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TOM TAT

S&n xuét hydrogen xanh bang cong nghé phan tach nudc cé trién vong md ra tuong lai vé mot nén
kinh t€ hydrogen va giai quyét van dé bién déi khi hau do st dung nhién liéu héa thach. Cac nghién
clu hién nay phat trién vat liéu xic tac mdi trén co s vat lieu co trirlugng I6n trong tu nhién va hiéu
qua vé mat kinh té& nham thay thé cac xuc tac tir kim loai quy. Trong s6 d6, MoS; la mét chét xtc tac
tiém nang cho qua trinh phan tach nuéc cé thé t8ng hop tir kim loai chuyén tiép molybdenum cé
trt lugng 16n trong tu nhién. Bai bao trinh bay su phat trién quy trinh pht dién hda bang phuong
phép quét thé vong tuan hoan (CV) dé tao mang lai molybdenum disulfide-molybdenum trioxide
(MoS3-Mo0O3.H,0) trén dé FTO trong mot budc don gian va chi phi thap. Mang vo dinh hinh ban
dau c6 thé két tinh & nhiét do thap (120 °C), khac biét vdi cac phuong phéap théng thudng yéu cau
nhiét dé cao. Theo dé, mang mong MoS;-MoO3.H,O (500 nm) dugc phi dién hoa trén dé thay
tinh dan FTO (ky hiéu MoS;-MoQ3.H, O/FTO) tir dung dich dién ly chira (NHg)gMo7024 5 mM, NaaS
30 g/L; KCI 0,1 M bang phuong phap CV. Hoat tinh xUc tac dién héa clia dién cuc MoS;-Mo03.H,O
/FTO d6i véi phan ting sinh khi hydrogen (HER) duoc khao sat trong dung dich Hy504 0,5 M st
dung phuong phdp quet thé tuyén tinh (LSV). Mang hinh thanh bang phuong phap CV c6 cd mau
nau va cé cau tric vo dinh hinh. Khi xtr ly nhiét & 120 °C, c4u trdc vo dinh hinh chuyén sang cau
tric tinh thé vai thanh phan pha gom MoS; va MoO3.H,O. Két qua do LSV cho théy hoat tinh xtc
tac ctia dién cuc dugc cai thién dang ké khi xtr ly & nhiét dé 120 °C véi dd doc Tafel 80 mV/dec, mat
do dong tang 2,75 lan so vadi dién cuc chua x ly. Bién cuc MoS;-MoO3.H,0 /FTO ché tao dugc
¢6 hoat tinh xuc tac cao va én dinh trong méi trusng acid HySO4 0,5 M. Nhimng két qua nay cho
thdy MoS;-Mo03.H, O /FTO la mét hé xuc tac tiém nang, dé ché tao va phu hop cho céc ting dung
hydrogen xanh.

Tu khoa: MoS>-MoOsH,0, phdn Ung sinh khi hydrogen (HER), phan tach nudc, phd dién hda,

xU ly nhiét, mang méng

GIGI THIEU

Cong nghé phén tach nudc san xudt khi hydrogen véi
uu diém khong gy phat thai khi nha kinh (hydro-
gen xanh) da dugc phat trién tng dung trong cong
nghiép. Tuy nhién, viéc khai thic, san xudt hydro-
gen tii nudc con nhiéu thach thic do phan ting phan
Phan
tng phéin tach nuédc la qua trinh oxy héa khi nuée

tach nuéc doi hodi cung cép niang lugng 16n ',

gom hai ban phan ting, phan ting oxy héa nudc tao
khi oxygen (oxygen evolution reaction, OER) va ban
phén tng kht tao khi hydrogen (hydrogen evolution
reaction, HER). Phan ting phén tach nudc thanh oxy-
gen va hydrogen doi hdi téng nang luong ty do Gibbs
(AG®) gin 238 kJxmol~! tuong duong 1,23 eV v6i
thé khtt chudn ctia cap H /H; va O2/H, O tuong ting
130 V va 1,23 V12, Céc vat liéu xic téc hiéu qua nhét
c6 nguodn goc tii cac kim loai quy (Pt, RuO,, IrOy, v.v.)
da dugc st dung lam vt liéu xuc tac cho phan tng

HER va OER”.

Céc nghién ctiu hién nay phat trién vét liéu xuc tac
mdi trén co s& vat liéu c6 tri lugng 16n trong tu nhién
va hiéu quéa vé mit kinh t€ nham thay thé cic xtc tac
tit kim loai quy3. Trong s6 d6, MoS; 13 mot chat xdc
tac tiém ndng cho qua trinh phan tach nudc co thé
téng hop tit kim loai chuyén tiép molybdenum c6 trit
lugng 16n trong tu nhién?-®. MoS; 14 mot chit ban
dén c6 viing cim truc tiép 14 1,7 eV 6. Cac nghién ctiu
cho théy hoat tinh xtic tdc phu thudc vao kich thude va
. Céc khdi molybdenum disulfide
xudt hién dudi dang molybdenite, c6 cdu tric xép 16p

s6 16p ctia MoS;”

hinh luc gidc bao gébm cac tdm S - Mo - S dugc xép
chong 1én nhau tuong ty nhu graphene thong qua luc
lién két van der Waals®. Duya vao tht tu sip xép clia
céac 16p nguyén tli, MoS, dugc chia ra thanh ba pha
tinh thé: 2H (hexagonal), 3R (Rhombohedral) va 1T

(tetragonal) trong d6 phan s6 1a biéu thi s6 lugng 16p

Trich dan bai bao nay: Minh Nhat H, Kim Ngan N T, Thai Hoang N, Viét Hai L. Ché& tao mang méng MoS,-
MoO5. H,0 trén dé FTO bing phuong phap phu dién héa két hgp xi ly nhiét lam dién cuc cho phan
ung sinh khi hydrogen (HER) . VNUHCM J. Adv. Res. Nat. Sci. 2026; 10(2):3645-3653.
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trong 6 don vi tinh thé. Céc 16p nguyén tt S va Mo
6 cdu truc hinh lyc gidc va méi nguyén tii Mo ndm &
trung tdm ctia ling try tam gidc dugc tao bdi 6 nguyén
tli S. Do dai lién két clia Mo-S c6 gia tri 1a 2,42 A°.
Trong ba dang nay, dang cdu tric 2H va 3R hinh thanh
mot cach ty nhién, va c6 d6 bén nhiét dong cao. Dang
céu truc 1T la dang gia bén, mang tinh kim loai nén
c6 d6 dan dién cao. C4u truc 6n dinh 2H thudc nhém
khoéng gian (space group) P63/mmc. Cé hailoai 1T va
3R déu chuyén pha vé dang 2H khi gia nhiét®.

Vit liéu MoS; dang khéi da dugc nghién ciiu lam
chit xuc tdc cho phan ting tao khi hydrogen tii nhiing
ndm 1977 nhung hoat tinh xtc téc kém do d6 dan
dién thip®. Gan day, Jing Wang va cong sy da ché tao
thanh cong cac hat nano MoS; nhu pha kim loai (1T-
MoS$,) bing phuong phdp thuy nhiét, cho thdy kha
néng xuc tac cao cho phan ting giai phong khi hydro-
gen voi qua thé rit thip 14 210 mV (so v6i RHE) cung
mat d6 dong 10 mA cm~2. Cac hat nano MoS$, ciing
cho thdy d¢ bén cao va c6 su thay d6i khong ddng ké &
mat d6 dong 50 mA cm ™2 sau 2000 chu ky trong méi
truong 0,5 M HySO4 10, Ramunas Levinas va cong
su ché tao mang Mo$S; . trén d€ kim loai dong & dién
thé -1 V (so véi Ag/AgCl) & cac thoi gian dién phéan
khéc nhau. Két qué cho thay thai gian dién phan 7200
gidy cho hoat tinh xtc tac t6t nhat v6i qud thé 180 mV
& mat d6 dong 10 mA cm ™2 cho phan ting HER trong
mbi trudng 0,5 M HpSOy4 1.

Gan day, Liufang He va cdng su da st dung phuong
phép thuy nhiét két hgp ling dong hoi héa hoc dé
ché tao vét liéu MoS, pht 1én MoO3 trén dé gb than
héa (MoSp-MoO3 /CW). Vit liéu nay cho thdy hiéu
qué xuc tac tdt va 8n dinh, v6i qua thé 106 mV tai

mat d6 dong 10 mA cm2

, cung d bén cao sau 100
gi6 dién phan trong méi trudng acid 2. Bén canh dé,
S. Vibavakumar va cdng su ciing da ching minh cidu
trac MoO3/MoS; cho hoat tinh xuc tdc khi st dung
lam vt liéu thay thé cho xtc tac Pt trong pin mdt troi
chét nhay quang!®. Tuong tu, Sagar Mallick ching
minh cdu tric MoS;-MoO3 gitp ting cudng hoat tinh
quang xtc tac so v6i mang MoO3 4.

Bai bdo trinh bay sy phét trién quy trinh phu dién
héa bang phuong phép quét thé vong tuin hoan (CV)
dé tao mang lai molybdenum disulfide-molybdenum
trioxide (MoS;-Mo00O3.H,0) trén d€ FTO trong mot
budc don gian va chi phi thdp. Mang v6 dinh hinh ban
dau c6 thé két tinh & nhiét do thdp (120 °C), khac biét
v6i cac phuong phap théng thudng yéu ciu nhiét do
cao. Hinh thdi va thanh phan pha ctia mang san phdm
dugc phan tich bing phuong phap bing kinh hién vi
dién tl quét c6 do phan giai cao (FESEM) va phuong
phép nhiéu xa tia X (XRD). Hoat tinh xtc téc dién héoa
cho phan tng HER ctia dién cuc MoS,;-MoO3.H,O

/FTO dugc khao sat trong cac mdi truong H,SO4 0,5
M st dung phuong phap quét thé tuyén tinh (LSV).

VAT LIEU VA PHUONG PHAP

Héa chat

Ammonium molybdate tetrahydrate
((NH4)6M07024.4H20 99%, Sigma—Aldrich),
odium sulfide nonahydrate (NayS-9H,O 98+% Acros
Organics), otassium chloride (KCl 99,5%, Merck),
ulfuric acid (H,SO4 95-97% Merck), udc cit 2
lan (pH 7,5; d6 din < 2mS cm™!), dién cuc FTO,
Greatcellsolar Material (100 mm x 100 mm x 2,2
mm - 15Q sq7 ).

Ché tao mang MoS,-MoO;.H,0 trén dé FTO
bang phuong phap dién héa

Mang mong MoS;-Mo0O3.H,O dugc ché tao trén dé
FTO béng phuong phap CV st dung thiét bi dién
héa Gamry Instrument Interface 1010T theo cic diéu
kién da thiét 1ap trong cic nghién ctiu trudc dé gém
khodng thé -1 V dén 1 V (so v6i Ag/AgCl), toc do
quét th& 50 mV's~ !, s6 chu ky quét thé 201, T& bao
dién phan la hé ba dién cuc bao gom dién cuc lam
viéc la tdm FTO kich ¢6 1 cm x 1,5 cm, dugc ¢ dinh
dién tich lam viéc bing 1,0 cm?, dién cuc so sanh la
Ag/AgCl trong KCl 3,5 M, dién cuc d6i la tdm platin.
Dung dich dién phan gom (NH4)sMo70,4.4H,0 5
mM, Na,S-9H, O 30 mM va KC1 0,1 M pha trong nuéc
cit va diéu chinh dén pH 6 bing dung dich HpSO4
20%'°. Sau qué trinh dién phin tao mang, dién cyc
dugc rua lai bang nude cit, d€ kho tu nhién va sau
d6 sdy 6 120 °C trong 30 phut d€ thu dugc dién cuc
MoS,-Mo03.H;0 /FTO. Bén canh d6, cac dién cuc
ciing dugc sdy ¢ 90 °C va 150 °C trong cung khoang
thoi gian nhdm dénh gid anh hudng cta nhiét d¢ sy
dén hoat tinh dién héa cta dién cuc.

Phan tich thanh phan, hinh thai va ciu tric
chia dién cuc sau bién tinh

Thanh phan pha ctia mang MoS;-MoO3.H,O /FTO
dugc phén tich bing phuong phép nhiéu xa tia X
(XRD) st dung thiét bi D8 Advance (Bruker, Diic).
Hinh thai bé mit va d¢ day mang dugc phén tich bing
bang kinh hién vi dién tl quét c6 d¢ phéan giai cao (FE-
SEM) sti dung thiét bi SU 8010 (Hitachi, Nhat).

Phan tich hoat tinh xtic tic mang MoS, ddi
v@i phan ting thoat khi hydro

Hoat tinh xtc tac dién héa cho phan ting HER ctia cac
dién cuc MoS,-Mo0O3.H, O /FTO dugc khao sat trong
cac moi trudng HSO4 0,5 M v6i thiét bi va cdu tric té
bao dién hoa tuong tu thi nghiém phtt mang. Trong
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d6, dién cuc lam viéc 13 d€ FTO da dugc phu mang
MoS;-MoO3-H, O véi dién tich 1 cm?. Phuong phép
LSV dugc thuc hién véi t6c d6 quét 2 mV s1 trong
khoang thé tit 0 V dén -0,6 V so véi Ag/AgCl. Thé
dién cyc lam viéc dugc quy d6i dién cuc hydro thuin
nghich (RHE) theo phuong trinh Egyg = Eyg/aect +
0,059 x pH + E° g /agcs> trong d6 E? g /aecs = 0,197
V, dung dich H,SO4 0,5 M ¢6 pH 0. Qua thé cho phan
ung HER (1) dugc xac dinh theo phuong trinh 7 =0
- ErnE, trong d6 Egyg la thé ctia dién cuc lam viéc
quy d6i theo dién cyc RHE.

KET QUA THAO LUAN

Co ché hinh thanh mang MoS, bang
phuong phap dién héa
Mang MoS; dugc phu trén d€ FTO bing phuong phép
quét thé vong tudn hoan st dung dung dich dién
ly chia hén hgp ammonium molybdate va sodium
sulfide. Co s6 ly thuyét qua trinh khi ion molyb-
date trong moi trudng tién chét chda ion sulfide tao
mang MoS$; béng phuong phép dién hoéa da duge béo
c40'>1°. Theo d6, ion molybdate ton tai hai dang
MoO42~ va Mo7024%~ can béng trong dung dich
nudc theo phuong trinh (1).
7Mo0042~ + 8HT <> Mo70% + 4H,0 (1)
Mang MoS$; dugc tao thanh qua hai budc: ion molyb-
date phan ting véi ion sulfide trong méi trudng acid
tao thanh ion thiomolybdate dong thoi gidi phéng khi
H,S theo phuong trinh (2).
MoO42 + 652~ + 12HT— MoS42~ + 4H,0 + 2H,S
2
Ion thiomolybdate bi khtt theo phuong trinh (3) tao
san ph&m mang MoS;
MoS4%~ + 4H™ + 2e”— MoS, + 2H,S (3)
MoS42~ + 2e~ + 2H,0 — MoO, + 40OH~ (4)
Hinh 1 trinh bay dudng CV téng hgp mang MoS,
ti tién chdt mudi molybdate va ion sulfide véi ti 1é
Mo:S (1,0 : 3,5) trong vung thé (-1 V dén 1 V). b6
thi CV cho théy, chu ky 1 xuét hién ré mi kht ¢ thé
khdi phét tii -0,75 V dac trung cho qua trinh khii ion
MoS42~ tao san phdm MoS, theo phuong trinh (3) 1°.
Céc dinh oxy hoéa & thé -0,2 V va 0,5 V dac trung
cho qué trinh oxy hoa cta ion Mo70,4%~ va §2-.
Ngoai ra, qud trinh tao mang ludn c6 sy canh tranh
gitia phan ting khti ctia ion molybdate tao molybde-
num oxide (phuong trinh 4) va phan ting khti ctia ion
thiomolybdate tao molybdenum disulfide (phuong
trinh 3) '°. So sanh véi cac két qua bao cdo trudc do,
Shariza va cong su!” tao mang Mo$S, trén ITO bing
phuong phap dong thoi gian (CA) véi dién thé t6i uu
& -1V so véi Ag/AgCl va Ponomarev va cong sy ' da
téng hgp MoS; trén dé€ FTO va d€ Mo véi thé ap 1a -
1,3 V (so v6i Ag/AgCl), c6 thé thdy qud trinh tao mang

trong nghién ctiu nay c6 thé thyc hién & thé thip hon,
ttt d6 han ché dugc phan ting khti kh6ng mong mudn
tao san phd&m molybdenum oxide khi thyc hién phan
ung & qua thé16n. Ngoai ra, mit d dong tii cac dudng
CV ting lén khi ting s6 chu ky quét ting cho thdy
mang san phdm day thém sau méi chu ky quét thé.
biéu nay cho phép kiém soat dugc do day mang thong
qua diéu chinh chu ky quét CV. Sau 20 chu ky quét
thé, bé mét dién cyc FTO xuét hién mang ndu min pha
kin va dong déu trén bé mit FTO. Két qua nhan dugc
pht hop véi két qua nghién ctiu trude day ctia ching
toi khi tao mang Mo$S, bang phuong phép CV tii tién
chit (NHy)gMo07074.4H>0O 5 mM, NaySx9H,0 30
mM 1, Ty 1¢ mol (NH4)¢Mo7024:Nay (1:6) dugc
chon duya trén yéu ciu can bang héa hoc, t6i vu hinh
thanh pha Mo$S, va han ché tap pha. Theo d6, mudi
(NH4)6Mo07024 chtia molybdenum & trang thai oxi
hoéa +6, d€ hinh thanh MoS;, Mo(VI) phai dugc khu
va sulfur héa, qué trinh nay cin lugng ion S~ du
dang k& do mot phan S2~ sé bi oxi héa bai oxy hoa
tan, tao polysulfide (S42°), hodc bi tiéu hao do tao san
phdm phu. Ty 1é 1:6 dugc xem la t6i uu trong nhiéu
quy trinh t8ng hop U6t vi vita da du 2~ ma khong
gy két ttia phu hodc lam dung dich qué kiém.

Thanh phan, hinh thai va cau tric cia dién
cuc sau bién tinh

Céu tric ciia mang MoS;/FTO trudc va sau khi xt
ly & cdc nhiét d6 khac nhau dugc phén tich bing
phuong phdp XRD. Két qua nhin dugc cho thdy,
mang MoS,/FTO khi chua xti Iy nhiét chi ¢6 cac dinh
nhiéu xa cta nén FTO. Diéu nay cé thé giai thich
do mang MoS$, hinh thanh béng phuong phép dién
héa 6 dang v6 dinh hinh (Hinh 2). D€ ting do két
tinh mang, dién cyc sau khi ché tao dugc xtt ly & cac
nhiét d6 90 va 120 °C trong diéu kién khi quyén nhim
nghién ctiu dnh hudng ctia nhiét d6 xu ly 1én cdu tric
tinh thé ctia mang.

Két qua phan tich XRD cho thdy mang xti Iy nhiét & 90
va 120 °C xudt hién cac dinh nhiéu xa dic trung cho
mdt mang (100) ctia pha a-MoO3. H,O (JCPDS card #
26-1449). Khi tang nhiét do xui 1y 1én 120 °C, hai mi
mdi déc trung cho cac mat mang (002) va (100) dac
trung cho cho cdu tric 2H ctia MoS, (JCPDS card #
73-1408) °. Diéu nay cho thdy san phim qué trinh
dién phan cé dang v6 dinh hinh va c6 thé chuyén
thanh dang tinh thé khi xti Iy nhiét. Sy hinh thanh san
phdm a-MoO3 . H,O c¢6 thé giai thich qua cac phuong
trinh (5) va (6)%°. Nhu vy, mang san phim sau khi
xt Iy nhiét c¢é cdu tric MoS;-MoO3 H,O

M0702467+ 3HT— ((O—H)3M07021)37 (5)
((O-H)3M07021)3_+ 3Ht— (0-H)3Mo701g—
7M003.H20 (6)
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Hinh 1: D6 thi CV qua trinh tao mang MoS,/FTO sau 20 chu ki quét thé, anh cheén la hinh chup ky thuat s6 dién
cuc FTO sau khi phti mang [Nguén: Nhém tac gial.

Cudng d§ (dcn vi tay y)

#35n0, JCPDS CardMo. 70-4177
¢ o-Mo0_. HO JCPDS CardNo. 26-1448
¥ Mos, JCPDS Card No. 73-1508

’l (c)
| | i n
(b)
R ‘._l l .._'_m.l T
‘ : _ ‘ : . (a)
0 20 30 4 50 60 70 80

Hinh 2: Gian d6 XRD dién cuc FTO trudc (a) va sau xt ly & cac nhiét do 90 °C (b) va 120 °C (c) [Nguén: Nhém tac

gial.
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'500 nm
MoS;— MoQ;,
FT0 .
o N el

£ 3 -
“ 7 Thay tinn 300 nm |

500,im.

Hinh 3: Anh FESEM bé mat dién cuc FTO trudc (a) va sau khi phti mang MoS, (b), anh chén la mét ct ngang clia

dién cuc sau pht mang [Nguon: Nhém téc gial.

Két qua phan tich bang phuong phap FESEM cho thiy
bé mat dién cyc FTO dic trung boi cdc tinh thé SnO,
c6 kich c& khac nhau véi hinh dang va bién hat ro rang
sdp xép dic xit trén bé mat nén thay tinh (Hinh 3a).
Sau khi phtt mang, bé mit tinh th€ SnO, dugc che
phu kin bdi 16p mong mang san phdm. Pudng bién
hat SnO, bi che phu va khdng con r6 rang nhu quan
sat thdy ¢ dién cuc chua phtt mang. Két qua phin
tich mit cdt ngang ctia mau cho thdy mang san phdm
MoS;-MoO3 phu trén bé mit tinh thé SnO, véi do
day khoang 500 nm (Hinh 3b). Két qua nay pht hgp
v6i két qué nghién ctu trude day d6i véi mang mong
MoS; ché tao bing phuong phap dién héa'>.

Hoat tinh xuc tdc mang MoS,-MoO; déi véi
phan tng thoat khi hydro

Hoat tinh xtic tac dién hoéa cua dién cuc d6i véi phan
ung HER dugc nghién ctiu bang phuong phap LSV
trong moi trudng acid HySO4 0,5 M trong khoang thé
ti 0V dén -0,6 V so v6i Ag/AgCl, véi téc do quét thé
2mV s, P thi LSV va két qua phan tich cic tham
s6 dién hoa ddc trung cho phan ting HER dugc trinh
bay 1an lugt trong Hinh 4 va Bang 1.

Két qua nhén dugc cho théy hoat tinh xdc tac ctia dién
cyc d6i voi phan ting HER thay d6i dang ké khi xu ly
nhiét. Do doc Tafel 1a tham s6 dac trung cho t6c do
phén ting oxy hoa khtt dién hoa theo ly thuyét Tafel.
Theo d6 phan ting HER véi d6 doc Tafel cang thap
déc trung cho toc d6 phan ting cang nhanh. Két qua
phén tich cho thiy d¢ doc Tafel giam tii 99 mV/dec
& mang chua x 1y xuéng 85 mV dec™! khi xti ly &
90 °C, va tiép tuc gidm con 80 mV/dec tai 120 °C.
Tuy nhién, khi ting nhiét d¢ xt ly 1én 150 °C, d6 doc
Tafel lai tang 1én 87 mV/dec (Hinh 4, Bang 1). Két
hop v6i két qua phén tich XRD c6 thé nhan dinh sy
chuyén héa ti ciu truc v dinh hinh sang ciu tric
tinh thé khi xt Iy nhiét lam gia ting hoat tinh xtc tac

ctia mang. Tuy nhién xt 1y ¢ nhiét d6 cao (150 °C)
lam gidm hoat tinh xuc tic cua mang c6 thé ly giai
do qua trinh oxy hoa vat liéu MoS; xdy ra manh hon
trong méi trudng khi quyén oxygen & nhiét d6 cao?!.
Theo d6, ti 1¢ ham lugng MoS;/Mo0O3.H,0O ¢6 dnh
hudng dédng k€ dén hoat tinh dién héa ctia hé vét liéu
lai M0S,-Mo00O3.H,O. Theo d6, MoO3.H,O cé tinh
dan dién ion t6t, nhd cac 16p chita H,O va HY, tit d6
giup gidm dién tré chuyén dién tich va tao nhiéu tim
hoat tinh O-Mo-O dé nhan/nhuéng dién ttt va do do
tang cudng hoat tinh cho phan ting HER. Tuy nhién
néu ting ham lugng MoO3.H,0 lén qué cao sé lam
tang dién trd noi ctia mang do MoO3 dan dién kém
va lam giam hoat tinh xtc tdc cta vat liéu do gidm s6
vi tri S-edge (la tAm xuc tdc manh cho HER) gén lién
v6i thanh phan MoS; clia hé vt ligu '>1422 |

So véi dién cuc chua xt Iy, thé khoi phat giam tu 0,21
V xudng 0,20 V va mat d6 dong tai qua thé 250 mV
tang manh 2,75 14n i -0,53 1én -1,46 mA cm ™2 khi xti
ly mang & nhiét d¢ 120 °C. Dién cuc sau xt ly nhiét
cho dap uing t6t v6i pH va ¢6 d6 6n dinh cao khi thu
nghiém trong moi truong H,SO4 0,5 M va c6 hoat
tinh t6t khi so sdnh véi cac dién cuc trén co s vat liéu
MoS, ché tao béng cac phuong phép khac (Bang 1).
Theo d6, gid tri mat do dong khii tai qud thé 0,25 V
tang dén tif -0,22 dén -0,56 va -1,44 A-cm? khi pH
gidm tli 2 xuéng 1 va 0 (Hinh 4c). Hon niia, dién cuc
chi thé hién sy suy gidm mat d¢ dong khéng dang ké
sau 10 chu ky quét lién tuc bang phuong phap LSV
(Hinh 4d). Diéu nay cho phép khing dinh quy trinh
tong hgp bing phuong phéap dién hda két hgp xu ly
nhiét 120 °C trong khi quyén oxygen gitp cai thién
dang k& hoat tinh va do bén cta dién cuc cho phan
ting HER. Uu diém ctia phuong phap nay la cfu tric
san phdm hinh thanh bang phuong phap CV bao gém
hai thanh phin Mo$S, va MoO3.H,O c6 hoat tinh xtc
tac t6t 131422, Ngoai ra, ky thuat xi Iy & nhiét d¢ thdp
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Hinh 4: So sanh d6 thi LSV cia mang sau téng hop va sau x{ ly nhiét(a), d6 thi Tafel tuang tng (b), anh hudng cta
pH (c) va d6 bén cua dién cuc(d). Phép do thuc hién trong méi trudng H,S040,5 M, téc d6 2 mV/s [Ngudn: Nhém

tac gial.

Bang 1: So sanh tham s8 dién héa dién cuc MoS,/FTO trudc va sau khi xi Iy & nhiét d6 khac nhau,

do trong dung dich H,SO, 0,5 M

Nhiét do xt ly Eonset J (mA cm~2) Do ddc Tafel
“c) (V so v6i RHE ) E=-0,25 (V) (mV dec™!)
Khong xti ly nhiét -0,21 -0,53 99
90 -0,20 -0,93 85
120 -0,20 -1,46 80
150 -0,21 -0,68 87
[Nguon: Nhom tac gial.
gitp chuyén hoa pha vo dinh hinh thanh pha tinh thé KE’T LU AN

gitp cai thién hoat tinh xtc tdc va d6 bén cta dién
cuc trong khi van bdo ton dugc cdu tric va han ché
qua trinh oxy hoa vat liéu. Tu d6, két qua nghién ctiu
md ra trién vong ung dung vao thuc t€ nhd quy trinh
don gian hon khi so sanh véi cac phuong phép ché
tao dién cuc phtic tap hon, va cac phuong phap xt ly
nhiét trong moi trudng khi tro hodc khi quyén chia
luu huynh & nhiét d cao trong cic cong bé trude do
(Bang 2).

Bai béo trinh bay sy phét trién quy trinh phu dién
héa biang phuong phap CV d€ tao mang lai molybde-
num disulfide - molybdenum trioxide hydrat (MoS;-
Mo0O3.H,0) trén d€ FTO theo mét budc tdng hgp
don gian va chi phi thidp. Mang thu dugc ban dau
€6 cdu truc vo dinh hinh va ¢6 thé chuyén héa thanh
cdu trac tinh thé khi xt Iy 6 120 °C, mtc nhiét thip
hon dang ké so véi cac phuong phap thong thudong.
Lép mang c6 do day khodng 500 nm va bam dinh t6t
trén nén FTO. Dién cuc MoS,;-Mo03.H,0O /FTO sau
xtt ly nhiét thé hién hoat tinh xtc tic HER cao va én
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Bang 2: So sanh gia tri do doc Tafel ca dién cuc MoS,-MoO; trong nghién ciiru nay véi cac vat liéu MoS; duoc

bdo cdo trong tai liéu

Vit liéu Phuong phap ché tao

MoS, 90 Thuong mai (Merck)

nm

1T MoS, Céy cation dién héa MoS2 (90 nm,
Merck)

MoS, Nhiét dung moi

2D MoS,; Thuy nhiét

MoS;_MoO3 bién hoa, xti Iy nhiét

Dién cuc nén Do ddc Tafel Tai liéu tham
(mV/dec) khéo

Carbon thury 151 2

tinh

Vai carbon 80,78 2

Graphit 72,26 22

Graphit 84 zo

FTO 80 Nghién ctiu nay

[Nguodn: Nhom tac gia].

dinh trong dung dich H,SO4 0,5 M, véi thé khéi phat
-0,20 V so vdi RHE, do doc Tafel 80 mV/dec va méat
d6 dong -1,46 mA tai qud thé 250 mV. Nhiing két qua
nay xac dinh hé vat liéu MoS,-MoO3.H,O /FTO la
xuc tac tiém ndng, dé ché tao va phtt hgp cho céc ting
dung san xudt hydrogen xanh.

DANH MUC TU VIET TAT

CV: Quét thé vong tudn hoan

FESEM: Kinh hién vi dién ti quét dp phan gidi cao
HER: Phdn iing sinh khi hydro

FTO: Thily tinh din (mang mong SnO, pha tap F trén
dé thuy tinh)

OER: Phadn ting sinh khi oxy

RHE: Dién ciic hydro thudn nghich

XUNG POT LOI iCH

Nhoém tac gid cam két khong c6 xung dot lgi ich.

PONG GOP CUA TAC GIA
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Fabrication of M0S,-Mo00;.H,0 thin film on fto substrate by
electrodeposition method combining with heat treatment as
electrode for hydrogen evolution reaction (HER)

Hoang Minh Nhat'2, Nguyen Thi Kim Ngan'-2, Nguyen Thai Hoang'-?, Le Viet Hai'%"

ABSTRACT
Green hydrogen production via water-splitting technology holds promise for the future of a
OE b hydrogen-based economy and addresses climate change caused using fossil fuels. Current research
Use your smartphone to scan this focuses on developing new catalytic materials from abundant natural resources and cost-effective
QR code and download this article sources to replace noble metal-based catalysts. Among them, (Mo$S; is a potential catalyst for water

splitting, which can be synthesized from molybdenum, a transition metal with high natural abun-
dance. This paper presents the development of an electrochemical deposition process using the
cyclic voltammetry (CV) method to fabricate molybdenum disulfide—molybdenum trioxide (MoS;-
MoQs3.H»0) hybrid films on FTO substrates in a simple and low-cost single step. The initially amor-
phous films could crystallize at a relatively low temperature (120 °C), unlike conventional methods
that required higher temperatures. Accordingly, a thin MoS;-MoO3.H; O film (500 nm) was electro-
chemically deposited on conductive glass FTO substrates (denoted MoS;-Mo0O3.H,O /FTO) from
an electrolyte solution containing 5 mM (NH4)sM0702430 g/L NapS and 0.1 M KCl using the CV
method. The electrocatalytic activity of the MoS;-MoO3.H,O /FTO electrode for the hydrogen evo-
lution reaction (HER) was evaluated in 0.5 M HySO4 using linear sweep voltammetry (LSV). The films
formed by CV exhibited a brown color and an amorphous structure. After the thermal treatment
at 120 °C, the amorphous structure transformed into a crystalline structure, comprising MoS; and
MoQOs3.HyO phases. LSV results showed that the electrocatalytic activity of the electrode signifi-

'Vietnam National University Ho Chi cantly improved after heat treatment at 120 °C, with a Tafel slope of 80 mV/dec and a 2.75-fold

Minh City, Vietnam increase in current density compared to the untreated electrode. The fabricated MoS;-MoO3.H,O

2University of Science, Ho Chi Minh City, /FTO electrode exhibited high catalytic activity and stability in 0.5 M HySO4 These results demon-

Vietnam strated that MoS;-Mo0O3.H,O /FTO was a promising, easily fabricated catalytic system suitable for
green hydrogen applications.
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