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Tom tat. Vat liéu cellulose va nickel (Ni/cellulose) dugc ung dung tham gia vao phan ing xuc tac dién hoa
ddi véi ethanol. Cellulose duogc tong hop tir phé thai ciia ndng nghiép nhu vo cam ¢ mién nam Viét Nam
thong qua phuong phép thuy nhiét trong méi truong kiém. Nickel da duoc két tia thanh cong trén bé mat
cellulose bang cach khir hydrazine hydrate. Hinh thai hoc, tham sé mang va trang thai bé mit caa hdn hop
Ni/cellulose duoc xac dinh bang phwong phap nhidu xa tia X (XRD), phé hong ngoai bién doi Fourier
(FTIR), kinh hién vi dién tir quét (SEM). Hoat tinh dién hoa cua xiic tic Ni/cellulose ciing duoc khao sét
bang phuong phap quét thé vong tuin hoan (cyclic voltammetry - CV), quét thé tuyén tinh (linear sweep
voltammetry — LSV) va chronoamperometry - CA. Két qua dac tinh cho thiy céc hat Ni kich thugc nano
phan bé khdng dong déu trén mach cellulose, xtc tac Ni/cellulose cho thay hoat tinh dién hoa cao va on
dinh d6i véi qua trinh dién hoa ethanol. Mat d6 dong dién cuc dai cua xdc tac Ni/cellulose 1a gan 1.2 mA.cm®
2 khi xuat hién 0,1M ethanol trong méi truedng kiém. Két qua cho thiy rang vat lidu Ni/cellulose hta hen s&
dong gép tich cuc nhur tiép can mai cho linh vuc xuc tac dién hoa va pin nhién liéu ethanol.

Tw khoa. dién hda, ethanol, nickel

NICKEL COVERED ON CELLULOSE TUBES FOR ETHANOL ELECTRO-
OXIDATION REACTION

Abstract. Nickel deposited cellulose material (Ni/cellulose) was applied for highly electro-oxidation
reaction toward ethanol. Cellulose was collected from waste farm products such orange skin and shaddock
cover in the south side of Vietnam via hydrothermal method in alkaline media. Nickel particle has been
successfully precipitated on cellulose surface by hydrazine hydrate reduction. The micromorphology, lattice
parameter and surface states of Ni/cellulose composite are determined by scanning electron microscopy
(SEM), X-ray diffraction (XRD), energy dispersive X-ray (EDX) and Fourier-transform infrared
spectroscopy (FTIR). The electrooxidation activity of Ni/cellulose catalyst was also investigated by cyclic
voltammograms (CV), linear sweep voltammetry (LSV) and chronoamperograms (CA). Characterization
results showed that Ni nanoclusters were uniformly distributed on cellulose tube, and Ni/cellulose catalyst
was electrocatalytic activity and stability for ethanol electrooxidation. The maximum current density of
Ni/cellulose catalyst was almost 1.2 mA cm in alkaline media with 0.1M ethanol. Ni/cellulose composite
would be a promising approach toward ethanol electro-oxidation reaction and fuel cell.

Keyword. Electro-oxidation, ethanol, nickel, cellulose

1. GIOI THIEU

Su gia ting dan s6, d6 thi héa va muc song tang cao da 1am gia ting nhanh chéng muc tiéu thu nang lugng
toan cau va ganh ning moi trudng trong nira thé ky qua. Tiéu thu ning lugng duoc du kién s& tiép tuc ting
manh trong tuong lai. Thém vao do6, su can kiét ngudn nhién liéu héa thach nhu than d4, ddu mo. .. tao dong
lyc thac day phét trién viéc nghién ctru va ing dung ctia cac ngudn nguyén lidu thay thé [1]. Cac ngudn
nguyén liéu bén viing va c6 kha ning tai tao nhu ning lugng mit troi, gié hay nhién lidu xanh nhu hydro,
methanol... dang duoc quan tim thay thé cho ngudn nhién liéu hoa thach [2]. Ethanol, mét hop chét hitu
co pho bién, 1a nguyén lidu ciing nhu san pham cia nhiéu nganh céng nghiép nhu thuc pham, my
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pham...[3]. Do tinh phd bién, khong doc hai va khong chay nd, ethanol thé hién 1a mot nhién lidu hitu co
dang duoc quan tim nghién ciru va tmg dung. Trong gidi han d& tai nay, oxi hoa dién hoa ethanol duoc
trong tam nghién ctru nhu mot dong gop cho ting dung xa hon trong viéc phat trién ethanol nhu nhién liéu
xanh tim nang.

Trong nhitng thap nién gan day, cac nghién ciru nham nang cao hiéu suat cho phan ¢ng oxi hoa dién hoa
dbi vai ethanol dang dwoc quan tam [4]. Hang loat kim loai va hop chat kim loai ¢6 vai trd quan trong
trong ng dung nhu 1a xtic tac trong linh vuc nay [5]. Cac kim loai hiém nhu vang (Au) [6], bac (Ag) [7],

va platinum (Pt) [6,8] da thé hién kha ning xtc tac hiéu qua do kha ndng giam nang lugng hoat hoa ciing
nhu bén véi moi trudng cua nhitng phan Gng dién hda. Tuy nhién yéu t6 kinh té da tré thanh dlem han ché
trong viéc Umg dung cua cac kim loai trong phan 16p nay. Gan day, nickel [9-11] cing mot sb kim loai
chuyén tiép khac nhu Co [12], Fe [13] , Cu [14]... thé hién tiém nédng cao cho ung dung xtic tic va cling
nhu 1a xtc tac dién hoéa. Mac du hiéu qua xuc tac cao, gia tri kinh té on dinh, nhung cac kim loai thudc
nhom nay dé bi an mon hay ngd doc do méi trudng phan tmg. Vi vy, hang loat cac hop chit tir nhom xuc
tac nay dang duoc nghién ciru dé nang cao hiéu qua va khic phuc cc han ché ton tai.

Bang viéc két hop voi cac vat liéu khac nhu cacbon, CNT, graphene ..., cac vat liéu méi tir nickel thay doi
hinh dang, kich thudc va cac tinh chat cua né [15]. Trong d6, cellulose 1a mot trong nhitng hop chat tir
cacbon c6 ciu tric phi hop hd trg tong hop xdc tac nickel. Dic biét, cellulose dugc thu thap d& dang tir
nhiéu ngudn phé pham nhung: vo, than, 14 cy... Trong tinh hinh Viét Nam hién tai, vo cam duoc thai bo
trong c6ng nghiép thuc pham c6 thé dugc xem 1a ngudn nguyén liéu tai ché ddi dao cho thu thap cellulose.
Cellulose duoc biét dén nhu 1a mét polyme ty nhién mach thang duoc ciu tao tir cac don vi B,1 -4, D-
anhydro-glucopyranose, cac don vi nay lién két voi nhau bai lién két (1,4)— glycosidic . Nho vao CAU tao
dang 6ng ty nhién, cac hat nickel dé dang két taa 1én ciu tric cellulose hinh thanh cau tao 2 chiéu (2D), vi
thé hinh dang va dic tinh xUc tac nickel tir d6 thay ddi. Gan day, cellulose dugc chd y nhiéu nhu mot chét
hd tro nham giam kich thuéc hat, ting dién tich tiép xuc cling nhu tinh xtic tac cua kim loai [16].

Trong gidi han nghién cuu, cellulose ding trong qué trinh tong hop xdc tac Ni/cellulose dugc 1y tir vo cam
sanh, duoc thu thap tir ngudn phé thai thuc phdm. Cellulose duoc tach ra tir vo cam c6 kich thudc ~500 nm
bang phuwong phap nghién, rdy thanh bot min, tinh dau va céc chat hiru co khac dugc loai bo bang phuong
phap thuy phan trong méi truong kiém. Ni/cellulose dugc tong hop bang phuong phéap thuy nhiét ¢ nhiét
d6 200 °C trong mdi truong glycerol. Cac tinh chat hoa ly cua cellulose va Ni/cellulose duoc kiém tra bang
phuong phap do nhiéu xa tia X (XRD), phd hong ngoai bién doi Fourier (FTIR), kinh hién vi dién tir quét
(SEM). Céc phuong phap quét thé tuan hoan cyclic voltammetry (CV), quet dién thé tuyén tinh linear sweep
voltammetry (LSV) va chronoamperometry (CA) duoc st dung dé kiém tra kha ning xuc tac dién hoa cua
vt lidu dugc tong hop.

2. THUC NGHIEM

a. Hoa chat

V6 cam dugc thu gom tir nguén rac thai thuc pham trén dia ban thanh phé H6 Chi Minh. Céc hda chét khac
nhu natri hydroxit (NaOH), axit clohydric (HCI), ethanol (EtOH), nickel clorua (NiCl..6H.0), hydrazin
hydrate (N2H4) va kali hydroxit (KOH) duoc st dung theo chuan phan tich va mua tir cac hdng cua Trung
Quédc.

b. Tach cellulose

Cellulose duoc tach tir vo cam bang phwong phap thiy phan trong méi trudng kiém theo cac cong b trudc
d6 [16-18]. Quy trinh tach cellulose va téng hop Ni/cellulose dwgc miéu ta nhu hinh 1. V6 cam sau khi thu
gom duoc Vvé sinh, sdy khd va nghién thanh bot min ¢é kich thudc nhé hon 0,125 um bang may nghién va
hé thong ray Retsch — Germany. 20 g v6 cam duoc khudy déu trong 300 ml NaOH 20% (wt.) trong 1 gio
dé dugc hdn hop dong nhat. Hon hop dong nhat nay duoc gia nhiét 1én 120 °C trong 2 gid dé thyc hién qué
trinh thay phan tach cellulose khoi nhitng hop chét khac c6 trong vé cam. Chét ran thu dugc sau qué trinh
thity phan trong méi truong kiém duoc loai bo lignin con sét lai bang cach khuay trong 360 ml H.O, (0.5%
wt.) 2 gio & 80 °C. Sau qua trinh loai lignin, chét rin tiép tuc duoc rira lan luot bang HCI 0.1 M va ethanol
80% & nhiét do 80 °C dé loai bo thanh phan mudi, kim loai va cac hop chét hitu co con sot lai sau qua trinh.
Sau quaé trinh rira, bot cellulose mau trang xam thu dwoc sau khi say khd & 60 °C.
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c. Tong hop Nilcellulose

Composite Ni/cellulose dugc tdng hop bing phuong phap thuy nhiét. Han hop gdm 0,135g NiCl,.6H20 va
50ml glixerol duoc khuay déu trong 30 phut dé dat dugc dung dich mau xanh. 0,5 g cellulose dugc thém
vao hdn hop trén va tiép tuc khudy trong 24 gio dé dat duoc mot hdn hop dong nhat. Sau do, hdn hop déng
nhit nay duoc cho thém vao 5 ml dung dich hydrazine 80% khuiy déu 5 phut va chuyén vao binh phan
trng thay nhiét thuc hién phan ang thiy nhiét & 200 °C trong vong 8 gio. Mot hdn hop composite
Ni/cellulose mau xam den thu dugc tir san pham cua qua trinh thay nhiét duoc loc, rira va siy khd & 60 °C.
d. Tinh chdt vat ligu

Céu trdc ciia mau cellulose va composite Ni/cellulose da tong hop duoc xac dinh bang phwong phap nhiéu
xa tia X (XRD; Shimadzu — LabX XRD 6100), quang pho chuyén d6i hdng ngoai (Fourier Fourier transform
infrared spectroscopy - FTIR; Jasco FTIR-4700). Hinh dang va kich thudc mau dugc khao sét bang phuong
phap kinh hién vi dién tir quét (scanning electron microscopy-SEM; Hitachi S4800 - Japan). Tinh chit dién
hoa ddi véi ethanol ciia mau duoc khao sat bang phuong phép quét thé tuan hoan cyclic voltammetry (CV),
quét dién thé tuyén tinh linear sweep voltammetry (LSV) va chronoamperometry (CA) (CV) (VSP, bio-
logic) véi hé 3 di¢n cuc. HE 3 dién cuc str dung trong nghién cuu hoat tinh xuc tac di¢n hoa cua dién cuc
goém: dién cuc lam viéc gdm mau duoc pha 1én dién cuc 16i Pt duong kinh 3mm; dién cuc ludi Pt va dién
cuc tham khao Ag/AgCl. Dung dich sir dung cho qué trinh khao sat dién héa 1a dung dich kiém KOH 0,1M.

nghién, ray NaOH

‘ 3 o N\ EtOH, 80°C
120°C 2h
H202, HCI, 80°C
Cellulose
OH
B Ho\/K/OH .

Glyxerol \

); E 5ml N2H4

' > g > ’
Cellulose _'51 £ ‘

Khudy, 12h
200°C, 8h

NiCl2. 6H.0

Hinh 1. Quy trinh tach cellulose ra khoi vo cam (A) va tong hop composite Ni/cellulose (B)

3. KET QUA VA THAO LUAN

a. Cdu trac vat lidu

Hinh 2 12 két qua nhiéu xa tia X (XRD) va FTIR cua cac mau cellulose va Ni/cellulose da duoc tong hop.
Két qua XRD ctia mau cellulose (hinh 2A) véi ciu triic vo dinh hinh ¢6 2 dinh & vi tri goc 26 1a 19.4° va
21.6° twong g véi cac mat (110) va (002) cua cellulose, phii hop véi phd XRD cua cellulose da dugc
cong bd & cac két qua trude day [16,19]. Mau Ni/cellulose cé két qua XRD ddng thoi caa cac dinh dic
trung cuia ca cellulose va tinh thé nickel. Ddi vai két qua XRD ciia composite Ni/cellulose, ngoai hai dinh
(110) va (002) cua cellulose nhu di phan tich & trén, cau tric lap phuong cua nickel (Fm-3m(225)) duoc
xéc dinh tir cac dinh & cac vi tri goc 20 1a 44.2°, 51.7°, 76.3° tuong ung véi cac mat phang (111), (200) va
(220) phu hop véi cau triic da dugc cong bé trude d6 [20,21] (JCPDS 04-0850). Ngoai ra, cac dinh & vi tri
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goc 20 12 29.6°, 36.3°, 39.9°, 48.6° cho thay sy hién dién cua nickel carbide (NiCx) (JCPDS 45-0979)[22],
chung to viéc phu nickel 1&n bé mit cellulose.

Két qua FTIR cua cellulose va composite Ni/cellulose duoc thé hién trong hinh 2B. Cac dinh & 2902 cm'?
va 975-1155 cm™ lan luot dic trung cho dao dong cua lién két C-H va C-O trong mach cellulose. D4i rong
& 3368.4 cm'™ thé hién lién két cia nhém O-H va 1403.8 cm't twong tng véi lién két carbonyl O-H. Lién
két C=C trong ciu truc cellulose ciing duoc thé hién rd qua dao dong & vi tri dinh 1647.1 cm™. Cac lién két
trong céu truc cellulose da dugc thé hién rd qua cac dinh déc trung trong két qua FTIR nhu két qua trudc
d6 da cong bd [19]. Vi vay, két qua XRD va FTIR chi ra viéc tach thanh cong cellulose ra khoi vo cam
bang phwong phép thity phan trong méi trudng kiém trong diéu kién nghién ciu. Khi xuat hién nickel két
taa trén bé mit cellulose, cac dinh dic trung cua cellulose van xuit hién trong két qua FTIR cua composite
Ni/cellulose, tuy nhién, cuong do da giam manh. Nhu vay nickel bao phu trén bé mit cellulose d lam giam
tinh hiéu cta cac dao dong trong mach cellulose.

B
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Hinh 2. Két qua XRD (A) va FTIR (B) ciia mau cellulose va Ni/cellulose.

Hinh dang va kich thudc cua cellulose va composite Ni/cellulose dugc thé hién r6 qua két qua SEM (hlnh
3). Két qua SEM cho thiy cellulose dugc tach tir vo cam c6 dang bd, gdbm nhiéu soi cua cac chudi
(CeH100s)n c6 duang kinh ~ 100 nm. Do so ché trugce khi tién hanh tach loai cellulose, chiéu dai cac chudi
cellulose dugc khdng ché tir 500 - 1000 nm (hinh 3A). Bé mat khong dong nhat caa chudi cellulose h3 trg
cho nickel phu 1&n trén. Hinh 3B cho thdy composite Ni/cellulose 1a mot hdn hop gdm cé nickel bao phu
trén bé mat cellulose. Céc dng cellulose dugc cac hat nickel ¢6 kich thugc ~ 50 nm két tua trén bé mat. Sy
xuit hién cua cellulose s& giam kha ning két tu caa c4c hat nickel khi hinh thanh.

S-4800 10.0kV 7.9mm x30.0k SE(M) 1.00um S-4800 10.0kV 7.8mm \:40 Ok
Hinh 3. Hinh SEM cua cellulose (A) va N|/ceIIulose (B)
b. Tinh chdt oxi- héa dién héa ethanol
Hinh 4 la két qua dién thé quét (linear sweep voltage — LSV) cia mau cellulose trong méi truong KOH
0.1M va Ni/cellulose trong KOH 0.1M va KOH 0.1M + ethanol 0.1 M. Cac mau dugc quét trén dai thé tir
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0- 0.8 V vai van toc quét 20 mV/s trong mdi trudng kidm (KOH 0.1 M) vaéi cac didu kién cé su hién dién
hay khdng c6 sy hién dién cua ethanol. Cellulose cho két qua hau nhu khong tham gia qua trinh dién héa
(duong mau xanh), tin hiéu dong dién do duoc ~ 0 MA trong maéi truong phan tich. Trong ciing mot diéu
kién phan tich, vat liéu composite Ni/cellulose thé hién tin hiéu dién tai hiéu dién thé ~ 0.7 V 1a do chuyén
trang thai cua cap oxi hoa Ni2*/Ni®* trén bé mat vat liéu khi nickel tiép xic OH" trong mai truong kiém
(phwong trinh 1). Qué trinh chuyén trang thai oxi hoa ciia Ni%*/Ni®* cung cip electron trén dién cuc lam
tang cuong d6 dong dién [11]. Khi c6 su hién dién cua ethanol, mat do dong dién ting dang ké (duong mau
do). Oxi hoa dién hda cua ethanol trén bé mat xdc tac Ni%*/Ni®* cung cap luong I6n electron lam ting mat
d6 dong dién (phuong trinh 2) [13,15,16]. Qua trinh oxi hoa ethanol dugc ghi nhan bat dau tir higu dién thé
~0.35 V. Theo d6, qua trinh chuyén trang théi trén bé mat xdc tac dwoc dan ra nhu sau:

Ni% <=> Ni** + e 1)
Ethanol => san pham + e (2)
2.04
1.6
T 12
o
<
E o038
0.4
0.0
0.0 DI.Z 0:4 O.IG 0.8
Voltage (V)

Hinh 4. Két qua LSV ciia mau cellulose dugc phan tich trong KOH 0.1M (mau xanh) va mau Ni/cellulose
lan lugt phan tich trong KOH 0.1M (duong mau den) va KOH 0.1M + ethanol 0.1M (dudng mau do) véi
thé quét tir 0-0.8V (vs. Ag/AgCl (NaCl sat.)), toc do quét 20 mV/s.

Hinh 5 12 két qua quét dién thé chu ky (cyclic voltammetry - CV) ciia mau Ni/cellulose lan luot trong KOH
0.1M (duong mau den) va KOH 0.1M + ethanol 0.1 M (duong mau d6). Mau Ni/cellulose dugc quét theo
chu ky vai hiéu dién thé dugc gisi han tir 0 - 0.8 V va téc d6 quét 20 mV. Trong trudng hop chi c6 KOH,
su chuyén dién héa tuin hoan cua Ni2*/Ni®* hinh thanh 2 dinh cta cuong d6 dong & hiéu dién thé 0.5 V/
0.42 V nhu di thao luan (phwong trinh 1). Khi xuat hién ethanol, phan tng hoa hoc oxi hoa ethanol cung
cap electron 1am ting cudong do dong dién (phuong trinh 2) dbi véi qua trinh chuyén Niz=> Ni®*. Khi chu
ky nguoc dién ra, tic 12 qua trinh Ni¥* => Ni%, Ni** duoc cung cap electron tir dién cyc ngudn va electron
sinh ra tir phan tmg oxi hoa ethanol, do d6 cuong do dong dién van duy tri (so sanh véi truong hop khong
c6 ethanol). Tuwong tu, két qua do cuong do dong dién (chronoamperometry -CA) trén cac vat liéu tai hiéu
dién thé 0.7 V trong 10 phat phu hop véi két qua LSV va CV di thao luan. Tai hiéu dién thé 0.7V, cuong
d6 dong dién cua hé chira vat liéu cellulose cho thay rat thap tin hiéu dong dién (dwdng mau xanh) trong
KOH 0.1 M thé hién khong c6 phan tng dién hoa xay ra trén bé mat cellulose. Vat liéu Ni/cellulose duy tri
cuong do dong dién lan luot 12 ~ 0.5 mA/cm?va ~ 1.2 mA/cm? tai hiéu dién thé 0.7V trong thoi gian hoat
dong 6n dinh 10 phdt véi dung méi 1a KOH 0.1 M va KOH 0.1 M chtra ethanol 0.1 M (hinh 6). Tir nhitng
két qua cho thay tinh kha thi cua viéc sir dung vat liéu composite Ni/cellulose cho phan tmg xiic tac dién
hoa ethanol trong méi truong kiém. Cau tao dang 6ng cua cellulose hira hen sé 1a vt liéu hd tro tt dé tong
hop xdc tac c6 cau tric 2 chiéu. Tuy nhién van dé, do bén cuaa cellulose khi 1am viéc trong méi truong kidm
va kha ning dan electron thap cua cellulose dugc nhan thiy la nhitng han ché khi lam viéc véi vat lidu

composite Ni/cellulose.
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Hinh 5. Két qua CV cua mau Ni/cellulose Ian luot phan tich trong KOH 0.1M (dwong mau den) va KOH
0.1M + ethanol 0.1M (dudng mau do) vai the quét tir 0-0.8V (vs. Ag/AgCI (NaCl sat.)), toc do quét 20
mV/s.
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Hinh 6. Két qua CA cua mau cellulose duoc phan tich trong mdi trudng KOH 0.1 M (dudng mau xanh) va
Ni/cellulose lan Iuot dugc phan tich trong mo6i truong KOH 0.1M (dudng mau den) va KOH 0.1M chua
ethanol 0.1M (duong mau do) tai hiéu dién the 0.7 V (vs. Ag/AgCI (NaCl sat.), trong thoi gian 10 phdt.

4. KET LUAN

Thdng qua két qua nghién ctiu, composite Ni/cellulose da duoc tong hop thanh cong tir cellulose duoc tach
tir vo cam. Céc két qua XRD, FTIR va SEM cho thiy cellulose dugc tdch hoan toan tir vo cam dat kich
thudc ~500nm va nickel bam trén ong cellulose. Céac phén tich dién hoa cho thiy, composite Ni/cellulose
cho két qua tét khi g dung nhu 1a xuc tac dién hoa cho phan ing phan hiy ethanol. Hé xtc tac dién hoa
cuia vat liéu composite Ni/cellulose duy tri cwong do dong dién 6n dinh trong 10 phit ¢ 0.7 V (vs. Ag/AgCl
(NaCl sat.) trong méi truong KOH 0.1M. Két qua 1a mot trong nhiing déng gbp tich cuc cho viéc nghién
ctru va phét trién vat liéu ang dung trong phan huy dién héa ethanol.
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