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Tém tat. Trong nghién cru nay, Cu:S da dwoc phan tan thanh cong 1én bé mat vat liéu Ni-MOF/NF
bang phuong phap dién phan thé khong ddi. Vat liéu composite CuxS/Ni-MOF/NF sau khi téng hop da
duoc phan tich cac dic trung ly héa nhu: do phd XRD, phd EDX, chup anh SEM va tng dung lam xtc
tac cho qud trinh dién phan nudc giai phong hydrogen (HER). Két qua cho thdy vét liéu composite
CuxS/Ni-MOF/NF ¢6 hoat tinh xtic tac cho qud trinh HER t6t hon dang k& so véi vat liéu don CuxS/NF
va Ni-MOF/NF. Anh huwong ctia diéu kién tdng hop dén hoat tinh xuc tac cua vat liéu da dwoc khao
sat. Vat liéu thu duoc khi ma Ni-MOEF/NF trong dung dich CuSOs 0,02 M + thiourea 0,06 M tai thé E
(vs. Ag/AgCl) = -1V trong 30 phut c6 kha ndng xtc tac t6t nhat cho phan ing HER, véi d6 bén va tinh
on dinh cao. Qu4 thé tai mat do dong |il =10 mA/cm? trén dién cuc CuxS/Ni-MOF/NF dat gia tri 130
mV, thdp hon déng ké so voi qua thé ctia cac vat liéu tuong tu.
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Abstract. In this study, Cu:S was successfully dispersed on the Ni-MOF/NF substrate via the
potentiostatic electrodeposition method. The obtained composite material was characterised with X-
ray diffraction, energy-dispersive X-ray spectroscopy, and scanning electron microscopy. The CuxS/Ni-
MOEF/NF composites were employed as catalysts for the hydrogen evolution reaction (HER) in alkaline
solutions. Compared with the single CuxS/NF and Ni-MOF/NF materials, the Cu:S/Ni-MOF/NF
composite exhibited significantly higher catalytic activity for HER. The influence of synthesis
conditions of CuxS/Ni-MOF/NF on its catalytic activity was studied. Experimental results show that the
CuxS/Ni-MOF/NF materials synthesised by potentiostatic electrodeposition at E (vs. Ag/AgCl) =-1V
for 30 min in 0.02 M CuSOs + 0.06 M thiourea solution demonstrated high catalytic activity for the HER
with a low overpotential of 130 mV at 10 mA/cm? in an alkaline electrolyte. In addition, the CuxS/Ni-
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MOEF/NF catalyst exhibited excellent catalytic durability and stability, as evidenced by its stable

catalytic performance after 20 h of operation.

Keywords: CuxS/Ni-MOF, catalysis, hydrogen evolution reaction, HER

1 Mo dau

Cung voi sy phat trién khong nging ctia xa
hoi, nang lueong la yéu t6 khong thé thiéu doi véi
nhan loai. Tuy nhién, viéc tiéu thu nhién liéu hoa
thach mot cach khong bén viing dang khién
ngudn tai nguyén khong thé tai tao nay ngay cang
can kiét, dong thoi gay ra nhiing tac dong dang lo
ngai dén méi treong nhu 6 nhiém ngudn nudc, 6
nhiém khong khi va thai ra carbon dioxide, tir d6
gop phan vao hién tuwgng néng 1én toan cau va
bién d6i khi hau nghiém trong. Tinh trang nay da
va dang dat ra yéu cau cap bach vé viéc chuyén
do6i sang cac ngudn nang luong khac bén vitng va

than thién v6i moi treong hon [1].

Cac ngudn nang luong tai tao bén ving
nhw nang leong mat troi va nang luong gid la hai
con duong chinh dé€ dap tng nhu cau nang luong
xanh toan cau. Tuy nhién, cad hai nguén nang
lwong nay déu c6 dac diém la dao dong va khong
lién tuc. Do d6, can tim ra giai phap luu trit phu
hop va hiéu qua. Mt trong nhiing giai phap tiém
nang d€ luu trit nang luong la st dung dién mat
troi hodc dién gié dé dién phan nuwdc san xuat
hydrogen sau d¢ lueu trit dudi dang khi nén, khi
héa 1ong, hydride kim loai hodc cdu trac nano
carbon. Sau giai doan xa, hydrogen duoc st dung
trong pin nhién liéu hodc dot truc tiép d€ san xuat
dién [2]. Tuy nhién, qua trinh dién phan nwdc cd
nhuoc diém la xay ra chdm va hiéu sudt dién
phéan twong doi thap. D€ ting téc d¢ phan tng
nguoi ta st dung cac chat xtc tac la kim loai quy
nhw platinum, iridium, ruthenium. Tuy nhién, cac
chat xtc tac kim loai quy nay c6 nhuoc diém la
khan hiém va chi phi san xudt cao. Vi vay, dé trién
khai qua trinh dién phan nuwdc & quy mo 16n va
bién né thanh céng nghé lvu trit nang lwgng canh

tranh trén thi treong, thi viéc phat trién cac chat
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xuc tac hiéu qua nham thay thé cac chat xuac tac

dua trén kim loai quy 1a diéu hét stic can thiét [3].

Trong nhitng ndm gan day, vat liéu khung
httu co kim loai (MOF) nhan duoc sy quan tam
dac biét ctia cac nha nghién ctru trén khép thé gisi
do tiém ndng tng dung cuia ching trong nhiéu
linh vuwe khac nhau [4, 5]. Trong s6 cac vat liéu
MOF, Ni-MOF dwgc danh gia la moét trong nhiing
vat liéu tiém ndng cho qua trinh xtc tac dién phan
nudc giai phong hydrogen do ¢6 do x0p cao va
cau truc chita ion kim loai chuyén tiép hoat dong,
c6 thé tong hop dé dang tir cac tién chat dé kiém
va c6 gia thanh twong d6i thdp [6, 7]. Bén canh vat
liéu MOF, trong thoi gian gan day, sulfide kim
loai chuyén tiép ciing ndi lén nhu mot vat liéu
tiém ndng cho qud trinh xdc tac dién phan nudc
gidi phéng hydrogen (HER) do dd dan dién cao,
gia thanh thap va nguén cung doi dao [8].

Bai bao nay trinh bay két qua tong hop vat
liéu composite CuxS/Ni-MOF phén tan trén nén
bot nickel va nghién ctu t¢ng dung xdc tac dién

phan nwdce tao hydrogen.

2 Phuwong phap

2.1 Hoba chat

Cac hoa chat st dung trong nghién ctu ¢
do tinh khiét phan tich bao gom: bot nickel (NF)
(99 %, TMAX, Trung Qudc); Ni(NOs)2-6H20 (98 %,
Xilong, Trung Qudc), 2-methylimidazole (98 %,
Thermo, M), CuSO+5H20 (99%, Xilong, Trung
Qudc), thiourea (99 %, Zhanyun Chemical, Trung
Qudc), methanol (99,5 %, Xilong, Trung Qudc),
KOH (85 %, Xilong, Trung Qudc) va HCl (37 %,
Xilong, Trung Qudc).
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2.2 Téng hgp vat lidu
Téng hop vat liéu Ni-MOF/NF

Hoa tan hoan toan 0,4 mmol mudi nickel
nitrate va 3,2 mmol phéi t¢ httu co 2-
methylimidazole vao 25 mL methanol. Khudy déu
hdn hop bang may khudy tir trong 50 phut ¢ nhiét
d6 phong. Dung dich hdn hop thu dugc cé mau
xanh 14 nhat dwoc cho vao binh ap sudt 16t Teflon
cung véi 1 miéng bot nickel kich thuwde 2 cm x 1,5
cm. Bot nickel trudc khi cho vao binh Teflon dwoc
ngam trong dung dich HCI 2 M trong 15 phut dé
loai bo oxide trén bé mit va rira sach bé“mg nudc
cat. Gia nhiét hon hop phan ting & 180 °C trong 8
gio. San phdm sau phan tng dugc rita bang
methanol va nudc tinh khiét, sau d6 say kho trong

tu sdy ¢ 80 °C trong vong 12 gio [9].

Vat liéu CuS/Ni-MOF/NF duoc tong hop
bang phuong phap dién phan ¢ dién thé E=-1V
so v6i Ag/AgCl trong dung dich hén hgp CuSOs
(0,02 M) va thiourea (Chronoamperometry (CA)).
Qua trinh tong hop dugc thyc hién trén thiét bi
dién héa da nang Autolab (PGSTAT302N +FRA2)
voi hé 3 dién cuc: Dién cyee so sanh (Ag/AgCl, KCl1
3M), dién cuc do6i (Pt) va dién cyc lam viéc (Ni-
MOE/NF). Sau khi ma dién trong mét thoi gian
nhéat dinh, vat liéu duoc rira nhiéu [an béng nuwdc

cat va say kho 0 60 °C trong vong 12 gio [10].

2.3  Khao sat cac diac trung ly hoa cua vit liéu

Céc déc trung ly hoa cta vat liéu dwoc do
trén may do XRD Bruker D8 ADVANCE ECO va
mady do kinh hién vi dién t& quét (SEM JSM-IT200,
Jeol).

24 Phwong phap dién hoa

Pé danh gia kha nang xtc tac cho qua trinh
HER cua vat liéu Cu:S/Ni-MOEF/NF, chtuing t6i st
dung phuong phép quét thé tuyén tinh (linear
sweep voltammetry — LSV). Phép do duoc tién
hanh trong dung dich KOH 1 M véi tc d§ quét 5

mV/s. Thé dién cuc duoc chuyén doi qua thé dién

DOI: 10.26459 /hueunijns.v135i1C.8099

ciee so voi dién cueec hydrogen (RHE) ¢ 25 °C theo

cong thirc:
Evsrue = Eys AgCl/Ag + EAOgCl/Ag + 0,0592 % pH (1)
= Eysagcijag + 0,197 + 0,0592 x pH

Phép do phd tong tro dién hdéa duoc thuc
hién trong dai tan sd tir 100 kHz dén 0,1 Hz véi
bién d6 10 mV tai E (vs. RHE) = 0,17 V. S6 liéu
duoc xtt ly trén phan mém Nova 2.1.3, sit dung
mach twong duwong Re-(Ret // Cal).

D06 bén va kha ning lam viéc 6n dinh cta
vat liéu duoc danh gia bang phuong phap do mat
dd dong dién cathode theo thoi gian tai thé dién
cuwc khong d6i E (vs. RHE) = -0,25 V trong vong 20
gio. Pong thoi quét phd LSV trong dung dich
KOH 1 M ctia dién CuxS/Ni-MOF/NF truedc va sau

20 gio xtc tac lién tuc.

Cac phép do dién hda duoc thuc hién trén
thiét bi do dién hda da nang Autolab.

3 K&t qua va thio luan

3.1 Dictrungly hoa cta vat liéu

Trén phé d6 XRD cua mau vat liéu
Cux5/Ni-MOF/NF, ngoai cac peak ddc trung cho
nén bot nickel xuat hién tai vi tri 44,4, 51,8 va 76,4°
tuong tng voi cac mdt phan xa (111), (200) va
(220) cua tinh thé nickel (JCPDS 65 — 2865), con
xuat hién cdc peak ddc trung cho nickel 2-
methylimidazole ¢ cac vi tri 14,1 va 22,1°, twong
dong véi két qua cong bd trong tai liéu [9]. Cac
dinh nhiéu xa dic trung cho Cu2S xuét hién 6 cac
vi tri 37,6, 45,8 va 48,3° tng voi cac mat tinh thé
(102), (110) va (103) (PDF # 84-0206) va cac dinh
nhiéu xa dic trung cho CusS tai cac vi tri 32,9, 52,9
va 59,6° tuwong tng véi mat (006), (108) va (116)
(PDF # 06-0464) [10].
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Hinh 1. PhS XRD ctia cic miu vat liéu: (1) bot nickel va
(2) CuxS/Ni-MOF/NF.
Ghi cha: Diéu kién tdng hop vat liéu: thiourea la 0,04
M; thoi gian dién phan la 20 phat.

Két qua xac dinh thanh phéan nguyén t6 cho
thdy sy c6 mat cua cac nguyén t6 Ni, C, O, S, Cu
va N trén bé mit mau vat lieu Cu:S/Ni-MOF/NF
(Hinh 2).
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Hinh 2. Ph6 EDX ctia mAu vt liéu CuxS/Ni-MOF/NF
Ghi cht: Diéu kién téng hop vat liéu: thiourea 0,04 M;
thoi gian dién phan: 20 phat.

Hinh SEM cho thay nén bot nickel (NF) c6
bé mit kha nhin va bang phing (Hinh 3a, d). Sau
khi nhiét phan trong methanol chita mudi nickel
nitrate va phoi t 2- methylimidazole ¢ 180 °C
trong 8 gio, trén nén bot nickel xuat hién vat liéu
Ni-MOF véi cdu triac dang khung xdp giéng hinh
mang nhén (Hinh 3b, e). Sau khi ma dién trong
dung dich CuSOx va thiourea, bd khung rong x6p
ctia Ni-MOF duwoc cac hat tinh thé Cu2S va CuS
v6i kich thudc nano lap kin. Bé mat vat liéu
CuxS/Ni-MOF/NF tao thanh kha xu xi.
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Hinh 3. Anh SEM 6 céc 46 phéng dai x5000 (a—d) va
%1000 (d—f) cta vat liéu: (a, d) bot nickel NF, (b, e) vat
liéu Ni-MOF/NF, (c, f) vat liéu CuxS/Ni-MOF/NF
Ghi cht: Diéu kién téng hop vat liéu: thiourea 0,04 M;
thoi gian dién phan 20 phut.

Nhu vay, két qua do nhiéu xa tia X, do pho
EDX va chup anh SEM cho thdy da téng hop
thanh cong vat liéu composite Cu:S/Ni-MOF phan

tan trén nén bot nickel.

3.2 Hoat tinh xtuc tac cho qua trinh HER cuaa
CuxS/Ni-MOF/NF

Duong cong LSV trong dung dich KOH 1
M ctia cac dién cec NF, Ni-MOF/NF, Cu:S/NF va
Cu:S/Ni-MOF/NF dugc trinh bay trén Hinh 4.

Két qua thuc nghiém cho thdy qud trinh
bién tinh bot nickel bang Cu.S va Ni-MOF gitup
cai thién dang ké kha nang xuc tac dién phan
nudc giai phéng hydrogen cua vat liéu. O hiu hét
cac gia tri thé dién cuc, tdc dd cua phan ting HER
trén dién cwc Ni-MOF/NF va CuxS/NF 16n hon
dang ké so vdi dién cwee NF chua bién tinh. O mat
d6 dong lil =10 mA/cm?, gid tri qua thé HER trén
dién cuc NF la Inl =299 mV, trong khi qud thé
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HER trén dién cwc CuxS/NF va Ni-MOF/NF Ian
lwot bang Inl =238 mV (giam 61 mV) va Inl =
211 mV (giam 88 mV). O mat do dong cao lil =50
mA/cm?, su c6 mat cua CuxS va Ni-MOF lam giam
qua thé giai phong hydrogen trén dién cwe NF tir
Inl =494 mV xudng con lan lugt la Inl =421 mV
va Inl =387 mV (Hinh 5). D6 d6c Tafel cta qué
trinh HER trén cac dién cyc CuxS/NF (194 mV-dec-
1) va Ni-MOEF/NF (182 mV-dec™) cling nho hon so
voi trén dién cuc NF (217 mV-dec!) chwa bién
tinh (Hinh 6). Diéu nay ching to ca CusS va Ni-
MOF déu c6 kha nang xtc tac cho qua trinh dién
phan nwéc giai phéng hydrogen, trong d6 Ni-
MOF thé hién tinh xtic tac t6t hon Cu.S.

200 1 1 1 1 1

-055 -045 -035 -025 -0.15 -0.05
E(vs RHE, V)

Hinh 4. Puong cong LSV cua cac dién cuec: (1) NF, (2)
CuxS/NF, (3) Ni-MOF/NF, (4) CuxS/Ni-MOEF/NF trong
dung dich KOH 1 M
Ghi cha: Biéu kién téng hop vat liéu: thiourea 0,04 M;
thoi gian dién phan 20 phut
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Hinh 5. Qua thé tai cic mat d6 dong |il =10 mA/cm? va
50 mA/em? phu thudc vao ban chat dién cuc: (1) NF, (2)
Cu:S/NEF, (3) Ni-MOF/NF, (4) CuxS/Ni-MOF/NF

Nl (mV)
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Hinh 6. Biéu d6 xac dinh d6 déc Tafel vGi cac dién cuc
khéc nhau: (1) NF, (2) CuxS/NF, (3) Ni-MOF/NF, (4)
CuxS/Ni-MOF/NF

Kha néng xtc tac ctia Ni-MOF c6 thé 1a két
qua cua sy phan tan Ni-MOF véi ciu trac khung
rSng, lam tdng dién tich bé mdt hoat dong cua
dién cyec. Ngoai ra, kha nang xtic tac dién phan
nudc cua vat liéu Ni-MOF con do ion Ni(Il) co
kha nang nhuong dién tit cho nudc d€ tao ra Ni
(1), sau d6 Ni(IlI) sé dwgc tai sinh nho qua trinh

nhan dién t&x ttt mach ngoai [9]:

Ni(II)
eTl e HZO —-H—> H2 (2)
Ni(IIT)

Trong khi d6, Cu:S, véi khoang cach dai
nang luwong thich hop (~2 eV,) giup ting téc do
cua giai doan két hop H thanh Hz. Ngoai ra, Cu:S
véi cac orbital tréng 3p cta S c6 thé bat gitr cac
dién ti & thé khoi dau thap, sau d6 chuyén cho
cac phan tir nudc dé tao thanh hydrogen [11].

Két qua thwc nghiém cho thay véat liéu
composite CuxS/Ni-MOF c¢6 hoat tinh xtc tac cho
qué trinh HER t8t hon han so véi vat liéu don Ni-
MOF va CusS (Hinh 4). O mat d6 dong il = 50
mA/cm2, qua thé HER trén dién cuc CuxS/Ni-
MOF/NF (Il =323 mV), giam 98 mV so vdi trén
dién cuc Ni-MOF/NF va 64 mV so voi trén dién
cec CusS/NF (Hinh 5). B6 doc Tafel cua qud trinh
HER trén dién cyc Cu:S/Ni-MOF/NF dat gia tri
135 mV- dec!, nho hon déng ké so vdi trén cac
dién cuc Ni-MOF/NF va CuxS/NF (Hinh 6). Sw cai
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thién vé hoat tinh xac tac cua composite Cu,S/Ni-
MOF/NF c6 thé la do hiéu tng hiép dong gitra
Cu,S va Ni-MOF. Cu thé su c6 mit cia Cu,S co
thé goép phan cai thién do dan dién cua hé vat
liéu, tir d6 thac ddy qua trinh truyén dién tich.
boéng thoi, cdu trac x6p ctia Ni-MOF c¢6 thé tao
diéu kién thuan l¢i cho su phan tan ctia Cu.S trén
bé madt dién cuc, qua dé lam ting kha nang tiép

can cac tam hoat dong.

D¢ khao sat anh huwong cua Cu,S dén kha
nang truyén dién tich cta vat liéu, chang t6i do
pho tong trd dién hod cua cac dién cuc khac nhau.
Pho tong trd dién hoa trén Hinh 7 cung cdp thém
thong tin vé doéng hoc dién hdéa va qua trinh
chuyén khdi trén cac dién cuc. Trong vung tan so
cao dén trung binh, d8i voi tat ca cac mau déu
xudt hién mot ban vong cung ddc trung, lién quan
dén dién trd chuyén dién tich (R«) tai bé mat tiép
xuc gitta dién cuc va dung dich dién ly. Theo d¢6,
dwong kinh cta ban vong cung giam theo thi tu:
NF (157 Q) > Cu:sS/NF (13,1 Q) > Ni-MOF/NF
(10,2 Q) > Cu:S/Ni-MOF/NF (8,6 Q). Dicu nay cho
thdy quad trinh chuyén dién ti dugc cai thién dang
ké khi hinh thanh cdu truc composite. Déc biét,
dién cuc Cu,S/Ni-MOF/NF c6 gia tri Rt nho nhat,
ching to vai tro ctia hiéu tng hiép dong gitra kha
nang dan dién tot ctia Cu,S va mat do tAm hoat
tinh cao ctia Ni-MOF. Két qua nay hoan toan phu

hop vo6i hoat tinh xtc cta cac vat liéu thé hién o

két qua do LSV.

6

s L (1)
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0 5 10 15 20

Z(Q)
Hinh 7. Phé tong trd Nyquist & Ews.ree) =—0,17 V trong
dung dich KOH 1 M trén cac dién cue khac nhau: (1)
NF, (2) Cu:S/NF, (3) Ni-MOF/NF, (4) CuxS/Ni-MOF/NF
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3.3  Anh huéng ctia diéu kién téng hop dén
hoat tinh xtc tac cho qua trinh HER cta
vat liéu CuxS/Ni-MOF/NF

biéu kién tong hop vat liéu nhu nong do
thiourea va thoi gian ma dién anh hwéng manh
téi hoat tinh xtic tac ctia vat liéu composite tao
thanh.

0
—0.02M
-50 0.04 M
—0.06 M
g-mo —0.08 M
8
<
£ -150
_200 (A 1 1 1 1
055 -045 -035 -025 -0.15 -0.05
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Hinh 8. Buong cong LSV ctia cac dién cuc CuxS/Ni-
MOEF/NF trong dung dich KOH 1 M phu thudc vao
nong do thiourea
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Hinh 9. Qué thé tai cic méat do dong |il =10 mA/cm?
50 mA/cm? va 100 mA/cm? trén cac dién cuc CuxS/Ni-
MOF/NF phu thudc vao nong d6 thiourea

Két qua thuc nghiém cho thay khi gitt c6
dinh néng d¢ CuSO: ¢ 0,02 M va tang nong do
thiourea tir 0,02 M dén 0,10 M thi hoat tinh xtc tac
dién phan nwdc giai phong hydrogen cta vat liéu
CuxS/Ni-MOF/NF tao thanh tdng 1én sau do6 giam
dan (Hinh 8 va Hinh 9). Diéu nay ¢4 thé lién quan
dén co ché hinh thanh CusS trén bé mat vat liéu
Ni-MOEF/NF trong qué trinh dién phan dung dich
CuSOs khi c6 mat thiourea. Theo do, dudi tac
dung ctia dong dién, Cu? bi khtt thanh Cu~*[16]:
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Cu# +1le » Cu* (3)
Thiourea bi phan hay thanh urea va sinh ra S
SC(NHz2)2 + H20 + 2e - OC(NH2)2 + S* + H> (4)

S* tuong tac voi Cu* va Cu? tao thanh san pham
CuS va CuzS theo phuong trinh:
Cu*+S5* - CuS (5)
Cu+5* —» Cu:S (6)
Tang néng do thiourea dong nghia voi viéc
tang lwong ion S*, do d6 trong cung mot khoang
thoi gian, san phdm Cu:S tao thanh trén bé mat
vat liéu Ni-MOF/NF nhiéu hon, gitp cai thién
hoat tinh xtc tac vat liéu. Tuy nhién, khi nong d6
thiourea 1on, ion S* tao thanh da phan tng véi
Cu? ngay trong dung dich tao thanh cac mam két
tinh méi. Cu:S tao thanh khong bam 1én bé mat
vat liéu Ni-MOF/NF ma di vao trong dung dich.
Do vay, hoat tinh xtic tac ctia vat liéu giam. Thanh
phan dung dich phu hop dé€ diéu ché CuxS/Ni-
MOFEF/NF Ia CuSO4 0,02 M va thiourea 0,06 M.

Téang thoi gian ma dién d€ phéan tan vat liéu
CusS 1én trén bé mat Ni-MOF/NF tix 5 phat dén 40
phut ciing lam thay doi hoat tinh xtc tac cho phan
tng HER cua vat liéu CuxS/Ni-MOF/NF (Hinh 10,
11). Thoi gian ma CuxS lén Ni-MOF/NF phu hop
nhat 1a 30 phut. Diéu nay c6 thé la do viéc ting
thoi gian dién phan da lam tang lwong Cu.S tao
thanh trén bé mat Ni-MOF/NF, cai thién dang ké
hoat tinh xtc tac cua vat liéu. Tuy nhién, khi thoi
gian ma qua dai (t > 30 phut), mot 16p CusS day sé
tao thanh va che pht hoan toan bé mat, lam mat
hoat tinh ctia 16p Ni-MOF. Do vay hoat tinh xtc

tac ctia vat liéu giam.

-200 1 1 1 1 1
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Hinh 10. Puong cong LSV ctia cac dién cyrc CuxS/Ni-
MOEF/NF trong dung dich KOH 1 M phu thudc vao thoi
gian ma dién

500
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400
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%
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Hinh 11. Qua thé tai cdc mat do dong |il =10 mA/cm?;
50 mA/cm? va 100 mA/cm? trén cac dién cwee CuxS/Ni-
MOF/NF phu thudc vao thoi gian ma dién

So voi cac vat liéu tuong tw, CuxS/Ni-
MOEF/NF trong nghién cttu nay c6 kha nang xtc
tac dién phan nudc giai phong hydrogen tét hon
dang ké (Bang 1). Qua thé HER tai mat d¢ dong
lil =10 mA/cm? cua cac vat liéu chita Ni thuong
thdp hon so véi nhiing vat liéu ctia CusS. Tuy
nhién, viéc két hop CusS va Ni-MOF trong nghién
cteu nay da cai thién dang ké hoat tinh xtc tac ctia
vat liéu, voi qua thé HER la nho nhat so vdi tat ca

cac loai vat liéu dwoc so sanh.

Bang 1. Qua thé HER tai mat do dong |il = 10 mA/cm? trén cac dién cwc khac nhau trong méi truong kiém

Vit liéu Inl (mV) Tai liéu tham khdo
CuxS/Ni-MOF/NF 130 Bai bao nay
Ni-MOF/NF 183 [9]

CuS/Ag 258 [11]
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Vat liéu Inl (mV) Tai liéu tham khao
Ag2S/CuS 200 [12]
Cu:S/Gr 330 [13]
CuS/NF 279 [14]
NiCo-MOF/NF 140 [15]

3.4 Pobeén ctia dién cuec CuS/Ni-MOF/NF

Hinh 12 cho thdy dién cuc CusS/Ni-
MOF/NF lam viéc kha 6n dinh trong 20 gio tai thé
dién cwec Ews rup) = -0,25 V. Sau 20 gio phan tng
xuc tac lién tuc, duong LSV ctia dién cuc CuxS/Ni-
MOF/NF duong nhu khong cé su thay doi dang
ké (Hinh 13). Diéu nay cho thdy d¢ bén cua vat
liéu 1a chap nhan dwgc cho qua trinh xtc tac ngay

ca sau khi van hanh 20 gio lién tuc.

i (mA/cm?)

0 5 10 15 20
t(h)

Hinh 12. Su thay d6i ctia mat d6 dong HER trén dién
cyc CuxS/Ni-MOEF/NEF 6 thé Evs.rur) = —0,25 V trong

dung dich KOH 1 M
0
50 |
Ban dau
&-100 F sau 20 h
g
g
<
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Hinh 13. Buong cong LSV ctia CuxS/Ni-MOF/NF truéc

va sau 20 gio xtc tac lién tuc
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4  Kétluan

Vat liéu Cu:S/Ni-MOF/NF da duoc tong
hop thanh cong bang phurong phap ma dién & thé
khong déi trong dung dich CuSOs véi s ¢ mat
thiourea. Vat liéu composite tao thanh cé hoat
tinh xtic tac cho phan tng dién phan nudc giai
phoéng hydrogen t&t hon héan so véi vat liéu don
Cu:S/NF va Ni-MOF/NF.

biéu kién tdng hop vat liéu da duoc nghién
ctu va cho thdy vat liéu Cu:S/Ni-MOF/NF duoc
tong hop tir dung dich ¢ thanh phan CuSOs 0,02
M va thiourea 0,06 M bang céch dién phan tai thé
-1V so vdi Ag/AgCl sau 30 phut c6 kha nang xtc
tac t6t nhat cho phan ung dién phan nudc giai
phong hydrogen. Qud thé HER tai mat do dong
lil = 10 mA/cm? la 130 mV, nhé hon dang ké so
véi qud thé cua cac vat liéu tuong tw. Vat liéu
Cu:S/Ni-MOEF/NF trong nghién cttu cting c6 d¢

bén va tinh 6n dinh cao.
Loi cdm on
Nghién cttu nay duoc tai tro boi Bo Gido
duc va Dao tao Viét Nam theo dé tai so
B2025.DNA.13.
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