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SUMMARY

EFFECT OF PREPARATION CONDITIONS OF CaO-CuO-CeO; CATALYST
FOR THE OXIDATION OF PHENOL

This study focuses on phenol oxidation activity of CaO-CuO-CeQ; catalysts

synthesized by the impregnation method. The obtained solids were characterized by X-
ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). The phenol
oxidation was tested at low temperature (70-80°C) and at the atmospheric pressure.
The results showed that, the material with the molar ratio of Cu/Ca+Cu+Ce=0.15,
Ca/Ca+ Cu+Ce=0.075, calcined at 600°C for 1h was sufficient for maximum activity

(94.96% conversion of phenol).

1. MO PAU
Céc hop chét hitu co d& bay hoi (VOCs)
nhu phenol, formaldehyt, benzen,

toluen, axeton... Cac chat nay phat sinh
tir nhiéu ngudn khic nhau nhu tir thiét
bi van phong (may in, may tinh, may
photocopy...), cong nghiép dét, thudc
trir sdu, cac chit tiy rua... Tiép xuc
thuong xuyén va kéo dai voi cac VOCs
s& anh huéng nghiém trong dén sirc
khoé con nguoi ngay ca & nong do
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trong d6i thap. Dé lam giam ham luong
ctia cac chat ndy, ngudi ta di str dung
mot sd phuong phap nhu hap phu, oxi
héa nhiét va oxi hoéa cd6 xuc tac.
Phuong phép oxi hoa nhiét hinh thanh
cac san phim phu khong mong mudn
nhu NO, SOx... va doi hoi nhiét d9 tién
hanh phan tng cao. Phuong phap oxi
héa c6 xuc tac cd kha nang xur li céc
hop chit hiru co kha triét dé, nhiét do
tién hanh phan Gmg thap, tiét kiém duoc



nang lugng. Phuong phap oxi hda co
xuc tac thuong st dung cac h¢ xuc tac
trén co s& cac kim loai qui, tuy nhién
gia thanh cua cac chat xac tic nay
twong ddi cao va kém bén khi c6 mat
ctia cac hop chét chira clo.

Nhiéu nghién ctru chi ra rang khi dua
oxit ctia cac kim loai chuyén tiép nhu:
Fe, Cr, Mn, Co, Ni... 1én cac chit mang
khac nhau: SiO,, ALOs, zeolit, than
hoat tinh, CeOs,... thi CeO, duoc cho la
chit mang t6t nhit cho qua trinh tong
hop cac hé xtc tac oxi hoa. Khi CeO;,
duoc pha tap bdi cac oxit kim loai
chuyén tiép va cac kim loai quy, céac 16
trbng oxi trong mang ludi tinh thé cia
CeO; duoc tao thanh s€ lam tang kha
nang oxi hoa cua h¢ xuc tac [1-3]. Co
rat nhiéu cong trinh da chi ra rang oxit
hdén hop CuO-CeO, dugc coi 1a chit
xuc tac cd hi€u qua cho cac phan tng
oxi hda, n6 c6 kha nang xac tac cho mot
s6 phan Gmg oxi hoa ngay & nhiét do
thip [2-5]. Hon nira, hoat tinh xtc tac
cia cua oxit hon hop CuO-CeO; duogc
cai thién dang ké khi pha tap thém cac
oxit kim loai khac nhu Ca, K, Zr....[6,
7].

Vé6i mong muén tim ra nhitng hé xtc
tac trén co sé cua CuO-CeO; co6 hoat
tinh xuc tac cao cho phan ung oxi hda
cac hop chit hitu co, trong bai bao nay
chung t6i nghién ciru anh huodng cua
mot sd didu kién tong hop oxit hdn hop

Ca0-CuO-CeO; bang phuong phap tim

74

dén kha ning xtc tac ctua né cho phan
ung oxi héa phenol.

2.THUC NGHIEM

2.1. Téng hop vit liéu

e Tong hop oxit hdn hop CaO- CeO,
Oxit hdn hgp Ca0-CeO, dugc diéu ché
bang phuong phap dét chiay gel tur
polyvinyl ancol (PVA), dung dich
Ce(NOs3)s 1M, dung dich Ca(NOs3), 1M
va axit xitric 2M, sao cho phan trim
khdi luwong cia PVA/ [Ca(NO3), +
Ce(NO3)3]=30% va ti 1é mol xitric/Ce’
= 2/1. Dung dich hdén hop dugc 1am bay
hoi nuéc trong diéu kién khudy lién tuc
& nhiét 36 80-90°C. Khi 2/3 lwong nudce
bay hoi, bot khi thoat ra nhiéu tao thanh
khdi x6p. Nang nhiét do lén khoang
160°C dé lam kho gel. Sau khoang 10-
20 phut, gel kho va tao thanh khdi xdp
c6 mau vang nhat va tu chay. Nung san
phim & nhiét d6 500°C trong 1 gid' véi
tbc do nang nhiét 10°C/phuat thu duoc
chit mang 1a oxit hdn hop oxit CaO-
CeO; dang bdt min mau vang.

e Tong hop oxit hdn hop CaO-CuO-
CeO,

Oxit hdon hgp CaO-CuO-CeO, duogc
tong hop bang phuong phap tim: ngdm
oxit hon hop CaO-CeO, trong dung
dich Cu(NO3), 1 M theo ti 1€ mol
Cu/(Cat+Cu+Ce)= 0,1; 0,15; 0,2; 0,25;
0,3 va ti ¢ mol Ca/(CatCu+Ce)
=0,025; 0,05; 0,075; 0,1; 0,15. Hon hop
duogc tim 10 gid, sau d6 1am kho & 80°C
qua dém va nung ¢ cac nhiét d§ khac
nhau 350 °C; 400 °C; 500°C; 600 °C va



700 °C trong 1 gio, thu duoc san phadm
1a oxit hon hop CaO-CuO-CeO, & dang
bot min mau xam.

2.2. Phwong phap nghién ciru.

- Gian d6 nhiéu xa tia X dugc do trén
may D8 ADVANCE (Bruker, Buc) voi
btrc xa CuKa (budc song 0,15406 nm),
dién thé 40 kV, 40mA, goc do 25 + 70°,
budc quét 0,03°/0,2 gidy.

- Gian d6 phan tich nhiét duoc ghi trén
may Labsys TG/DSC - Setaram (Phap)
trong khong khi voi téc do nang nhiét
10°C/phut.

- Anh hién vi dién tir quét (SEM) duogc
ghi trén may May HITACHI S-4800
Scanning Microscope (Nhat Ban).

2.3. Khao sat kha nang xir ly phenol
biang H,0, duéi tic dung ciia xic tac
Ca0-CuO-CeO,

Lay 150 ml phenol ndng d6 536
mg/l cho vao binh noén dung tich 250
ml, thém tiép vao binh phan tmg 2ml
H,O0, 30% va 0,025 g xuc tac CaO-
CuO-CeO,. Hon hop phan ung dugc gia
nhiét & 70-80°C trong khoang thoi gian
45 phat voi téc do khudy 300 vong/
phut. Sau do, loc hdn hop dé loai bo xtic
tac. Nudc loc thu dugc dem xac dinh
COD.

Ham lugong 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 (Prc)

tai budc song 605 nm [8]. Hiéu sudt xur

75

1y phenol dugc tinh theo cong thurc:

[T [ phenol], —[ phenol], 100%
[ phenol],

& d6: [phenol] va [phenol], 1a ndng do
phenol (mg/l) cia dung dich phenol
trudc va sau khi xir 1y bang H,0, voi
xtic tac 1a oxit hén hop CaO-CuO-
CeOs.

3. KET QUA VA THAO LUAN

3.1. Anh huwéng caa ty 1& mol
Cu/(Ca+Cu+Ce) dén thanh phan pha
va hiéu suit xir li phenol

Trong oxit hdn hop CaO-CuO-CeO,,
CeO, vira dong vai tro chit mang vira 1a
chat Iuu giir va giai phong oxi cho phan
ung oxi hoa, CuO 1a cht oxi hoa chinh,
con CaO 1a chét pha tap lam ting mirc
do khuyét tat mang ludi tinh thé cua
CeO,. Vi vay ham luong ctia CuO trong
oxit hdn hop c6 anh huong rat 16n dén
hoat tinh ctua xuc tac CaO-CuO-CeO,.
Do d6, chung t61 da nghién ctu anh
huong cua ty 1€ mol Cu/(Ca+Cu+Ce)
dén kha ning xu li phenol.

Trong thi nghiém nay, chiing t6i ¢b dinh
cac yéu td: ty 16 mol Ca/(Ca+Cu+Ce) =
0,05; thoi gian tam 1a 10 gid, sdy qua
dém & nhiét do 80°C, nhiét do nung la
500°C trong thoi gian 1a 1 gio va thay
dbi ti 1& mol Cu/(Ca+Cu+Ce) = 0,1;
0,15; 0,2; 0,25 va 0,3. San phém duoc
chup X- ray va thit kha nang xu li
phenol. Cac két qua duoc chi ra trén

hinh 1 va bang 1.
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Hinh 1. Gian d6 XRD ciia sdn pham khi Hinh 2. Gian d6 XRD cua san pham khi
ti 1é mol Cu thay déi ti 1¢ mol Ca thay doi
Bang 1: Anh huéng ciia ty 1é mol Cu/(Ca+Cu+Ce) dén thanh thanh phan pha
va hiéu sudt
Ty 1é mol Thanh phan | [phenol]. [phenol]; | Hiéu suat
Cu/(Ca+Cu+Ce) pha (mg/1) (mg/1) (%)
CeO; lap
0,1 536 118,34 77,92
phuong
CeO; lap
0,15 536 87,34 83,70
phuong
CeO; lap
0,2 phuong 536 166,48 68,94
CuO don ta
CeO; lap
0,25 phuong 536 279,30 47,89
CuO don ta
CeO; lap
0,3 phuong 536 316,07 41,03
CuO don ta

Tir hinh 1 va bang 1 cho thay: ti 16 mol
Cu/(Cu+Ca+Ce) thay d6i tir 0,1 dén 0,3
c¢6 anh hudng nhiéu dén thanh phan pha
va hiéu suat xtr li phenol ciia san pham
thu dugc. Khi ti 1€ Cu/(Cut+Ca+Ce) =
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xu li phenol

0,1; 0,15, san phém chi ¢c6 mot pha la
CeO, voi ciu tric 1ap phurong tAm mit.
Nhung khi tang ti 1¢ nay Ién 0,2; 0,25;
0,3, san phém lai ¢c6 thém pha tinh thé
CuO v6i cdu trac don ta. Theo chung




t61 khi ti 1€ mol Cu/(Cu+Ca+Ce) nho,
CuO c6 thé ton tai & trang thai vé dinh
hinh va phan tan déu trén bé mit cia
CeO, hodc Cu?" di vao céu tric tinh thé
cia CeO, dé tao thanh dung dich ran
dang Cej.xyCu,CayOs.4, diéu nay cling
pht hop v6i két qua ctia mot sb cong
trinh [6, 7]. Khi ty I& Cu/(CutCa+Ce)
16n hon 0,15 ¢6 su két tu cua cac hat
CuO nh¢ thanh nhirng tap hop CuO 16n
hon nén d hinh thanh pha tinh thé CuO
va chinh diéu nay lam giam su phén tan
ctia cac tiéu phan CuO trén chit mang
CeO; va lam giam hoat tinh xuc tac cua
san pham [9,10]. Két qua tir gian do
XRD ciing phu hop véi két qua xir 1i
phenol: khi ty 1€ Cu/(Cu+Ca+Ce) tang
tr 0,1 dén 0,15 thi hi¢u suat xa li
phenol tang tir 77, 92% dén 83,70%,
nhung khi ty 1¢ nay 16n hon 0,15 hi¢u
sudt xtr 1i phenol giam (tr 83,70%
xudng 41,03%). Do vay chiing toi chon
ti 1€ mol Cu/(Cu+Ca+Ce) =0,15 cho cac
nghién ctru tiép theo.

3.2. Anh huwéng caa ty 1& mol
Ca/(Ca+Cu+Ce) dén thanh phén pha
va hiéu suit xir li phenol

Trong thi nghiém nay, ching t6i cb dinh
cac yéu t6: ty 1é mol Cu/(Ca+Cu+Ce) =
0,15; thoi gian tam 1a 10 gio, siy qua
dém & nhiét do 80°C, nhiét do nung la
500°C trong thoi gian 1a 1 gio va thay
dbi ti 16 mol Ca/(Cat+Cu+Ce) =0,025;
0,05; 0,075; 0,1 va 0,15. San pham
duoc chup X- ray va thu kha nang xur li
phenol. Cac két qua duoc chi ra trén
hinh 2 va bang 2.

Hinh 3. Gian do phan tich nhiét cua
tién chat

Bdng 2: Anh huéng ciia ty 1é mol Ca/(Ca+Cu+Ce) dén thanh phan pha

va hiéu suat xw li phenol

Ty 1€ mol . N [phenol], [phenol] Hiéu
Thanh phan pha P
Ca/(Ca+CutCe) (mg/l) (mg/l) suat (%)
0,025 CeO; lap phuong 536 104,91 80,56
0,05 CeO; lap phuong 536 87,37 83,70
CeO; lap ph 536 60,03 88,80
0.075 ¢Vy lap phuong ) )
CuO don ta
0.1 CeO; lap phuong 536 143,80 73,17
’ CuO don ta
0.15 CeO; lap phuong 536 229,89 57,11
’ CuO don ta
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Ttr hinh 2 va bang 2 ta thdy: khi ti 1&
mol Ca/(Cu+Ca+Ce) = 0,025; 0,05 chi
xuét hién mot pha tinh thé CeO,, nhung
khi ti 1& ndy 16n hon 0,05 di xuit hién
thém pha tinh thé CuO. Céc tac gia cta
tai liéu [7] chi ra rang khi thém Ca®"
vao CeO, thi Ca’" s& thay thé Ce*’
trong cAu truc tinh thé caa CeO, tao ra
16 trong oxi va 1am cho hoat tinh xtc
tac clia san pham ting 1én. Do do, khi ty
16 Ca/(Cu+Ca+Ce) tang tir 0,025 dén
0,075 hiéu suit xtr 1y phenol ting tir
80,56% dén 88,80%. Vi ban kinh ion
cia Ca’” (7, .. =0,100nm) gan v6i ban
hon ion Cu®*"
T =0,072nm)

’ . ” +
kinh ion cta Ce*
(7, =0,097nm  va

nén ion Ca**duoc wu tién thay thé ion
Ce*" hon ion Cu®". Vi vay, khi ty 1& mol
Ca/(Cu+Ca+Ce) 16n hon 0,05, co thé
kha ning thay thé cua Ca’" dd gan bio
hoa, nén khi ty 18 nay ting dén 0,075 thi
c6 mot lwong nho nita Ca’" thay thé
Ce*" ddng thoi ddy Cu’' ra khoi dung
dich rén CexyCuxCay0,.¢ va tao thanh
pha tinh thé CuO nén trén gian 46 XRD
clia san pham xuét hién thém pha tinh
thé CuO. Trong truong hop nay cé thé
viéc tao thanh 16 tréng oxi van c6 loi
hon viéc tao thanh pha tinh thé CuO

nén hiéu suat xtr li phenol van ting 1én.
Nhung khi ty 1€ nay lon hon 0,075 thi
khong tao thém 16 trong oxi ma chi tao
thém tinh thé CuO nén hi¢u suit x li
phenol giam xudng.

Vi vay, ching t6i chon ti I¢ mol
Ca/Cu+Ca+Ce = 0,075 cho cac nghién
ctru tiép theo.

3.3. Anh huéng ciia nhiét do nung
dén kich thwéc hat va hiéu suat xir li
phenol

Trong thi nghiém nay, chang t6i cb dinh
cac yéu t6: ty 1é mol Cu/(Ca+Cu+Ce) =
0,15; Ca/(Cat+Cut+Ce) = 0,075; thoi
gian tam 1a 10 gid, siy qua dém & nhiét
do 80°C, thoi gian nung la 1 gid va thay
dbi nhiét d6 nung.

DPé c6 co s& nung mau, chung toi da
chup phan tich nhiét cua tién chit sau
qua trinh 1am khé qua dém & 80°C.
Gian d6 phan tich nhiét cia miu duogc
chi ra ¢ hinh 3.

Tir hinh 3 cho thay: trén dudng DSC ¢
2 hi¢u ung thu nhiét ¢ nhiét do
237,38°C va 342,62°C tuong tng vGi 2
qua trinh mat khdi luong trén dudng
TG. Céc hi¢u tng nay duoc gan cho su
phan hay ctua mudi ddng nitrat. Do do,
chung t6i chon nhiét do nung mau tir
350°C dén 700°C.

Bang 3: Anh huéng ciia nhiét do nung dén hiéu sudt xir Ii phenol

Nhl@t ?Cg)nung [phenol]., amg/1) [phenol], mg/l) Hiéu suit(%)
350 536 109,40 79,59
400 536 67,21 87,46
500 536 60,03 88,80
600 536 27,01 94,96
700 536 102,16 80,94
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Ta thdy, khi nhiét d6 nung ting tir 350°C d6 nay van con nhitng phan mudi déng
dén 600°C, hiéu suat xir li phenol ting tir nitrat chwa bi phan huy. Hinh 4b (nung
79,59% dén 94,94%, khi nhiét do nung tiép & 600°C) cac hat co hinh thai hoc 1
tuc tang tir 600°C — 700°C thi hiéu suét xu 1i rang va kich thudc hat twong d6i dong
phenol lai giam tir 94,96% xubng 80,94%. déu (khoang 30 dén 50nm). Khi nhiét
Anh hudng cta nhiét d6 nung dén kich d6 nung ting dén 700°C (hinh 4c), su
thudc hat va hinh thai hoc cta cac hat két tu cua cac hat 16n, bé mat phan chia
san pham duoc chi ra ¢ hinh 4. Hinh 4a gitra cac hat khong 16 rang.

cho thy: khi nung ¢ 350°C céc hat co

kich thudc khong déu va cac hat ¢6 hinh

thai hoc khong rd rang. Co6 thé & nhiét

gal "8

Hinh 4: Anh SEM ciia san pham nung 6: (4a) 350°C ; (4b) 600°C va (4c) 700°C
Ttr cac két qua xir 1i phenol va anh SEM Cong trinh nay dwoc hoan thanh voi
thdy rang nhiét d6 nung tdi uu 1a 600°C. sw hé tro kinh phi ciia dé tai 0G.14.20.
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