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TOM TAT

Quid trinh oxy héa glycerol (GOR) béng xtic tac dién héa da dwoc nghién ctru nhu
mot phuong phap tiém nang d€ tao ra cac san phdm cd gia tri trong cac nganh cong
nghiép khac, dong thoi gbp phan tao ra luong lon hydrogen. Nghién cttu nay tap
trung vao phan ting oxy héa glycerol bang cch str dung dién cuc xtic tac cobalt (Co)
trén nén bot nickel (NF). Két qua nghién cttu da cho thdy duoc tiém nang cua vat
liéu Co ¢ dién thé thap la 1,40 V so v6i RHE voi mat d dong dién 10 mA.cm?, thap
hon so véi phan ting oxy héa nuwéc (OER). Ngoai ra, vat liéu xtc tac thé hién kha
nang san xuat hydrogen véi toc d6 0,892 mL.cm2gio™! tai dién thé 1,42 V so voi RHE
va duy tri ceong d6 dong dién 6n dinh trong sudt 10 gio thi nghiém. Nhitng phat
hién nay nhidn manh tiém néng tng dung cta vat liéu Co@NF nhw mdt chét xuc tac
dién hda hiéu qua cho qua trinh oxy héa glycerol d€ tao ra hydrogen va san xuat cac

san pham c6 gia tri cao.

Tt khoa: Cobalt, bot nickel, glycerol, xtc tac dién hda, hydrogen

1. DAT VAN PE

Glycerol la san pham phu cua qua trinh san xudt dau diesel sinh hoc (biodiesel)
ttr qua trinh trans-ester héa [1]. Su phat trién manh mé cta nganh cong nghiép dau
biodiesel trong thoi gian qua da dan dén su du thira 16n ctia glycerol [2]. Theo nghién
ctu ctia Raman va cfng sy, ct san xudt muoi tan biodiesel thi thai ra mot tdn glycerol
[3]. Theo thdng ké, luong glycerol toan thé gidi dat khoang 4,2 triéu tan vao nam 2022,
diéu nay da lam tang chi phi cho cac nha san xuat nhién liéu trong viéc xt li luong
glycerol du. Trén thuc té, glycerol duoc xem la mot trong cac phan tir nén tang dé san
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xuat cac chat cd gia trj cao ttng dung trong nhiéu nganh cong nghiép khac nhau [4]. Cac
san pham cta qua trinh oxy hda glycerol nhw glyceric acid tham gia vao chu trinh
glycolysis, trong tdng hop amino acid, hodc diéu tri cac bénh vé da; tartronic acid duoc
dung trong thudc diéu tri chong co giat, bénh loang xuwong va béo phi; 1,3-
dihydroxyacetone dung trong my pham, trong véat liéu polymer y sinh; mesoxalic acid
duoc dung nhu tac nhan tao phtic, tién chat trong tong hop httu co va tdc nhan chong
HIV [4, 5.

Qua trinh oxy hda glycerol c6 thé dugc thuc hién bang phuong phép xtc tac dién,
xtc tac nhiét cong nghiép va xtc tadc enzyme sinh hoc [6]. Trong phwong phap xtc tac
nhiét, phan tng oxy hda glycerol c6 thé dat duoc hiéu suat xtc tac twong d6i cao, nhung
lai yéu cau chi phi cao do viéc str dung cac thiét bi chuyén dung ciing nhw lwong 16n cac
chét oxy héa héa hoc, chang han nhu H:0: [7, 8]. Twong tu nhu vay, qua trinh st dung
xuc tac enzyme sinh hoc cling c6 nhiing han ché nhu chi phi emzym cao, khé kiém soat
duoc qua trinh va kho khan trong viéc tach cac san pham cudi. Nguoc lai, qud trinh oxy
héa glycerol (GOR) bang dién xtc tac cé thé khic phuc duoc nhitng nhuoc diém trén
nho két hop véi nhiéu ngudn dién tai tao khac nhau, chang han nhu nang luong gi6 va
mat troi, dong thoi qua trinh thuc hién & diéu kién phan ting nhe va dé dang duoc kiém
soat bang dién 4p hodc dong dién, khong gy 6 nhiém thit cap, cho phép xtt 1y linh hoat,
v.v. [9-12]. Nho nhiing 10i thé trén, qua trinh dién oxy hda glycerol da thu hiat sy quan
tam ngay cang 16n trong nhitng ndm gan day, ndi bat la viéc phat trién cac chat xuc tac
dién hoa mai vdi tinh chét va hiéu qua vuot troi.

Cho dén nay, dién cuc duoc ch€ tao tir cac kim loai quy nhu Pt, Au-Pt, Au-Cu
hay Pd da dwoc chitng minh c6 hiéu qua trong phan ting dién hda oxy hoa glycerol [13].
Tuy nhién, gi4 thanh dit va kha ning chon loc san phdm con han ché 1a nhitng rao can
trong viéc trién khai rong rai. Do d¢, viéc nghién cttu va phat trién cac dién cye xuc tac
ttr cac kim loai chuyén tiép vdi hiéu suat chuyén hoa cao, chi phi thap duoc coi la yéu to
then chét thtic ddy qua trinh dién xtc tac glycerol vao ting dung thuc tién.

Cobalt (Co) duoc xem 1a kim loai tiém nang thay thé cac kim loai quy trong phan
tng xuc tac nho doc tinh thap, d6 bén cao va hoat tinh xtc tac vuot troi. Hon nira, Co ¢
nang luong tw do Gibbs (AG) 6 murc trung binh, tao diéu kién cho phan tng giai phéng
oxy [14-17]. Do d6, chat xtc tac dién hoa cé ngudn goc Co dat hiéu qua cao trong cac
phan tng tién hoa oxy (OER) va phan tng tién hda hydrogen (HER) [18, 19]. Ngoai ra,
vat liéu Co con dong vai tro quan trong trong qua trinh oxy hoa cac hop chét hitu co,
chang han nhu glycerol, d€ tao ra hydrogen - mot ngudén nang liegng sach, cling cac san
pham hda chat co gia tri cao nhu axit formic va axit glycolic [20, 21].

Trong nghién ctru nay, chung toi da tong hop thanh cong vat liéu xtc tac dya
trén kim loai Co duwgc phat trién trén nén bot nickel (NF). Két qua cho thdy kha nang xuc
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tac noi troi cua vat liéu Co@NF cho phan ting GOR tai mat d¢ dong dién 10 mA.cm? ¢
dién thé thap 1a 1,42 V so véi RHE va duy tri cuong d6 dong dién 6n dinh trong sudt 10
gio thi nghiém.

2. THUC NGHIEM
2.1. Héa chat

Céc hod chat duoc sit dung trong nghién cttu nay déu dwoc mua tir Sigma
Aldrich, bao gom nitrate cobalt (II) hexahydrate (Co(NOs)2.6H20, 98%), hydroxit kali
(KOH, 99%), glycerol (CsHsOs, 99%), va axit clohydric (HCl, 35,5%). Tam bot nickel (NF)
dwoc mua tir cong ty TNHH Vat liéu Beike 2D Béic Kinh c¢6 do tinh khiét > 99 % va dd
day 0,5 mm.

2.2. Qua trinh tong hgp dién cwc Co@NF

Chat xtc tac Co@NF dugc tong hop trén nén NF thong qua phuong phéap thuy
nhiét. Truedc khi stt dung, NF véi kich thwede 3,5 cm x 3,5 cm dwoc ngam trong dung dich
HC1 1 M trong 1 gio va danh siéu am trong dung dich ethanol trong thoi gian 20 pht.
Sau d6, NF duoc rtra nhiéu [an b??mg nudc khtr ion va ethanol 99 % va duoc say kho 6 60
°C. Dung dich phan ting duoc chudn bi bang cach hoa tan 0,4 g Co(NOs)2.6H20 trong 50
mL nuédc khir ion, sau d6 khudy manh trong 5 phtit d¢€ dam bao hon hop déng nhat.
Dung dich phan ting sau d6 duwoc dua vao ndi hap bang thép khong gi véi 16i 16t Teflon
c6 dung tich 100 mL c6 chita tdim NF da dwoc xt ly trudc d6. Qua trinh thiy nhiét dién
ra 6 nhiét d6 160 °C trong 16 gio. Sau khi phan tng két thiic, n6i hap dé ngudi va rira ky
vat liéu thu dugc nhidu Ian bang nude khi ion va ethanol 96 %, cudi cing mau duoc say
kho qua dém ¢ 60 °C dé thu duoc san pham Co@NF.

2.3. Phan tich dac trung

Nhiéu xa tia X ctia cac vat liéu xtc tac duoc phan tich trén may do nhiéu xa
SmartLab X-ray Diffractometer ctia hang Rigaku (Nhat Ban). Hinh thai vat liéu dwoc
phan tich bang kinh hién vi dién tir quét (SEM) trén Vega 3 (Tescan, Cong hoa Séc).
Thanh phan va phan bd ctia cdc nguyén 3 c6 trong vat liéu duoc xac dinh bang phd tan
séc nang luong tia X (EDS) trén thiét bi Bruker tich hop véi may SEM.

2.4. Phan tich dién hoa

Tat ca cac phép do dién héa dugc do bang may CORRITEST (Trung Qudc) va
phan tich trén phan mém CS Studio 6. Qua trinh oxy hoa glycerol dwgc thuc hién véi hé
thong ba dién cuc, trong d6, dién cuc Hg/HgO duoc sit dung lam dién cuc so sanh
(Reference Electrode, RE), Platin lam dién cwc ddi (Counter Electrode, CE) va dién cuc
xuc tac tong hop lam dién cuc lam viéc (Working Electrode, WE). Dung dich dién phan
dwgc chuan bi gom KOH 1 M va glycerol 0,1 M. Dién thé dwgc chuyén doi sang dién thé
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thuan nghich (RHE) va tinh theo phwrong trinh sau:
ErtEe = Eg/go) + 0,059 x pH + E° (rg/150)

trong d6 Ewmgnso) va Edmgmgo) 1an luot 1a dién thé do dwgc va dién thé€ cta dién cuc
Hg/HgO so véi RHE.

Phuong phap do quét thé tuan hoan (Cyclic Voltammetry — CV) duoc tién hanh
do dau tién d€ on dinh vat liéu (v6i 50 mV.giay! trong 20 chu ky). Phuong phap quét
thé tuyén tinh (Linear Sweep Voltammetry - LSV) duoc thiee hién quét dién thé tir 0 dén
1V véi t6c dd quét 5 mV.gidy . Quang pho tro khang dién hoa (EIS - Electrochemical
Impedance Spectroscopy) dugc tién hanh do tai hiéu dién thé 1,27 V so v6i RHE trong
dai tan so tir 0,1 Hz — 100 kHz v6i bién d6 10 mV. Biéu d6 Tafel duoc xac dinh tir cac gia
tri dong dién va dién thé trén duong cong LSV véi téc do quét 0,1 mV.gidy?, di liéu
duoc tinh toan thong qua mat d¢ dong logarite. Dién tich bé mat hoat dong dién hda
(ECSA) duoc xac dinh thong qua quét CV o téc do quét tir 5 dén 100 mV.giay" trong
vung khong phai Faradaic. D6 6n dinh ctia vat liéu xtc tac duwge danh gid qua phép do
theo thoi gian tai 1,42 V so véi RHE trong 10 gio.

3. KET QUA VA THAO LUAN

Hinh théi cta dién cuc xtic tac duoc quan sat bang phrong phép kinh hién vi dién tir
quét (SEM). O Hinh 1a-b cho thay, vat liéu bot niken (NF) ban dau ¢ bé mit nhan va
phang. Su phat trién ctia Co trén nén NF, duoc thé hién 6 Hinh 1c-d, cho th&y cac hat Co
két tu thanh cac cum nho, phan bd rai rac tao thanh 16p méng phu 1én trén bé mat NF.
Phé tan xa nang luong EDS ctia Co@NF va hinh anh phéan bd ctuia cac nguyén t6 Ni, Co,
va O trong Hinh 2 cho thay sy hién dién cta cac nguyén t6 Co, O, Ni va cac nguyén t&
nay phéan bd dong déu trén bé mat NF. Diéu nay cho thay rang, vat lieu Co@NF da duoc
tong hop thanh cong bang phuong phép thiy nhiét, dat duoc sy phan tén dong nhat, tir
dd gitp cai thién hoat tinh xtic tac dién hda cua vat liéu, cung cdp nhiéu vi tri hoat dong
va tang cuong kha nang van chuyén dién ta.
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Hinh 1. Hinh thai cta vat liéu & d6 phdng dai khac nhau: NF (a-b), Co@NF (c-d)

(a)10 Co@NF
. Nguyén t6 —— ————
Khoi lugng (%) | Nguyén tir (%)
8¢ Ni 71,55 475
; o 18,99 46,25
6 — ‘:. Co 9.46 6.25
%‘ - Téng 100 100
ot 4 1
B ‘!I
2 [ co|

Hinh 2. Pho tan xa nang luong tia X (EDS) (a), phan bé cua cac nguyén td Co (b),
Ni (c) va O (d) cua Co@NF
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Hinh 3. Pho nhiéu xa tia X (XRD) ctia vat liéu xtc tac Co@NF

Phuong phap phan tich nhiéu xa tia X (XRD) duoc str dung dé xac dinh cau tric
ctia vat lieu Co@NF. Két qua dugc trinh bay tai Hinh 3 cho thay cac dinh nhiéu xa tai
goc 2 theta 1a 44,59° va 52° duoc ddc trung cho Ni kim loai. Pang cht y, cac dinh nhiéu
xa xudt hién tai cac goc nhiéu xa 19,2¢, 31,2°, 36,8°, 38,5°, 59°, 65° dwoc gan cho cac mat
ph;fmg tinh thé (111), (220), (311), (222), (511), (440) ctia CosOs (JCPDS No.42-1467). Ngoai
ra, cac dinh ¢ gbc nhiéu xa 33,00, 62,7° duoc gan cho mat phrfmg tinh thé (100) va (111)
cua Ni(OH):2 (JCPDS No.14-0117).

Hiéu suat xtic tac dién hda cua vat liéu Co@NF dugc danh gia thong qua hé thong
ba dién cuc. Cac dién cuc duoc kich hoat thong qua phép do quét thé tuan hoan (CV)
v6i tdc do quét 50 mV.giay! trong 20 chu ky trude khi do. Puong quét thé tuyén tinh
(LSV) ctia chat xtc tac Co@NF trong diéu kién c6 va khong cé glycerol 0,1 M dugc thé
hién 6 Hinh 4a. Két qua cho thdy réng, vat liéu Co@NF chi dat dién thé 1,40 V so véi
RHE tai mat d¢ dong dién 10 mA.cm?, thap hon nhiéu so véi phan ting oxy hda nuwdc
(OER) la 1,58 V so v6i RHE. D€ lam 16 thém vé hiéu suat GOR ctia Co@NF, thi nghiém
tién hanh so sanh hiéu sudt xtc tac cua vat liéu Co@NF so véi NF. Két qua thu duoc ¢
Hinh 4b cho thay réng vat liéu Co@NF thé hién hiéu suit vuot troi véi dién thé chi 1,40
V so v6i RHE tai 10 mA.cm?, thap hon dang ké so véi NF (1,58 V so véi RHE). Hiéu suat
xuc tac dién hoa ciia Co@NF ciing vuot troi hon so voi cdc nghién citu trudc day (Bang
1). Diéu nay chitng minh rang vt liéu xtic tdc Co@NF khong chi cai thién hiéu suat xtic
tdc ma con giam mutc tiéu thu nang leong, tré thanh vat liéu hiéu qua cho phan ttng oxy
hoa glycerol.
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Hinh 4. Buong cong LSV cua vat liéu Co@NF trong dung dich 1 M KOH khong c6 (OER) va co6
0,1 M glycerol (GOR) (a), va dwong cong LSV ctia vat liéu Co@NF va NF trong GOR (b).

Bdng 1. So sanh hiéu suat phan ting oxy hoa glycerol cta vat liéu Co@NF véi cac vat liéu khac

Vat liéu Dién thé Dung dich dién phan Tai liéu
tai 10 mA.cm-2 tham khao
(so vdi RHE)
Co@NF 1,40V 1 M KOH + 0.1 M Glycerol | Trong nghién
clru nay
NC/Ni-Mo-N/NF 1,40V 1 M KOH + 0.1 M Glycerol [22]
Co/Co304-rGO 1,42V 1 M KOH + 0.1 M Glycerol [23]
CoNiB 1,42V 1 M KOH + 0.1 M Glycerol [24]
HEA-CoNiCuMnMo NPs 1,45V 1M KOH + 0.1M Glycerol [25]
N-CoOx 1,59V 1 M KOH + 1 M Glycerol [26]

Dién tich bé mat dién hoa (ECSA) cta vat liéu xtac tac tong hop duoc st dung dé
danh gia dién tich xtic tic va duoc xac dinh bang phuong phap quét thé tuan hoan (CV)
véi toc dd quét tir 0,01 dén 0,1 V.gidy. Hinh 5 cho thay chat xtc tac Co@NF ¢6 gia tri
ECSA dat t6i 57,37 cm2, 16n hon gap 3 lan so v6i NF (17,5 cm?). Ngoai ra, gia tri Ca ctia
cac dién cuec Co@NF va NF duoc tinh toan [an lwot 1a 1,33; 0,69 mF.cm2. Bén canh d6, d6
ddc Tafel cua dién cyc Co@NF dat gia tri 1a 105 mV.dec?, thap hon dang ké so voi NF la
176 mV.dec. Két qua trén cho thay rang, Co@NF cai thién dang ké dién tich xtic tac so
v6i NF ban déau, do d6 c6 wu thé hon trong phan ting oxy hoa glycerol.
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Hinh 5. Dién tich bé mat hoat dong dién hdéa (ECSA) cia Co@NF (a), NF (b), gid tri dién dung
16p kép dién héa (Ca) tai t6c dd quét khac khau tir 0,01-0,1 V.gidy(c) va do dbc Tafel (d).
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Hinh 6. Pho tré khang dién hda (EIS) cua vat liéu Co@NF, NF (a)
va do bén cta vat liéu Co@NF trong GOR (b)

Pho tro khang dién hoda (EIS) duoc tién hanh do dé nghién ctru sy tiép xtic bé mat
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va do dan dién ctia cac vat liéu xuc tac da tong hop. Hinh 6a thé hién so d6 Nyquist cta
chat xuc tac Co@NF va NF trong dung dich KOH 1 M va glycerol 0,1 M, dwoc do tai dién
thé 1,27 V so véi RHE. Két qua cho thdy rang, gid tri R cia vat liéu Co@NF duoc xac
dinh 1a 72 Q.cm?, thdp hon dang ké so v6i vat liéu NF la 230 Q.cm?. Ngoai ra, d€ nghién
ctu tiém nang thuec t€ cia Co@NF trong san xuat hydrogen, két qua tir Hinh 6b cho thay
chat xuc tac tong hgp duoc ¢ kha nang san xuat hydrogen voi téc d6 0,892 mL.cm2.gio-
! tai dién th€ 1,42 V so véi RHE. Ngoai ra, d bén cta dién cyc xtc tac duoc tién hanh
khao sét trong 10 gio voi mat dd dong dién ban dau la 27 mA.cm2. Sy giam mat dd dong
dién theo thoi gian c6 thé duoc giai thich do su can kiét glycerol trong dung dich dién
phan. Nhitng két qua nay khang dinh rang Co@NF ¢ tiém nang 16n trong viéc san xuat
hydrogen thong qua qua trinh oxy hda glycerol.

4. KET LUAN

Trong nghién ctru nay, chat xtc tac dién Co@NF da duoc tong hop thanh cong
bang phuong phap thtiy nhiét va danh gia hiéu qua xtc tac ctia vat liéu trong qua trinh
oxy hoa glycerol. Két qua cho thay rf?mg hiéu suat xtic tac dién hoda cua vat liéu Co@NF
thé hién vuot trdi, dat dién thé thdp ¢ 1,40 V so v6i RHE tai mat dd dong dién la 10
mA.cm?, thdp hon dang ké so véi véi phan tng oxy hoa nude (OER). Dac biét, chat xuc
tac nay c6 kha nang san xudt hydrogen voéi toc d6 0,89 mL.cm2.gio™ tai dién thé 1,42 V
so voi RHE. Diéu nay cho thdy rang, vat liéu xtc tac Co@NF khong chi cai thién hiéu
sudt xtc tac ma con cé tiém nang 1on trong viéc san xudt hydrogen thong qua qua trinh
oxy hoa glycerol.
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Cong trinh nay duoc hd tro boi BO Gido duc va Pao tao trong khuon kho dé tai
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STUDY ON THE OXIDATION REACTION OF GLYCEROL ON COBALT OXIDE
CATALYST - BASED ELECTRODE

Nguyen Hoang Luong Ngoc'?, Tran Thi Van Thi!, Nguyen Thi Hong Hanh?,
Le Lam Son!, Phan Thi Hang Nga3, Le Trung Hieu"

Faculty of Chemistry, University of Sciences, Hue University
?Faculty of Chemical Engineering Ho Chi Minh City University of Industry and Trade
35chool of Medicine and Pharmacy, The University of Danang
*Email: lthieu@hueuni.edu.vn
ABSTRACT

The electrocatalytic oxidation of glycerol (GOR) has been investigated as a potential
method to generate valuable products in other industries while contributing to the
generation of large amounts of hydrogen. This study focused on the glycerol
oxidation reaction using a cobalt (Co) catalyst electrode on a nickel foam (NF)
substrate. The results showed the potential of the Co material at a low potential of
1.40 V vs. RHE with a current density of 10mA.cm?, which is lower than that of the
water oxidation reaction (OER). In addition, the catalyst material demonstrated the
ability to produce hydrogen at a rate of 0.892 mL.cm2-h! at a potential of 1.42 V vs.
RHE and maintained a stable current intensity throughout the 10h test. These
findings highlight the application of Co@NF material as a novel, efficient
electrocatalyst for glycerol oxidation to generate hydrogen and produce high-value

products.

Keywords: Cobalt, nickel foam, glycerol, electrocatalyst, hydrogen
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