg tia X

Gian d6 XRD cua cAc mau ciing nhu phd chuan MoS; va SWNTs dugc trinh bay
trong Hinh 2. Két qua XRD cho thdy: mau ap dung ti 18 SWNTs/H,O:EG = 1:15 va 1:17
VIV ¢ cAc mili ti va cudng do thip, bén canh d6 khong co sy xuat cAc mili dic trung cua
gian do chuan 2H-MoS, (JCPDS 37-1492). Miii dic trung cho cac mat (100), (103) cua
MoS; d4 xuat hién trong gian d6 cua cac mau &p dung ti I¢ 1:20 va 1:24 vlv, riéng miii
(002) khdng xuat hién rd rang.

SWNTs/H,O:EG = 1:15 v/v
SWNTs/H,O:EG = 1:17 v/v
— - L
j=
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Hinh 2. Gidn do XRD cia cac mau MoSz/SWNTs dirgc tong hop
vdi cac t7 1é SWNTs/H20:EG khac nhau

Ngoai ra, gian 6 XRD cua ca 4 mau (1:15, 1:17, 1:20, 1:24 v/v) déu khdng c6 su
Xuét hién cua cac miii (002), (101) dic trung cho CNTs ching té ham lwong SWNTS trong
mau khong dang ké. Viéc tang ti 1¢ dung moi EG d4 lam tang hiéu suat tong hop MoS;
nhung cac hat MoS; chua lién két dwoc vai cac soi SWNTS. Hinh 1c, d ciing cho thay san
pham MoS; khong phan tan duoc trong ethanol. Khi MoS; tao thanh ma khong lién két
dugc vao cau tric caa SWNTs s& khién cho SWNTSs tiép tuc phan tan trong H,O va dé
dang bi rira troi boi ethanol. Gian do XRD da chang to chua ¢6 su hinh thanh composite
MoS2/SWNTS trong 4 mau trén.

Gian d6 XRD caa mau ap dung ti 1¢ thé tich SWNTs/H.0:EG = 1:30 d4 c6 su xuat
hién rd rang cAc miii nhiéu xa dic trung cho cac mat mang (002), (100), (103) ciia MoS; va
miii dic trung cho mat (002) cia SWNTSs. Két qua nay cho thdy, SWNTSs khdng bi rua troi
va d4 tao duoc lién két voi MoS; hinh thanh trong qué trinh phan ng, san pham composite
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MoS2/SWNTs da hinh thanh & ti 16 SWNTs/H20:EG = 1:30. M6t du hiéu quan trong khac
can luu y 1a miii dic trung cho mat mang (002) cua hat MoS; véi d-spacing = 0,63 nm
dugc mo rong thanh dinh ¢6 cudng do manh trong khoang 26 tir 7° dén 10° véi d-spacing
= 0,94 nm cho thay khoang cach giira cac I6p MoS; ting 1én, twong tu nhu mot s6 két qua
duoc chi ra tir cc nghién ciu khac [13], [15], [16]. Kich thudc tinh thé trung binh cua
MoS; trong mau nay xéac dinh tir cdng thac Scherrer vao khoang 7 nm (Bang 1).

Bdng 1. Kich thuéc tinh thé trung binh cia MoS; trong mau SWNTs/H,0:EG = 1:30 v/v

20 (°) (hkl) d-spacing (nm) Kich thwéc 7 (nm)
13,90 (002) 0,63 6,94
31,68 (100) 0,28 7,17

3.2. Phé Raman

Ph6 Raman cuia cac mau (Hinh 3) déu xuat hién cac miii dic trung cho pha 2H-MoS;
tai buéc song 283, 378, 404 va 454 cm™ tuwong ung vVoi Eig, Elag, A1g va dao dong doc truc
caa MoSz; cac miii dic trung cho pha 1T-MoS: tai s6 song 150, 235 va 335 cm™ phil hop
vGi mot s két qua d& duoc cong bd [16]-[19]. T4t ca cAc mili dic trung trén xuat hién rd
rang nhat trén pho caa mau SWNTs/H,0:EG = 1:30. Viéc thu dugc hai miii phd dic trung
caa SWNTs la D-band (1350 cm™) va G-band (1580 cm™) véi cuong do thip cho thay
SWNTSs chtra nhiéu khuyét tat trén bé mat do hinh thanh lién két véi MoS,, diéu nay da
dugc khing dinh trong nghién cau cua Li va cong su [14].

150 335 454 1350 1580
238 378 b-band G-band
283 404
o SWNTs/H,O:EG = 1:15 viv
c
3 /‘\/\/
3 YV \_/
g SWNTs/H,O:EG = 1:17 viv
2
2 S VNN
£+ SWNTs/H,0:EG = 1:20 viv \/w\,
SWNTs/H,O:EG = 1:24 viv
A,  #2H-MoS,
b Bio Bl #
* # N ;9 \/#\;T-MOSZ
SWNTs/H,O:EG = 1:30 v/v,
e T ‘ T ‘ T ‘
0 100 200 300 400 500 1200 1400 1600 1800

Raman shift (cm™)

Hinh 3. Phé Raman ciia mau MoSz/SWNTs dwoc tong hop
vdi cac t7 1é SWNTs/H20:EG khac nhau
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3.3. SEM, TEM

Sy phan bd xen ké& giira hat nano MoS; va SWNTs trong vat lieu lai hop
MoS2/SWNTs duoc xac dinh bang phuong phép kinh hién vi dién tir quét SEM (Hinh 4a,
b). Két qua thu duoc d4 gop phan khang dinh: Cac hat MoS; dugc hinh thanh va bam trén
céc thanh dng SWNTs, diéu nay s& tao nén vat liéu c6 kha ning dan dién tdt va ting kha
nang dich chuyén ion Li*.

Hinh thai va kich thuéc hat caa MoS; dugc xac dinh rd bang kinh hién vi dién tir
truyén qua TEM (Hinh 4c, d). Két qua phan tich tir anh TEM cho thay cac hat MoS; ¢c6
dang luc giac dic trung (Hinh 4c) va dang cau. Kich thudc hat MoS, nam trong khoang tir
18-20 nm, 16n hon kich thudc tinh thé trung binh cia MoS; xac dinh tir gian ¢6 XRD. Hinh
thai va kich thuéc hat xac dinh trén anh TEM cho thiy nhiéu 16p MoS; bat dang huéng d4
phét trién chong lén nhau khién cho tinh thé luc gidc dic trung da phét trién thanh cac cum
hat 16n dang cau.

S-4800 10.0kV 7.4mm x80.0k SE(M)

S-4800 10.0kV 7.4mm x200k SE(M) 200nm

Hinh 4. Anh SEM va TEM cua vdt liéu composite MoSz/SWNTS
tong hop Véi ti 16 SWNTs/H,0:EG = 1:30 v/v
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4. Kétluan

Vit liéu nano composite MoS2/SWNTs d4 duoc tong hop thanh cong bang phuwong
phép vi séng. Viéc sir dung dung moi EG 1am moi truong phan tng d4 lam tang hiéu suat
caa qué trinh hinh thanh, ¢dng thoi lién két, phat trién cac hat MoS; trén cau tric sgi cua
SWNTs. Céc qua trinh nay dién ra cang thuan lgi khi ti 1é EG so véi SWNTs/H.0 cang
cao. Két qua phan tich cho thy vat liéu composite MoS2/SWNTSs tong hop ¢ ti I thé tich
SWNTs/H,0:EG = 1:30 ¢6 ciu tric tét véi sy hinh thanh cac pha 2H-MoS; va 1T-MoS;
v6i kich thudc hat 18-20 nm lién két va phan bb xen k& trén cau tric cua sgi SWNTS. Su
gia ting khoang cach giira cac 1o6p MoS; 1én dén 0,94 nm la mot két qua rat kha quan va
day hira hen cho viéc tng dung lam vt liéu anode trong céc hé pin sac lithium ion.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.

% Loi céam on: Nghién ciru duoc tai tro béi Bai hoc Quéc gia Thanh phd H6 Chi Minh,
trong khudn khé dé tai ma sé B2017-20-07/HP-KHCN.
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