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Tém tit - Vat licu khung hitu co kim loai phan tan trén nén bot
nickel Ni-MOF/NF dugc téng hop bing phuong phép nhiét dung
mdi st dung phdi tir hitu co 2-methylimidazole. Cac dac trung 1y
hoa cua vit liéu duge xac dinh bang phép do XRD, phé IR, phd
EDX, va anh chup SEM. Vit liéu sau d6 dugc ing dung lam xuc
tac cho phan tng di¢n phan nudc giai phong hydrogen trong dung
dich NaOH 1 M. Két qua khao sat cho thiy, Ni-MOF/NF lam
giam dang ké qué thé va d¢ dbc Tafel ddi voi qua trinh cathode
giai phong hydrogen. Cac diéu kién ciia qua trinh téng hop vat
lidu d duoc nghién ctru. Két qua thuc nghiém chi ra, vat liéu téng
hop tir mudi nickel nitrate va phéi tir 2-methylimidazole theo ti 18
s6 mol 1:8, gia nhiét & 180°C trong 8 h ¢6 kha ning xuc tac tt
cho phan tng dién phan nudc gidi phong khi hydrogen. Bén canh
hoat tinh xic tac cao, vét lidu Ni-MOF/NF con c¢6 d6 6n dinh cao
trude va sau 10 h xuc tac lién tuc.

Tur khéa - Khung hitu co kim loai; Ni-MOF; bot nickel; phéi t
2-methylimidazole; dién phan nudc giai phong hydrogen

1. Pit van dé

O nhi®m méi truedng cing véi bién dbi khi hau ngay nay
dang trd thanh van dé hét sirc cip bach va dang bao dong
trén toan thé gidi. Nguyén nhan chu yéu dan dén tinh trang
mai truong toan cau dang bi 6 nhidm va suy thoai ning né
1a sy tang trudng cua hoat dong cong nghi€p. Hoat dong
cong nghi¢p chlem phan 16n tong tiéu thy ning lugng da
dua vao khi quyén lugng 16n khi CO; gdy ra hiéu tmg nha
kinh, 1am cho nhiét d6 Trai Dat tang lén [1], [2]. Dé bao vé
mdi trudng ciing nhu thay thé ngudn nhién liéu hoa thach
sap can kiét, viéc tim kiém cac ngudn nang lugng moi than
thién v6i méi trudng va c6 kha ning tai tao 1a van dé vo
cung cép thiét.

Hydrogen 1a mgt trong cac ngudn ning lugng c6 kha
nang (ng dung rong rai dang duoc tap trung nghién ciru
trén toan thé gi6i. Viéc nghién ctu va phat trién céc
phuong phap tong hop hydrogen la can thiét dé hudng dén
muc tiéu thay thé ngudn nhién liéu hoa thach. Hién nay, c6
3 phuong phap co ban duoc ap dung dé san xuét hydrogen
bao goém: Phuong phép chuyén hoa hydrocacbon bang
nhiét, phuong phap dién phan nudc va phuong phéap sinh

Abstract - The metal-organic framework Ni-MOF/NF was
synthesized by solvothermal approach using the organic ligand 2-
methylimidazole. The obtained material was characterized using
infrared (IR) spectroscopy, X-ray diffraction (XRD), EDX
spectroscopy, and SEM images. The Ni-MOF/NF materials were
employed as a catalyst for the hydrogen evolution reaction (HER)
in NaOH 1 M solution. It was shown that Ni-MOF/NF significantly
reduces the overpotential and Tafel slope for the hydrogen
evolution reaction. The conditions for the synthesis of material
were studied. Experimental results show that the materials
synthesized from nickel nitrate and ligand 2-methylimidazole at a
molar ratio of 1:8 with heating at 180°C for 8 h have good catalytic
activity for the HER. In addition, the Ni-MOF/NF catalyst exhibits
excellent catalytic durability and stability, as demonstrated by
stable catalytic performance after 10 h operation.
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hoc. Trong do6, phuong phap san Xudt hydrogen nho qua
trinh dién phan nudc co thé s& chiém wu the trong tuong lai
gan do sy doi dao cta nudc, sy don gian vé mat cong nghé
va khong phét sinh san pham phu gy 6 nhiém mai trudng
[3], [4]. Pay dugc xem la phuong phap than thién voi moi
truong nhét hién nay. Tuy nhién, qué trinh dién phan nudc
¢6 nhuoc diém 1a xdy ra cham va hiéu suét khong cao so
v6i cac phuong phap con lai. Dé tang tbe d6 cua phan tmg
tai cuc &m va cuc duong cua qua trinh dién phan nudc
ngudi ta sir dung cac chét xuc tac 1a cac kim loai quy nhu
platinum, iridium, ruthenium... Tuy nhién, ching lai han
ché qua trinh thwong mai hoa do gia thanh dit d6. Dé giam
chi phi va nang cao higu suét, viéc nghién ciru phét trién
cac vat li€u xuc tac hiéu qua nhim thay thé cac xtc tac dua
trén kim loai quy cho qué trinh dién phan nudc 1a hét sirc
can thiét.

Nhitng ndm gin day, vat liéu khung hitu co kim loai
(MOFs) nhan dugc su quan tam dac biét ciia cac nha
nghién ctru trén khip thé gidi. Do co céu trac tinh thé
dién tich bé mat riéng 16n, d6 x6p cao, kich thude 15 xop
16p, ¢6 kha ning bién ddi cAu triic nén vat liéu MOFs c6
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nhiéu tiém ning ng dung trong cac linh vuc khic nhau
nhu luu triv khi; cam bién tir, phan tan thudc, y sinh hoc,
phat quang, xuc téc...[5], [6], [7], [8]. Ngoai ra, vat liéu
MOFs ciing rat d& tong hop tir cac tién chit gia ré va ddi
dao. Trong sb cac vt lidu MOF, Ni-MOF duoc danh gia
la mot trong nhing vét liéu tiém nang do c6 do xbp cao
va cdu triic chira ion kim loai chuyen tiép hoat dong. Tuy
nhién, hién nay cac nghién ctru chu yéu tap trung vao viéc
bién tinh Ni-MOF dé ung dung lam siéu ty dién va cam
bién dién héa [9], [10]. Pé mé rong pham vi tng dung
cua vat liéu, vi€c nghién clru cac tinh chit khac cua Ni-
MOF nhu kha ning xtc tac dién phan nuée 1a diéu vo
cung can thiét.

Bai bao nay trinh bay két qua tong hop vat liéu khung
hiru co kim loai nickel 2-methylimidazole va nghién ctu
tng dyng xtc tac dién phan nude tao hydrogen.

2. Thwe nghiém
2.1. Héa chit

Céc hod chat sir dung trong nghién ctru c6 do, tinh Kkhiét
phan tich va c6 ngudn goc Trung Qudc bao gdm: Bot nickel
(NF); NiS04.6H20, Ni(NO3),.6H,0, 2-methylimidazole,
methanol, ethanol, NaOH.

2.2. Tong hop vit li¢u

Cho 0,4 mmol Ni(NOs)2.6H20 hodc NiSO4.6H20 va
n mmol 2-methylimidazole (n = 1,6 + 3,2) Vao coc chira
25 mL methanol. Khuay déu hon hop trong 50 pht thu
dung dich dong nhat c6 mau xanh la nhat. Cho dung dich
hon hop vao Teflon — lined autoclave. Ngam miéng bot Ni
(NF) kich thuée 2 cmx1,5 cm trong dung dich HC1 2 M
trong vong 15 phl’lt‘ dé loai bo ’oxide trén bé mat. Rira sach
miéng bot nickel bang nudc cat, sau do cho vao dung dich
h51} hop trong Teflon va gia nhiét & T°C trong 8h. San
pham thu duogc, viét tat la Ni-MOF/NF, dugc rira bang
ethanol va nudc tinh khi€t sau d6 lam kho trong khong khi
o diéu kién thuong.

2.3. Khdo sat cdc dic trung ly hoa cia vit liéu

Céac déc trung ly hoa cua vat liéu dugce do trén {né}( do
XRD Bruker D8 ADVANCE ECO; may do ph6 hong
ngoai IR (Jasco FT/IR-6800) va may do kinh hién vi dién
tr quét (SEM JSM-I1T200, Jeol).

2.4. Phwong phdp dién hoa

Céc phép do dién hoa dugce thyc hién trén thiét bi do
dién hoa da nang Autolab (PGSTAT302N + FRA2) voi hé
3 di¢n cyc: Dién cyc so sanh (Ag/AgCl (KCI bao hoa)),
dién cuc doi (Pt) va diép cuc’le‘lm viéc (NF, Ni-MOF/NF).
Phuong phap quét the tuyén tinh voltammetry (linear
sweep voltamme,try-LSV) dugc tién hanh trong dung dich
NaOH 1 M véi toc do quét 5 mV/s.

Thé dién cuc duge chuyén ddi qua thé dién cuc so voi
dién cuc hydrogen (RHE) & 25°C theo cong thue:

Ev rie = Evs ageiing + E/[-)\gCI/Ag +0,0592pH 1)
= Ey; agirag +0,197 +0,0592pH

D¢ On dinh cua vét liéu dwoc dénh gia bang phwong
phép do mat do dong dién cathode theo thoi gian tai the
dién cyc khéng d6i E = -0,333 V (so v6i RHE) trong vong

20 h. Ddng thoi quét phd LSV trong dung dich NaOH 1 M
cua dién Ni-MOF/NF trudc va sau 10 h xuc tac lién tuc.

3. Két qua va thao luin
3.1. Ddc trung ly hoa cia vit liéu

Két qua chup hinh SEM xac dinh hinh thai bé mat vét
liéu Ni-MOF/NF & cac do phong dai x5000 va x10000
duoc thé hién trén Hinh 1.

_ Hinh 1a va le cho théy, vat liéu nén bot nickel (NF) ¢6
beé mit khd nhan va bang phang. Sau khi gia nhiét ¢ 180°C
trong 8 h trong dung dich methanol chira mu6i nickel va
phoi tir 2- methylimidazole, trén nén bot nickel xuat hién
vat liéq Ni-MOF. Hinh thai be} mat vat ’liéu phu thugf)c vao
ban chat mudi nickel va ti 1¢ s6 mol muoi nickel: phoi tir 2-

methylimidazole.

(d) (h)
Hinh 1. Anh SEM & cdc dg phong dai 5000 (a-d) va
x10000 (e-h) ciia vdt liéu nén bot nickel NF (a,e),
vdt liéu Ni-MOF(nitrate)/NF i Ié 1:4 (b,f), ti ié 1:8 (C,9),
Ni-MOF (sulfate)/NF ti I¢ 1:8 (d,h)
Vat liéu tong hop tir mudi nickel nitrate va
2-methylimidazole theo ti 1& s6 mol 1:4 c6 dang hinh bong
hoa, c¢6 kich thudc khoang 2-3 pm (Hinh 1b, 1f),
tuong dong véi cong bd [10]. Tuy nhién, & ti 1& sé mol
nickel: 2-methylimidazole = 1:4 vat liéu hinh thanh chu
yéu & dang bot, 16p vat liéu bam 1én trén nén bot nickel
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khia mong va khong dong déu. Tang sb mol phdi tur
2-methylimidazole vat lidu hinh thanh phan b déu trén nén
bot nickel tao thanh 16p phu day va bam chéc hon. Hinh 1c,
1g cho thiy, vat liéu tong hop tir mudi nickel nitrate va
2-methylimidazole theo ti 1¢ s6 mol 1:8 ¢6 ciu truc dang
khung x6p gidng hinh mang nhén. Thay mudi nickel nitrate
béng mudi nickel sulfate vat liéu tao thanh c6 dang soi,
phan b déu trén bé mit nén nickel (Hinh 1d, 1h).

Két qua xac dinh thanh phan nguyén t6 cho théy, su
hién dién cta cac nguyén t6 Ni, C, O va N trén bé mat ca 3
mau vat liéu Ni-MOF/NF téng hop tir mudi nickel nitrate
va mubi nickel sulfate véi 2-methylimidazole (Hinh 2).
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Hinh 2. Phé EDX ciia vit liéu nén bot nickel NF (a),
vdt liéu Ni-MOF (nitrate)/NF ti 1¢ 1:4 (b), ti I¢ 1:8 (c),
Ni-MOF (sulfate)/NF ti I¢ 1:8 (d)
Phd XRD cua cac mau vat liéu Ni-MOF/NF duoc thé
hién trén Hinh 3.
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Hinh 3. Phé XRD cua cdc vt ligu nickel 2-methylimidazole

phdn tan trén mieng bot nickel (Ni-MOF/NF) va bot nickel (NF)

Hinh 3 cho thiy, dbi voi vat liéu tong hop tir mudi
nickel nitrate va 2-methylimidazole theo ti 1& s6 mol 1:4
phd XRD trong khoang goc nhidu xa 26 = 5 + 40 degree
khong thy ¢6 sy khac nhau dang ké so voi mau bot nickel
ban dau. Diéu nay c6 thé giai thich 1a do 16p vat liu
tao thanh qua mong nén trén phd do khong xuat hién cac
peak ddc trung cua Ni-MOF. Tang ham luong phéi tir
2- methylimidazole (ti 1& s6 mol mudi Ni(NOs), va
2 — methylimidazole = 1:8) phé d¢6 XRD xuét hién 2 peak
rong & vi tri 13,64° va 22,11° 1a cac peak dac trung cho
Ni-MOF, phi hop véi két qua duge cong bd trong tai licu

[10]. Thay mubi nickel nitrate bang mudi nickel sulfate phd
dd XRD cua vit lidu thay ddi dang ké: peak o vi tri 13,64°
can d6i hon, trong khi tin higu peak ¢ vi tri 22,11° khé yéu,
ca cudong do va do rong peak déu giam manh.

Két qua do phd IR ctia mau Ni-MOF/NF tong hop
tir mudi nickel nitrate va 2-methylimidazole theo ti 1¢
s6 mol 1:8, gia nhiét & 180°C trong 8 h (ki hiéu la
Ni-MOF(nitrate)/NF) dugc thé hién trén Hinh 4.

Dii rong thu duge & khodng 3173 cm™ tuong tng véi
dao dong kéo gi&in O-H ctia cac phan tir nude, cho thay su
hién dién cua cac phan tir H2O trong khung Ni-MOFs [11].
Mot dai hap thu nho tap trung xung quanh 2912 cm™ thuge
dao dong kéo gidn C-H cta nhom methyl c6 trong phdi tir
hitu co 2-methylimidazole. Cac dinh hip thu c6 mit & cac
tan s6 ~1572, 1411; 1071; va 973 cm™, dic trung cho dao
dong kéo gidn H-O-H, C-O, C-N va C-H cua vong
2-methylimidazole twong tmg [12]. Dai hap thu nam & 598
cm'! biéu thi cho dao dong kéo gidn trong lién két Ni-O [10].

Transmittance (%)

(b)
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Wavelength (cm?)
Hinh 4. Phé IR ciia vat liéu Ni-MOF(nitrate)/NF (a) va
bot nickel NF (b)

Nhu vy tir két qua do nhiéu xa tia X, do pho hong
ngoai IR, do pho EDX va chup anh SEM c6 thé két luan da
tong hop thanh cong vat liéu khung hiu co kim loai
Ni-MOF str dung phoi tur hiru co 2-methylimidazole trén
nén bot nickel.

4000 3500 3000

3.2. Hoat tinh xuc tic dién phdn nwéc giai phong
hydrogen (HER) ciia vdt li¢u
3.2.1. Anh huong cua diéu kién téng hop vat liéu

Vit liéu sau khi tong hop duoc sir dung tryc tiép lam dién
cuc cho qua trinh dién phan nudc giai phong khi hydrogen
trong dung dich NaOH 1 M. Hiéu qua xuc tac dién hoa cta
vt liéu dugc danh gia thong qua phuong phap volt-ampere
quét tuyén tinh (linear sweep voltammetry-LSV).

Puong cong LSV trong dung dich NaOH 1 M cua
cac dién cyc NF va Ni-MOF/NF téng hop tir mudi
nickel sulfate va nickel nitrate vi 2-methylimidazole theo
ti 1¢ s6 mol 1:8, ki hiéu la Ni-MOF(sulfate)/NF,
Ni-MOF(nitrate)/NF, duoc thé hién trén Hinh 5.

Hinh 5 cho thiy, hiéu qua xuc tac cho qua trinh dién
phéan nuéc giai phong hydrogen cua vat ligu Ni-MOF/NF
t6t hon nhiéu so véi vat lidu nén bot nickel. O moi gia tri
thé dién cyc mat do dong cathode trén dién cuc bién tinh
Ni-MOF/NF 16n hon rd rét so v6i dién cuc chua bién tinh
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NF. Ban chit mudi nickel ciing anh huéng déng ké dén kha
nang xuc tac cia vat li€u Ni-MOF/NF. Theo do, ¢ ving
qua thé thap (n <300 mV) vat liéu duoc tong hop tir dung
dich NiSOq thé hién kha ning xtic tac t6t hon vat lidu duoc
tong hop tir dung dich Ni(NO3); ¢ ciung diéu kién.
Tuy nhién, ¢& qua thé cao (n > 300 mV) vat liéu
Ni-MOF(nitrate) lai thé hién kha ning xuc tac tot hon vt
liéu Ni-MOF(sulfate).

0
50 f
€
< -100
E
-150 NF
Ni-MOF(nitrate)/NF
Ni-MOF(sulfate)/NF
-200 L L L

08 -07 -06 -05 -04 03 02 01 0
E(vs RHE, V)
Hinh 5. Duong cong LSV cua dién cwc NF va cdc dién cuc
Ni-MOF/NF trong dung dich NaOH 1 M

D6 thi biéu dién anh huéng cua ban chét dién cuc
dén qua thé giai phong hydrogen ¢ ciac mat do dong
i =10 mA/cm?; i = 50 mA/cm? va i = 100mA/cm?, dugc
thé hién trén Hinh 6.

700 } 1n(10 mA/cm2)
n(50 mA/cm2)
600 1n(100 mA/cm2)
500
2
= 400
300
200
100 L L
NF Ni-MOF(nitrate)/NF Ni-MOF(sulfate)/NF

Hinh 6. Qud thé tai cdc mat dg dong i = 10 mA/em?; i = 50 mA/cm?
va i = 100 mA/em? phy thugc vdo ban chat dién cue

O mat d6 dong thép i = 10 mA/cm?, gia tri qua thé giai
phong hydrogen trén dién cuc NF la 313 mV. Trong khi
qua thé hydrogen trén dién cuc Ni-MOF/NF téng hop tir
muodi nitrate va mudi sulfate 1an luot 1a 183 mV va 159 mV
(giam gan 2 1an). O mat d6 dong dién cao (1= 50 mA/cm?
va i = 100 mA/cm?) gia tri qua the giai phong hydrogen
trén cac dién cyc tang theo thi tu:

NF >> Ni-MOF(sulfate)/NF > Ni-MOF(nitrate)/NF

Do dbc Tafel ciia qua trinh giai phong hydrogen trén
cac dién cuc NF va Ni-MOF/NF (Hinh 7) cling giam theo
thur tu:

NF >> Ni-MOF(sulfate)/NF > Ni-MOF(nitrate)/NF

Kha ning xuc tac tdt cho phan img dién phan nudc cua
vat liéu Ni-MOF/NF co thé dugce giai thich la do su phan
tan Ni-MOF véi cdu triic xOp rdng lam ting dién tich bé
mat hoat dong cua dién cyc [13]. Ngoai ra, kha nang xtc

tac dién phan nudc cua vat liéu Ni-MOF con dugc giai
thich la do ion Ni?* ¢6 kha ning nhuong electron cho nuéc
dé tao ra Ni%*, sau d6 Ni?* s& dwoc tai sinh nho qué trinh
nhén electron cia mach ngoai. Theo d6 nudc duge khir
thong qua co ché EC’ (electrochemical catalytic) [10].

Ni2*+H,0 — Ni**+OH + H; 2)

Nis* + 1le — Ni* (3)
Diéu kién tong hop vét li¢u nhu nhiét do tong hop hay

ti 1€ sO mol muoi nickel nitrate va phoi t&r 2-
methylimidazole ciing anh hudng dang ké dén kha nang
xuc tac dién phan nudce cua vat liéu Ni-MOF/NF tao thanh.
0.7
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04t
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02 | ,
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01} :

0

05 07 0.9 11 13 15 17 1.9
logli|
Hinh 7. Biéu d@é Tafel xdc dinh d doc Tafel véi
cac dién cuc khac nhau

Puodng cong LSV va qua thé giai phong hydrogen trong
dung dich NaOH 1 M cua cac dién cuc voi ti 1€ Ni(NO3)2:
2-methylimidazole khéac nhau dugc thé hién trén Hinh 8 va
Hinh 9.

0
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Hinh 8. Buong cong LSV cda’dién cue Ni-MOF/NF véi ti 16 56
mol Ni(NOz3)2:2-Mim tir 1:4 dén 1:8 trong dung dich NaOH 1 M
Thay d6i ti 1¢ sé mol mudi nickel nitrate va phdi tir
2-methylimidazole tir 1:4 dén 1:8 gia tri qua thé giai phong
hydrogen trén dién cuc Ni-MOF/NF & hau hét gia tri mat
d6 dong giam nhanh sau do giam cham dan. Kha ning xtic
tac ciia mau Ni-MOF(1:7)/NF va Ni-MOF(1:8)/NF khong
khac nhau nhiéu. Didu nay c6 thé duoc giai thich dua vao
Két qué phan tich dac trung hoa ly cia vat licu. MaAu vat
liéu Ni-MOF(1:4)/NF tao thanh céc tinh thé roi rac nén co
thé co d6 dan dién kém. Tang ham luong phéi tir gitp hinh
thanh bo khung 3D bao phu toan bd bé mat dién cuc nén
lam tang do dan dién, do vay lam tang hoat tinh xtic tac cia
vat liéu.



84  V.T.Duyén, N.T.M. Binh, B.V.Duong, V.T.Nguyén, B.V.Tac, T.N. Pat, LV.T. Son, L.N. Phwong, N.T.T. Giang, M.B.N. Hung, D.T.H. Ngoc, B.N.D.Phi

En(10 mA/cm2) ®=n(50 mA/cm2) En(100 mA/cm2)
550
450 |
[N
£
o
ESSO 3
250 f
150
1:4 1.5 1:6 1.7 1:8
E(vs RHE, V)

Hinh 9. Qud thé tai cac mdt dg dong i = 10 mA/em?;
i =50 mA/cm? va i = 100 mA/cm? phy thudc vao ti Ié muoi
nickel nitrate va 2-methylimidazole
Tang nhiét do tong hop vat lidu tir 140°C dén 180°C
cling lam tang dang ké kha ning xuc tac dién phan nudc
giai phong hydrogen cua vét liéu Ni-MOF/NF (Hinh 10,
Hinh 11). Tuy nhién, khi tdng nhiét d6 1én 180°C, & mat do
dong thip i = 10 mA/cm? gia tri qua thé giai phong
hydrogen trén dién cyc Ni-MOF(180)/NF 16n hon so véi
dién cuc Ni-MOF(170)/NF.

O [ Ni-MOF(140)NF
e Ni-MOF(150)/NF
Ni-MOF(160)/NF
50 F—— Ni-MOF(170)/NF
e Ni-MOF(180)/N
E
2100 |
E
150
-200

-08 -07 -06 -05 -04 -03 -02 -01 0
E(vs RHE, V)

Hinh 10. Duong cong LSV ciia dién cuc Ni-MOF(nitrate)/NF
ti1¢ 1:8, nung ¢ cac nhiét dé tir 140°C dén 180°C trong

dung dich NaOH 1 M
700 | En(10 mA/cm2)
=1 (50 mA/cm2)
600 =n(100 mA/cm2)

140 150 160 170 180

Nhiét d6 nung (°C)
Hinh 11. Qud thé tai cdc mdt dg dong i = 10 mA/cm?;
i =50 mA/cm? va i = 100 mA/cm? phuy thudc vao nhiét @6 nung
Toém lai, dya vao cac két qua khao sat tham do suy ra diéu
kién phu hop dé tong hop vat liéu xtc tac Ni-MOF/NF la:

+ St dung mubi nickel nitrate va phéi  tir
2-methylimidazole theo ti 1¢ s6 mol 1:8

+ Nhiét do tong hop la 180°C, thoi gian 8 h.

3.2.2. Panh gia do bén cia dién cuc

Bén canh hiéu qua xtic tac tot cho phan tmg dién phan
nudc gidi phong khi hydrogen, vat liéu Ni-MOF/NF con
thé hién do bén va on dinh rat cao.

Hinh 12 cho thdy, dién cyc Ni-MOF(nitrate)/NF
lam viéc kha on dinh trong thoi gian 20 h tai thé dién cuc
-0,333 V (so voi dién cuc hydrogen).

-50

a0 e

30 F

i(mA/cm?)

20 F

-10 F

0 T T T
0 5 10 15 20
t(h)
Hinh 12. Si thay déi ciia mdt dg dong gidi phong hydrogen trén
dién cuc Ni-MOF(nitrate)/NF & thé khong doi -0,333 V trong
dung dich NaOH 1 M

0

e 53U 10 h
Ban dau

50

m2)

%100 +

-150

i(

-200
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E(vs RHE, V)
Hinh 13. Puong cong LSV cia Ni-MOF/NF truéc va
sau 10 h xuic tac lién tuc

Ngoai ra, su on dinh cua dién cuc con duge danh gia
théng qua sy so sanh duong cong LSV trudce va sau 10 h
hoat dong. Hinh 13 cho thiy, duong nhu khong co su thay
dbi déng ké cua dudng LSV cua dién cuc Ni-MOF/NF sau
10 h xtic tac lién tuc & thé dién cuc -0,333 V va duong LSV
ban dau. Diéu nay cho thiy, do bén cia vat lidu 13 chép
nhan dugc cho qua trinh xuc tac ngay ca sau khi van hanh
10 h lién tuc.

4. Két luan

D3 téng hop thanh cong vat liéu khung hitu co kim loai
trén nén bot nickel sir dung phdi tir 2-methylimidazole
(Ni-MOF/NF).

Diéu kién téng hop vat lidu da duoc nghién ciru va cho
thdy vat liu Ni-MOF/NF dugc téng hop tir mudi nickel
nitrate va phdi tir 2-methylimidazole ti 1& s6 mol 1:8, gia
nhiét & 180°C trong 8 h c6 kha ning xiic tac tdt cho phan
(g dién phan nudc giai phong khi hydrogen, dong thoi thé
hién d6 bén va tinh 6n dinh cao.
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