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TOM TAT

Hydro xanh (green hydrogen) dirgc xem ld mét gidi phdp t6i wu cho
chu trinh nang heong bén viing théng qua qud trinh dién phdn nwée
sir dung nang luwong tdi tao nhw gio va mat troi. Trong hé dién phan,
dién cuc dong vai tro quan trong, anh huong truc tiéb dén hiéu sudt
sinh hydro va oxy. Trong nghién ciu ndy, vdt liu dién cwc nano
FeOOH trén nén thanh carbon (carbon rod - CR) duwgc tong hop bang
phwong phap ling dong hoa hoc don gian. Anh hudng cia nong dé
tién chdt Fe(NOs); dén hoat tinh dién xic tic FeOOH@CR da duoc
khdo sdt trong nghién ciru nay. O nong dé 0,20 M (0,20 FeOOH@CR),

hoat tinh tot nhat dwoc ghi nhdn, voi qud thé cho phan img sinh hydro
va oxy lan lwot la 340 va 516 mV tai 10 mA/cm trong KOH 1 M. Ngoai
ra, vt liéu con thé hién dg bén xiic tac tot cho ca hai phan ung trong
thoi gian 12 gio. Voi vu dtem nguyén liéu san ¢6 va chi phi thap,

FeOOH@CR la vt liéu tiém ndng cho img dung dién phdn nudc san
xudt hydro xanh.

Tir khéa: Pién phin nuée, FeOOH, ling dong héa hoc, thanh carbon
ABSTRACT

Green hydrogen is considered a promising solution for a sustainable
energy cycle through water electrolysis powered by renewable sources
such as wind and solar energy. In electrolysis systems, electrode
materials play an essential role in hydrogen and oxygen production
efficiency. In this study, FeOOH nanostructures were deposited on
carbon rods (CR) by a simple chemical deposition method. The effect
of Fe(NO3); precursor concentration on the electrocatalytic activity of
FeOOH@CR was investigated. The 0.20 M sample (0.20
FeOOH@CR) exhibited the best performance, with overpotentials of
340 and 516 mV for hydrogen and oxygen evolution reactions,
respectively, at 10 mA/cm? in 1 M KOH. In addition, the material
showed good catalytic stability for both reactions over a 12-hour
evaluation. With abundant and low-cost materials, FFOOH@CR is a
promising electrocatalyst for green hydrogen production via water
electrolysis.

Keywords: Carbon rod, chemical deposition, FeOOH, water splitting

54



Tap chi Khoa hoc Dai hoc Can Tho

1. GIOI THIEU

Viéc khai thac va st dung nhién liéu hoa thach
da tao ra lugng 16n khi thai hing nam nhu CO,, CHy
va NOs, lam gia tang hiéu img nha kinh, gdy ra hién
tuong bién ddi khi hau. Nhing tac dong tiéu cuc nay
da dan dén cac hién tugng bang tan, myc nudc bién
dang, xam nh3p man, si€u bado va han han
(Wuebbles & Jain, 2001). Do do, viéc tim kiém cac
ngudn nang luong thay thé khong phat thai carbon
tro thanh mot chién lugc thiét yéu trong nd luc
hudng t61 myc ti€u phat thai rong bang khong (net-
zero) va ung pho voi bién d6i khi hau. Bén canh céc
ngudn nang luong san c6 nhu mit troi, gioé, hay nhiét
luong, hydro noi bat 1a mot nhién liéu xanh va chét
mang nang lugng hi¢u qua. Hydro khong chi c6 mat
d6 nang lugng cao (~140 MJ/kg) hon so véi cac loai
nhién liéu hoa thach, ma con chi thai ra hoi nuéc
trong qua trinh chay, do d6 rat than thién v6i moi
truong (Valenti, 2016).

Céc phuong phép san xuit hydro bao gém
reforming khi thién nhién va khi hoa than, lan luot
chlem khoang 48% va 18% san lugng hydro toan
cau (Franchi et al., 2020). Tuy nhién, nhugc diém
cua cac phuong phap nay la phu thudc lén vao
ngudn nhién liéu héa thach lam nguyén liéu dau vao,
ddng thoi giai phong cac khi nha kinh trong qua
trinh san xuat. Do d6, hydro dwoc san xuit bang cac
phuong phép nay khong thé dap ung tiéu chi phat
thai rong bang khong, doi hoi phai s dung cac
phwong phap khac dé san xuét hydro than thién véi
moi truong (Ajanovic et al., 2022). Trong khi do,
hydro dugc san xut bang phuorng phap dién phan
nude sir dung ngudn dién tai tao tir nang luong gid
hay nang lugng mat troi dang thu hat sy chil y. Qua
trinh nay hoan toan khong phat thai khi nha kinh,
gop phan quan trong vao viéc xay dung mot twong
lai ning luong bén vimg va than thién véi moi
truong (Ajanovic et al., 2022). Bién phan nudc la
qua trinh phan huy céc phan tr nude thanh khi hydro
va oxy dudi tac dung ctiia dong dién. Trong qua trinh
nay, vai tro cua dién cyc la rt quan trong, vi chiing
khong chi 1a bé mit hap phu cac chat trung gian ma
con xuc tac cho cac phan ung tao ra hydro va oxy
hiéu qua. Hién nay, cic hop chit dya trén bach kim
(Pt) va iridi (Ir) dugc coi la nhitng xuc tac hi¢u qua
nhét cho phan tmg nay (Rossmeisl et al., 2007). Tuy
nhién, do déy 1a nhitng kim loai quy hiém va c6 gia
thanh cao, nhu cau vé vat liéu dién cuc gia ré va hi¢u
qua cho qua trinh dién phan nuéc tré thanh mot
thach thuce 16n.

Trong cac vat li¢u xuc tac khong chira kim log}i
quy, sat (IIT) oxyhydroxit (FeOOH) 1a mdt hgp chat
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than thién, dé ché tao tur nguén kim loai st ¢o trix
luong phong phu, khién né tré thanh mot lua chon
hép dan cho cac tng dung bén viing, dic biét trong
linh vuc xtc tac dién héa. Vi cdu trac tinh thé doc
dao va kha nang tao ra cac trang thai oxy hoa khac
nhau (Fe?* va Fe*"), FeOOH c6 thé hoat dong nhu
mot chat xuc tac hiéu qua trong phan tng sinh khi
oxy (Kuroda et al., 2022). Bén canh d6, FeOOH
cling phu hop cho cong ngh¢ di¢n phan nudc méi
truong kiém do tinh tro v6i dung moi. Ngoai ra,
cong nghé dién phan nudc moi trudong kiém hién da
dat dén muc do co thé van hanh thuong mai (Franco
& Giovannini, 2023), viéc cai tién vé6i dién cuc gia
ré c6 thé gitip nhanh chéng nhan rong mé hinh, gitp
nhanh chong giam phat thai khi nha kinh. Mac du co
d6 dan dién thip, FeOOH c6 thé duoc cai tién thong
qua viéc két hop vdi cac nén dan dién nhu carbon
hodc graphen, gitp ting cudng hoat tinh va do bén
xuc tac (Xu et al., 2021). Cac nghién ctru hién tai
clng dang tap trung vao viéc phat trién cac hat nano
va bién d6i hoa hoc dé tdi wu hoa hiéu suit cia
FeOOH (Kuroda et al., 2022).

Trong nghién ctru nay, FeOOH dugc hinh thanh
trén nén thanh carbon bang phuong phap lang dong
hoa hoc don gian véi cac nong do tién chat Fe(NOs)3
khac nhau. Vat liéu sau tong hop duoc ing dung lam
dién cuc duong (anode) va dién cuc am (cathode)
trong phan tmg dién phan nudc v6i méi truong kidm
KOH 1 M. Céc phuong phap khac nhau dugc st
dung dé xéc dinh cu trac, hinh thai va tinh chat dién
hoéa cta vat liéu bao gom nhidu xa tia X (X-ray
Diffraction - XRD), ph tan xa ning luong tia X
(Energy Dispersive X-ray Spectroscopy - EDX),
hién vi dién tr quét (Scanning Electron Microscopy
- SEM), quét thé vong tuan hoan (Cyclic
Voltammetry - CV), quét thé tuyén tinh (Linear
Sweep Voltammetry - LSV), do thé theo thoi gian
(Chronopotentiometry - CP).

2. PHUONG PHAP NGHIEN CUU
2.1. Téng hgp FeOOH@CR

Cac hoa chat dugc su dung bao gém
Fe(NO3);.9H,O (> 85%, Shanghai Zhanyun
Chemical, Trung Qubc), NH,OH (25 - 28%, Xilong
Scientific, Trung Qudc), H.SOs (98%, Xilong
Scientific, Trung Qudc), H,0: (30%, Xilong
Scientific, Trung Qudc), KMnOs (> 99%, Merck,
Diic), nudc cit va thanh carbon thuong mai (Viét
Nam). Céc thanh carbon (carbon rod — CR) sau khi
mua vé duge lam sach va xir Iy bang cach ngdm
trong H,SO4 dam dic va khudy lién tuc trong 1 gio.
Sau do, 0,500 g KMnOj4 dugc cho tur tr vao dung
dich. Sau 1 gio, H202 30% tiép tuc dugc cho vao
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dén khi dung dich tr& nén khéng mau va trong
sudt. Cudi cung, thanh carbon dugc rira k§ nhiéu
lan bang nudc cét trude khi duge siy kho o 80°C
trong 6 gio.

Céc thanh carbon sau xtr Iy dugc ngdm vao dung
dich Fe(NOs); & cac nong do 1an luot tir 0,05 M dén
0,25 M va phén tan déu bang siéu 4m trong 10 phut.
Sau d6, NH4OH 25 - 28% dugc nho thém vao dung
dich dén khi dat pH bang 10. Sau d6, thanh carbon
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T

| e | e |

Chuén bi dung dich Bt CR vao dung dich
Fe(NO.),; & cac nbng dé Fe(NO,),, sidu &m trong H=10
khac nhau 10 phut pr=

TR =R BT

Thém NH; tir ti dén khi  Ngam CR treng hén hop
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dugc ngam trong dung dich trong 1 gio dé phat trién
va 6n dinh ciu trac Fe(OH); . Cudi cung, thanh
carbon duoc lay ra, rira lai v6i nudc cat va sdy &
80°C trong 12 gio dé thu duoc vat liéu
FeOOH@CR. Cac mau vat liéu thu dugc duoc ky
hiéu 1a 0,05 FeOOH@CR, 0,10 FFOOH@CR, 0,15
FeOOH@CR, 0,20 FeOOH@CR va 0,25
FeOOH@CR.

B~

Rira Fe(OH),/CR béng Sy mAu & 80 do trong
nudc cit 12 gi¢r @8 thu dugc
FeOOH/CR

dung dich trong 1 gi&r

Hinh 1. Quy trinh tong hgp FeOOH trén thanh carbon

2.2. Phan tich vat liéu

Vit lidu sau khi tong hop duoc phén tich ciu tric
béng phuong phap nhiéu xa tia X (X-ray Diffraction
- XRD), str dung may Bruker D8 Advanced Eco véi
ngudn CuK, (1 = 0,15418 nm), véi toc do quét
0,2°/1 giay. Hinh thai bé mat cua vat liéu ciling dugc
xac dinh trén may Jeol JSM-IT500 biang phwong
phap hién vi dién tor quét (Scanning Electron
Microscopy - SEM) véi thé gia toc electron 1a 10
kV. Phuong phép tan xa nang luong tia X (Energy
Dispersive X-ray - EDX) dugc sir dung dé xac dinh
thanh ph?m nguyén td trén bé mat vat lidu, cling dugc
thyc hién trén may Jeol JSM-IT500.

Dé danh gia tinh chat dién hoa, cac phuong phép
quét thé vong tuan hoan (Cyclic Voltammetry -CV),
quét thé tuyén tinh (Linear Sweep Voltammetry -
LSV), do thé theo thoi gian (Chonopotentiometry -
CP) déu duogc thuc hién trén may Biologic MPG2
trong moi treong KOH 1 M. H¢ do dién hoa 3 dién
cuc dugc st dung, bao gém dién cuc so sanh
(Reference Electrode — RE) Ag/AgCl ngam trong
KCl bdo hoa, dién cuc d6i (Counter Electrode — CE)
la luéi Ti phtu Pt va dién cuc lam viéc (Working
Electrode - WE) la vat liéu can nghién ctu
FeOOH@CR.

Dé xic dinh dién tich bé mat dién hoa
(Electrochemical Surface Area — ECSA), dién dung
16p kép (Double Layer Capacitance - Cq) dugc xac
dinh thong qua phuong phép CV trong ving thé
non-faradic (tir 0,00 V dén -0,10 Vso vdi Ag/AgCl),
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o géc téc do quét (9) khac nhau (0’,02 - 0,10 V/s).
Do thi duge dung voi truc hoanh 1a toc d6 quét (V/s),
truc tung 1a gia tri mat d6 dong trung binh Aj = (ja—

jo)/2 (mA/ecm?), voi ja, je 1an luot 1a mat do dong cuc

duong (anode) va cuc am (cathode) tuong ng tai
dién thé -0,05 V so voi Ag/AgCl. Hé s6 goc thu
duge tir duong thang tiép tuyén trong do thi 9 - Aj
nay la gia tri dién dung ctia 16p dién tich kép (Car)
(mF/cm?). Tir d6 dién tich bé mit dién hoa
(Electrochemical Surface Area— ECSA) cta vat liéu
¢6 thé dugce xac dinh thong qua phwong trinh:

ECSA = Cq/Cs €))

Trong d6 Cs 1a dién dung riéng phu thudc vao
ban chat hé va chat dién giai sir dung (McCrory et
al., 2015). Trong nghién ctru nay, C, dugc léy gia tri
tham khao bang 0,040 mF/cm? khi st dung dung
dich KOH 1 M lam chét dién giai (Yang et al.,
2020).

Bing phuong phap CP, do doc Tafel dugc tinh
toan thong qua mdi quan hé tuyén tinh giira qué thé
va logarit thap phan cua mat d6 dong (Tran et al.,
2023; Anantharaj et al., 2021).

Phuong phap CP ciing dugc ding dé xac dinh do
bén ciia vat lidu khi duoc st dung lan luot lam dién
cuc duong (anode) va di¢n cuc am (cathode) tai mét
d6 dong 6 dinh 10 mA/cm? trong nhiéu gio lién tuc.
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3. KET QUA VA THAO LUAN
3.1. CAu triic va hinh thai

Két qua phan tich XRD cia cic mau
FeOOH@CR dugc trinh bay trong Hinh 2a. Gian d6
cho théy cac dinh nhidu xa & vi tri 26,6° va 44,7°,
lan luot dic trung cho cac mat mang (002) va (100)
cua carbon (JCPDS 96-120-0019).

Ngoai ra, duong nén XRD cua cic mau di co
lang dong vat liéu cho thdy su gb ghé, nhiéu nhiéu
loan hon so véi mau CR ban dau, dong thoi khong
thé xac dinh duoc dinh nhidu xa dic trung nao cho

Tdp 62, S6 34 (2026): 54-62

vat ligu FeOOH. Tuy nhién, vat li¢u dugc tao thanh
dugc chimg minh ¢6 chira thanh phan nguyén t6 Fe
voi ty 1€ nguyén tor khoang 19,07%, ngoai cac
nguyén t6 C, O va K trén bé mit thong qua phuong
phap EDX (Hinh 2b va Hinh 2¢). Trong d6, thanh
phan K dugc phat hién v6i ham lugng thip, c6 thé
xuét phat tir tién chit KMnOj trong quy trinh xtr Iy
thanh carbon. Céc tin hiéu nhidu xa cua hop chat Fe
khong xudt hién trén gian dd XRD ¢ Hinh 2a c6 thé
do cac nguyén nhan sau: (i) ham lugng ling dong
ctia vat lidu xtic tac thap, (i) nén CR ¢ do két tinh
kém nén gay nhiéu nén cao, (iii) vét liéu tao thanh &
dang v6 dinh hinh.

(a) (b)
[~c (002) C(101)
" 1000
3 0,25 FeOOH@CR o
s
g 5 0,20 FEOOH@CR
@ 8
= £ |
o 0,15 FeOOH@CR |£ t
S| ;
o Kl
_§ 0,10 FEOOH@CR 1o
: |
05 FEOOH@CR Wﬂ' a reka
KKh i ol
LS REY N, o B N
~ - T T r o 1 2 3 4 5 1 7 E] 9 10
20 30 40 50 60 70 80 neray ¥l
20 (°
(c) X (d)
i * FeOOH
K 3,88%
’ 0,20 FEOOH@CR | _ « Fe(OH),
E
s 0,20 FeOOH@CR
Fe 19,07% £
=
b
=
c -
Q-
(o] '; Lam‘rkmh sau khi
[}
c Lam kinh ban dau
0 10 20 3 40 50 20 30 P 50 60 70 80
% nguyén & 26 (°)

Hinh 2. Gian dd XRD trén nén thanh carbon (a), phé EDX (b), thanh phén nguyén td (c), va gian dd
XRD trén nén lam kinh thiy tinh (d)

Dé kiém ching cac gia thiét trén, quy trinh tong
hop mau 0,20 FeFOOH@CR duogc thyc hién tuong
tu nhung st dung nén lam kinh thiy tinh thay vi
thanh carbon, sau d6 thyc hién phép do XRD, két
quéa duoc trinh bay ¢ Hinh 2d. Sau ling dong xuat
hién cac dinh nhiéu xa tai 21,17°, 26,26°, 27,83°,
33,15°, 34,56°, 38,95°, 39,83°, 41,07° va 54,04° lan
luot tng véi mat mang (110), (120), (201), (130),
(021), (200), (121), (140), (240) cua FeOOH
(JCPDS 96-100-8768). Miii nhiu xa thu dugc
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nhon, cudng d cao cho théy vat liéu FeOOH c¢6 ciu
trac tinh thé. Tir day co6 thé két ludn tin hiéu nhiéu
xa cua hop chit Fe khong xuét hién trén gian dd
XRD Hinh 2a 1a do nén CR c6 d6 két tinh kém nén
gdy nhiéu nén cao.

Ngoai ra con c6 sy xuét hién cua cac dinh nhiéu
xa & 23,59°, 44,89° va 60,42° lan luot (mg véi cac
mat mang (200), (222) va (422) cua Fe(OH)3
(JCPDS 96-901-6366) & Hinh 2d. Sy xuét hién cua
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Fe(OH); c6 thé do quy trinh tong hop chwa chuyén
hoa hoan toan Fe(OH); thanh FeOOH.

_ Két hop két qua tir pho EDX, két qua XRD trén
nén lam kinh thuy tinh c¢6 thé két luan da tong hop
dugc FeOOH cau tric tinh thé c6 lan Fe(OH)s trén
thanh carbon.

Anh SEM ¢ Hinh 3 cho thay hinh thi bé mt cua
cac mau ¢ do phong dai’ 500 va 2.000 lan. B& mat
thanh carbon trudce khi lang dong vat li¢u (Hinh 3a)

]
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gdm cac soi hinh try ¢6 bé mat phang, tron lang. O
cac thanh carbon c6 lang dong (Hinh 3b - Hinh 3f),
FeOOH dugc quan sat thay 1a dang mang, kich
thudc vai pm bam 1én cac thanh carbon. Khi ting
nong do tién chat Fe(NOs); tir 0,05 M 1én 0,25 M,
c4c mang FeOOH bam trén thanh carbon phan b
ddng déu va day dic hon véi kich thuée 16n hon,
ching to lwong FeOOH sinh ra ting khi ndng
do tang.

A 1‘

T(e) 0,20 FeOOH@CR  §
SIAR T (M | g

!

Hinh 3. Anh SEM ciia cac mAu vt liéu trén nén thanh carbon

3.2. Tinh chit dién hoa

Dé danh gia anh huong cua ndng do tién chét toi
dién tich bé mat hiru dung dé phan tach nudc, viéc
xac dinh dién tich b& mit hoat dong dién hoa
(electrochemical specific area - ECSA) cho cac mau
da duoc tién hanh. Cac dudong cong CV cia cac miu
trong viung thé non-faradic -0,10 V dén 0,00 V so
v6i dién cuc Ag/AgCl dugce thé hién trong Hinh 4a
— Hinh 4f. Bb thi 9 - Aj va ECSA duoc tinh todn
thong qua phuong trinh (1) ciing dugc trinh bay chi
tiét trong Hinh 4g va Hinh 4h. Trong d6, ECSA cua
mau 0,25 FeOOH@CR (17,5 cm?1 c¢m?) thép hon
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so voi gia tri ECSA cua thanh carbon chua ling
dong (18,2 cm?), trong khi cac mau con lai déu cho
gia tri ECSA 16n hon ctia thanh carbon (cdc mau cé
nong do tién chat 0,05; 0,10; 0,15; 0,20 lan lugt co
ECSA 14 20,6; 33,1; 24,3; 46,3 cm?). Diéu nay cho
thdy, & khoang ndéng do6 0,05 M dén 020 M
Fe(NOs3)3, FeOOH giup cai thién dién tich hoat dong
dién hoa so v6i thanh carbon ban dau. Trong khi &
ndng d6 qua cao nhu 0,25 M, FeOOH sinh ra qua
nhidu da gdy su can tr¢ cac hoat dong dién hoa, do
FeOOH la chit c6 tinh dan dién kém, nén han ché
su trao ddi dién tich trong téng thé vat liéu dién cuc.
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Hinh 4. Pwong cong CV (a—f), gia tri Cai (g), va dién tich bé mit (ECSA) (h) ciia cic miu vit lidu

Phan g tach nudc trong moi trudng kiém nhuw
KOH duoc thé hién qua hai ban phan tng:

e Phan ung sinh hydro (Hydrogen Evolution
Reaction - HER) 2H,O + 2e- — H, + 20H" (E° =
0,00V).

e Phian Ung sinh oxy (Oxygen evolution
Reaction — OER) 40H" — 4e- — O, + 2H,0 (E° =
1,23V).

Hoat tinh tach nudc cia mot dién cyc trong moi
truong kiém nhu KOH cua dién cuc FeOOH@CR
dugc khao sat bang phuong phap LSV va céc gié tri
qua thé dugc xac dinh tai mat do dong 10 mA/cm?
va trinh bay ¢ Hinh 5 va Bang 1. Qué thé 1a dién ap
b6 sung can thiét dé phan tmg thyc té xdy ra so véi
tinh toan 1y thuyét; gia tri nay cang thap thi vat liéu
¢6 hoat tinh cang t6t. Pdi véi HER, nén CR cho qua
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thé cao 792 mV, trong khi cac mau c6 FeOOH ghi
nhan qua thé giam 5 rét, chi con 340 - 526 mV. Két
qua twong ty ciing duoc ghi nhan & OER: qua thé
cua CR ¢ muc 770 mV, trong khi dién cuc céd
FeOOH ghi nhan qua thé & khoang 516 - 583 mV.
Két qua nay khang dinh FeOOH c6 hoat tinh xtic tac
cho cé hai phan ng HER va OER.

Bang 1. Qua thé cac dién cwe FeFOOH@CR
Qua thé (mV) tai 10 mA/cm?

Vit liéu

HER OER

CR 792 770

0,05 FFOOH@CR 526 583
0,10 FFOOH@CR 352 559
0,15 FeFOOH@CR 375 546
0,02 FeEOOH@CR 340 516
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Hinh 5. Puong cong LSV ciia cic miu FeOOH@CR dbi véi HER (a) va OER (b)

Nhin chung, co6 su cai thi¢n o rét khi léng dong
chét xuc tac FeOOH 1én nén thanh carbon. Két qua
do LSV twong quan véi gia tri ECSA thu dugc: mau
¢6 ECSA cang cao, qua thé thu dugc cang thap. Diéu
nay cho thiy sy anh hudng ctia mat do va kich thudce
cua cac mang FeOOH trén thanh carbon 1én hoat
tinh tach nudc sinh khi oxy va hydro. Trong d6, mau
0,02 FeOOH@CR cho qua thé thap nhét véi ca phan
tng HER (340 mV) va OER (516 mV). Diu nay
cho théy tai nong d 0,02 M Fe(NOs)3, cho FeOOH
dang mang véi kich thude va mat o t8i wu cho phan
ung dién phan nudce sinh hydro va oxy.

D4 thi do dbc Tafel thuong duge dung dé danh
gia tdc do va co ché cua cac phan ung dién hoa. Do
dbc Tafel cang thap thi vat liéu c6 kha nang dap tmg
dé tang mat d6 dong cang t6t. Két qua do va xac dinh

(a) 700

CR: 288 mV/dec

0,05 FeOOH@CR: 34 mV/dec

0,10 FeOCH@CR: 217 mV/dec

0,15 FeOOH@CR: 103 mV/dec

0,20 FeOCH@CR: 241 mV/dec

0,25 FeOOH@CR: 182 mV//dec
s04 . L
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¢ e O e e

400
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o
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200 +

T T T
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Log (il mAlcm?)

d6 doc Tafel dugce trinh bay trong Hinh 6 va Bang
2. D6i voi HER, c6 thé thay rd 6 dbc Tafel ctia mau
nén CR ( 288 mV/dec) cao hon so v6i cac mau
FeOOH@CR (34 — 241 mV/dec). Piéu nay cho thiy
FeOOH@CR cho tdc d6 phan tmg cao hon & qua thé
nho hon so véi CR.

Biang 2. P§ dbc Tafel cac dién cwe FeFOOH@CR
Do dbc Tafel (mV/decade)

Vat lidu

HER OER
CR 288 230
0,05 FeOOH@CR 34 129
0,10 FFOOH@CR 217 199
0,15 FeOOH@CR 103 133
0,02 FeOOH@CR 241 217
(b) 800
9 CR: 230 mVidec

@ 0,05 FeOOH@CR: 129 mV/dec

9 0,10 FeOOH@CR: 199 mV/dec

2 0,15 FeOOH@CR: 133 mV/dec

7004 @ 0,20 FeOCH@CR: 217 mV/dec

0,25 FeOOH@CR: 167 mV/dec

Qua thé OER (mV)
g
1
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400 T T T
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Hinh 6. Puong d§ déc Tafel ciia cic miu FeOOH@CR dbi véi HER (a) va OER (b)

Két qua tuong tu cling quan sat thiy véi OER,
cy thé do doc Tafel cua mau nén CR ( 230 mV/dec)
cao hon so véi cac mau FeOOH@CR (133 — 217

mV/dec). Do d6, FeOOH khong chi giup cai thién
dién tich hoat dong dién hoa, giam qua thé khi dién
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phan nude ma con giup dién cyc ti€u thy it dién ndng
hon dé dat mat d¢ dong cao hon 10 lan.
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Hinh 7. Két qua khio sat d9 bén ciia dién cue
0,02 FEOOH@CR cho phan ing HER, OER va
hé dién phan nwéce hoan chinh

Pé danh gia do bén cua dién cuc téng hop duoc,
mau co hoat tinh tot nhét 1a 0,20 FeOOH@CR dugc
khao sat thong qua phuong phap CP tai mat dd dong
¢d dinh 10 mA/cm?trong mdi ban phan mg OER va
HER va trong phan ng dién phan nudc hoan chinh
(overall water splitting). Két qua cho thdy dién cuc
0,20 FeOOH@CR c6 d6 bén xuc tac tét cho ca hai
ban phan tmg HER va OER, di duy tri dugc dién thé
on dinh ¢ khoang -0,21 V va 1,90 V trong subt 12
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gio. Déi véi hé dién phén nude hoan chinh, khi vat
liéu 0,20 FeEOOH@CR duoc tng dung & ca hai vai
tro 1a dién cuc am (cathode) va dién cyc duong
(anode), dién ap cua binh dién phéan duy tri 6n dinh
& khoang 2,72 V trong sudt thoi gian khao sat. Diéu
nay cho thay vat liéu 0,20 FFOOH@CR c6 d6 bén
xuc tac tdt, c6 kha nang ung dung 1am vat liéu dién
cuc trong phan ung dién phan nudc trong moi
truong kiém.

4. KET LUAN

Vit licu FeOOH duoc té)ng hop trén thanh
carbon cé ciu trac dang tdm voi kich thuée va mat
d6 ting dan theo ndng do tién chat Fe(NOs); sir
dung. Viéc léng dong FeOOH trén thanh carbon lam
tang dién tich bé mat hoat dong dién hoa, gitp tang
hoat tinh xtc tdc cho cic phan Ung sinh oxy va
hydro. Trong cac mau khao sat, vat liéu 0,20
FeOOH@CR c6 hoat tinh xuc tac tot nhat, qua thé
d6i voi HER va OER lan luot 1a 516 va 340 mV.
Dong thoi, dién cuc tong hop co do bén xiic tac t6t
cho HER, OER ciing nhu trong hé dién phan hoan
chinh trong 12 gio.
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