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Abstract

CuO-CeO; mixed oxide with 7.5 % CuO content prepared by co-precipitation method, has been tested for the
oxidation of CO conditions at 30-327 °C. Catalysts have been characterized by means of X-ray diffraction (XRD), H,-
temperature-programmed reduction (H,-TPR) and Raman spectroscopy. H,-TPR results indicated that there are three
CuO species in the mixed oxide: the Cu®" mostly exists in the bulk CuO and the left in Cu,Ce;O,.5 solid solution and
finely dispersed CuO species on the surface of CeO,. The calculating results of the oxygen vacancy concentration in
CuO-CeO, mixed oxide from Gaussian deconvolution of Raman spectra showed that, oxygen vacancy concentration in
CuO-CeO, mixed oxide was 4.5 %. Investigated catalytic possibility of CuO, CeO, and CuO-CeO, mixed oxide in
transformation of CO. The results showed that, CuO-CeO, mixed oxide has higher catalytic activity compared CuO and
CeO, oxides. The synergistic interaction between CuO and CeO, is the main factor responsible for high catalytic activity
of CuO-CeO, mixed oxide. At ambient temperature (30 °C), yield of CO treatment of CuO-CeO, mixed oxide was
relatively high (53.2 %) and the transformation of CO almost finished at the temperature 207 °C (98.4 %).

Keywords: CuO-CeO,, CO oxidation, co-precipitation, catalyst.

1. MO PAU Ld trong oxi 14 noi cung cp cac vi tri oxi hoat
dong dé hinh thanh dang supeoxit (O,, dugc tao
Trong mdi truong khir (ddc biét 1a & nhiét do thanh béi phan tmg cua oxi & pha khi vé6i cac 16
cao), CeO, cd cau truc khuyét tat thiéu oxi dang trong oxi hay oxi trong mang ludi). Pay chinh 1a
CeO, (v6i 0 < x <0,5) v6i cac 16 tréng oxi. Sau khi chat oxi hoa trung gian cho cac phan ung oxi héa
tao thanh mot lugng 16m 16 tréng tai nhitng vi tri ion (O <> Oy <> 922" - 20" < 20%). Su chuyén d(‘yNi
oxi d4 mét, CeO, van cb cAu triic cla canxi florua electron giita 16 tréng,oxi voi ’céc qhét phan tng dé
va dé dang bi oxi héa thanh CeO, trong moi truong  dang hon so véi tir chat khir dén chat oxi hoa. Chinh
oxi hoa [1]. Cac ion O™ bi loai khoi mang luéi tinh ~ vi vay, viéc ting mot lugng nho 16 trong oxi trong
thé CeO, sinh ra cac 15 trong theo phuong trinh sau:  oxit hdn hgp CuO-CeO, s& lam ting ddng ké hoat
4Ce*" + 0> 4Ce™ + 2e/0 + 0,50,1— 2Ce* +  tinh xuc tac cuané [4, 8].

2Ce* + 0+0,50,1 Cacbon monoxit (CO) cung véi hydrocacbon va
trong d6 0 13 vi tri 18 trng anion sinh ra do viéc loai NOy thuong duge sinh ra tir nhicu qud trinh cong
b6 O* khoi mang ludi tinh thé. nghié¢p, giao thong van tai va sinh hoat cua con

Cac 16 tréng oxi trong cau tric canxi florua cia  Nguoi, 1a nhitng chat chinh gay 0 nhiém khong khi.
CeO, ciing duoc sinh ra khi CeO, hoa tan oxit cia  XUc tac ba hudéng dlf(?c coi la rat hjé“ qua cho viée
cac kim loai c6 s6 oxi hoa nho hon +4 [2, 3]. Khico  gidm thicu sy 6 nhiém cta cdc chat thai tir 6t6, xe
mdt lugng nho ion Cu’’ phéan tan trén CeO, s& tao  mdy. Tuy nhién, h¢ xtc tic trén co s¢ cac kim loai
thanh cac 16 trong oxi trén bé mat phan cach hai pha  qui c6 gid thanh cao, kém ben khi c6 mat cua cac
CuO va CeO, theo can bang [4, 5] hop chat chira clo. Vi vay, viée tim ra cdc chat xic
Ce* + Cu” + 0" & Ce’ " — o —Cu'"+0,50,1 tic trén co s¢ céc kim loai chuyén tiep ¢6 gia thanh
hodc Cu® ¢6 thé xAm nhap vao cdu trac lap phuong  thap nhung c6 hoat tinh xtic tac cao da va dang thu
ctia CeO, bang cach thay thé Ce*" va tao thanh cac  hut su quan tdm cua cac nha khoa hoc [9, 10].

16 tréng oxi trong cau tric cua CeO, [6, 7]: Dong ket tua la mdt trong cac phuong phap hoa

Ce" + 0" Cu* + o0 +0,50,1 hoc w6t quan trong dé tong hop vat liéu. Cac tac
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nhan két taa co thé 1a dung dich mubi vo co hodc
hidroxit ciia kim loai kiém.

Trong bai bao nay, chiing t6i tong hop oxit hdn
hop CuO-CeO, bing phuong phap dong két tua voi
tac nhan két tia 1a Na,CO; va nghién ctu cac dac
trung chinh ctia nd ¢6 lién quan dén hoat tinh xtc tac
cho qua trinh oxi hoa CO.

2. THUC NGHIEM

2.1. Téng hop oxit CuO, CeO, va oxit hén hop
CuO-CeO,

Oxit hdn hgp CuO-CeO, duoc tong hop bing
phuong phap dong két tua theo tai liéu [11] tir dung
dich Cu(NOs), 1 M, Ce(NO;); 1 M (véi ti 1€ mol
Cu/(CutCe) = 0,15 va dung dung dich Na,CO; 0,5
M diéu chinh pH cua dung dich dén 9-10. Mubi
cacbonat bazo cua déng va xeri tao thanh dugc dé
gia hoa 30 phut, roi tién hanh loc, rira. Két ta duoc
rira cho dén mai trudng trung tinh va siy & 110 °C
qua dém, sau d6 nung & 600 °C trong 3 gior v6i tdc
d6 nang nhiét 10°/phat.

Céc oxit don 1 CuO va CeO, dugc tong hop
bang phuong phap két tia tir dung dich Cu(NO;),
1 M va Ce(NOs); 1 M véi qui trinh tong hop gibéng
nhur tong hop oxit hdn hgp CuO-CeO,.

2.2. Khio sat kha ning oxi héa CO cuaa cac oxit
CuO, Ce0; va oxit hon hgp CuO-CeO,

Hoat tinh xtc tac ctia san phdm cho qua trinh oxi
héa CO duoc tién hanh trén hé vi dong véi toc dod
dong khi tong 1000 ml/phit, khi mang 10% O, + 9%
N, (theo thé tich), ndng do CO trong dong khi vao:
500 ppm, khdi lugng xuc tac: 200 mg, ndong do CO
trude va sau khi di qua xtic tac dugc do trén may
Lancom II (Anh). Ong phan tng duoc dat trong 10
gia nhiét c6 gin cip nhiét dién duoc diéu chinh bai
chuong trinh nhiét do voi tbc do nang nhiét 5
°C/phiit tir 30 °C dén 327 °C. P chuyén hoa CO
dugc tinh theo cong thuc:

Do chuyén hoa CO(%) = (Crue-Caan) ¥ 100% / Cinse
Trong do, thdc va Cgy tuong Ung 1a nong do CO
(ppm) ban dau va sau khi di qua xtc tac.

2.3. Cac phwong phap nghién ciru

Gian dd nhidu xa tia X duge do trén may D8
ADVANCE (Bruker, Puc) véi birc xa Cuk, (budc
song 0,15406 nm), dién thé 40 kV, 40 mA, gbc do
25+80° budc quét 0,03°/0,2 gidy, tai khoa Hoa hoc,
truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc
gia Ha Noi.
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Khtr theo chuong trinh nhiét d¢ trong dong khi
(H,-TPR): Cac dang ton tai ciia CuO trong oxit hdn
hop dugc xac dinh bang phuwong phap khir theo
chuong trinh nhiét d§ trén may Autochem II 2920
V3.03 tai Vién Ky thuat Hoa hoc, Truong Pai hoc
Bach khoa Ha Noi. Dau tién, mau duoc loai bo
nudc, cacbonat, va cac khi hap phuy trong khong khi
bang cach nang nhiét cia mau 1én 300 °C voi toc do
nang nhiét 10 °C/phat trong dong khi heli, gitt ¢
nhiét d6 d6 15 phit, lam lanh dén nhiét do 40 °C
trong dong khi heli. P& thuc hién chuong trinh khir
nhiét d6, mau duogc nang tir 40 °C dén 700 °C véi tbc
d6 nang nhiét 10 °C/phit trong dong khi chia 10 %
H,/Ar, gitt ¢ nhiét do 700 °C trong 20 phut.

Phé Raman cia céac hop chit duoc do & nhiét do
phong trén may Renishawi in Via Raman
Microscope trong ving 300+-800 cm™, str dung dén
laser Argon 534 nm tai truong Pai hoc Quéc gia
Singapore (NUS).

3. KET QUA VA THAO LUAN
3.1. Cac dic trung cia vt liéu

Thanh phan pha cta oxit hdn hop CuO-CeO,
duoc chi ra trén hinh 1.
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Hinh 1: Gian dd XRD cua oxit CuO
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Hinh 2: Gian 46 XRD cua oxit hén hop CuO-CeO,

Tur gian dd nhiéu xa tia X ciia CuO (hinh 1) cho
thay, xudt hién cac pic dic trung cia CuO véi cdu
trac don ta & goc 20 = 35,7°; 38,8° va 48,9° ¢6 cuong
do tuong dbi manh, chtrng t6 muc do tao thanh tinh



TCHH, T. 52(1), 2014

thé cia CuO 1a kha tét. Nhung trén gian d6 nhidu xa
tia X cuia oxit hdn hop CuO-CeO, (hinh 2) chi xuit
hién céc pic ddc trung & goc 20 = 28,5% 33,0° va
47,5° ciia CeO, véi cau tric lap phuong va cdc pic
dic trung cia CuO khong xuét hién trén gian do nay.
Néu toan bd lwong CuO trong oxit hdn hop ton tai
duéi dang tinh thé thi trén gian dd nhidu xa ta s&
quan sat thdy cac pic dic trung ciia CuO vi ham
lugng cia CuO du 16n (chiém khoang 7,5 % so voi
chat mang CeO,) dé xuit hién pic nhiéu xa. Trén
thuc té, khong c6 pic nhiu xa ciia CuO, nén trong
oxit hn hgp CuO c6 thé ton tai ¢ nhidu trang thai
khac nhau nhu: CuO v6 dinh hinh, Cu-O-Ce tao
thanh dung dich rin va CuO tinh thé.

Céac dang ton tai cia CuO trong oxit hdn hop
dugc chi ra trén gian d6 khir theo chwong trinh nhiét
d6 trong dong khi H, (hinh 3). Tir gian db khtr theo
chwong trinh nhiét d6 cho thiy, co 3 pic khir cua
CuO ¢ cac nhiét do 159,4 °C; 205,6 °C va 215,3 °C.
Ching t6 c6 ba dang ton tai cia CuO trong oxit hon
hop.
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Hinh 3: Gian db H,-TPR cita oxit hén hop
CuO-CeO,
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Pic khir & nhiét do thap nhét (159,4 °C) dugc gan
cho dang khtt cua CuO & trang thai vo dinh hinh.
Dang nay phén tan déu trén chit mang va tuong tac
v6i chat mang theo qua trinh oxi héa thuan nghich
trén bé mat phan cach hai pha

Ce" +Cu”" + 0" & Ce’—o— Cu +0,50,1
can bang ndy lam tang dang ke luong 16 trong oxi
trén bé mit. Pay 1a dang 16 tréng c6 do linh dong
cao nhit cua oxi trong oxit hén hgp CuO-CeO,.
Chinh vi vdy, dang CuO v6 dinh hinh phan tan déu
trén chit mang c6 kha ning phan tng cao nhit. Do
d6 pic khir ciia dang nay xuat hién & nhiét do thap
nhat.

Vai pic ¢ nhiét d6 205,6 °C dugc gan cho sy khir
CuO trong dung dich rin CuxCel_sz_s. Su tao thanh
dung dich ran 1a do Cu®" da thay thé Ce*" trong
mang ludi 1ap phuong cua CeO,, ddng thoi sinh ra
cac 16 trong oxi trong céu triac CeO, theo can bang:

Ce*" + 0" & Cu’" + 0+0,50,1
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L3 tréng oxi trong ciu tric ctia CeO, c6 kha
ning phan tng khong cao bang 15 trong oxi trén bé
mit, nén dang ndy ctia CuO trong oxit hon hop c6
kha ning phan tmg khong cao biang dang CuO vo
dinh hinh.

Pic khir thir ba ¢ 215,3 °C 1a pic khir chinh, dugc
gan cho sy khir CuO & trang thai tinh thé. O dang
nay, CuO ¢ trang thai tap hop 16n va it twong tac vdi
chat mang, nén c6 kha ning phan tng kém nhét [4,
7-10].

Tir gian d6 H,-TPR ciing cho thdy, dién tich pic
khtr cia dang CuO tinh thé 16n nhat va cua dang
CuO vo dinh hinh 1a nhé nhat. Do d6, trong oxit hon
hop, CuO ton tai chil yéu & dang tinh thé va dang vo
dinh hinh c6 ham luong nho nhét.

bé khé“ing dinh thém su thay thé mot s6 ion Ce**
bang ion Cu*" trong ciu trac tinh thé cta CeO,,
chung t6i da tinh thong s6 mang ludi cua tinh thé
CeO, nguyén chit va CeO, trong oxit hdn hop. Vi
ban kinh ion ctia Cu®* (0,072 nm) nho hon ban kinh
jon cua Ce*" (0,097 nm), nén Cu’’ thay thé Ce*
trong ciu trac 1ap phuong tim mit cia CeO, s& lam
giam thong s6 mang ludi cua CeO,. St dung phan
mém POWER CELL 2.4 va cac két qua cia phuong
phap nhiéu xa tia X, ching t6i di tinh duoc thong sb
mang ludi tinh thé CeO, nguyén chitlaa=b=c =
5,411 (A) con cia CeO, trong oxit hdn hgp CuO-
CeO,1aa=b=c=5,409 (A). Tir viéc tinh toan nay
cho thiy, thong sb mang ludi cua CeO, trong oxit
hén hop nhé hon CeO, nguyén chat va mot lan nita
khang dinh Cu®" da thay thé Ce*" trong ciu trac lap
phuong cua CeO, dé tao thanh dung dich rin
Cu,Ce 40,5 Tuy nhién, sy gidm thong $6 mang
ludi ciia CeO, khong dang ké (0,002 A), nén ham
luong Cu®" trong dung dich rin twong ddi nho. Két
qua nay ciing phit hop véi gian dd H,-TPR cua oxit
hdn hop (hinh 3): pic khir gan cho sy khir CuO trong
dung dich ran Cu,Ce; 0,5 12 vai pic 6 205,6 °C co
dién tich nho.

Nhu véy, tir tat ca cac két qua nghién ctru trén,
chung t6i thay rang CuO trong oxit hén hop CuO-
CeO, ton tai chii yéu dudi dang tinh thé, mot phan
dué6i dang dung dich rin Cu,Ce,O,.5 va mot phan
rit nho dudi dang vo dinh hinh phén tan trén bé mit
cua chit mang CeOs,.

bé xac dinh su ¢6 mat cta 15 tréng oxi trong cAu
trac tinh thé CeO,, ching t6i dd st dung phuong
phap phd Raman. Phé Raman ciia oxit hon hop
CuO-CeO, va ciia CeO, nguyén chat duoc chi ra
trén cac hinh 4 va 5.

Trén phd Raman ctua CeO, nguyén chét va oxit
hdn hop CuO-CeO, déu xuét hién dai hip thu c6
cudng do manh & khoang 450-460 cm™. Dai hap thu
nay duoc gan cho sy phdi tri cta cac nguyén tir oxi
quanh cac nguyén tir xeri, tirc 1a dai hip thy dic
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trung cho dang 1ap phuong tim mat cua CeOs.
Ngoai ra, trén phd Raman cua oxit hdn hgp CuO-
CeO, con xuit hién thém dai hap thy rong nhung c6
cuong d6 yéu ¢ khoang 500-650 cm™. Déi nay dugc
qui gan cho sy c6 mat cua 15 trong oxi ctia mang
lugi CeO,. Sy tn tai cia dai hip thu nay chimg to
da co sy twong tac giita CuO véi chat mang CeO,
dan dén viéc hinh thanh 13 tréng oxi trong cau triic
mang ludi cia CeO,. Két qua nay ciing phu hop voéi
két qua ctia nhiéu cong trinh nghién ciru khac [2, 5,
10].
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Hinh 5: Pho Raman cta oxit CeO,

Theo quan diém vé xtc téc, dién tich cua dai hép
thy trong khoang 500-650 cm’ ! dic trung cho mirc
do khuyet tat mang ludi tinh thé cua CeO; (tuc la
nong d6 16 tréng oxi trong cau triic tinh thé CeO,).
Do d6, dién tich ctia dai hap thu nay 1a phép do gian
tiép néng d6 15 trong oxi [10, 11]. St dung phuong
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phap giai chap phd Raman dya trén ham phéan b
Gauss dé tinh dién tich cta cac dai hép thu da xac
dinh dugc ndng d6 16 tréng oxi trong oxit hdn hop
CuO-CeO, bang 4,5 % (CeO, nguyén chat khong c6
dai hap thu nay).

Céc két qua cua phuong phap phd Raman, khir
theo chuong trinh nhiét 6 trong dong khi H, va viéc
tinh thong sé mang ludi cua CeO, da khang dinh c6
su twong tac cua cac dang CuO véi chit mang CeO,.
Chinh sy tuong tac nay di lam sai léch c4u trac tinh
thé cua CeO, va lam thay dbi cac dic trung ciing
nhu hoat tinh xuc tic cia oxit hdn hop CuO-Ce0O, so
v6i cac oxit don 1¢ CuO va CeO..

3.2 Kha niing xiic tac ciia oxit hén hgp CuO-
CeO; cho qua trinh oxi h6a CO

Két qua khao sat hoat tinh xuc tac cua oxit don
1¢ CuO, CeO, va oxit hon hgp CuO-CeO, cho qua
trinh chuyén hoa CO dugc chira ¢ bang 1.

Bdng 1: Hiéu suét xu ly CO cua oxit CuO, CeO, va
oxit hon hgp CuO-CeO,

Nhiét Hiéu suit, %

d6,°C | o CeO, | CuO-CeO,
30 24,0 29.6 30,6
47 243 346 394
67 25.4 402 022
87 262 46,4 474
107 27.6 512 54,0
127 292 57.6 80.8
147 30,6 62,6 90,6
167 336 64,2 94,0
187 38.8 67.2 97.2
207 50,8 70,4 98,4
227 65.0 72.8 98.6
247 798 75,0 98,7
267 824 80.4 98.8
287 86,0 84,8 98.8
307 89,2 87,0 98.8
327 92,2 83,6 99,0

Két qua bang 1 cho thdy, trong khoang nhiét do
nghién ctru, hiu sut xir Iy CO cua oxit hdn hop
CuO-CeO; Iudn cao hon cua cac oxit don 1é¢ CuO va
CeO,. Dic biét & 147 °C, oxit hon hop da c6 kha
nang xu li trén 90 % CO. Trong khi d6 & 327 °C oxit
CeO, méi xir li duge 88,6 % CO va oxit CuO xur li
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duoc trén 90 % CO. Khi so sanh véi cac Vé?.t liéu
khac phai trén 150 °C méi dat dugc su chuyén hoa
50 % CO. N
Hoat tinh xtic tdc cao cia oxit hon hgp CuO-
CeO; cho qua trinh oxi hoa CO dugc giai thich theo
co ché cua Mars-van-Krevelen [4, 5, 7]. Bau tién
cac phan tu CO dugc hap phu trén bé mat phan cach
cia CuO va CeO,, sau do xay ra phan tng cua xic
tac voi CO dé tao thanh CO, va Cu®* bj khir vé Cu'",
Ce*"vé Ce*" va tao thanh 15 trdng oxi:
(Ce*" - 0¥ -Cu*") + CO — (Ce* - o -Cu” ) + CO,
CO tiép tuc bi hap phu 1én xuc tic tai cac vi tri
Cu’ (tao phtrc cacbonyl véi Cu’):
(Ce*™ -0-Cu" )+ CO « (Ce*" -o-Cu -CO)
Sau do, cac 16 tréng oxi trong mang ludi dugc
nap lai bang oxi trong dong khi phan ting.
(Ce**- o -Cu” -CO) + 0, « (Ce*" - 0, -Cu"-CO)
(Ce*"-0,-Cu’ - CO) < (Ce*" - 0,7 -Cu*" ) + CO
(Ce* - 0, -Cu*) + (Ce** - o -Cu" -CO) -
2(Ce*" - 0% -Cu™) + CO
Chinh sy tao thanh cac 10 trong oxi va phirc
cacbonyl Cu’-CO lam cho oxit hon hop CuO-CeO;
6 hoat tinh cao cho qua trinh chuyén hoa CO.

4. KET LUAN

D3 nghién ctru mot sd dic trung cua cac oxit
CuO, CeO, va oxit hon hop CuO-CeO; tong hop
bang phuong phép dong két tua. Két qua cho thay co
ba dang ton tai cia CuO trong trong oxit hdn hop.
Trong do, dang tdn tai chinh 12 CuO tinh thé, mot
phﬁn duédi dang dung dich rén Cu,Ce;,0,.5 va CuO
vO dinh hinh.

D nghién ctru cac ddc trung vé khuyét tat tinh
thé cua CeO, (1 tréng oxi) khi CeO, dugc pha tap
bang CuO va di xac dinh dugc nong do 18 tréng oxi
1a 4,5 %.

ba tham do kha ndng xtc tac cua céac oxit
CuO, CeO, va oxit hdn hgp CuO-CeO, cho qui
trinh chuyén hoa CO. Két qua cho thdy, oxit
hdén hgp c6 hoat tinh xic tic cao hon ctia cac
oxit don 1¢. Ngay ¢ nhiét d6 phong (30 0C) hiéu
sut xtr 1i CO cua oxit hdn hop da tuong dbi cao
dat 53,2 % va su chuyen hoéa CO gan nhu hoan
toan & nhiét do 207 °C (~ 98,4 %).

Lién hé: Hoang Thi Hwong Hué

Ddc trung va hogt tinh xuc tdc cho...
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