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Abstract

Influence of preparation methods (combustion amgrégnation) on the oxidation of CO over CuO-Ge&xalysts
has been investigated. Both samples are charaadeby means of Htemperature-programmed reduction{FPR)
and Raman spectroscopy. CuO-Ggiepared by combustion shows that there are tGreg@ species in the mixed
oxide: the Cd'"is mostly exist in the GC€e O, solid solution and the left in the bulk CuO andefindispersed CuO
species on the surface of Ce@uO-CeQ prepared by impregnation shows that there are @Qw® species in the
mixed oxide: the Cii is mostly exist in the finely dispersed CuO speae the surface of Ce@nd the left in the
Cu,Ce O, solid solution. The calculating results of the osggvacancy concentration in CuO-Gefixed oxide
from Gaussian deconvolution of Raman spectra showddt, oxygen vacancy concentration in
CuO-Ce@-combustion and CuO-Ceg8mpregnation are 12.7 % and 29.7 %, respectivEhe catalyst prepared by
impregnation is more active for the oxidation of G&hich caused significant differences in the regoaperties and
the dispersion of copper species. The discrepamei#ise dispersion of copper species and the degfréateraction
between copper species and ceria determined thersible redox properties, and consequently the lytita

performance

Keywords: CuO-CeQ, CO oxidation, combustion, impregnation.

1. MO DAU

O nhm méi trong & \in dé thoi sy caa toan
xa i, trong dé & nhém khoéng khi & ra kho kém
soét nlit. Thanh phn chinh @a khi 6 nhém la CO,
NO, va cac bp chit hitu co dé bay hvi. Bé giam
thiéu ar phat thi cua cac cht nay ra méi trong, co
nhiéu bién phap céng nghduoc ap ding nhr: hip
phy, hip thy, d6t chay, oxi hoa.... Trondd, oxi hoa
hoan toan la coduong dang thu hat g quan tam
cia nhéu nha khoa éc trong thi gian din day. Cac
nghién &u trong tnh wic nayduogc tip trung trén
hai laai xUc tac chinh la: xdc tac kimdbquy va xuac
tac oxit. Cac xuc tac kim 4 quy % ra cé hat tinh
t6t nhit va c6 héu qua cho phan ang oxi hda CO [1].
Tuy nhién, ching coam cré 1a & bi thiéu Kt va
dac biét gia thanh cao. Viay, viéc tim ra cac & xac
tac trén o sy cac oxit kim lai c6 gia thanh thp va
cO hat tinh xdc tac cada vadang thu hat g quan
tam aia cac nha khoag [2].

Oxit hdn hop CuO-CeQduoc coi la clit xic tac
rat hiégu qua cho cac phn tng oxi héa khac nhau:
oxi hoéa hoan toan va gh lpc CO trong dong khi
giau H, oxi héa hidrocacbon, oxi héa caephchit
hitu oo dé bay hvi [3, 4]... .

41

Nhiéu céng trinh nghiénuw cho thy, thanh
phan, hinh thai va 4u tric @a oxit bn hyp CuO-
CeQ céanh hrong rt 16n dén hait tinh xGc tac ga
né. Cac ¢u td nay phi thusc rit nhiéu vao caatiéu
kién va cac phong phapdéng hyp.

Trong bai b&o nay, ching tding hyp oxit hbn
hop CuO-CeQ@ bing phrong phapdét chay va
phuong phap4m va so sanh céatic treng chinh aa
né coé lien quantén hat tinh xuc tac cho qua trinh
oxi héa CO.

2. THUC NGHIEM
2.1. Téng hep oxit hén hep CuO-CeO,

2.1.1. Bng hyp oxit in hyp CuO-Ce@ hing
phuong phapdot chay

Oxit hdn hop CuO-CeQ@tong hop bing phrong
phapdédt chay (ki htu CuO-Ce®G-chay) duoc ting
hop theo tai IBu [5] tir polyvinylancol (PVA), dung
dich Cu(NQ), 1 M, Ce(NQ)s 1 M va axit xitric 2 M
cO ty I¢ mol aia Cu/(Cu+Ce) = 0,1, xitric/(Cu+Ce) =
1 va phn tram vé khdi luong aia PVA/ [Cu(NQ),

+ Ce(NQ)3] = 20 %. Dung ith hbn hyp dugc lam
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bay hi nuéc & nhiét d6 80-90°C dé thu duoc gel
mau xanh |& cagam. Geldugc lam khdo 150 °C
guadém, gel khé & chay khiduoc gia nhét & 300
°C, sin phim duoc nungd nhigt @6 500°C trong 1
gio véi téc d6 nang nhit 10°/phiit.

2.1.2. ®ng hpp oxit Wn hyp CuO-CeQ@hing
phirong phép ém

Chit mang Ce® va oxit Bbn hgp CuO/CeQ
tong hyp bing phrong phap 4m duoc tong hyp theo
tai lieu [6].

Truéc tién, clit mang Ce® dugc tong hyp
bing phrong phapdét chay tr PVA, dung dch
Ce(NQ); 1 M va axit xitric 2 M, sao cho ph trim
khéi lwong aia PVA/Ce(NQ); = 30 % va i 1é mol
xitric/Ce* = 3/1. Dung dch Fn hop dugc lam bay
hoi nuéc trongdiéu kien khidy lién tuc ¢ nhiet do
80-90°C. Khi khaing 2/3 lrong nréc bay i thu
duoc gel trong ghng nhr mat ong c6 mau vang nau
va nhst. Nang nhit do 1én khaing 150°C dé lam
kho gel. Sau khing 5-10 phat, gel & nén kho va
tao thanh kibi xp c6 mau vang nf, din din
chuyén sang mau nau va $u chay. Sau qua trinh
chay $ thuduoc sin phim la CeQ ¢ dang bt min,
mau vang nét.

Oxit hon hgp CuO-CeQ dugc tong hyp bing
phuong phap 4m dugc tién hanh nir sau: ngam
CeQ trong dung ¢th Cu(NQ), 1 M theo t 1€ mol
Cu/(Cu+Ce) = 0,1. Bh hpp sau khi 4m duoc lam
kho trong ti sy ¢ 80 °C trong thvi gian 1a 20 gb.
Saudo, duoc nungé 500°C trong 3 gb, thu dugc
san phim la oxit Bn hgp CuO-CeG@-tim ¢ dang bt
c6 mau xam.

2.2. Khio sat kha niang oxi hoa CO @a oxit hon
hop CuO-CeG,

Hoat tinh x(c tAc 6a sin prim cho qua trinh oxi
héa COdugc tién hanh trén & vi dong \6i toc do
dong khi éng 1000 ml/phat, khi mang 10% @ 9%
N, (theo tf¢ tich), rong do CO trong dong khi vao:
500ppm, Kibi luong xuc tac: 200 mg,dmg do CO
trugc va sau khidi qua xuc taaduoc do trén may
Lancom Il (Anh).Ong phin &ing duogc dat trong 10
gia nhit c6 gin cip nhiét dién dugc didu chinh boi
chuong trinh nhét d6 véi téc d6 nang nhit 5°C/phut
tir 3°C dén 327°C. D6 chuyén hoa COduoc tinh
theo cong thc:

D6 chuyén héa CO(%) = (Guse-Csal). 100% /Grec

Trong d6, Gruse V& Gay tuong Ging 1a rong do CO
(ppm) bantau va sau khii qua xuc tac.
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2.3. Céc phrong phép nghién au

- C4c ang ©n i caa CuO trong oxit &n hop
dugc xacdinh hing phrong phap ki theo chung
trinh nhét d6 trong dong khi H (Hx-TPR) trén may
AutoChem Il 2920 V3.03bAiu tién, ndu duoc loai
bo nuéc va cac khi fip thy trong khéng khi ing
cach nang nkt cua miu lén 300°C voi téc do nang
nhiét 10°/phat trong dong khi He, @jio nhiét do nay
30 phat, 6i dua W nhiét d6 phong.bé thuc hién
chuong trinh khir nhiét do, mau duogc nang i 20°C
dén 700°C v6i téc d6 nang nhit 10°%phdt trong
dong khi clra 10 % H/Ar.

- Ph Raman @a cac bp chit dugc do ¢ nhiét
do phong trén may Renishawi in Via Raman
Microscope trong ving 36800 cni', sr dung dén
laser Argon 534 nmat truong Pai hoc Quc gia
Singapo (NUS).

3. KET QUA VA THAO LUAN
3.1. Cécdic trueng aia vat liéu

Céac ding ©n tai caa CuO trong oxit &n hop
dugc xacdinh hing gién dd H-TPR. Theo Et qua
ctua nhéu cdng trinh nghiéniw cho thy, dang CuO
nao co hat tinh cang cao thi cang ghan tng Wi
H,, dodo trén giin dd khir theo clvong trinh nhét
d6 trong dong khi KHs3 xuat hién pic khr ¢ nhiét o
cang thp. CAc pic kir ¢ nhiét do dudi 310°C dugc
gan cho g khir CuO. Nén trong khmg nhét do
nay, c6 bao nhiéu pic khss c6 iy nhiéu dng ©n
tai cia CuO trong oxit & hop CuO-CeQ va dén
tich aia cac pic nay&cho bét ham lrong aia céc
dang CuO trongtang [7].

Trén gin d6 khir caa cac oxit Bn hop CuO-
CeQ dugc tong hop. bang phrong phapdot chay va
phuong phap 4m déu xuit hién nhidu pic khr caa
CuO. Ching © c6 nhéu dang ©n tai cia CuO trong
oxit hén hop CuO-CeQ. Cac pic kiir & nhiét do
thip (khaing drdi 210°C) duoc gan chos khir cac
dang CuO cottong tac nanh Wi chat mang, bao
gom:

- CuO vddinh hinh: dng nay phan tadéu trén
chit mang vatong tac i chit mang theo qua trinh
oxi hoa thdn nghich trén I8 mit phan cach hai pha :
Cé' + Cf' + O & Ce* — o — Cu* + 0,501
trongdé o 1a vi tri 16 tréng oxi sinh ra do ¥ loai
bo O° khoi mang huéi tinh thé.

Can king nay lam ing dang K luong 6 trong
oxi trén & mat. Day & ding 16 tréng c6do linh dong
cao nlt caa oxi trong oxit Bn hop CuO-Ce®.
Chinh vi \dy, dang CuO védinh hinh phan tadéu
trén chit mang c6 kh ning phin tng cao nht. Nén
pic khir & nhiét d6 thip nhit (khaang 140°C dén 160
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°C i la pic 1) duoc gan cho ghg CuO védinh
hinh [10].

- Dang CU"* thay té C&" trong ming luéi 1ap
phuong aia CeQ, tic 1a to thanh dung igh rin
CuCe.,0,5 dong thoi tao thanh cacd trong oxi
trong du truc @a CeQ[9):

Ceé" + O CU" +o +0,5Q1

Do tao thanh cécd tréng oxi trong du trdc @a
CeQ, nén CuO trong dungich ran ding co kh
nang phin tng cao. Tuy nhién, khnang phn tng
cia né khéng ing cang CuO vadinh hinh. Vi vy,
pic khir & nhigt d6 cao ln (khaing 170°C dén
210°C gi la Pic 2)duoc gan cho céac ion Cldi vao
trong du tric @a CeQ tao thanh dung igh rn
CuCe,O5.

Pic khr ¢ trén 210°C (goi la Pic 3)duoc gan
cho CuOg¢ trang thai p hop lon va it trong tac i
chit mang,d6 chinh la cac tinh thCuO [9, 10].

TCO Signal {au) vs. Temperaturs
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Hinh 2: Gian dd Hz-TPR @a CuO Ce@tam
T hinh 1 cho thy, oxit hdn hgp CuO-CeQ
duoc tong hop bing phrong dot chay cé ba pic kh
cia CuO. Cling © oxit hdn hop duoc tong hop
bing phrong phap nay céacba ding ©n i coa

CuO la vbdinh hinh, dung nth Bn va tinh tf.
bong thyi tir hinh 1 @ng cho tly: pic chinh trén

Anh hrong aia cac pleong phap éng hop...

cac gin do nay la pic 2 184 ,0°C), nén dng CuO
ton tai chu yeu trong oxit BN hop CuO-CeQ duoc

téng hop king phrong phapdot chay la dng dung
dich rin. Trong khido, oxit Fbn hop duoc tng hop

bang phrong phap4m chi c6 hai pic kit & nhiét do

thip (141,2°C va 181,5C) (hinh 2). Cling © trong

oxit hdn hop nay ch ¢ hai dng ©n tai caa CuO 1a
v6 dinh hinh va dungidh rin. Pic chinh trén gn

dd khir caa oxit Fbn hop CuO-Ce@ nay 1a pic 1 §

141,2°C), nén dng ©n tai chinh dia CuO trong oxit
hdn hop duoc tong hop king phrong phéap 4m |a

dang védinh hinh.

Theo tai lBu [11], CuO nguyén ¢ chi c6 bt
pic khr duy nhit 6 310,8°C. Nhr vay, tit ca cac
dang aia CuO trong oxit &n hop tong hyp bang
pheong phapdot chay va phrong phap 4m déu co
nhiét ¢ khir thip hon cia CuO nguyén ¢, ching
to sy tuong tac gira CuO Vi chit mang Ce@da
lam ting khi ning phin thg aia CuO diéu nay ding
phu hop i két qua cia nhiu cong trinh nghiéniw
[7, 8, 11].

Trong moi toong khr, (dac biét 1a & nhiét @6
cao) CeQ tao thanh é&u tric khuyt tat thiéu oxi
dang CeQ.,(véi 0 < x < 0,5),dong thoi sinh ra cac
15 tréng oxi trong 4u trdc theo phong trinh [8]:
ACE"'+ O - 4C€' + 2¢/ o+ 0,5Q - 2C€" +
2C€*+0+0,5Q

Do tao thanh oxi nén trén @i dd khir H,-TPR
con xuit hién cac pic kik oxi cia CeQ. Pic khr &
khoang 400°C dugc gan cho s khir oxi trén [ mat
cua CeQva pic khr ¢ khaing 700°C duoc gan cho
su khir oxi trong du tric ¢ia CeQ[7].

Nhu d& bét, trong oxit Bn hop CuO-CeGQ, CuO
co thé tdn tai & ba ding: CuO vddinh hinh, C&'
thay tié C&"* trong ming Iu:ori lap phrong aia CeQ
tac la o thanh dungigh in CuCe. 025 va CuO
tinh thé. Trongdé CuO on tai & hai cang dau twong
tac minh Wi chit mang Ce@tao thanh cécd trong
oxi trén B mit va trong du tric dia CeQ (trc la
dang CeQ khuyét tat) [3, 4, 12]. Dé xac dinh B
trbng oxi trong 4u trac tinh tkk CeQ, ching t6ida
chup ptd Raman @a cac oxit Bn hop CuO-Ce®.
Két qua duoc chi ra trén cac hinh 3 va 4.

Trén pld Raman aa cac oxit Bn hop CuO-
CeQ dugc tong hyp king hai plrong phap tréndéu
xuit hién hai di hip thu. Dai thu nhat c6 arong do
manh & khaang 450-460 cm, dai hap thy nay trong
rng Wi sy phdi tri ciia cac nguyénitoxi quanh cac
nguyén & xeri. Bay la pic ¢a dang lap phrong tam
mat cia CeQ. Dai hap thy thir hai ©ng nhrng c6
cuong dd yéu o khaing 500-650 cr Dai nay dugc
qui gan cho s khuyét tat cia mang luéi CeQ, [3, 4,
12]. Sr ton tai cua dii thir hai nay cling © da co6 &
trong tac gira CuO Wi chit mang Ce@ din dén
viéc hinh thanh khut tat trong du trac mang heéi
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thé ma ch cé hai dng CuO trong tac 6t véi chat
mang nén coé at do 13 trbng oxi cao bn CuO-CeQ@
duoc tbng hop bing phrong phapidt chay.

Cac Kt qua cia phrong phap ph Raman va
khtr theo clrong trinh nhét d6 trong dong khi Kda
khing dinh c6 & twong tac @a cac dng CuO i
chit mang CeQ@ Chinh g tuong tac nayda lam sai
léch cu trac tinh tie cia CeQ va lam thaydoi cac
dic trung ding nhr haat tinh xdc tac ¢a oxit Ibn
hop CuO-CeQ@so Wi cac oxitdon lé CuO va Ce@

3.2. Kha niang xdc tac @a oxit hén hgp CuO-
Ce0O,cho qué trinh oxi héa CO

Két qua khao sat hat tinh xic tac a oxit Hon
hop CuO-CeQ cho qua trinh chign héa COdugc
chi ra¢ bang 1.
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Hinh 4: Phd Raman aa CuO-Ce®tim

Theo quandiém V& xGc tac, din tich ca dii
hip thy the hai dic treng cho néc do khuyét tat
mang hréi tinh thé caa CeQ (tic 1a rong do 16 trong
oxi trong du trac tinh tk CeQ). Do d6, dién tich
cua dii hap thu nay |a phéplo gian tép ndbng do 16
trong oxi [4, 12]. & dung phrong phap gii chap
pho Raman ¢a trén ham phanokﬁaussie tinh dén
tich aia cac di hip thu da xacdinh dugc ndngdo 16
trbng oxi trong oxit Bn hop CuO-CeG- chaybing
10,4 % va CuO-Ce@tim biang 29,7 %. Nir da
biét, ndng do 15 trdng oxi trong oxit Bn hop cang
cao khi hamugng aia cang CuO védinh hinh va
dang dung dch rin cang cao. \& tao thanh cacap
hop CuO tinh tk trén CeQ s lam gam khi ning
phan tan ga CuO trén & mat chit mang Ce@ va
dan dén lam gam mat do 15 tréng oxi trong &n
pham [12]. Két qua tinh mit do 15 tréng oxi theo ph
Raman phu ép vsi két qua caa phrong phap ki
theo clrong trinh nhét do: CuO-CeQ duoc tong
hop king phrong phap 4m khéng cé dng CuO tinh
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Bang 1:Hiéu stit xu li CO aia oxit Fbn hop

CuO-CeQ

Nhiét Hiéu suit, %

do(°C) | CuO-CeQ-chay CuO-Ce®tam
30 51,6 60,6
47 53,2 68,2
67 63,6 71,6
87 68,4 75,4
107 72,8 76,8
127 83,4 84,8
147 91,2 97,6
167 97,2 98,2
187 98,2 98,6
207 98,6 98,6
227 98,6 98,8
247 98,6 99,2
267 98,8 99,4
287 99,2 99,4
307 99,2 99,4
327 99,2 99,4

Két qua bang 1 cho thy, oxit hdn hgp CuO-
CeQ dugc tng top king hai plrong phapdéu cé
kha nang xr If CO cao. Tuy nhién, oxitdm hop
dugc tong hop. king phrong phap 4m cao lon cia
oxit hdn hop tong hyp bang phrong phapdot chay.
Ngay ¢ 30 °C, hiéu suit xir li CO aia oxit Fbn hop
CuO-CeQ téng hyp bing hai plrong phapdéu dat
trén 50 % (51,6 % & CuO-CeQ—ddt chay va 60,6
% Vi CuO-CeQ—tam). Khi nhigt d6 ting dén 147
°C, hiéu suit xir Ii CO da dat trén 90 %doi voi
pheong phéapddt chay va ¥ Ii gin nhr hoan toan
CO ddi vé6i phuong phap 4m (97,6 %). Trong khi
cac \t liéu xdc tac khac ph trén 150°C moi dat
dugc ar chuyén hoa 50 % vaim 400°C moi xu li
gan nhr hoan toan CO [58]. Nhviy, oxit hon hop
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CuO-CeQ c0 hat tinh x0c tac cho pim Gtng oxi
héa CO cao dn hin cac vt lidu xuc tac khac

Khi pha tp CeQ bing CuOda sinh ra cacdl
trbng oxi, day la i cung dp cac v tri oxi hat
dong dé hinh thanh ghg supeoxit (@, duoc tao
thanh @i phan tng aia oxi & pha khi wi cac b
trbng oxi hay oxi trong mng lue6i). Day chinh 1a
chit oxi héa trung gian cho cac #htng oxi hoa
(0, 0, & O, & 20 & 207). Sr chuyén dvi
electron gira I6 trbng oxi Wi cac ctit phan ung &
dang fon so \6i tir chit khir dén chit oxi. Chinh vi
vay, viéc ting ndt lugng nkd 16 trdng oxi trong oxit
hon hop CuO-CeQ da lam ting dang K haat tinh
xdc tac @a no [13].

Trong k¢ xuc tac CuO-Ceg) cac tam hat dong
cho cac phn tng oxi hda chinh la caé ltrong oxi.
Khi mat d6 15 trong oxi cang dn thi oxit tbn hop
nay cd hat tinh xtc tac cang cao. Nii cong trinh
nghién @u da khing dinh rang, b tréng oxi dugc
coi la yéu t quan tong nHit quyét dinh hat tinh
xUc tac @a oxit Fbn hop nay. Mit do 15 tréng oxi ki
phu thuoe chi yéu vao hamiong aia cang CuO vo
dinh hinh va dng dung éch rin CuCe,.,0,.5 trong
oxit hon hop. Khi ham rong aia hai dng nay cang
lén thi B trbng oxi dugc tao ra cangdo ra nhéu,
lam cho hat tinh dia xtc tac cang cao. Oxibh
hop dugc tong hyp king phrong phapam chi ¢6 hai
dang ©Hn tai cia CuO 1a vadinh hinh va dungidh
rin CuCe., 0,5 Trong dd, dang ©n tai chinh la
CuO vbdinh hinh - dng c6 kh ning phin tng cao
nhat. Vi vay, oxit hon hgp CuO-CeQ dugc tong hop
bing phrong ph&p 4m c6 héu suit xir Ii CO cao
hon oxit Wbn hop CuO-CeQ duogc tong hyp bing
phuong phapdét chay.

4. KET LUAN

P& nghién @u mot s5 dic trang chinh ¢o lién
quandén hat tinh xic tac @a oxit tbn hop CuO-
CeQ tong hyp hing phrong phapdét chay va
phuong phapam. Oxit tbn hgp CuO- Cthong hop
bing phrong phapdét chay c6 ba ghg ©n tai cua
CuO trong trong oxit & hop. Trongdo, cang Hn
tai chinh la dung ith rin CuCe, O, va bt phin
dudi dang CuO védinh hinh va CuO tinh th Con
CuO-CeQ dugc tong hpp bing phrong phéap 4m
chi c6 hai dng ©n i cia CuO (vddinh hinh va
dung dch rin CuCe.,0,.5). P& thitng minh dugc
sy O mit 16 trdng oxi trong cac oxit én hop CuO-
CeQ va da xacdinh dugc mat do 18 tréng oxi trong
CuO-CeQ-chay la 10,4 % va CuO-Ce@m la
29,7 %.

Pa thim do kh nang xuc tac aa oxit Fn hop
CuO-CeQ cho qué trinh chién hoa CO. Kt qua
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Anh hréng aia cac plrong phap éng hop...

cho thy, oxit hon hpp CuO-CeQ@tam c6 hat tinh
xUc tac cao én cia CuO-Ce@ddt chay. Ngay 30
°C, hiéu suit xur Ii CO aia oxit Bn hgp CuO-Ce@
tong hyp king hai plrong phapdéu dat trén 50 %
(51,6 % 6i CuO-CeQ-d6t chay va 60,6 % i

CuO-CeQ-tam). Khi nhiét do tang dén 147°C, hieu

SUit xir li CO da dat trén 90 %ddi Voi phuong phap
d6t chay va x Ii gain nhr hoan toan CQibi véi

phuong phapim (97,6 %).
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