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SUMMARY

INFLUENCE OF CaO AND CuO DOPPING ON THE CHARACTERISTICS
AND THE CATALYTIC ACTIVITY OF CaO-CuO-CeO; MIXED OXIDE
PREPARED BY SOL-GEL METHOD

CuO, CeO; oxide and CaO-CuO-CeO; mixed oxide were prepared by sol-gel method.
The characteristics were examined by means of X-ray diffraction (XRD), H>-
temperature- programmed reduction (H,-TPR) and Raman spectroscopy. H>-TPR
results indicated that there are three CuQO species in the CaO-CuO-CeO; mixed
oxide: the finely dispersed CuO, the bulk CuO and the Cu’" in the CeO, lattice and
the Cu’” is mostly exist in the Ce;..,CuCa,O,.s solid solution. Raman spectroscopy
showed that CaO, CuO doping promoted the formation of oxygen vacancies of the
CaO-Cu0O-CeO; mixed oxide.

The catalytic activity of CuO, CeQ, and mixed oxides for the phenol oxidation at low
temperature (70-75°C) and atmospheric pressure have been investigated. The results

showed that the CaO and CuO doping greatly enhanced catalytic activity.

1. MO PAU thip, ap suit thuong). Qua trinh oxi hoa
Gan day, mot s6 nghién ctu di xur Iy c6 xuc tac thuong st dung cic hé xtc
phenol bing qué trinh oxi hoa c6 sir tac trén co so cac kim loai quy hay céc
dung xtc tic & didu kién mém (nhi¢t o oxit kim loai chuyén tiép. Cac hé xuc
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tac trén co sd cac kim loai quy c6 hoat
tinh cao va 6n dinh trong khoang nhiét
d6 150-250°C nhung gia thanh cua cac
hé xuc tac ndy twong dbi cao va kém
bén khi c6 mit cua cac hop chit chua
clo. Cac hé xuc tac trén co s& cac oxit
kim loai chuyén tiép 1a cac hé xtc tac
day hira hen cho cac phan tng oxi hoa.
Hoat tinh xuc tac cua ching co thé so
sanh vdi cac hé xuc tac trén co s cac
kim loai quy nhung do chon loc cao hon
han do chiing c6 kha ning thay dbi dé
dang s6 oxi hoa nhd cac dién tir phan
16p d chua duoc lap day [1,2].

Nhiéu nghién ctru cho thiy khi dua céac
oxit kim loai chuyén tiép nhu: Fe, Cr,
Cu, Mn, Co... 1én cac chit mang khac
nhau nhu: SiO,, AlLOs, zeolit, than hoat
tinh, CeOs,... thi CeO; la chat mang rat
phtl hop dé tong hop cac hé xuc tac cho
phan ung oxi hoa. Khi CeO, dugc pha
tap bang oxit cac kim loai chuyén tiép
va cac kim loai quy, cac 16 tréng oxi
duoc tao thanh lam tdng kha nang oxi
hoa ctia hé xtic tac. Trong d6, oxit hon
hop CuO-CeO; duoc coi la chat xuc tac
rat hiéu qua cho cac phan tng oxi hoa,
hoat tinh ctia n6 c6 thé so sanh véi cac
chat xuc tac trén co s& cac kim loai qui.
N6 c6 kha ning xtc tiac cho mot sb
phan tng oxi héa & ngay nhiét do thip
va hoat tinh xtc tac cua oxit hon hop
ndy cao hon nhiéu so v6i CuO hoic
CeOs riéng r&. Trong oxit hon hop nay,
cac tiéu phan CuO phan tan déu trén bé
mit CeO5 hodc Cu”" thay thé Ce*" trong
cAu trac tinh thé cua CeO, tao thanh
dung dich rin CuyCeOs.s dong vai tro
1a chat xuc tac chinh, con CeO; vira la
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chit mang vira 1a chit didu tiét oxi
[3,4].

Hon nira, hoat tinh xuc tac cta oxit hon
hop CuO-CeO, duoc cai thién dang ké
khi duogc pha tap thém oxit cac ion kim
loai khac nhu Ca, K, Zr.... Khi pha tap
CeO, bang nhirng kim loai co sb oxi
héa nho hon +4, cac ion kim loai nay sé&
thay thé Ce*" trong ciu trac tinh thé cua
CeO; tao thanh su khuyét tat tinh thé
CeO; va cac 16 trong oxi [5,6].

Oxit hoén hop trén co sé CeO, duogc
tong hop bang rat nhiéu phwong phap
nhu : sol-gel, dong két tua, chay ure ,
tam, vi nhil tuong...Trong d6, phuong
phap sol- gel xitrat duoc nhiéu tac gia
quan tam, phuong phdp nay su dung
axit xitric vira 1 phdi tir tao phirc voi
cac ion kim loai vira la tac nhan diéu
chinh pH cho qua trinh hinh thanh sol-
gel. Tién chédt cua san pham la phic
chét cta cac ion kim loai véi axit xitric.
Phirc chat duogc phan huy ¢ nhiét do
thich hop s& thu dugc oxit hon hop.

2. THUC NGHIEM

2.1. Téng hop vit liéu

a. Tong hop cdc oxit hén hop

Oxit hdn hgp Ca0-CeO,; CuO-CeO, va
Ca0-CuO-CeO, dugc tong hop bang
phuong phap sol-gel xitrat tir dung dich
Ce(NOs)s 1M, dung dich Ca(NOs), 1M,
dung dich Cu(NOs), IM va axit xitric
2M, sao cho ti I¢ mol tuong Ung cua
xitric/(Ca+Ce)=2/1 va
Ca/(Ca+Ce)=0,075 (dbi véi oxit hdn
hop CaO-CeQy); xitric/(Cu+Ce)=2/1 va
Cu/(Cu+Ce)=0,15 (dbi v6i oxit hdn hop
Cu0O-CeO,) va xitric/(Ca+Cu+Ce)=2/1
Ca/(Ca+Cu+Ce)=0,075

va va



Cu/(Ca+Cu+Ce)=0,15(ddi véi oxit hdn
hop CaO-CuO-Ce0,).

Dung dich hdén hop duoc lam bay hoi
nuéce trong diéu kién khudy lién tuc &
nhiét d6 70-75°C. Khi khoang 2/3 lugng
nuoc trong dung dich bay hoi, dung
dich trong subt mau xanh da troi chuyén
thanh gel nhét mau xanh 14 cady dam.
Gel dugc lam kho & 110°C qua dém
chuyén thanh dang vat li¢u xép nhu bot
bién. Sau d6 gel kho duoc nung &
600°C trong 30 phat véi tbc do nang
nhiét 10°/phut.

b. Tong hop oxit CuO va CeO;

Qui trinh tong hop cac oxit CuO va
CeO, riéng 1¢ gidng nhu qui trinh téng
hop cac oxit hon hop véi ty ti 1& mol
tuong ung xitric/Ca=2/1 va
xitric/Cu=2/1.

2.2. Khao sat kha nang xir ly phenol
biang H,0, duwéi tac dung xic tac ciia
oxit va cAc oxit hdn hop tdng hop
dugc

Cho vao binh cau day tron cac dung
dich sau: 150 ml dung dich phenol c6
ndéng d6 536 mg/l (twong tng véi chi sd
COD = 1420 mg Oy/1), 3,5 ml H,O,
30% va 25 mg xtc tac. Hon hop duoc
dun hdi luu ¢ 70-80°C trong khoang
thoi gian 45 phat. Loc hdn hop dé loai
boé xuc tac. Nudc loc thu dugc dem xac
dinh COD.

2.3. Cac phwong phap nghién ctru

- Thanh phin pha dugc xac dinh bang
phuong phap nhiéu xa tia X (XRD) ghi
trén may D8 Advance, Buker( German)
st dung tia CuKa, budc song
2=0,15406 nm, 40kV, 40mA, goc do
25-70°.
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- Céac dang ton tai cua CuO trong oxit
hén hop duoc xac dinh bang phuwong
phap khu theo chuong trinh nhiét do
trong dong khi hidro (H,-TPR) trén may
AutoChem 11 2920 V4.01, mau dugc
nang tir nhiét do phong dén 700°C véi
tbc do nang nhiét 10°/phut trong dong
khi chira 10% Hy/Ar voi toc do dong
50ml/phut.

- Su khuyét tat tinh thé cia CeO, duogc
xac dinh béng phé tan xa Raman, duoc
do trén may Labram HR 800 & nhi¢t do
phong va st dung ki thuat micro Raman
voi budc song laser kich thich Ia
632,8nm.

- Ham lugng phenol trong dung dich
duogc xac dinh bang phuong phéap do chi
s6 COD. Chi s6 COD ciia mdu dugc
xac dinh theo phuong phap tiéu chuin
Cr,0;%/Cr’" trén may do quang
Spectroquant NOVA 30, MERCK
(German) tai budc song 605nm [7].
Hiéu suét xtr 1y phenol (mtrc d6 oxi hoa
hoan toan phenol thanh CO,, H,O)
duoc tinh theo cong thirc:

Hiéu suat (%)

_ [cop), -[CoD]
~ [cop],

& d6 [COD];; va [COD]; 1a chi s6 COD
(mgO,/1) cua dung dich phenol trudc va

+.100%

sau khi xur ly béng H,0, vbi cac xac tac
khéc nhau.

3. KET QUA VA THAO LUAN

3.1. Cac dac trung cua vat liéu

3.1.1. Thanh phan pha ciia oxit hén
hop

Thanh phan pha cta oxit CuO, CeO, va
cac oxit hon hop dugc chi ra trén cac
hinh 1va 2.
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Hinh 2: Gian dé XRD ciia CeO; va cdc
oxit hon hop

Ttr gian d6 nhidu xa tia X caa oxit CuO
(hinh 1) cho thay xuit hién cac pic dic
trung ctia CuO véi ciu trac don ta & goc
20 = 35,7° va 38,8° ¢c6 cuong do twong
ddi manh, ching t6 muc do tao thanh
tinh thé ctia CuO la kha tot.

O hinh 2 (gian d6 nhifu xa tia X cta oxit
CeO, va cac oxit hdon hop trén co so
Ce0,), déu xuat hién céc pic ddc trung &
g6c 20 =28,5°, 33° va 47,5° cua CeO, v6i
cau trac 1ap phuong tim mdt. Trén gian
d6 XRD cua oxit hdn hop CaO-CuO-
CeO, con xuit hién thém cac pic dac
trung cia CuO véi cdu tric don ta & goc
20 = 35,7° va 38,8° nhung c6 cudng do rat
yéu. Chimg t6 ham luwong tinh thé CuO
trong oxit hén hop nay nho. Trén gian do
XRD ctia oxit hén hgp CuO-CeO, khong
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xuét hién cac pic dic trung ctia CuO. Néu
toan bd luong CuO trong oxit hon hop
nay ton tai dudi dang tinh thé thi trén gian
dd XRD s& quan sat thiy cac pic dic
trung cua CuO vi ham luong cua CuO du
16n (chiém khoang 7,6% khdi lugng cia
oxit hdn hop). Trén thuc té, khong co pic
nhiéu xa ciia CuO, ching to trong oxit
hén hop CuO c6 thé ton tai & nhiéu trang
thai khac nhau nhu: CuO v6 dinh hinh,
dung dich rin Ce;xCu 0,5 va CuO tinh
thé [8,9].
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Hinh 3: Gidn do XRD cua oxit hon hop
CaO-CuO-CeO;

Pé xac dinh cac dang ton tai cua CuO
trong oxit hén hgp CaO-CuO-CeO,,
chung t61 da s dung phuong phap khir
theo chuong trinh nhi¢t do trong dong
khi H, (hinh 3). T gian d6 khir theo
chuwong trinh nhiét d6 cho thiy, c6 3 pic
khtr cua CuO & cac nhiét do 168,1°C;
191°C va 202°C, chtrng to cO ba trang
thai ton tai ciia CuO trong oxit hdn hop.
Theo cac tac gia [4], CuO nguyén chat
c6 mot pic khir duy nhdt & nhiét do
310,8°C, cac pic khir & nhiét do thap
hon 200°C dugc gan cho cac dang cua
Cu”" ¢6 twong tac voi chit mang. Do c6
tuong tac nay lam cho kha nang phan
g ctia CuO ting 1én dang ké.



Vi vay tu s6 liéu thuc nghiém, pic khir
& nhiét d6 thip nhat (168,1°C) duoc gan
cho dang khtr cia CuO ¢ trang thai vo
dinh hinh va phan tan trén bé mit cia
chit mang CeO,, day chinh 1a dang
CuO c6 kha ning phan ng cao nhit.
Pic khir c6 dién tich 16n nhat & nhi¢t do
191°C duoge gan cho céac ion Cu®" di vao
trong cAu tric cua CeO,. Theo nhiéu tai
liéu da cong bd cac ion Cu®” da thay thé
mdt phan Ce'" trong cu tric lap
phurong tim mit ciia CeO, dé tao thanh
dung dich ran [3, 4, 8]. Pic khir thir ba ¢
202°C dugc gan cho nhiét do khir cua
cac tap hop CuO ¢ trang thai tinh thé,
day la dang CuO c6 kha nang phan ting
kém nhat.

Nhu vay, tat ca cac dang ciia CuO trong
oxit hén hop CaO-CuO-CeO, déu co
nhiét d6 khir thap hon ctia CuO nguyén
chat, ching to su tuong tac gitta CuO
v6i chat mang CeO, di 1am tang kha
ning phan tng cua CuO, diéu nay ciing
pht hop vé6i két qua cua nhiéu cong
trinh nghién ctru [3,4,8 ].

bé kh'fmg dinh thém sy xam nhadp cua
jon Cu?" vao cAu trac tinh thé ctia CeO,,
chiung t6i da tinh thong sb mang ludi
cua tinh thé CeO, nguyén chat va CeO,
trong oxit hon hop. Vi ban kinh ion cua
Ca’" (0,100nm) rat gdn véi ban kinh ion
cia Ce*" (0,097nm) nén viéc thay thé
ion Ce*" trong céu trac l4p phuong tim
mit caa CeO, biang ion Ca’’ it anh
huong dén thong sé mang ludi cia
CeO,. Nhung ion Cu*" ¢6 ban kinh ion
(0,072nm) nhé hon ban kinh ion cua
Ce*" nén Cu®" thay thé Ce*" trong céu
trac lap phuong tdm mat cua CeO, s&
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lam giam thong sé mang ludi ciia CeO,
[9]. St dung gian d6 XRD cua oxit
CeO, va cua oxit hdon hop CaO-CuO-
CeO, va phan mém POWER CELL
2.4, da tinh duoc thong ) mang ludi
cia tinh thé CeO, nguyén chat Ia
a=b=c= 5,4147(A) con ctia CeO, trong
oxit hdn hop CuO-CeO, 1a a=b=c=
5,4134(A). Tu viéc tinh toan nay cho
thiy, thong s6 mang luéi cua CeO,
trong oxit hon hop nhé hon CeO,
nguyén chit va mot lan nira khang dinh
Cu”" da thay thé Ce*" trong ciu trac 1ap
phurong tim mit ciia CeO, dé tao thanh
dung dich rin CexyCuxCayOr5 va day
cling 14 dang ton tai chinh caa CuO
trong oxit hon hop CaO-CuO-CeO; vi
pic khtr & nhi¢t do nay la pic khua cé
dién tich 16n nhat. Két qua nay phu hop
voi nghién cliru cua cac tac gia [8,9]
cling pha tap Ni va Cu c6 ban kinh ion
nho hon vao ciu tric caa CeQ,. Hon
nita, cac pic khir trén gian dd6 H,-TPR
ctia oxit hon hop rat nhon va cé chan
hep nén co thé cho thiy cac hat san
phim co kich thudc tuong d6i ddong
déu.

Ngoai ra, trén gian d6 H,-TPR cua oxit
hén hop CaO-CuO-CeO, con xuit hién
mot pic khur rat rong tur khoang nhiét do
450 — 800 °C va c6 dinh pic ¢ 608,6 °C,
pic nay duogc gan cho sy khur cua oxi
trén bé mat va trong cAu truc cua CeO,.
Vi trong moi1 truong khur (dac biét 1a o
nhiét do cao), CeO; tao thanh cAu trac
khuyét tat thiéu oxi dang CeO,., (Vi 0
< x <0,5), dong thoi giai phong ra oxi
4Cet'+ O”

theo phuong trinh: -



4Ce™ + 2¢7/ 0+ 0,5 0, > 2Ce* +
2Ce™ +0+0,50,

Nhu vy tir tit ca cac két qua nghién
ctru trén, ching t6i thdy rang CuO trong
oxit hdn hop CaO-CuO-CeO, ton tai
cht yéu dudi dang dung dich ran Ce;.,.
yCu,CayOs5 , mot phﬁn dudi dang CuO
vO dinh hinh phan tan trén bé mit cua
chit mang CeO; va CuO tinh thé.

3.1.2. Cdc dic trung vé khuyét tit tinh
thé ciia Ce0;

Nhu d3 biét, trong oxit hdn hgp CaO-
CuO-Ce0,, Ca®" ¢ thé thay thé Ce*’
trong mang ludi lap phuong cua CeO,
tao thanh 16 trong oxi va CuO ton tai &
ba dang: CuO v6 dinh hinh, Cu®" thay
thé Ce*" trong mang lu6i 1ap phuong
cua CeQO; ttrc 1a tao thanh dung dich ran
CeixyCu,CayOr5 va CuO tinh thé.
Trong d6 hai dang dau caa CuO twong
tac manh véi chét mang CeO, tao thanh
cac 16 trong oxi trén bé mat va trong
cAu tric cua CeO, (tuc 1a dang CeO,
khuyét tat).

Dé x4c dinh 16 tréng oxi trong cu tric
tinh thé CeO, chang t6i da chup phd tan
xa Raman cua cac oxit hdon hop CaO-
CuO-CeO; va so sanh voi CeO, nguyén
chit. Két qua duoc chi ra trén hinh 4 va 5.
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Hinh 4: Phé Raman ciia CeO,
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Trén phé Raman cta cac oxit hdn CaO-
CuO-CeO; va CeO, nguyén chit déu xuat
hién dai hép thu c6 cuong d0 manh &
khoang 450-465 cm”. Dai hip thu nay
tuong tmg v6i su phdi tri ciia cac nguyén
tor oxi quanh cdc nguyén tu xeri. Pay la
pic cia dang lap phuong tam mat cua
CGOQ.

Ngoai ra, trén phd Raman cua cac oxit
hén hop CaO-CuO-CeO, con xuit hién
thém dai hap thu rong nhung c6 cudng
d6 yéu & khoang 500- 650 cm™. Dai nay
dugc qui gan cho sy khuyét tit cua
mang ludi CeO,. Sy ton tai cua pic nay
chung té da c6 su tuong tac cua CaO va
CuO v6i chat mang CeO, dan dén viéc
hinh thanh khuyét tat trong céu tric
mang ludi cia CeO,. Pong thoi, trén
phé Raman cta oxit hén hop CaO-
CuO-CeO, khong quan sat thiy cac dai
hdp thu dic trung cho CuO va CaO la
do CuO, CaO trong oxit hdon hop c6
ham lwong nho va dugc phan tan tét
trong chat mang CeO, [9,10].

Nhu vy, tir phd Raman dd chirng minh
duoc su ¢6 mat cua 1o tréng oxi hay su



khuyét tat tinh thé CeO, khi duoc pha
tap bang CaO va CuO.

3.2. So sanh kha ning xuc tac caa
oxit CuO, CeO; va cac oxit hén hop
cho qua trinh oxi héa phenol

Két qua xir Iy phenol bang H,O, voi
xuc tac khac nhau dugc chira ¢ bang 1.
Tir két qua bang 1 cho thiy, néu khong
ding xuc tac thi hiéu suét xur li phenol
rat thap (chi dat 4,23%). Néu dung oxit

don 1é CuO hoidc CeO; lam xuc tac thi
hiéu sudt xtr li ciing khong cao (dat
16,76% va 14,37%, tuong ung). Khi
dung xtc tac 1a oxit hdn hop CaO-CeO,
thi hiéu suit xtr 1y phenol di ting dén
37,18 %. Néu thay CaO bang CuO thi
hiéu sudt ting dang ké (dat 61,55%).
Khi dung oxit hdn hgp CaO-CuO-CeO,
c6 hiéu suit xir 1y phenol cao nhét
(96,34%).

Bang 1: Két qua xir 1y phenol bang H>O; véi cdc xiic tée khdc nhau

Xuc tac [COD]¢ (mg Oy/1) [COD]s (mg O2/1) Hiéu suat (%)
Khong cé xtic
] 1420 1360 4,23
tac

CuO 1420 1182 16,76
CeO, 1420 1216 14,37
CuO - CeO, 1420 546 61,55
CaO - CeO, 1420 892 37,18
a0-CuO- 1420 52 96,34

C602

Két qua nay di khang dinh vai trd cta
16 trong oxi trong oxit hdn hop dén kha
nang xuc tac cho phan ung oxi hda
phenol va mdt lan nita kh'fmg dinh su
tuwong tac giita cac dang ton tai caia CuO
v6i chat mang CeO, di cai thién dang
ké hoat tinh xuc tac cua oxit hdn hop
Ca0O-CuO-Ce0O; [3,8-10].

4. KET LUAN

Pi téng hop duoc oxit CuO, CeO, va
oxit hdn hgp CaO-CuO-CeO, dung lam
xuc tac cho qua trinh oxi hoa phenol va
da xac dinh dugc ba dang ton tai cua
CuO trong oxit hon hop CaO-CuO-
CeO; 1a CuO vo6 dinh hinh phan tan trén
bé mat cua chit mang CeO,; CuO tinh
thé va dang ton tai chu yéu cia CuO
trong oxit hdn hop 1a dung dich ran Ce;.
«yCu,Cay0,5. Dong thdi da ching
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minh sy pha tap CeO, bang CaO va
CuO d3 1am tiang dang ké hoat tinh xtc
tac cho phan tng oxi hoa hoan toan
phenol bang H,O, cua oxit hén hop
CaO- CuO-CeO,.

Cong trinh nay dwoc hoan thanh voi
sw hé tro kinh phi ciia dé tai 0G.14.20.
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