Tap chi Khoa hoc va Cong nghé, S6 53B, 2021

TONG HQP VA NGHIEN CUU VAT LIEU Ni/MIL 101 UNG DUNG NHU
XUC TAC PIEN HOA POI VOI ETHANOL

TRAN THAO QUYNH NGAN o
Khoa Cong nghé Hoa hoc, Truong Pai hoc Cong nghiép thanh pho Ho Chi Minh
tranthaoquynhngan@iuh.edu.vn

Tém tit: Vat licu MIL 101 duoc téng hop tir vat liéu co kim crom dugc biét dén nhu vat liéu co do Xép va
dién tich bé mat lén. Vat liéu MIL 101 ung dung nhu la vat liéu hd tro cho xuc tac nickel dé tang hoat tinh
xuc tac dién hoa duoc tong hop bang phuwong phép thity nhiét va nghién ctru cho phan tmg xuc tac dién hoa
cta ethanol. CAu trac va hinh thai cua vat lieu MIL 101 va Ni/MIL 101 duogc nghién ctru dya trén cac
phuong phap phan tich nhu nhidu xa tia X (XRD), phd hong ngoai Fourier (FTIR), kinh hién vi dién tir quét
(SEM) va phan tich dién tich bé mit riéng bang Brunauer-Emmett-Teller (BET). Hiéu qua xtc tac dién hoa
ctia vat lieu MIL 101 va Ni/MIL 101 d6i véi ethanol dugc danh gia dwa vao phuong phap cyclic
voltammetry (CV) va chronoamperometry (CA). Vat liéu Ni/MIL 101 duoc tong hop cé dién tich bé mat
riéng 916 m? g véi kich thudc xuc tac hat nickel l1a 10-20 nm. Phan ung oxi hoéa dién héa cua ethanol
trong vung dién thé 0,45-0,65 V (Ag/AgCl/ NaCl 3M). Két qua ctia nghién ctru chi ra vat liéu Ni/MIL 101
phu hop cho phan tng xtc tac dién hoa ethanol va hira hen 1a vat li€u tiém nang trong ing dung ché tao
cam bién va pin nhién liéu tir nguyén liéu 1a ethanol.

Tir khoa: ethanol, MIL 101, nickel, xtc tac dién hoa.

Ni-ANCHORING ON METAL ORGANIC FRAMEWORK MIL 101 AS A POTENTIAL
CATALYST FOR ELECTRO-OXIDATION ETHANOL

Abstract. It is well known that MIL 101 with Cr-based metal-organic framework is a highly porous matrix
material for anchoring Ni particle. Ni-anchoring MIL 101 with nano particles were successfully synthesized
by hydrothermal reaction for ethanol electro-oxidation reaction. Ni- anchoring MIL 101 nano particle
(Ni/MIL 101) was characterized by X-Ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR) for structure and composition, and scanning electron microscopy (SEM), and transmission electron
microscopy morphology (TEM). Ethanol electro-oxidation property of the Ni/MIL 101 catalysts was
studied using cyclic voltammetry (CV) and chronoamperometry (CA). Ni-anchoring MIL 101 NP revealed
with 916 m? g* of BET surface area and 10-20 nm of nano particle size. The electro-oxidation reaction of
ethanol on Ni/MIL 101 occurred a pair of redox peaks at voltage of 0,45-0,65 V and 0,15-0,45 V (vs.
Ag/AgCl/ NaCl 3M). This result showed that a highly porous three-dimensional structure of Ni/MIL 101
would be a potential catalyst for ethanol electro-oxidation and further fuel cells.

Keywords. Electro-oxidation, catalyst, MIL 101, ethanol.

1. GIGI THIEU

Trong sudt cac thap nién gan day, van dé ning luong dang dugc chu trong boi cac nha nghién ctru
trén thé gidi do su can kiét nguyén liéu hoa thach va cac van dé vé 6 nhiém moéi trudong [1]. Viée
khai thac nang luong xanh tir nhitng ngudn nguyén liéu hiru co dang dugc ¢y manh hién nay [2].

Hién nay, pin nhién liéu sir dung hydrogen dang duoc tap trung nghién citu do nhitng wu diém noi
bat nhu kha nang dy trlr nang lugng cao. Ethanol dugc biét 1a mot trong nhitng nguén nhién liéu
duogc st dung rong rai thong qua hé thong pin nhién liéu hoat dong ¢ nhiét d6 thap PEMFC (proton
exchange membrane fuel cell) [3] va AEMFC (anion exchange membrane fuel cell) [4]. Tuy nhién,

viéc tmg dung ethanol nhu 13 nhién liéu xanh gip nhiéu khé khan nhu hiéu suat chuyén hoa thap,
phan trg oxi hoa ethanol gay nhiém ddc vat liéu xuc tac & dién cuc va thoi gian sir dung chua toi
wu. Vi thé, nghién ctru vat liéu xuc tac dién hoéa cho phan ing phan hity ethanol ludn duoc dé cao
va nghién ctru. Py ciing dugce xem 1a nhitng bude dau tién trong nghién ciru img dung cung cp
nang luong xanh cua nhién li¢u la ethanol.
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Nhimg niam gan day, xu hudng tng dung vat liéu nano nhu xtc tic dién hoa cho cac hop chit hiru
co dang duogc dao sau nghien ctru. Vat liéu moi co kha nang tang hiéu sudt xuc tac, do xdp cao,
kha ning dan dién tot dong thoi giam gia thanh san XUt ludn duoc chii trong. M.R. Tarasevich va
ddng nghiép [5] da 1am rd nhitng van dé quan trong trong dong hoc cua Jphan tng xuc tac dién hoa
ethanol voi hop kim RuNi tir nhitng nam 2003, nghién ctru nay 1am tién dé cho hang loat nhimg
két qua sau d6. Trong nghién cru nay, carbon black XC 72 duoc sir dung nhu hop chit hd tro ting
kha niang xtic tic va tinh dan dién cua RuNi. Nam 2007, Swapan Kumar Bhattachrya va dong
nghiép [6] cong bb két qua cua Pt-Ru trén chit hd trg Ni d6i voi phan tng oxi hoa ethanol trong
mdi truong kiém. Thanh phan Ru anh huong 16n phan ing oxi hoa ethanol, va dat két qua cao nhat
& 32-47 % Ru. Sau d6, Keith Scott va dong nghiép [7] 1am viéc voi vat liéu Pd-Ni véi su hd trg
cua carbon nanofiber dugc st dung trong phan irng dién hoa ethanol. Vat liéu nano Pd-Ni c6 kich
thudc 4nm phan tan déu trén carbon nanofiber. Két qua thu duoc cao hon 4 1an so véi trudng hop
Pd/C. Gan day, Hector D. Abruna va dong nghiép [8] cong b két qua ctia cau tric nano lap phuong
cuia Pt/Sn cho hiéu qua xic tac oxi hoa dién hoa cao dbi ethanol trong méi trudng axit. Nanocube
Pt/Sn nang hiéu qua xuc tac dién hoa cao gap 6 lan so véi nano Pt va hon 3 1an so véi hop chat
Pt/Sn. Su thay doi cau truc vat liéu ciing duoc tim hiéu trong qua trinh tham gia phan tng. Khadng
c6 su thay doi nao duoc ghi nhan sau 5000 vong quét thé tuan hoan (CV) trong moi trudng axit
cho phan urng oxi hoa ethanol.

Trong gigi han nghién ctru nay, hoat tinh xtc tac ciia nickel cai thién dang ké nho sy hd trg cua
vat liéu co kim MIL 101 c6 do Xép cao. Vat liéu co kim MIL 101 duoc téng hop béng phuong
phap thily nhiét v6i crom tham gia vao qua trinh hinh thanh tinh thé. Nano nickel dugc két tia trén
bé mat MIL101 thong qua phan tng khir cia NaBHs va HsNBH4. Hinh théi, ciu tric va tinh chét
ctia vat liéu nguyén ctru duoc khao sat bang cac phuong phap: XRD, FTIR, SEM va BET. Tinh
chat xtic tac dién hoa cta vat ligu nghién ctru duoc kiém tra bang phuong phap quét thé tuan hoan
- CVvaCA.

2. THUC NGHIEM

2.1 Héa chat

Axit terephthalic CsHs(CO2H)> (H2BDC) (98%), HF (40%), Cr(NOs)s - 9H.O (99%),
C17H35CO2H (>98,5%), NHaF (>98%), Ni(NO3z)2 = 6H20 (99,99%), NaBH4 (>98%) va HaNBH3
(97%) str dung trong nguyén ctru duoc cung cp boi Aldrich sigma (My) va MWCNT (98%) dugc
san xuét bai Bioneer (M¥).

2.2 Tong hop MIL 101

Vit liéu co kim MIL101 duogc tong hop dua trén phan tmg thiy nhiét da duoc cong b trong mot
s6 bao cao trudc d6 [1,9,10] Pau tién, mot hén hop gdom CsHa(CO2H)2, (H2BDC), HF,
Cr(NO3)3 * 9H,0 and C17H3sCO2H duoc hoa tan hoan toan trong 100 ml nude cat. Hon hop nay
duogc khudy déu dén khi dat dung dich trong subt. Dung dich vira tao thanh dwoc cho vao 100 ml
teflon autoclave va tham gia vao phan Gng thuy nhiét & 220°C trong 8 gid. Sau khi phan tmg két
thiic, san pham duoc loai bo axit terephthalic du bang cach xir Iy trong dung méi ethanol & 80°C
trong 24 gio. Sau do, san pham tao thanh duoc xt 1y trong dung dich NH4F ¢ 70 °C trong 24 gid.
Bot mau xanh cia vat liéu MIL 101 duoc hinh thanh sau khi siy kho trong chan khong ¢ nhiét do
70 °C.

2.3 Tong hop Ni/MIL 101

Dé tong hop nano nickel/MIL101, hdn hgp NaBHs va HsNBHj3 theo ti 18 (1:1) duoc sir dung nhu
1a tac nhan khtr. Ban dau, cho 100 mg MIL 101 vao 10 ml 0,2 M Ni(NO3)2, khudy déu dén khi tao
thanh hon hop déng nhat. 20mg hdn hop NaBH4 va HsNBH3 dugc cho vao 10ml MIL 101 va
Ni(NOs). vira tao thanh dé thyc hién phan tng khir. Két tia den Ni/MIL 101duoc hinh thanh lién
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tuc trong 1 gio & nhiét d6 0 °C. Hat két tia nano mau den tach ra bang phuong phép ly tim va siy
trong méi trudng chan khong dé thu duoc vat liéu Ni/MIL 101.

Vat liéu nano Ni/MIL 101 vira tao thanh dugc kiém tra tinh chét xac tac cho phan tng dién hoa
ethanol. Pé chuén bi cho viéc kiém tra tinh chat xtc tac, mot hdn hop xtc tac dugc tao thanh b?mg
cach cho Ni/MIL 101 phan tan trong dimethyl formamide va nafion 117,5% nhu 14 chat két dinh.
Hdn hop dong nhit Ni/MIL101 duoc hinh thanh bang cach khudy déu, sau d6 nho 1én gidy carbon
(TGP-H-60 Toray) va lam kho trong méi truong khong khi trude khi thyc hién qua trinh xuc tac.
Dung dich dién hoa ethanol cho qua trinh dién héa dugc pha tir 20 — 500 mM ethanol trong 0,1 M
KOH cho viéc kiém tra xtic tac dién cuc trong hé ba dién cuc.

2.4 Dac tinh cua vat liéu

Tinh chit cia mau duoc xac dinh bang cic phuong phap nhu nhiu xa tia X (XRD; Rigaku
DMAX), ph6 hong ngoai Fourier (FTIR; JASCO FT-IR 300E), va kinh hién vi dién tir quét (SEM;
Hitachi S-4700, Japan). Dic tinh x6p va dién tich bé mat cua vat liéu duge khao sat bang phuong
phap hép phu nito & nhiét d6 -196 °C trén may micromeritics ASAP 2020. Tinh chit dién hoa cua
mau dugc nghién ctru bang phuong phéap cyclic voltammetry (CV) trén thiét bi potentiostat-
galvanostat (VSP, bio-logic) véi hé 3 dién cuc. Hé 3 dién cuc s dung cho phuong phap nghién
ctru gom: dién cuc 1am viée v6i mau dugc gan 18n gidy cacbon va dugc khdng ché trong dién tich
hoat dong 5x5 mm; dién cuc Pt va dién cuc Ag/AgCl. Dung dich stir dung cho qué trinh khao sat
dién hoa 1a dung dich kiém KOH 0,1 M.

3. KET QUA VA THAO LUAN

Hinh 1 thé hién két qua gian do nhidu xa tia X ctia mau MIL 101 va Ni/MIL 101. Gian d6 nhiéu
xa tia X dat dugc cta cac mau MIL 101 pht hop vé6i két qua cia CrsF(H20)20[(02C)CsH4(CO2)]s.
nH20 (n = ~25) (CCDC No. 605510) da duoc cong bd [11]. Cac peak & vi tri 20 1a 5,2°, 8,4°, 9,5°
va 16,5° twong ty v6i vi tri peak chuan ctia MIL 101 [12]. Mic khéc, gian dd nhidu xa tia X cta
mau MIL 101 khong thé hién bét ki peak cua HBDC, diéu ndy chtng t6 rang, mau thu dugc da
hoan toan tao lién két ctia cu triic co kim (MOF) thong qua phan Ung thuy nhiét. Két qua XRD
cua mau Ni/MIL 101 twong tw nhu MIL 101, dleu nay chung minh rang cac hat nickel chi phu lén
céu tric MIL 101 ma khong anh hudng dén céu trac vo dinh hinh ciia MIL 101 dat duge. Pho
XRD cta Ni/MIL 101 khong ghi nhan peak cta nickel, nhu vy, mau Ni/MIL 101 tong hop trong
didu kién nay co kich thudc nano hinh thanh don 16p bam trén bé mat MIL 101 [11]. Sy hién dién
ctia nano nickel duge chimg minh bang phwong phap phan tich khac duoc trinh bai & hinh 3(D).
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Hinh 1: Phd XRD ciia MIL 101 va Ni/MIL 101
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Hinh 2: Phd FTIR cua H.BDC, MIL 101, Ni/MIL 101

Pho FTIR ctia mu MIL 101 va MIL 101 ¢6 gin nano nickel dugc so sanh cing véi terephthalic
axit dugc mi€u ta ¢ hinh 2. Tur két qua FTIR ¢ duoc, cau trac tinh khiét ciia Cr-MIL 101 dat duoc
dua trén phuong phép tong hop duoc nghién ctru va phu hop véi nhiing két qua cong bd khac [12].

Phd FTIR ctia MIL 101 thé hién nhiing peak nam trong Vung 1400-1600 cm™ dic trung cho céc
lién két C=C ctia vong thom. Nhiing peak & 1017 va 754 cm™ 13 cia dao dong 6(C—H) va y(C—H)
ctia vong thom. Peak nhon & vi tri 1630 cm™ thé hién dao dong ctia nhom C=0 trong -COO [13].
Peak ¢ vi tri 605 cm™ cho thay lién két Cr-O trong céu trac Cr-MIL 101, thém vao do6 viéc giam
cuong d6 peak 1720 cm™ & HoBDC trong MIL 101 ciing 1a mot minh ching ctia mat di lién két
O-H trong nhém -COOH ctia H2BDC [14]. Trong truong hgp phu nickel xtc tac (Ni/MIL 101), su
xuat hién ciia nano nickel trén bé mat MIL 101 da che phii cac peak FTIR thé hién 16 rang trong
tinh thé MIL 101. Nhu vay, trong diéu kién di nghién ciru, MIL 101 va Ni/MIL 101 di dugc tong
hop thanh cong.

Hinh thai cua vat liéu MIL 101 va MIL 101 c6 gén nano nickel duoc thé hién nhu trén hinh 3.
Hinh 3A cho théy c4u truc vo dinh hinh cua vat liéu MIL 101 dugc hinh thanh, kich thudc cia vt
liéu duoc téng hop khong dong nhét trong khoang 1-2 pm. Bén canh d6, két qua EDS (hinh 3B)
ctia vat liéu MIL 101 cho thay cdu tric dugc tong hop 1a hop chét co kim cia crom va axit
terephthalic, két qua nay hoan toan phu hop véi cac ciu triic dd cong bd cua vat liéu MIL 101 [15]

Do x0p cua vat lidu MIL 101 va Ni/MIL 101 duoc kiém tra bang phuong phéap phéan tich BET hap
thu khi nitrogen ¢ -196K. Ket qua phan tlch BET cua vat liéu MIL 101 c6 dién tich bé mit riéng
va do xop lan luot 1a 1731 m? glva0,40 cm® gl Nhu vay, vat lieu MIL 101 c6 do xop cao va dién
tich bé mat riéng 16n 1a mot trong nhiing uu thé cho viéc hd trg vat liéu xc tac trong vi¢c tang kha
ning tiép xtic v6i ethanol cling nhur s6 lugng tim xtic tac. Nickel duge phi 1én bé miat xdp cia
MIL 101 bang phuong phap khtr v6i tic nhan NaBH4 va HsNBHa. Kich thudc caa vat liéu Ni/MIL
101 dugc ghi nhan nho hon MIL 101 thé hién trén hinh 3C. Béng thoi, nano nickel phu trén bé
mat vo dinh hinh cua vat li¢u co kim MIL 101 dugc quan sat trén hinh 3C. Thém vao do, su hién
dién cta nano nickel dugc ghi nhan bén canh sy c6 mat cia vat li¢u co kim MIL 101 minh ching
qua két qua EDS trong hinh 3D. Dién tich bé mit riéng va d6 x6p cta vat liéu Ni/MIL 101 dugc
ghi nhan lan luot 12 916 m? gt va0,22 cm® gt do anh huong ciia nano nickel két tia trén bé mat
vat liéu xbp MIL 101. Dua vao két qua dat duoc, vat liu Ni/MIL 101 hira hen 13 vat liéu tiém
nang cho ung dung 1a vat liéu xuc tac vai dién tich bé mat va tam hoat dong lon.
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2.00um

Hinh 3: Hinh SEM va két qua EDS ctia mau MIL 101 (A va B) va Ni/MIL 101 (C va D)

Hoat tinh xiic tac ctia vat liéu Ni/MIL 101 ddi véi ethanol duoc xac dinh bang phuwong phap phan
tich dién hoa dung 3 dién cuc trong méi trudong kiém. Trong nghién ciru ndy, phan tich dién hoa
CV khi nghién ctru phan tng xtc tac dién hoa ethanol trong méi trudng kiém duge thyc hién trong
hi¢u dién thé tudn hoan 0,0-0,8 V. Bén canh d6, vat liéu MIL 101 va Ni/MIL 101 dugc phan tich
CA & hiéu dién thé 0,55V dé nghién ctru hoat tinh xtc tac cta ca hai vat liéu d6i véi ethanol trong
thoi gian 1gio. Hinh 4 13 két qua CV ctia mau Ni/MIL 101 thu dugc khi thyc hién phan g xtic
tac dién hoa v&i su xuat hién va khong c6 sy xuét hién ciia 100 mM ethanol trong moi truong
kiém. Tir két qua thu dugc co thé két luan rﬁng vat liéu Ni/MIL 101 c6 kha ndng xuc tac ddi voi
ethanol hi¢u qua. Trong su hién di¢n cua ethanol, xuc tac nickel chuyén héa tudn hoan Ni%*/Ni®*
trong moi trudng kiém & hidu dién thé 13 0,45-0,65 V va 0,15-0,45V, hién tugng nay dugc tim thdy
tuong tu nhu trong cac phan tng xuc tac dién hoa cua nickel [11,16,17]. Mot tin hiéu dién hoa ghi
nhén 13 rét khi xuét hién ethanol 1a cuong d¢ dong dién tang 17,4 mA/cm?, diéu nay ching to réng
qua trinh phan tng oxi hoa dién hoa ethanol gidi phong electron. Mac khéc, tin hi¢u dong dién ctua
vat liéu Ni/MIL 101 d6i voi truong hop khong co6 sy hién dién cua ethanol dugc ghi nhan 1a khong
dang ké (dudong mau den). Khi kiém tra tinh chat xic tac cta vt ligu MIL 101 va Ni/MIL 101
trong cting diéu kién 100 mM ethanol bang phuong phap CA trong 1gi¢ (hinh 5), tin hiéu dién hoa
cling cho thay vat liéu Ni/MIL 101 cho kha ning xtic tac t6t ddi véi phan tng oxi hoa dién hoa
ethanol. Trong 1gid phan tng va dudi tic dung ciia hiéu dién thé 0,55 V, phan tmg oxi hoa dién
héa din ra 6n dinh trén bé mit dién cuc 1am viée véi xtic tac vat liéu Ni/MIL 101 va duy tri cuong
dd dong dién tai 16,2 mA cm™. Hién tuong trdi ngugc ghi nhan ddi véi vat liéu MIL 101, cuong
do dong dién xuét hién trong hé nay ton tai duy nhét tuan theo dinh luat Ohm véi gia tri ~0 mA
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cm. Tat ca nhiing Kkét qua c6 dugc mé ra mot trién vong cho viée ung dung vat lisu MIL 101
nhu vat liéu hd tro ting kha ning xuc tac cta vat liéu Ni/MIL 101 ddi voi phan ung oxi hoa di¢n
hoa ethanol. Diéu nay ciing 14 tién dé cho viéc ché tao cam bién ethanol ciing nhu tmg dung vét
liéu Ni/MIL 101 trong san xudt pin nhién liéu ethanol.
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Hinh 4: Két qua CV cua mau Ni/MIL 101 trong dung dich KOH 0.1M véi sy hién dién ctia 100 mM
ethanol (mau do) khong co6 sy hién dién ethanol (mau den).
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Hinh 5: Két qua CA ctia mau MIL 101 (mau den) va Ni/MIL 101 (mau do) trong dung dich
KOH 0,1M véi su hién dién cia 100 mM ethanol va hiéu dién thé 0,55 V.

4. KET LUAN

Thong qua nghién ctru, vat liéu MIL 101 ¢ do x6p va bé mit riéng 16n da duoc tong hop thanh
cong trong diéu kién khao sat. Cac két qua XRD, SEM, FTIR va BET cho thay vat liéu tong hop
1a MIL 101 va nano Ni/MIL 101 c6 dién tich bé mat riéng lan luot 1a 1731 va 916 m? g*. Khi sir
dung Ni/MIL 101 nhu xtc tac dién hoa cho phan ng oxi hoa ethanol, tin hiéu cuong d6 dong dién
16n hon 17,4 mA/cm? so voi truong hop khong xuat hién ethanol va phan trng nay duy tri 6n dinh
trong 1gio trong diéu kién on dinh. Két qua nghién ctru 1a tién dé cia viéc ing dung vt liéu
Niy/MIL 101 trong ché tao cam bién va pin voi nhién liéu ethanol, dang la van dé dang dugc quan
tam trén toan thé gidi trong viéc thay thé cac nhién liéu hoa thach dang can kiét dan.
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