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TOM TAT

Phan tng oxy hda urea (UOR) két hop véi quad trinh san xuat hydrogen duoc xem
la mot giai phap dién héa hiéu qua, cho phép xtt Iy ngudn 6 nhiém urea dong thoi
giam nang luong tiéu thu ctia hé dién phan. Trong nghién cttu nay, vat liéu xtc tac
cerium trén nén nickel foam (Ce@NF) da duwoc tdng hop bing phuong phap thuay
nhiét don gian, tao thanh dién cuc ¢ cau tric 6n dinh va bé mat hoat tinh cao. Két
qua dién hoa cho thay dién cuc Ce@NF thé hién hoat tinh xtc téc vueot troi d6i voi
UOR, dat dién thé thap chi 1,41 V so vdi dién cuec hydrogen tiéu chuan (RHE) tai mat
d6 dong dién 10 mA-cm2. Hiéu suét cai thién nay dugc quy cho su phan b6 dong
déu ctia pha cerium oxide trén nén NF, gép phan thic day qua trinh truyén dién tich
va nang cao dong hoc phan tng. Nhitng két qua thu duoc cho thady Ce@NF la tng
vién ddy trién vong va mo ra tiém nang tng dung trong xtt ly nudc thai chira uré va

phat trién cac cong nghé dién hdéa nang luong sach.

Tt khoa: Cerium, hydrogen, nickel foam, uré, xtic tac dién hoa.

1. DAT VAN PE

Urea la mot trong nhitng thanh phan pho bién trong nudc thai cong nghiép va
sinh hoat, ddc biét tir cac nganh san xuat phan bén, dugc pham va ché bién thyc pham.
Duéi diéu kién tu nhién, urea c6 thé bi phan huy thanh cac hgp chét chita nitrogen nhu
amonia va nitrate, gdy 6 nhiém ngudn nuéc va tiém an rui ro ddi véi stk khoe con nguoi
cting nhu hé sinh thai [1, 2]. Mat khac, urea cting duoc xem la mot hop chét hitu co giau
nang luong, c6 thé duoc khai thac nhuw nguon nhién liéu tiém néng cho qua trinh san
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xuat hydrogen [3-5]. Do d6, viéc phat trién cac phwong phap xt Iy nudc thai chira urea
theo hudng bén virng, dong thoi tan dung gid tri nang lwong cuia urea dang thu hut su
quan tam 1on tr cong dong khoa hoc.

Trong bdi canh d6, cac phuong phap xt ly urea truyén thdng, dién hinh bang
qua trinh nitrate hoa va khtr nitrate, thwong doi hoi tiéu thu nang lwong cao, chi phi van
hanh 16n va khé kiém soat phat thai tht cap. Trong nhiing ndm gan day, phan tng
oxygen hda dién hoa urea (urea oxidation reaction, UOR) da noi 1én nhw mét giai phap
thay thé day hita hen, cho phép xtt ly hiéu qua urea trong nudc thai, dong thoi tao diéu
kién thuan lgi cho qua trinh san sinh hydrogen ¢ cic am. Do d¢, viéc tich hgp UOR vao
hé dién phan khong chi gitp giam chi phi xtt Iy ma con nang cao hiéu qua st dung nang
lwong.

Mit khac, dién phan nuwde dé€ san xuat hydrogen dugc xem la mot trong nhimg
cong nghé san xudt tién tién va than thién véi moi treong. Tuy nhién, phan tng tién hda
oxygen (oxygen evolution reaction, OER) tai cuc dwong c6 dong hoc cham va doi hoi
qua thé cao lam han ché& hiéu suét tong ctia phan tng [6-10]. D& khédc phuc nhurgc diém
nay, nhiéu phan ting oxygen hoda thay thé c6 dong hoc thuén loi hon da duwoc dé xuat,
ching han nhut oxy héa methanol [11], ethanol [12] va urea [5, 13]. Nho yéu cau dién thé
thap hon va ddc tinh nhiét dong hoc vu viét, UOR dwgc danh gia la mot trong nhiing
giai phap hiéu qua nhdm giam tiéu thu nang lwong cho qud trinh dién phan, dong thoi
mang lai 10i ich kép trong x@ ly nudc thai chira urea va san xudt hydrogen [4, 14].

Hiéu suat ctia qua trinh UOR phu thudc vao chat xtc tac dién hoa. Cac vat liéu
xuc tac dya trén kim loai quy nhuw Pt, Ru va cac composite ctia ching thé hién hoat tinh
UOR vuot trdi [15, 16]. Tuy nhién, chi phi cao, ngudn cung han ché va d6 bén thap da
can trd kha nang ting dung quy mo 16n ctia cac vat liéu nay [17]. Vi vay, viéc phat trién
vat liéu xtc tac trén co s cac kim loai chuyén ti€p va oxide ctia chiing, dang tro thanh
huéng nghién ctru trong tim nham thay thé cac kim loai quy ma van dam bao hiéu suét
cao [18]. Trong s dd, cerium oxide (CeO2) la vat liéu noi bat nho vao kha nang chuyén
ddi linh hoat gitra hai trang thai héa tri Ce3*/Ce*, gitp cai thién dong hoc phan tng bé
mat va tang cuong kha nang van chuyén oxygen [19]. Ddc biét, su hién dién cua cac
khuyét tat oxygen trong CeO: duwoc cho la yéu td quan trong gitip tang cuwong qua trinh
hdp phu va kich hoat phan tr urea, tir d6 nang cao hoat tinh xtc tac [20].

Bén canh d6, tam bot nickel (nickel foam, NF) dwgc xem la vat liéu nén ly tudng
nho cau trac xdp ba chiéu, do dan dién cao va d6 bén co hoc tot. Viéc tich hop CeO: trén
nén NF khong chi gitp phan tan dong déu pha hoat tinh, d6ng thoi tang cuong su tiép
xuc gitta dién cuc, chat dién phan va chat phan tng, tir d6 cai thién dang ké hiéu suat
dién hoéa [21].

Trong nghién cttu nay, chung tdi da tong hop thanh cong vat liéu xtc tdic Ce@NF
va danh gia hiéu qua xtc tac cua vat liéu cho phan tiing UOR. Két qua cho thay vat liéu
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Ce@NF thé hién hoat tinh xtc tac vuot troi, dat dién thé thap chi 1,41 V (so véi RHE) tai
mat d6 dong dién 10 mA-cm2. Nhitng két qua nay cho thdy Ce@NF la mdt tiing vién tiém
nang cho qua trinh x& ly urea két hgp san xuat hydrogen va bén virng vé nang luong.

2. THUC NGHIEM
2.1. Héa chat

Céac hda chat duoc st dung trong nghién cttu bao gom cerium (III) nitrate
(Ce(NO:s)3-6H20), potassium hydroxide (KOH), urea (CO(NHz)2, > 99%) , HCl (acid
hydrochloric, 36%), ethanol (C2HsOH, 99 %) dwoc san xudt boi Sigma Aldrich. T4t ca cac
hoéa chat dugc st dung truee ti€p ma khong can tinh ché thém. Nickel Foam (NF) ¢6 d6
tinh khiét > 99 % voi do day 0,5 mm dwgc cung cap boi Beijing Beike 2D Materials Co.,
Ltd. Nudc cat duoc st dung trong qud trinh thi nghiém cé d6 dan dién nho hon 0,1
uS-cm.

2.2. Qua trinh tong hgp dién cwc Ce@NF

Dién cuc Ce@NF dugc tong hop bang phuong phap thuy nhiét. Trude tién, tim
NF c6 kich thude 3,5 cm x 3,5 cm dwoc xtt Iy bang cach ngam trong dung dich HCl va
ethanol, sau d6 rtra lai bdng nuwdc cat va ethanol trede khi say kho & 60°C. Tiép theo,
0,175 g Ce(NOs)s-6H20 duoc hoa tan trong 50,0 mL nuwdc cat va khudy trong 2 gio dé thu
duoc dung dich dong nhat. Hon hop dung dich dwge chuyén vao binh Teflon (dung tich
100 ml) chira san tdAm NF va tién hanh thay nhiét 6 nhiét d6 160°C trong 16 gio. Sau khi
phan tng két thiic, mau Ce@NF thu dwoc dugc rita sach nhiéu lan bang nuwdc cit va
ethanol, sau d6 sdy kho qua dém ¢ nhiét d 60°C.

2.3. Phan tich dac trung

Thanh phan pha tinh thé caa vat liéu xtc tac dwgc xac dinh b?mg may nhiéu xa
tia X (XRD) trén SmartLab X-ray Diffractometer (Rigaku, Nhat Ban) vdi bic xa Cu Ka.
Hinh thai ctia vat liéu dwoc quan sat bang kinh hién vi dién tir quét (SEM) trén Vega 3
(Tescan, Cong hoa Séc). Thanh phan nguyén t8 ctia cdc mau téng hop dugc xac dinh
bang phd tan sac nang lwong tia X (EDS) dugc phan tich trén Bruker 630M (Bruker, Dtic)
tich hop trén hé SEM.

2.4. Phan tich dién hoéa

Tat ca cac phép do dién hoa duoc tién hanh trén hé ba dién cuc st dung thiét bi
dién hoa CORRITEST (Trung Qudc). Trong do, dién cuc Hg/HgO (reference electrode,
RE) dwoc dung lam dién ciec so sanh, dién cuc platinum (counter electrode, CE) lam dién
cuc ddi, va mau téng hop dugc st dung lam dién cuc 1am viée (working electrode, WE).
Dién tich bé mat hoat dong ctia cac dién cuc duwoc ¢d dinh 1a 1em x 1em. Tat ca cac dién
thé& duoc hiéu chuan theo thé hydrogen thuan nghich (RHE) bang phwong trinh sau:
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ErHE = Eg/Hgo) + 0,059 x pH + E° (Hg/Hg0) (1)

Trong nghién cttu nay, cac phép do dugc thuc hién trong dung dich KOH 1,0 M
va dung dich KOH 1,0 M chtta urea 0,33 M da duoc bao hoa khi Nz. Trwedc khi do, phép
do von-ampe vong (cyclic voltammetry - CV) dugc thuc hién dé€ kich hoat vat liéu voi
toc do quét 50 mV-giay! trong 20 chu ky. Phép do quét thé tuyén tinh (linear sweep
voltammetry - LSV) dwgc thuc hién do vdi téc dd quét 5 mV-gidy! trong khoang dién
thé tit 0 dén 1 V. Quang phé tro khang dién hoa (electrochemical impedance
spectroscopy - EIS) dugc do trong dai tan s6 tir 0,1 Hz — 100 kHz v6i bién d6 10 mV tai
hiéu dién thé 1,38 V (so v6i RHE). D6 6n dinh cua dién cuc tdng hop duoc danh gia
thong qua phép do CV véi t6c dd 50 mV-giay trong 1020 chu ky.

3. KET QUA VA THAO LUAN

Mau dién cue NF va Ce@NF dwoc tién hanh phan tich dac trung ciu trac tinh thé
bang phurong phép nhiéu xa tia X (XRD). Két qua XRD thé hién trong Hinh 1 ctia NF cho
thdy cac dinh nhiéu xa c6 cong dd cao tai 44,59 va 52°, twong tng véi cac mat tinh the
déc trung ctia niken theo thé chuan JCPDS s& 70-0989 [22]. D&i véi mau Ce@NF, cac
dinh nhiéu xa xuat hién tai 28,6°, 33°, 47,5, 56° va 59,1° Tan luot tuong tng voi cac mat
phang (111), (200), (220), (311), va (222). Su xuat hién ctia dinh trén xac nhan cac pha c&u
tric tinh thé ddc trung cia CeOz, phi hgp v6i thé chuan JCPDS s6 34-0394.
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Hinh 1. Gian d6 nhiéu xa tia X (A) va hinh phéng to (B) ctia cac mau NF va Ce@NF
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Nguyén té  Khéi lwong (%) Nguyén tir (%)

Ni 27,7 45,99
Ce 48,68 14,37
27,7 19,53
5,84 20,11
100 100

Hinh 2. Hinh théi ctia cdc dién cuc NF(A), Ce@NF(B-C), phd EDX (D) va su phan bé cua cac
nguyén t6 (E-H) cia Ce@NF.

Hinh anh hién vi dién t&r quét cho thdy NF cé bé mit tuong ddi phang va duoc
ddc trung boi cau truc khung x0p ba chiéu (Hinh 2A). Sau qua trinh phu Ce, hinh thai bé
mat cua Ce@NF thay d6i ro rét, nhu thé hién trong Hinh 2B va 2C v6i sy hinh thanh mot
16p bao phu dong déu trén toan bd khung NF, cho thdy Ce duoc lang dong hiéu qua va
6 tuong tac cao trén nén NF. Sy phat trién dong nhat ctia 16p Ce gop phan cai thién kha
nang dan dién cua dién cuc, dong thoi lam tang dién tich bé mat hoat tinh va mtc do
ti€p xuc gitra chdt xac tac voi chat dién phan, qua dé tao diéu kién thuan lgi cho cac qua
trinh dién hoa xay ra.

Pho tan xa nang lwong tia X (EDX) (Hinh 2D) khéng dinh sy hién dién cta cac
nguyén t& Ce, O, va Ni trong mau Ce@NF. Déng chti y, ham lwong Ce chiém ty 1é khdi
luwong cao nhat (48,68%), chiing minh qua trinh phu Ce trén NF dat hiéu qua tot. Su dong
ton tai cua Ce va O, véi ham luong O dat 5,84% cho thdy ton tai dang oxide cua Ce v6i
khuyét tat oxygen dang ké. Két qua ban d6 phan bé nguyén t6 (Hinh 2E-H) cho théy cac
nguyén t& Ce va O duwoc phan b8 dong déu trén toan bo bé mat NF, khang dinh sy hinh
thanh 16p CeO2d06ng nhat. Két qua phan tich nay cting phtt hop véi dit liéu XRD da trinh
bay trudc do. Ngoai ra, s phan bd dong déu cua pha CeO: gép phan tao ra dién cuc
dong nhat, thuan lgi cho qua trinh hdp phu va oxy hda urea, ttr d6 nang cao hiéu suét
xtc tac cia phan ttng UOR.
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Hinh 3. Duong cong LSV cua vat liéu Ce@NF trong dung dich KOH 1,0 M chtta urea 0,33 M
(UOR) va khong c6 urea (OER) (A), va Ce@NF va NF trong UOR (B).

Hiéu suét xuc tac cua vat liéu Ce@NF d6i v6i phan ting UOR duoc danh gid
thong qua cac phép do dién hda st dung hé ba dién cuc. Hinh 3A thé hién phan tng oxy
hoéa nudc (OER) duoc khao sat trong dung dich KOH 1,0 M chtta va khong chita urea
0,33 M. Két qua cho thay, Ce@NF can dién thé 1,65 V so véi RHE 6 mat d6 dong dién 10
mA-cm2 Tuy nhién, sau khi thém urea 0,33 M vao KOH 1,0 M, dién cuc Ce@NF chi can
dién thé 1,41 V so v6i RHE tai cung mat do dong dién, thdp hon 240 mV so véi truong
hop cua OER. Hinh 3B so sanh hoat tinh xtc tac gitta Ce@NF v6i NF, cho thdy Ce@NF
dat dién thé 1,41 V so voi RHE tai mat do dong dién 10 mA-cm?, thé hién hiéu suét vuot
trdi so voi NF. Ngoai ra, két qua thu duoc trong nghién ctru nay cling thé hién hiéu qua
xuc tac cao hon nhiéu so véi cac hé xtc tac da duoc bao cdo trede day, nhu thé hién
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Hinh 4. So sanh hiéu suat xuc tac UOR cua vat liéu Ce@NF vdi cac vat liéu khéc tai mat do dong

dién 10mA-cm2
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Bdng 1. So sanh hiéu sudt xuc tac UOR ctia cac vat liéu khac nhau
Pién thé
. ] Tai liéu th
Vit lidu tail0 mA-em? | Dung dich dién phan | 11(‘;“ am
ao
(V so voi RHE)
Trong nghién
Ce@NF 1,41 1,0 M KOH + 0,33 M Urea 2
cttu nay
Fe-NisS2@FeNis 1,50 1,0 M KOH + 0,33 M Urea [23]
NF@Acid-H: 1,49 1,0 M KOH + 0,33 M Urea [24]
1% Cu:a-Ni(OH)2/NF 1,49 1,0 M KOH + 0,33 M Urea [25]
NiCo025: NS/CC 1,44 1,0 M KOH + 0,33 M Urea [26]
Fe-NisS2/Ni foam 1,46 1,0 M KOH + 0,33 M Urea [27]
CoS2 NA/Ti 1,59 1,0 M KOH + 0,3 M Urea [28]
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Hinh 5. Quang phd tro khang dién hoa (EIS) cia Ce@NF va NF

Dién trd truyén dién tich (Re) 1a thong s6 quan trong phan anh dong hoc cuia qua
trinh dién xuc tac, trong d6 gia tri R« cang thdp cho thdy tdc do truyén dién tich cang
nhanh. Phan tich biéu d6 Nyquist cho thdy mau Ce@NF cé ban nguyét nho nhat, tuong
tng vai gid tri Re 1a 1,5 Q, nho hon nhiéu so voi mau NF (17,8 Q) tai dién thé 1,38 V so
v6i RHE. Két qua nay khang dinh rang viéc pht Ce da lam giam trd khang dién hda cta
dién cuec, dong thoi cai thién kha nang dan truyén dién tit va khuéch tan ion trong qua
trinh phan ting, qua d6 gop phan nang cao hiéu sudt dién xdc tdc d6i véi phan tng UOR.
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Hoat tinh xuc tac vuot trdi caa vat liéu Ce@NF d6i voi phan tng UOR c6 thé
duoc giai thich thong qua co ché tac ddng hiép dong gitta pha CeO, va nén nickel foam
(NF). Trong hé xtc tac nay, cap oxy hoa khir Ce?*/Ce# ddng vai tro then chét trong viéc
diéu tiét cau truc dién t bé mat. Sw chuyén ddi linh hoat gitra hai trang thai hoa tri nay
tao ra mot lwong 16n cac khuyét tat oxygen trén bé mat vatliéu, diéu da dwgc goi y thong
qua két qua phan tich EDX vi ham luong oxygen thap. Co ché UOR trén Ce@NF c6 thé
dién ra theo cac budc sau:

Cac khuyét tat oxygen déng vai tro 1a cac trung tam hoat déng dién tx cao, uwu
tién hdp phu cac phan tt urea va nhom OH- tir dung dich dién phéan. Sy hién dién ctaa
CeO, gitip lam giam rao can ndng luong cho qua trinh hdp phu urea, d6ng thoi lam tang
mat do cac loai OH trén bé mat xuc tac. Trong moi treong kiém, nén NF chuyén doi tir
Ni(OH): thanh pha NiOOH day la tac nhan oxy héa truc tiép cac phan tir urea. Su twong
tac dién tr manh mé gitta Ce va Ni tai bé mat ti€p giap gitp ha thdp dién thé chuyén doi
nay, tao diéu kién cho pha NiOOH hinh thanh sém hon va én dinh hon. Bén canh d6,
cédu truc bot xop ba chiéu cua NF dam bao sy phan tan dong nhat cta cac hat nano CeO,,
tao ra dién tich tiép xtic 16n gitta chat xtic tac va chat dién phan. Diéu nay khong chi tdi
wu hoa kha nang tiép can ctia urea ma con giam dang k€ tro khang truyén dién tich, nhw
da duoc chiing minh qua két qua EIS véi gia tri chi 1,5 Q. Sy két hgp gitta kha nang van
chuyén oxygen linh hoat cia Cerium va do dan dién cao cta khung NF da tao ra mot
hiéu ting hiép dong manh mé, thtic day dong hoc ctia phan ttng UOR dién ra nhanh hon
s0 vdi cac hé xtic tac nickel don thuan.

200

= Ce@NF_1020 Chu ky

-
wn
=
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n
=]

Mat do dong dién (mA. cm?)

<
i

1,0 1,2 1,4 1,6 1,8 2,0
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Hinh 6. Duong cong CV cua vat liéu xtc tac Ce@NF triedce va sau thir nghiém 1020 chu ky.

D€ danh gia d6 on dinh cua dién cuc Ce@NF thu duoc, phép do Volt — ampere
vong (CV) dugc tién hanh v6i quét thé ttr 1,0 - 2,0 V so véi RHE 6 t6c do quét 50 mV-giay
1. Két qua duong CV sau 1020 vong hau nhu khong thay ddi so v6i ban dau (Hinh 6)
cho thdy d6 6n dinh xtc tac vuot trdi caa vat liéu. Diéu nay ching to vat liéu Ce@NF ¢
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dd bén dién hoda cao, cdu tric bé mat on dinh va kha nang duy tri hoat tinh xtc tac t6t
trong moi truong phan tng.

4. KET LUAN

Trong nghién cttu nay, vat liéu xuc tac Ce trén nén NF (Ce@NF) da duoc tong
hop thanh cong bang phuong phap thuy nhiét don gian. Cac két qua dién hoéa cho thdy
Ce@NF thé hién hoat tinh xtc tac vuot troi d6i voi phan ting UOR, voéi dién thé chi 1,41
V (so v6i RHE) d€ dat mat d6 dong dién 10 mA-cm2. Bén canh d6, dién cuc Ce@NF duy
tri d6 6n dinh sau 1020 chu ky quét, cho thay d6 bén dién hoa cao. Nho hoat tinh cao va
dd on dinh dang tin cay, vat liéu Ce@NF duoc danh gia la mot tng vién tiém nang cho
cac hé thong dién hoa xr 1y urea két hgp véi san xuat hydrogen.
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CERIUM-BASED NICKEL FOAM AS AN EFFICIENT ELECTROCATALYST
FOR UREA OXIDATION

Nguyen Cong Hong Nhat', Nguyen Thi Hong Hanh!, Le Lam Son’,
Nguyen Thi Thanh Huyen?, Cao Thanh Loc?,
Tran Thanh Thien?, Le Trung Hieu"

Faculty of Chemistry, University of Sciences, Hue University
2Duy Tan University
*Email: Ithieu@hueuni.edu.vn
ABSTRACT

The urea oxidation reaction (UOR), coupled with hydrogen production, is regarded
as an efficient electrochemical approach that enables the treatment of urea-based
pollutants while simultaneously reducing the energy consumption of electrolysis
systems. In this study, a cerium-based catalyst supported on nickel foam (Ce@NF)
was synthesized via a simple hydrothermal method, forming an electrode with a
stable structure and a highly active surface. Electrochemical measurements
demonstrate that the Ce@NF electrode exhibits superior catalytic activity toward the
UOR, achieving a low potential of only 1.41V (vs. RHE) at a current density of 10
mA-cm. This enhanced performance is attributed to the uniform distribution of
cerium oxide phases on the nickel foam substrate, which facilitates charge transfer
and improves the reaction kinetics. These results indicate that Ce@NF is a promising
candidate for practical applications in urea-containing wastewater treatment and the

development of clean electrochemical energy technologies.

Keywords: Cerium, electrochemical catalyst, hydrogen, nickel foam, urea.
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