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Xac dinh nang luong hoat hoa ctuia phan ing
oxy hoa hoan toan m-xylen trén cac xtc tac perovskit
La0,7Sr0,3B03 (B = Ml’l, FC, Nl)
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Tém tit: Céc oxit phirc hop co cAu truc perovskit chira cac nguyén t6 dat hiém va cac kim loai
chuyén tiép ¢ hoat tinh xiic tac cao trong cac phan tng oxi hoa hydrocacbon va khir NO, nén
chung dugc dic biét quan tAm nghién ciru trong linh vuc xtc tac oxi hoa - khir dé xur 1y khi thai.
H¢ xuc tac perovskit Lay;Sr;BO; (B = Mn, Fe, Ni) la mét trong cac hé xtc tac da dugc nhém
nghién ctru cta ching t6i tong hop va nghién ctru hoat tinh xtc tac trong phan Gmg oxi héa hoan
toan m-xylen. Céc két qua nghién ctru di chi ra rang ching c¢6 hoat tinh xtc tac t6t trong phan tng
oxi hoa hoan toan m-xylen & nhiét ¢ phan tmg thap. Trong nghién ciru nay, ching t6i nghién ciru
tiép dé xac dinh ning lugng hoat hoa ctia phan tmg oxi héa hoan toan m-xylen trén cac xuc tac
nay. Két qua cho thdy, ning lugng hoat hoa ciia phan tmg oxi héa hoan toan m-xylen trén cac xiic
tac Lag;Sro3BO; (B = Mn, Fe, Ni) khoang 11,5-13,4 kcal/mol. Sy thay thé Mn bang Fe va Ni
trong xuc tac perovskit Lag ;Sr;MnO; da 1am giam tinh chét xdc tac cua Lag 7S1osMnO; va vi thé

lam tang nang lugng hoat hdéa cua phan ng oxi hda hoan toan m-xylen.

T khoa: Xtc tac, perovskit, oxi hoa, m-xylen.

1. Mé diu

Cac vat liéu perovskit c6 cong thic chung la
ABQO;, trong d6 A 1a cation kim loai dat hiém
hodc kiém thé va B 1a cation kim loai chuyén
tiép [1]. Hon 60 nim qua, cac vat liéu perovskit
da dugc quan tAm nghién ciru rong rii trén thé
giéi. Mbi quan tim nay cang trd nén siu sic
hon khi nguoi ta nhan thiy ring khi thay thé
mot ph?m cac cation dat hiém A va kim loai
chuyén tiép B bang céac cation khac tuong tng
1a A’ va B tao thanh cac dan xuét c6 cong thirc
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la (A X X)(B1 y y)03 lam thay déi manh cac
tinh chat cua vat liéu. Didu nay cung gidi thich
dugc vi sao cac perovskit c6 nhiéu tinh chét ly
hoéa dic biét va dugc g dung rong rai trong
nhiéu linh vuc, dic biét trong linh vuc xic tac
[2-4]. Trong linh vuc xtc tac, cac perovskit
duoc quan tam dac biét cho phan ing oxy hoa
hydrocacbon.Theo nghién cltu cua cac tac gia
[5-7], khi A dugc thay thé bang La va B duogc
thay thé bang Mn trong ciu tric perovskit
ABO; s€ cho hoat tinh oxy hoé cao trong phan
ung oxy hoa cac hydrocacbon. Hon nira, khi
thay thé¢ mot phan La bang Sr vao vi tri A va
thay thé mot phﬁn Mn, Co vao vi tri B s€ cho
hoat tinh xtc tac t6t nhat [8-11].
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Trong nghién ctru trude day [12], ching t61 da
tién hanh tdng hop cdc xuc tac perovskit
Lay7S1y;BO; (B = Mn, Fe, Ni) va khao sat tinh
chat xtc tac ciia chung trong phan tmg oxy héa
hoan toan m-xylen. Két qua nghién ctru cho
thdy, cic xuc tac déu c6 nhimg dic trung xuc
tac tot (bé mat riéng ciing nhu lugng o-oxy hap
phu trén xuc tac déu 16n), vi thé ching c6 hoat
tinh cao trong phan tng oxi héa hoan toan m-
xylen & nhiét do thip. Trong bao céo nay,
chung t6i nghién ciu tiép dé xac dinh ning
luong hoat hoa ctia phan tng oxi hoa hoan toan
m-xylen trén cac xlc tic nay. Cac két qua vé
nghién cuu xac dinh nang luong hoat hoa cia
phan Ung oxi hoa hoan toan m-xylen trén xuc
tac perovskit Lay, 7Sr0 3sBO; (B = Mn, Fe, Ni) cho
dén nay chua thay c6 cong trinh nao cong bd.
Cac tac gia [8, 13, 14] da nghién ctru phan Gng
oxy hoa mdt sé hydrocacbon, CO va H, trén
mdt s6 xuc tac perovskit cho gia tri nang luong
hoat hoa khoang 12 - 27 kcal/mol.

2. Thuc nghiém:
2.1. Cdc théng s6 can xdc dinh
2.1.1. B chuyén héa (a):
(5° —S").100% (1)
SO
S° va S'1a dién tich pic nguyén liéu ban dau va
sau phan ung.

a(%) =

2.1.2. Téc dg phan iing thire nghiém (v)

Tbc d6 phan ung thuc nghiém cia phan tng
duogc tinh theo cong thirc sau:

_D 273.M. 10° (mmol/g.h)  (2)
24T P m

kq
D: luu lugng dong khi (1it/gio: 1/h); T: nhiét do
do luu lugng dong khi (K); Pp. xylen va Py ap
sudp riéng phan cia m-xylen va khi quyén
(mmHg); m: khdi lwong cta chat xiic tac (g); o
d6 chuyén hoa.

2.1.3. Nang luong hoat hoa cua phan tng
(EJ)

Tde d6 phan tng phu thudc vao nhiét d6 theo
phuong trinh Arrhenius:

E
dy_ B = gny=-E ar
dar RT RT
= mv=-22 1 4 3)
R T

Tir (3), v& db thi biéu dién sy phu thudc cua Inv
theo 1/T va xac dinh hé sb goc cua dd thi sé
tinh dugc nang lugng hoat héa cua phan Ung
theo cong thirc: tga=-Ea/R.

2.2. Piéu kién thuc nghiém

Hoat tinh xtc tic (d6 chuyén hoa o) duoc do
trén thiét bi hé phan ung vi dong trong diéu
kién phan Gng: nguyén liéu st dung 1a m-xylen,
luu lwong dong nguyén liéu va dong khi phan
g 1a 4 lit/gio; ap suit tong cong clia dong khi
phan tmg va dong khi mang 1a 760 mmHg; khdi
luong xuc tac 1a 0,1g; 4p suit cia m-xylen
trong dong khi tong 1a 1,654 mmHg (2165 ppm
theo thé tich); nhiét d6 phan tmg: 200 - 300°C.

3. Két qua va théo luan
3.1. Khdo sdt tim mién dong hoc

Mién dong hoc cua phan tng dugc xac dinh
theo quan h¢ giita d6 chuyén hoa o va thoi gian
luu cta khi phan tng qua lop xtc tac F; F =
m/D, v6i m la khéi lugng xuc tac; D 1a luu
luong dong khi téng. Néu khong c6 sy can trd
ctia khuéch tan thi o bién doi tuyén tinh véi F,
hay néi cach khac, trong mién dong hoc o 1a
ham tuyén tinh cua F [15]. Dé thay d6i F, c6 thé
giit nguyén khdi luong xuc tac m va bién d6i D
hodc ngugc lai. Trong thyc nghiém nay, dé xac
dinh mién dong hoc chon m = 0,1 g, D thay dbi
t 1- 4 lit/ gio, dugc thyc hién trén xuc tac
Lay 7Sr3sMnO; cho két qua dugc trinh bay trong
bang 1 va hinh 1.

Béang 1. Gia tri cua F theo D

m (g) D (I/h) F(g.h/l) F(s)
0,1 1 0,1 2,52
0,1 2 0,05 1,26
0,1 3 0,033 0,84
0,1 4 0,025 0,63
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Céc db thi cua ham o = f (F) trén hinh 1 déu c6
dang duong thing trong ving nhiét d6 T <
200°C ¢ moi luu lugng dong tir 1- 4 lit/gio, tirc
1a ¢ T < 200°C phan tng oxi hoa m-xylen déu
xay ra trong mién dong hoc. Tir 250°C - 300°C,
mién dong hoc chi nam trong ving nhiét do nay
khi toc do dong 1a 3 - 4 lit/gio. O 350°C, cac gia
trj cua F ing véi téc d6 dong 1-3 lit/gior déu cho
cac gia tri do chuyén hoa roi vao vung khuéch
tan (cac diém hau nhu nam trén duong thing
thudc ving khuéch tan), chi c6 mot diém & gia
tri F = 0,025 gidy tng voi gia tri D = 4 lit/gio
nam hoi léch trén duong thang nay.

Nhu vay, voi muc dich xdc dinh nang lugng
hoat hoa ciia phan ung trong mién dong hoc,
chon diéu kién thuc nghiém nhu sau: téc do
dong 1a 4 lit/gid trong khoéng nhiét do tur 200 -
300°C (¢ dusi 200°C, dd thi o = f(F) van la
duong thang, tuc 1a Vung nay van roi vao mién
dong hoc nhung vi ¢ mién nay cho gia tri o qua
nho s& méc sai s6 16n nén chung t6i khéng chon

khoang nhiét do nay).
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Hinh 1. Sy phu thudc cua o theo F.

3.2. Xac dinh nang luong hogt hoa

Dé xac dinh ning luong hoat hoa cua phan tng
trong mién dong hoc, trude hét xac dinh do
chuyén hoa m-xylen (o) trén cac xuc tac theo
cong thuc (1) & cac nhiét d6 phan tmg: 200°C,
225°C, 250°C, 275°C, 300°C voi D = 4 lit/gio.
Tir cac gia tri o do duoc, xac dinh téc do phan
ung thuc nghi€m theo (2). Cac gia tri thu duoc

vé a va v cta phan g trén cac xtc tac duge
thé hién trén cac bang 2, 3 va 4. Sau do, xay
dung cac dd thi cta Inv theo 1/T cho cac d6 thi
trén hinh 2.

Bang 2. Gia tri o va v ciia phan ing oxy hoa
m-xylen trén x0c tac Lag;Sry;MnO;

?.fg‘)‘?t dophanimg 50 55 250 275 300
o (%) 10,75 14,50 45,57 64,81 77,83
v( mmol.g™".h™) 0,38 0.53 1,61 2,29 275

Béng 3. Gia tri o va v ciia phan ing oxy hda
m-xylen trén xuc tac Lag ;S 3FeO;

Nhiétdo phantmg 00 555 559 275 300

(°C)
a (%) 8,21 13,30 35,94 59,99 77,65
v(mmol.g'h™") 029 047 127 212 272

Bang 4. Gia tri o va v cua phan ting oxy hoa
m-xylen trén xtc tac Lag;Sry;NiO;

Nhigt do phanimg 55 255 950 275 300

(°C)
o (%) 9,06 16,98 37,07 61,69 77,80
v(mmolg'h™) 038 053 1,61 229 2,74

Tét ca cac do thi déu c6 dang duong thing
v6i hé sb goc tga = - Ey/R, tir d6 tinh dugc gia
tri ndng lugng hoa cua phan Ung trén cac xuc
tac duoc li¢t ké trong bang 5. Gia tri ndng
luong hoat hoa cia phan tng thu dugc khoang
11,5 - 13,4 kcal/mol. Gia tri nay la tuong tu va
thip hon gia tri nang luong hoat hoa cta phan
mg oxi héa mdt s6 hydrocacbon trén mot s6
xuc tac perovskit dugc xdc dinh trong mién
dong hoc (khoang 12,2 - 27,0 kcal/mol) ctia cac
tac gia [8, 13, 14]. Piéu nay chung t6 viéc xac
dinh nang luong hoat héa ctia phan ing oxy hoda
hoan toan m-xylen trén h¢ xuc tac La,;Sry;BO;
(B = Mn, Fe, Ni) dugc thyc hién trong mién
dong hoc.
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Bang 5. Nang lugng hoat hoa cuia phan trng trén cac
xuc tac Lag 7S193BO; (B = Mn, Fe, Ni)

Xfc tac La()’7sr0’3MnO3 La{)’7sr0’3FeO3 La{)jsrojNiO}
Gia tri tga. - 5771,7 -6736,0 -6104,8,9

E,

(keal/mol) 11,478 13,398 12,142

Gia tri nang lugng hoat hoa ctia phan Uing ting
dan theo thu tuy trén cac xdc tac nhu sau:
La0,7Sr0,3MnO3<La0,7Sro,3NiO3<Lao,7Sr0,3FeO3.
Diéu d6 chimg t6 sy thay thé dong hinh cua Fe
va Ni cho Mn da tic dong dén tinh chat xtic tac
cua Lag;Sro3MnO; trong phdn tmg oxi héa m-
xylen. Sy thay thé cta Fe va Ni cho Mn d4 lam
tang nang luong hoat hoa cua phéan tng lén, tuc
1a 1am giam hoat tinh xtc tac. Su thay thé Mn
bang Fe dd lam giam hoat tinh xuc tac va lam
tang nang luong hoat hoa cua phan ung I1én
nhleu hon truong hop khi thay thé Mn bang Ni.
Két qua nay hoan toan phu hop véi cac dic
trung, tinh chat hoa 1y va tinh chat xuc tac cua
chung da dugc ching t6i nghién ctu ¢ [12]:
xuc tac La, 7Sr0 sMnOj; cho hoat tinh xuc tac tot
nhit vi c6 bé mit riéng 16n nhét va c6 luong a-
oxy hap phu hoa hoc 16n nhét.
Nhigt dé (aC)
300 275 260 225 200

15 —
- 1 PN oLaD,?SﬂZI,SMnOS}-
s 05 \ -
2 0 . \
2 QEONA 00017 nnmq\an o1 00073
Z y =577 T +11.2
= R =TT
15
LT (K
Nhigt dd (aC)
- 00 75 250 25 200
=1 &, oLaD,?SrD,SNi03|—
o \
'-_-\O ol
20 : \ :
SROMA__ 0007 00019 W 00121 0003
3 y=-6100 50+ 11,812 \ |
= 4 R=goga
N |
15 |
T (K1)

Mhiét 4§ (o)
5 0 25 250 225 200
= &, . LaEI,?SrDSFeOﬂ
Y \
E D T I\ T
SN R O T N 1 nop3
= . V=-bl gl TS
= R Re= 00242
RV
15
UT (K1)

Hinh 2. Su phu thu¢c cua Inv theo 1/T cta phan ung
trén cac xuc tac Lag ;S103BO; (B = Mn, Fe, Ni).

Két qua nay ciing phu hop véi két qua tinh
Rietveld cua cdc mdu xtc tic: cac hang sb
mang a, b va ¢ ciing nhu thé tich 6 mang cua
cac miu xiic tac giam dan theo chiéu tir: La-
0,7SI'(),3FCO3 > Lao,7SI‘0,3NiO3 > La0,7Sro,3MnO3
phu hop véi ban kinh ion cia ching: rg;s =
0,53A0 < INi3+— 0,6A0 < I'Mn3+ = O,65A0, tlrc lé,
ion Fe'* ¢6 ban kinh nhé nhét nén céu trac La-
07510 3FeO; bi méo it nhét (do c6 gia tri héng $b
dung sai t 16n nhit); ion Mn®" ¢6 ban kinh 1én
nhét nén ciu trac Lay 7Sry, 3MnO3 bi méo nhiéu
nhit (do co gia tri t nhé nhét) va do dé cho cac
thong s6 mang ciing nhu thé tich 6 mang nho
nhét. Nghia 1a theo chiéu tur Lag;Sro;FeO; =
Lag7Sro3NiO; >Lag;Sro3MnO;, st méo cAu
truc xay ra ting dan lam ting luong oxi khuyét
trong xuc tac, do d6 hoat tinh xuc tac ctia cac
mAu ciing ting dan va din dén ning luong hoat
hoa giam dan.
Nhu véy, cac két qua thu dwoc vé gia tri ning
luong hoat hoa trén cac xtc tac perovskit déu
phu hop véi két qua khao sat hoat tinh xtic tac
cua chiung va ludén tuan theo mét qui luat: xac
tac c¢6 hoat tinh t6t nhét s& lam cho phan mg
oxy hoa m-xylen xay ra dé dang nhat, va vi
thé s& can ning luong hoat hoa nho nhat va
nguoc lai.

4. Két luan

Tir két qua nghién ctru & trén, c6 thé rat ra két
luan: Nang lugng hoat hdéa ctia phan ung oxi
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hoéa hoan toan m-xylen trén cac xuc tac
perovskit Lag;Sri3sBO; (B = Mn, Fe, Ni)
khoang 11,5 - 13,4 kcal/mol. Sy thay thé Mn
b;"mg Fe va Ni trong perovskit Lay;Sr;3;MnO;
dd lam giam tinh chit xGc tic cua
Lay7S1o3MnO; va vi thé lam tang nang lugng
hoat hoa ctia phan ung.
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The Determing Activation Energy of Total Oxidation
Reaction of m-xylene over Lag;Sry3BO;
(B = Mn, Fe, Ni) Perovskite Catalysts

Tran Thi Thu Huyen, Tran Thi Luyen, Nguyen Thi Tuyet Mai

Hanoi University of Technology, 1 Dai Co Viet, Hanoi, Vietnam

Abstract: Perovskite-type oxides containing rare earth ions and transition metals are of interest for
catalytic oxidation and reduction reactions associated with automotive exhaust emission control. They
are known to exhibit a good catalytic activity in the total oxidation reaction of carbon monoxide or
hydrocarbon and removal of nitrogen oxides. By partially substitution of A and B ions of the
perovskite with others, a wide variety of mixed oxides AI_XA’XBI_YB’YO3 can be obtained, allowing the
systematic modification of the catalytic propertiecs. We presented the preparation and the catalytic
properties of and Lag ;Sr;3BO; (B = Mn, Fe, Ni) perovskites in total oxidation of m-xylene in previous
report. Obtained results showed that they exhibit a good catalytic activity in total oxidation of m-
xylene at relatively low reaction temperature. In present work, the activation energy of total oxidation
reaction of m-xylene over these catalysts are determined. The results show that the activation energy
of studied catalyst is ranging about from 11.5 to 13.4 kcal/mol. The replacement of Mn by Fe and Ni
in Lag;Sro3MnQO; perovskite catalyst reduces the catalytic property of Lag;Sro3MnOj; catalyst and
increases the activation energy of the total oxidation reaction of m-xylene.

Keywords: Catalyst, perovskite, oxidation, m-xylene.



