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Tém tiat: Khi m-xylen 1a mot trong nhitng chat 6 nhiém doc pho bién trong cac khi thai, né duoc
phat thai ra méi trudng tir cdc nha may va cac dong co do nhién li€u trong dong co khong chay
hét. Bién phéap hiru hiéu dé loai bé khi m-xylen dc hai niy nham bao vé méi trudng 1a chuyén hoa
hoan toan chung thanh CO, va H,0 nhd cac chat xuc tac. Perovskit LaMnOs 1a mt trong cac xuc
tac da- duoc nhom nghién ciru ching t6i ché tao va khao sat hoat tinh trong phan tng oxy hoa
hoan toan m-xylen thanh CO, va H,0. Cac két qua nhan dwoc da ching to perovskit LaMnO3 c6
céc dic trung xuc tac tot nhu bé mat riéng cling nhu luong a-oxy hdp phu hoa hoc trén xuc tic déu
16n, vi thé xtc tic c6 hoat tinh xtc tic cao ¢ nhiét o phan (mg thap. Trong nghién ciru nay, ching
t6i nghién ctru tiép dé xac dinh bac va co ché ciia phan ting oxy hoéa hoan toan m-xylen trén xdc
tac nay. Két qua nghién ctru cho thiy bac ciia phan tmg theo m-xylen bang 1, bac cua phan g
theo oxy bang 0 va bac chung ciia phan mg bang 1. Céc s liéu nay chimg t6 dong hoc cua phan
(g tuan theo co ché Langmuir — Hinshelwood.

Tir khéa: XUc tac, perovskit, oxi hoa, m-xylen, co ché.

1. Mé dau

Hién nay, cac xuc tac oxy hoéa khir dugc st
dung trong cbéng nghiép chi yéu 1a cac oxit
phure hop kim loai. Trong do, cac oxit phurc hop
kim loai dang perovskit chia cac kim oai
chuyén tiép nhu Mn, Co, Fe... vira ¢6 kha ning
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oxy hoa cac hydrocacbon va CO, vira c¢6 kha
ning khir chon loc NOy nén chung rat duoc
quan tam trong linh vyc xtr 1y khi thai bao vé
moi truong [1-3]. Trong linh vuc xuc tac, cac
perovskit dugc quan tdm dac biét cho phan ng
oxy hod hydrocacbon. Theo nghién ctru ctia cac
tac gia [4, 5], trong cAu tric perovskit ABO;,
khi A duoc thay thé bang La va B dugc thay thé
bang Mn s& cho perovskit LaMnOj; c6 hoat tinh
oxy hod cao trong phan Ung oxy hoda cac
hydrocacbon.
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Trong nghién ctu trudc day cua ching tdi,
XUc tac perovskit LaMnO; da dugc tong hop va
khao sat tinh chit xtc tic trong phan tmg oxy
hoa hoan toan m-xylen thanh CO, va H,O [6]
Két qua nghién ctru cho thay, cac xuc tac déu
¢6 nhitng ddc trung xuc tac tot (bé mat riéng
cling nhu lugng a-oxy hip phy hoa hoc trén xtc
tac déu 16n), vi thé xac tac co hoat tinh cao
trong phdn ing oxy hda hoan toan m-xylen &
nhiét do thip. Trong béo cdo ndy, chung toi
nghién ctru tiép dé xac dinh bac va co ché cia
phan ting nay. Két qua nghién ctru cho thay, bac
clia phan tng theo m-xylen bang 1 va bic cua
phan tng theo oxy bang 0. Cac sb liéu nay
chung té dong hoc cua phan tng tuin theo co
ché Langmuir — Hinshelwood. Céc nghién ciru
vé dong hoc dé xac dinh bac va co ché cua phan
ung oxy hoa hoan toan m-xylen trén xuc tac
perovskit LaMnO; cho dén nay chua thiy co
cong trinh nao cong bo.

2. Thuc nghiém

~ Phan tmg oxy hoa hoan toan m-xylen dugc
bicu dién bang phuong trinh hoc hoc sau:

m'Cngo + 10,50, — 8CO, +5H,0

Tbc d6 cia phan tng oxy héa hoan toan m-
xylen dugc biéu dién qua cong thirc:

V=K. P yylen-Poxy (1)

Trong do, v 1a toc do phan mg thyc nghiém
(mmol/g.h); k’ 1 hang sO toc do cua _phan Umg;
Pmxylen VA Poxy 12 ap suét riéng phan cua m-
xylen va cia oxy (mmHg); m, n : bac ri€éng cua
phan tng theo m-xylen va oxy.

Viéc nghién curu dé xac dinh bac va co ché
ctiia phan tng oxy hda hoan toan m-xylen trén
xuc tac perovskit LaMnO; dugc thyc hién trong
mién dong hoc & khoang nhiét do phan tng tir
200 - 300°C. Két qua khao sat tim mién dong
hoc nay da duogc chung t6i nghién ctru va tim
duoc o [7].

2.1. Xdc dinh bdc cua phdn g theo m-xylen

Dé xac dinh bac cua phan tng theo m-xylen
(m), phan ung dugc thuc hién trong diéu kién

ap suét riéng phan cua OXy trong hép hop phan
tng dugc gitr khong doi. Do do, biéu thuc (1)
6 thé viét thanh:

V=K Poxyen (2); voi k=K .Poy"

Xay dyng d0 thi v = f(Ppyien) theo (2) s&
xac dinh duoc gia tri gan dung cua m.

Bién d6i biéu thic (2), co:

Inv = mINPryyien + INK 3)

Lap dd thi Inv = f(InPp.yyien) s€ xac dinh
dugc chinh xac gia tri m.

2.2. Xac dinh bdc cua phan ung theo oxy

Pé xac dinh bac clia phan Gmg theo oxy (n),
phan tng dugc thuc hién trong diéu kién ap
suat riéng phan cua m-xylen trong hdén hop
phan tng dugc gitr khong d6i. Vi vay, biéu thirc
(1) co thé viet thanh:

V=K Poy" (4);vik=K".P"syien

Xay dung d6 thi v = f(Poy) theo (4) s& xac
dinh dugc gia tri cua n.

3. Két qua va thao luin
3.1. Xdc dinh bdc phan vwng theo m-xylen

Pé xac dinh bac cua phan Ung theo m-
xylen, khao sat mdi quan h¢ gilta toc do phan
g va ap suét riéng phan ciia m-xylen. Ap sut
riéng phan cua m-xylen trong dong khi phan
mg duoc thay d6i ¢ cac gia tri 1,6456 mmHg;
5,7439 mmHg va 8,7465 mmHg; 4p suat riéng
phan cua ~oxy trong dong khi phan tmg dugc gitr
khéng d6i; phan ung xay ra trong mién dong
hoc & cic nhiét do phan tng tir 200°C dén
300°C. Két qua vé sy khao sat nay duogc trinh
bay trén hinh 1. Tt ca cac d6 thi hau nhu déu
¢6 dang duong thing tuyén tinh, tirc 1a toc do
phan g ti 1& thudn voi ap suét riéng phan cua
m-xylen. Tir biéu thirc (2), c6 thé suy ra bac
cta phan tng theo m-xylen a1 (m ~ 1).

Xay dung dd thi Inv - INPp.xyien € xac dinh
dugc chinh xac gid tri bac cua phan Ung theo
m-xylen & cac nhiét d6 khac nhau.
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Hinh 2 1a dd thi biéu dién mdi quan hé
INV - INPpxyien & hai nhiét do phan ang la 200°C
va 300°C twong Ung voi cac gia tri bac phan
mg xéac dinh dugc 1a 1,06 va 0,88. V& do thi
IV - INPp.xyten tu:orng tu nhu vay ¢ cac nhiét do
phan tng 225°C va 250°C, thu duoc két qua
cac gia tri bac cua phan ung theo m-xylen (m)
trong bang 1.

Bang 1. Két qua xac dinh béac cta phan tng theo m-
xylen

Nhiét do (°C) 200 225 250 300
m 1,06 107 09 0,88

Nhu vy, c6 thé coi bac cta phan tng theo
m-xylen xay ra trong mién dong hoc 1a 1.
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Hinh 2. D6 thi biéu dién quan h¢ Inv-InPy xyien &
200°C va 300°C.

3.2. Xac dinh bdc phan rng theo oxy
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Hinh 3. Bién thién toc d6 phan mg oxy hoa m- xylen
theo ap suat riéng phan ciia oxy.

Pé xic dinh bac cta phan tng theo oxy
trong phan Umg oxy hda m-xylen trén xUc tac
LaMnO,, khao sat moi quan_h¢ gitra toc do
phan @mg va 4p sut riéng phan cta oxy trong
dong khi phan tng duoc thay d6i ¢ cac gia tri
150,4 mmHg, 454,4 mmHg va 758,4 mmHg, ap
sudt riéng phan cua m-xylen trong dong khi
phan tmg duoc giit khong doi, phan tng xay ra
trong mién dong hoc 6 cac nhiét d6 phan ung tur
200°C dén 300°C. Két qua su khao sat nay dugc
trinh bay trén hinh 3. Tat ca cac do thi hau nhu
déu c6 dang duong thing nam ngang; khi ap
sudt cua oxy thay déi tir 150,4 - 758,4 mmHg
thi toc do phan tmg hau nhu khong doi, tirc 1a
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tbc do phan tng hau nhu khong phu thudce vao
4p suat riéng phan cua oxy, do d6 theo biéu
thirc (4), c6 v=k. POXy = const, tirc 1a bac cua
phan tng theo oxy 1a 0 (n = 0).

3.3. Bé nghi co ché hinh thirc cho phdn iimg

Tur két qud thuc nghiém, phuong trinh dong
hoc cua phan mg oxy hoa hoan toan m-xylen
trén xuc tac perovskit LaMnOs la:

V=K. PlyienP’oxy hay V=KPrsyien ()
nghia 13, bac clia phan tng theo m-xylen bang
1, theo oxy bang 0 va bac chung cta phan tng
bang 1.

Pé ching minh cho sy phu hop giita
phuong trinh dong hoc thuc nghiém va céac co
ché phan ung xuc tic dé nghi, & ddy di van
dung ba co ché dé lua chon co ché phu hop cho
phan ung oxy hoa hoan toan m-xylen trén xuc
tac LaMnOs: co ché Langmuir - Hinshelwood,
co ché Mars -Van - Krevelen va co ché
Reald-Eley.

Theo co ché Mars -Van — Krevelen [8], tac
nhan phan tng R (m-xylen) dugc hdp phu trén
bé mit xtc tac, sau do tac dung v&i oxy mang
lu6i cua chét xtc tac ran nhu sau:

R-Cat + Cat-O > RO + 2Cat- (6)
Sau do6:
Cat- + 1/2 O,(kk) - Cat-O @)

Trong d6, R-Cat 1a phtrc hap phu cua tac
nhan phan tmg R voi tim bé mat chit xic tac
Cat-; Cat- O 1a lién két giira oxy mang ludi va
cht xuc tac ran.

Phan tng (7) la phan tmg hoan nguyén oxy
mang ludi bang oxy khong khi (méi truong
phan ng).

Phéan ung (6) phai xay ra ¢ nhiét do thich
hop, nghia 13 ¢ nhiét d6 vira du dé phan cat
ddng thoi R-Cat va Ca-O, tao thuan loi cho
phan tng 1 két thanh RO. Hay ndi mot cach
khac pic khir oxy mang lugi B-oxy trén phd
TPDO cua oxit phai ndm trong ving nhiét do
phan tng t6i wu. Tac 1a theo co ché nay thi
phan Ung phai c6 su tham gia cia oxy mang
ludi cua xac tac LaMnOj, xuc tdc nhudng oxy

mang ludi cho phan ng oxy hoa, sau do duoc
hoan nguyén lai bang oxy khong khi.

—va:w.n (’.E)
Hinh 4. Phd TPDO cua perovskit LaMnOs.

Tur phd TPDO cia cua xtc tic LaMnOs
(hinh 4), nhan thdy pic khir oxy hdp phu hoa
hoc a-0xy cua LaMnO; xay ra ¢ nhiét do kha
thap khoang 200-300°C, con pic phan cit lién
két oxy mang ludi B-oxy ctia LaMnO; xay ra &
nhiét 6 cao khoang 600 - 700°C. Trong khi do,
phdn tng oxy hoé hoan toan m-xylen trén xuc
tac LaMnOs xdy ra chu yéu trong khoang nhiét
d6 200 - 300°C. Do d6, c6 thé cho ring, trong
truong hop ndy, oxy mang ludi cia LaMnO;
khdng tham gia vao phan ung oxy hoa, chi oxy
hap phu héa hoc dang o-oxy dong vai tro oxy
hoa chu yéu. Tt 1a phan tng oxy hoa hoan
toan m-xylen trén xic tdc LaMnO; khong tuéan
theo co ché Mars -Van - Krevelen.

Theo co ché Reald-Eley [8], phan tng chi
xay ra khi mdt trong hai khi tham gia phan tng
la m-xylen hodc oxy dugc hap phu hoa hoc trén
céc tam xuc tac cia LaMnOsg, chat con lai 6 pha
khi tac dung truc tiép vao tiéu phan hap phu bé
mit dé tao ra san pham. Trong phan tmg oxy
hoa hoan toan m-xylen trén xdc tac LaMnOs,
trén phd TPDO cia LaMnO; (hinh 4) cho thay,
¢4 m-xylen va oxy déu dugc hip phu trén cac
tdm x0c tac cua LaMnQOs. Do do, ¢c6 thé két luan
phan ung oxy hoa hoan toan m-xylen trén xuc
tic LaMnO; ciing khong tudn theo co ché
Reald-Eley.
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Gia thiét rang, phan tng oxy hoa hoan toan
m-xylen trén xdc tac LaMnO; xay ra theo co
ché Langmuir - Hinshelwood véi gia thiét m-
xylen va oxy hap phu trén hai loai tim khéac
nhau, va do d6 khong canh tranh 1an nhau. Do
do theo [8], ta c6: v = K .Omxyien-Boxy (8); vOi
Om-xylen VA Oy 12 phan bé mat bi hap phu bdi m-
xylen va oxy; k’ 12 hang s6 toc d6 cta phan tng.

Theo phuong trinh Langmuir, ta c6:

Ky.P

Hm—xylen = Xl mown (Vo1 Ky = Km-xylen)
1+ K I:)m xylen
X K oxy-Poxy
va ¢ _oyroy
S K K
Ky P Ko-P
Do d(’) V= k- m-xylen oxy
1+ K I:)m xylen 1+ Koxy'Poxy

9)

Dua trén diéu kién thuc nghiém, co thé cho
réng' Ky.Pmxyien “ 1 (4p suét riéng phﬁn cua m-
xylen khong 16n) va Koy Poyxy “ 1 (ap suét riéng
phan ctia oxy rat 16n), nén (9) tr¢ thanh:

v=k’ -Kx-Pm-xern = k-Pm-xylen (10)

(voi k =k’ Ky).

Biéu thirc (10) hoan toan tring véi biéu
thire téc do thuc nghiém (5). Nhu vy, c6 thé
két luan rang phan tmg oxy hoa hoan toan m-
xylen trén xdc tac perovskit LaMnO; xay ra
theo co ché Langmuir - Hinshelwood.

4. Két luan

Nhu vay, phan Gng oxy hoa hoan toan
m-xylen bang oxy khong khi trén xic tac
perovskit LaMnO; 1a phan tng bac 1 déi véi
m-xylen, bac 0 d6i v6i oxy khong khi, phan tmg
¢6 bac chung bang 1 va xay ra theo co ché
Langmuir - Hinshelwood. Trong phan g nay,
m-xylen hap phu trén xic tac perovskit

LaMnO; va phan tng bé mit v6i oxy, hip phu
héa hoc trén mot ho tdm khac ddi véi tAm hap
phu m-xylen. Do d6 phan ing xay ra thuan logi
hon & nhiét d6 thap.
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The Reaction Order and Kinetics
of Total Oxidation Reaction of M-xylene over LaMnQO;
Perovskite Catalyst

Tran Thi Thu Huyen, Dang Thi Minh Hue,
Nguyen Thi Tuyet Mai, Tran Thi Luyen, Nguyen Thi Lan

Institute of Chemical Technology, Hanoi University of Science and Technology,
1 Dai Co Viet, Hai Ba Trung, Hanoi, Vietham

Abstract: M-xylene, one of the popular toxic pollutants in exhaust gases, is emitted into the
environment from factories and engines. The best solution for removing m-xylene to protect the
environment is completely transforming it into CO, and H,O by catalysts. Perovskite of LaMnOs; is
one of the catalysts that was synthesized and studied for its catalytic properties in a total oxidation
reaction of m-xylene in a previous report by the authors. The results showed that the LaMnO;
perovskite had good catalytic characterizations such as large surface area and big amount of a-0xygen
adsorbed on the catalyst; more specifically, LaMnO; perovskite exhibited a good catalytic activity in a
total oxidation of m-xylene at a relatively low reaction temperature. This study determines the reaction
order and kinetics of this reaction. The results show that the reaction order with respect to m-xylene
was 1; to oxygen, zero, and the general order of reaction was 1. These data show that the pathway of
the named reaction followed the Langmuir—Hinshelwood mechanism.

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



