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ABSTRACT

Mixed oxides of La, Sr, Co and Ag were prepared by sol-gel method using acid citrat as
solvent. Two kinds of obtained mixed oxides A = La,;_ Sr.CoO;+La,0;+SrO+Co0;0,+ SrCoOx and
B = A+Ag were characterizied by X-Ray Diffraction analysis (XRD), Field Emision Scanning
Electron Microscope (FESEM), Energy Dispersive X-ray Spectroscopy (EDS). Their catalytic
activity was studied by Temperature Programmed Surface Reaction (TPSR). The results shown
that the mixed oxide A exhibits a weak DeNOx activity, but in the addition of a little of metal
silver (Ag), the NOx conversion increases remakably from 29.4% (in absence Ag) to 82.4% at

220°C.

I- MG PAU

Trong nhitng cong trinh trudc [1, 2] ching
toi da trinh bay nhiing nghién citu vé hé xiic tdc
La, Sr,Co0O,. K& qua cho thdy, hé¢ perovskit
don pha chi thé hién hoat tinh t6t cho phan tng
oxi hod [1], trong khi d6 hé hén hop perovskite
v6i cac oxit Co;0,, La,0;, SrO c6 kha nang xic
tdc cho phan tng DeNOx (chuyén héa NO va
NO,) [2]. Mot s0 tai liéu da cong bo gan day [3
- 5] cho réng khi pha tap thém mot lugng nho
ion bac Ag vao thanh phén perovskit s& cai thién
dugc hoat tinh xtdc tdc cua vat liéu khong nhiing
do6i v6i phan tng oxi héa ma con t6t hon cho
phan tng DeNOx. Hon nita, gidng nhu cic nano
vang thi cdc nano bac trén chat mang cling c6
hoat tinh xuc tdc cao doi v6i phan tng khir chon
loc NOx trong moi truong cé hoi nudce [3].

Bai bdo nay s€ nghién ctu anh hudng cta
ion bac t6i hoat tinh xic tdc cta hé hén hop
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perovskit
La,0,, SrO.

La, Sr,CoO; va SrCoO,, Co;0,

Il - THUC NGHIEM

1. Hoa chat

Cic hod chiat dung trong thi nghiém la
La,0;, SrCO;, Co(NOs),, AgNO;, axit xitric,
NH,OH, CH,COOH déu c¢6 do sach phan tich.
2. Cong nghé ché tao vat liéu

Hai hé xiic tdc A va B dugc ch€ tao bang
phuong phap Sol-Gel xitrat. Trong dé:

A =La, Sr,CoO;+La,0;+SrO+Co;0,

B=A+Ag/Ag,0

Qui trinh dugc thuyc hién nhu sau: céc ion
kim loai dugc dua vé dang dung dich bing cich
hoa tan cdc chat ban diu trong mot lugng toi
thiéu axit HNO,. Tru6c hét, cic hgp phan dugc



dua vao thé tich phan ting theo ding ty 1¢ mol
trong cong thic La,,Sr,,CoO;, mot lugng xac
dinh axit citric dugc thém vao dung dich theo ty
1¢ mol [Citric] : X[M*] = 1,5 - 2, dung dung
dich NH,OH va CH,COOH dé diéu chinh pH
khi can thiét sao cho luon giit duoc pH trong
khoéang 5,5 - 6,5, khudy déu bing may khudy tir
va 6n dinh nhiét do trong khoang 60 - 80°C. Sau
4 -5 gid thé tich Sol chuyén thanh gel mau tim
sam. Gel dugc sdy kho trong khong khi & nhiét
do 100°C/24h, sau d6 nung 800°C/4h 16i dé
ngudi tu nhién vé nhiét do phong. San phim A
thu duoc c6 mau den va do min cao diung dé
nghién ctu.

San phdm B dugc ché tao tuong tu theo qui
trinh ch€ tao A, chi khédc 1a trong dung dich
phan tng dugc thém 2% AgNO, so vé6i khi ché
tao A.

3. Phuong phap nghién citu va thiét bi

- Pho nhiéu xa tia X (XRD) dugc do trén
phé k& nhiéu xa tia X Siemen D-5000 ctia Vién
Khoa hoc Vit liéu, Viéen KH&CN Viét Nam.

- Anh hién vi dién t&r quét (SEM) nhan dugc
bang thiét bi hién vi dién tlr quét phat xa trudng
S$4800 cua hang Hitachi (Nhat Ban), do phdng
dai 800.000 14an, Vién Khoa hoc Vat liéu, Vién
Khoa hoc va Cong nghé Viét Nam.

- Phan tich thanh phan diém trong mau xiic
tdc bang pho EDS.

- Hoat tinh xtc tdc duoc do bing hé chuyén
dung SIEMEN tai Thanh phé H6 Chi Minh theo
chuong trinh nhiét do0 TPSR (Temperature
Programmed Surface Reaction).

II - KET QUA VA THAO LUAN

1. Nghién citu vat liéu bang phuong phap
nhiéu xa tia X (XRD)

Hinh 1 1a gian d6 nhiéu xa tia X cla san
phim A (a) va B (b). Ta thay ring, khi mau
nung & nhiét do chua di cao khoang 800°C thi
mau chua 6 dang don pha perovskit; cho thdy,
ngoai thanh phan chu yéu 1a La, Sr,CoO, thi
mau con chita oxit trung gian SrCoQ;, oxit SrO.
Bén canh dé con ton tai mot s6 vach phé kh4
nhoé tuong tng v6i ham lugng rat nhd Co,0, va

La,0; (c6 thé quan sat dé dang hon hai oxit nay
khi nghién citu phé EDS & phan sau).

D6i v6i miu B, trén phé XRD xuét hién cdc
pic tuong uUng v6i cdc oxit La, ,Sr,CoOs;,
SrCoQ,, SrO, Ag va mot s6 pic nho tuong tng
v6i Co,0, va La,0;. Ciling can nhan dinh ring
trong mau B, su ¢6 mit ctia cdc oxit hgp phan 1a
kha 16 rang va ion bac thé hién nhu mot hop
phan dugc pha tron vao thé tich hén hop bot céc
oxit. Ching ta cling s& dugc kiém chiing bang
phd EDS & phan nghién citu ti€p theo.

2. Nghién citu tinh chat hat cta vat liéu bang
phuong phap hién vi dién tir quét (SEM)
va nhiéu xa dién tu (EDS)

Kich thuGc hat va ddnh gid so bo thanh phan
xtic tdc dugc thuc hién bang thiét bi hién vi dién
tir quét SEM va phd nhiéu xa dién tir EDS. Anh
SEM cho thdy, kich thu6c hat nhan dugc nidm
trong khoang 40 - 80 nm d6i v6i ca mau A (hinh
2a) va B (hinh 2b).

Khi nghién citu phé EDS, ching ta thdy
rang, trong mau A t6n tai khong nhitng pha oxit
phic hop La, Sr,CoO; ma cdon ¢6 hén hgp cdc
oxit SrCoO,, SrO, La,0;, Co;0, (hinh 3a, b, c va
d). Nhu vay bang k¥ thuat hién vi dién t phan
gidi cao ching ta c6 thé xac dinh dugc thanh
phan clia miu & mic tinh t€ hon so véi két qua
cia phuong phdp phan tich nhiéu xa tia X
(XRD).

Trong miu B, ion bac phan tdn trong hén
hop xiic tdic khong déng déu trén céic oxit
La, Sr,Co0O;, SrCoOx, SrO, La,0,;, Co;0,: cb
diém tap trung c& 2,82% Ag, diém khac chi
chita 0,84% Ag (bang 1: céc s6 liéu cua xtc tac
A va B tuong ting vé6i phé EDS trén hinh 4a va
4b). Két qua EDS nhan dugc tring hop véi két
qua XRD (hinh 1b) rdng ion bac dua vao xic
tac, khi nung lén 800°C da chuyén vé dang kim
loai Ag. Diéu nay ciing phit hop véi két qua cha
mot s tdc gia [4] 1a khi nung mau & nhiét do
trén 700°C thi oxit bac Ag,O bi phan huy thanh
Ag kim loai.

Nhu vay, v6i do phan giai ciia hé FESEM la
2 nm & ché do thé 1 KV, phé EDS cho thay bac
ton tai trong mau & dang kim loai Ag va hoa
tron véi hon hop oxit trén qui mo phan tir. Su ¢
midt cta da thanh phan trong ciu tric
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vi tinh thé clia xic tdc nano cho phép nhan dugc tinh chat xudc tac dac biét (duge nghién cttu & phan

sau).
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IMS x50.0k SE(M) 6/6/2008

Hinh 2: Anh SEM méu xdc téc A (a) va B (b)
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Hinh 4: Phé EDS tai nhitng diém khac nhau ctia mau B
Bdng I: S6 liéu phan tich diém trén mau B bang EDS
Xic tic A Xic tic B
Nguyén (6 Ham lugng, Ham lu?ng Ham luong, Ham lucgng
% nguyén tu, % % nguyén tu, %

Ok 38,42 75,09 22,70 60,59
Cog 25,54 13,55 23,94 17,35

Sr, 23,32 8,32 31,03 15,12
Ag 2,82 0,82 0,84 0,33
La, 9,91 2,22 21,49 6,61
Téng 100,00 100,00 100,00 100,00

(Cédc chi dén K, L tuong dng vdi cdc vach phd EDS clia mdi nguyén t).
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3. Nghién ciu hoat tinh xiic tac caa hé
A = (LaSrCoO;+SrCoOx +
Co;0,+La,0;+SrO) vahé B = A + Ag

Hinh 5 12 gian d6 chuong trinh nhiét do
phén tng xic tdic bé mat (TPSR) cha hai loai
xtc tdc A (hinh 5a) va B (hinh 5b). Ta thay ring
qua trinh phan ung xdc tidc oxi hod C;H, va
chuyén héa NOx trén hai loai xdc tdc A va B 1a
thuc su khdc nhau. Ching ta c6 thé dan gidi su
khéc nhau d6 béng cach trich din s6 liéu tir hinh
5 vao bang 2 va 3. Thong qua d6 s€ thiy dugc 1o
hon su cai thién hoat tinh xtc tdc cta hé xtc tic

Nhiét d6 (°C)

-—Tr-r-r-rrrrerre T T T T
0 ] Er) 2 . (1] (1] ”n " " us

Thai gian (phut)

Nong dé (ppm)

khi cho thém mot lugng nho kim loai bac vao
mau.

Trén xuc tdc A, propylen bét ddu bi oxi hod
& 200°C va oxi hod hoan toan & 500°C, trong khi
do, trén xidc tic B, qud trinh tuong tu xay ra
trong khoang 200 - 400°C. Chinh vi vay ma thoi
diém bat ddu va két thic qua trinh oxi hod C;Hj
trén xic tdic B déu s6m hon trén A (bang 2).
Nhu vay su ¢6 mat cua Ag trong xtc tic khong
lam thay d6i nhiét do bat diu phan tng nhung
da ha nhiét do oxy héa hoan toan C;H, xudng c&
100 do va thoi gian xay ra phan Gng sém hon,
phan dng oxi héa hoan toan dién ra nhanh hon.
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Hinh 5: Gian d6 TPSR trén xic tic A (a) va trén xiic tdc B (b)

Bdng 2: Nhiét do va thoi diém oxy héa C;H, trén xic tic A va B

Nhiét do oxi h6éa hoan

Loai xtc tac <
: toan C;H,, °C

Thoi diém bat dau
oxy héa C;Hg, phut

Thoi diém oxy héa
hoan toan C;Hj, phut

Xuc tdc A 200 - 500

57 84

Xic tic B 200 - 400

40 62

Tiép theo, ching ta xét dén phan ing
chuyén héa NOx. Ro rang 1a, trén xic tic B,
ngay & giai doan hap phu (xem hinh 5b), cic
chéat khi cling dugc hap phu manh vao chit xic
tac khién nhitng dinh hap phu NOx (va ca C;Hy)
rong va sau hon doi véi xuc tac A. Trong qua
trinh tang nhiét do 1én t6i 600°C, c6 3 giai doan
xay ra phan ung phan huy NOx (s6 liéu trich
dan & bang 3): tai nhiét do 120°C, 220°C va
350°C (doi v6i A) hodc 330°C (d6i véi B). Céac
giai doan nay xay ra & thoi diém tuong ting khac
nhau va déu sém hon déi véi xtc tdc B so véi
xdc tac A. Thanh tyu dang quan tam d6 1a hé s6
chuyén héa NOx trén xdc tdc B & cdc giai doan
nay déu cao hon so véi xiic tdc A. Dac biét, &
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hai nhiét do khd thap 120°C va 220°C do chuyén
héa NOx lan lugt tang tir 23,5% va 29,4% lén
t6i 76,5% va 82,4%.

Dua vao gian d6 TPSR ta thdy rang tai
120°C su tiéu thu NO khong kém theo su sinh ra
NO, va khong tiéu t6n C;H,. O giai doan nay c6
thé xay ra qud trinh phan huy truc tiép NO trén
tam xdc tic La,0, va Sr/La,O; theo phan ung
sau [4, 7]:

2NO +2MO,, — N, + 2MOx

2NO

Khi cé thém bac trong xuc tic, nhiing hat
bac nho duge phan tdn 1én cdc oxit kim loai nén

—->N,+0O,



da doéng vai tro hd trg trong xic téc. Va cé thé
dé 1a yéu t6 lam tang qua trinh hoat tinh xtc tac
cho phan ting chuyén héa NOx nho c6 thém
phan ung sau [5]:

2Ag + MOx — Ag,0 +MO,,

Va nhu vay, trén bé mat xic tac luon tai tao
MO, , (déng vai trd chat khir) dé t€p tuc phan
ting:

MO, , + NO — N, + MOx

Bdng 3: C4c thong s6 vé phan ting chuyén héa NOx trén xdc tic A va B

Loai xtc tac Xic tac A Xic taic B

Thoi diém xay ra phan ting xdc tac (phtt) 45 63 74 25 40 52

Nhiét do xay ra phan ting xic tac (t°C) 120 220 350 | 120 | 220 330

Do chuyén héa NOx (%) 23,5 29,4 41 76,5 | 82,4 50
NO +0, NO, + HC HC,0, + 2NO N, + H,0 +CO,

Phan tng toan phan
ONO + Chit khir (HC) + O, = N, + CO, + H,0

Hai giai doan ti€p theo la & 220°C va
350°C/330°C, qué trinh giam néng do NO ciing
khong kem theo sy hinh thanh NO, nhung c6 su
tieu ton C;H, v6i su giai phéng ra CO, theo ty 1&
c¢d 1CHy, — 3CO,. Nhu th€ c6 nghia la phan
ung DeNOx di xay ra & nhiing nhiét do nay
nhung v6i co ch€ khic so véi giai doan 1. Co
ch€ phan ung DeNOx cua giai doan 2 va 3 ¢6
thé phui hgp véi so d6 co ché ma gido su Djega
Mariadassou da dé nghi [6].

Khi c6 thém bac trong xtc tac thi phan tng
DeNOx & nhiing giai doan nay ciing tang rd rét.
Diéu nay ciing phit hop véi [3], tic gid khing
dinh ring xdc tac bac trén chit mang alumina c6
khd nang chuyén hod cao NOx trong méi trudng
¢6 cic hgp chat hitu co chta oxi nhu etanol,
axeton[] déng vai trd clia chat khir (reductant).
Dai véi hé dang nghién ciiu, theo so do trén thi
giai doan 2 tao ra HCxOy 1a san phdm trung gian
nhu mot chét khir. Vi vay, phan tng chuyén hoé
NO dugc thic ddy tao ra san pham Ia nito N,.

V& vai trd xdc téc da chiic nang clia hén hgp
perovskite  Lal-xSrxCoO; va  (SrCoOx

+Co0;0,+La,05+SrO) da duogc trinh bay trong [1,
2, 8]. Trong cong trinh nay chui yéu xem xét dén
vai trd clia Ag trong hén hop xiic tic trén nhu
mot tdc nhan kich hoat cho tinh chat oxy hod va
DeNOx.

Nhu vay, khi thém moét lugng nho ion bac
vao hon hop xdc tic da 1am tang mot cdch dang
ké hoat tinh xic tdc clia hé, dic biét 1a d6i vé6i
phéan ting DeNOx. Véi lugng Ag thém vao mau
cd 1,5 - 2,0% ciing ndm trong khoang ham
lugng Ag ma tdc gia [4, 5] thém vao xdc tdc va
nhan duoc su gia tang hoat tinh xic tac 16n nhat.
Tuy nhién, két qua clia ching t6i méi nhan duge
thuc su méi mé va dang dugc quan tam d6 la da
ché tao dugc vat liu ¢6 kha nang xdc tac tot cho
phan tng DeNOx & nhiét do kha thap (220°C)
v6i do chuyén héa kha cao (82,4%).

IV - KET LUAN
Da ché€ tao duoc hén hop xidc tic A =
La, ,Sr,CoO; +SrCoOx + Co;0, + La,O; +SrO
va B = A +Ag bing phuong phdp Sol-Gel xitrat.
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Di khéo sét hoat tinh xdc tac cua hé hon hop
khi khong thém Ag va khi c6 Ag. K&t qua cho
thay, khi thém mot lugng rat nhd Ag (cd 2%)
vao hén hop xdc tdc, hoat tinh clia hé duoc céi
thién mot cich ding ké, dac biét 1a phan tng
chuyén hod NOx (do chuyén héa NOx dat
82,4% & nhiét do 220°C so v6 29,4% khi chua
c6 Ag).

Hoén hop xiic tdc khong qud dat tién ma cé
hoat tinh cao & nhiét do kha thap va bén trong
moi trudng cé hoi nuGe nén hida hen kha nang
tng dung t6t cho cong nghé xir 1y khi thai.

Cong trinh dugc hé tro kinh phi tir chuong
trinh nghién citu co bdn va dé tai doc ldp cdp
nha nudc, linh vuc nghién citu co ban - dinh
hudng ttng dung, 2009 - 201 1.
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