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Tom tat

Bai béo nghién ctru dnh huéng cla céu tric dén tinh chét xuc tac cla hé vat liéu perovskit Lao,7Sro,3B03

(B =

Mn, Fe, Ni) trong phdn (mng oxi héa hoan toan m-xylen. Hé vét liéu perovskit Lao7Sro3BO3

(B = Mn, Fe, Ni) duoc téng hop bang phurong phap sol-gel citrat. Pé phan tich cu tric cla vét liéu, st dung
céc phuwong phap: phuong phap nhiéu xa tia X (XRD) két hop véi phuong phap phén tich Rietveld st dung
chuong trinh Fullprof véi phuong phép binh phuong tdi thiu, phuong phép phan tich phé héng ngoai (IR),
phuong phap do hdp phu - khtr hép phu oxi theo chuong trinh nhiét d6 (TPDO) va phuong phép dang nhiét
hép phu - khtr hép phu N2 (BET). Hoat tinh xuc tac cua vét liéu duoc danh gié théng qua phan tmg oxi héa
hoan toan m-xylen. Két qua cho thay, giita cau tric va tinh chét xuc tac cia vét liéu cé6 mbi lién hé chét ché:
xuc tac c6 sw méo céu truc xay ra cang manh, c6 bé mét riéng cang Ién, cé long oxi hdp phu héa hoc trén
xuc tac cang cao va ¢ lién két B-O trong xtic tac cang kém bén thi xuc tac cho hoat tinh cang cao trong phén
(rng oxi héa hoan toan m-xylen. Xuc téc Lao,7SrosMnOs c6 cac déc trung céu tric tét nhét vi vay thé hién hoat
tinh xtc tac cao nhét trong phan trng oxi héa hoan toan m-xylen.

Twr khoa: xuc tac, perovskit, oxi héa, m-xylen
Abstract

In this study, the influence of structure on catalytic properties of Lao.7Sro.3BO3 (B = Mn, Fe, Ni) perovskite
catalysts in total oxidation reaction of m-xylene was studied. Perovskite oxides of Lao.7Sro.3BO3
(B = Mn, Fe, Ni) were prepared by sol-gel citrate method. Structural properties of these materials were
determined by various physico-chemical methods such as X-ray diffraction method (XRD) with Rietveld
analytical method using Fullprof program, infra - red spectroscopy method (IR), temperature - programmed
desorption of oxygen (TPDO) method and nitrogen adsorption and desorption isotherms method (BET).
Obtained results show that there is a close relationship between the structural properties and catalytic activity
of these materials: the catalyst that has the more of structural distortion, the larger of specific surface area,
the greater of the amount of chemically adsorbed oxygen on the catalyst and the less durable of B-O link that
has the higher of catalytic activity in total oxidation recation of m-xylene. Perovskite of Lao.7Sro.3sMnO3 has
structural features the best, so it has the highest of catalytic activity in total oxidation recation of m-xylene.

Keywords: catalyst, perovskite, oxidation, m-xylene

1. Mé diu

Vit ligu perovskit ABO; (trong d6, A 1a cac
nguyén t6 dat hiém nhu La, Nd, Sm,..; B 1a cac kim
loai chuyén tiép nhu Mn, Co, ..) ¢6 nhéu tinh chit dic
biét: tinh chat tir, dién, quang va tinh chat xuc tac. Khi
thay thé mot phan kim loai A va B bang cac kim loai
khac tao ra cac perovskit nhiéu thanh phan, da dang vé
tinh chat va duoc tmg dung rong rii trong nhiéu linh
vuc, dac biét trong linh vuc xtc tac. Vi vay, loai vat
liéu ndy ludn thu hut dugce sy quan tdm nghién ctru clia
cac nha khoa ¢ Viét Nam ciing nhu trén Thé gidi véi
muc dich 12 nghién ctru phat trién vé phuong phap tong
hop, téng hop cac perovskit nhiéu thanh phan va kha
nang ung dung cua loai vat liu nay trong linh vyc xtc
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tac. Cac cong bd cho thdy, cac vat liéu perovskit c6 kha
nang xuc tac cho nhiéu phan tmg khac nhau nhu: phan
g oxi héa hydrocacbon va cac hop chit hiru co dé
bay hoi [1,2], oxi hda CO [3, 4], khir NOy [5], xuc tac
quang hoa [6], xtic tac dién hoa [7,8]. Tuy nhién, viéc
nghién cuu c6 tinh qui ludt tr phan tich chu trac cho
dén tinh chat xtic tac cua hé vat liéu perovskit bién tinh
nhiéu thanh phan Lag 7Sro3BOs (B = Mn, Fe, Ni) trong
phan tmg oxi héa hoan toan m-xylen thi dén nay chua
thdy c6 cong trinh nao cong bd. Trong bai bao nay,
chung t6i nghién ctru anh huéng cua cau trac dén tinh
chit xtc tac cua hé vat lidu perovskit Lag7Sro3BOs
(B = Mn, Fe, Ni) trong phan ung oxi hoa hoan toan
m-xylen dwa vao phuong phép phan tich cu tric tinh
thé Rietveld, phuong phép IR, phuong phap TPDO va
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phuong phap BET két hop véi cac két qua khao sat
hoat tinh xtc tac cta h¢ vat liéu nay trong cac nghién
ctru trude day cua chung t6i [9,10].

2. Thyc nghi¢m:

H¢ vat li€u xuc tac Lag7Sro3BOs (B = Mn, Fe,
Ni) da dugc nghién ctru ché tao béng phuong phap sol-
gel citrat theo cong trinh di dugc cong bd trude day
cua chung t6i [9].

Ph6 XRD ciia cac mau xtic tic duge ghi trén may
Philips X-ray Difractometrer, st dung ong phat tia X
bang Cu véi bude song 1a 1,5406A°, gbe quet 20, tbe
do quet 0,025%%s. Tur gian dd XRD cua cac mau, Xac
dinh céc thong sb dic trung cu triic cia vat liéu bing
phuong phap phén tich Rietveld dung chwong trinh
Fullprof v&i phuong phap binh phwong tdi thiéu.

Pho IR clia cic mau xdc tic dugc ghi theo ky
thuat ép vién véi KBr (ty 16 1 mg mau/100 mg KBr)
trén may Biorad FTS - 60 ¢ nhiét d phong, trong vung
400 - 2000 cm™.

Qua trinh do TPDO cuia cac mau xuc tac duoc
thyuc hién véi hé thong dong trén thiét bi da chirc nang
RMX-100 két ndi voi may khdi phd tir cyc UTI 100.
Trude tién mau thi nghiém (50-100 mg) duogc xir 1y
trong dong khong khi (20 ml/min) trong 2 gid & nhiét
d6 500 °C rdi dugc lam ngudi dén nhiét d6 phong, sau
d6 thay thé dong khong khi bang dong He (10 ml/min)
va nang dan nhiét d tir 100 °C dén 900 °C véi toc do
gia nhiét can thiét (10 °C/min, 5 °C/min). Lugng oxy

(m/z=732) khir hip phu trong qué trinh thi nghiém dugc
ghi lai lién tuc.

Phuong phéap BET dugc thyc hién & 77 K su
dung thiét bi ASAP Micromerictics. Mau duogc xir ly
chan khong & 200 °C trong 6 gid trudc khi do. B& mit
riéng dugc xac dinh trong vung tuyén tinh cta dudng
cong BET (P/P,= 0,006 - 0,15).

Céc két qua nghién ctru khao sét tinh chét xuc
tac clia vat lidu (46 chuyén hoa m-xylen, ning lugng
hoat hoa cua phan ung) cling da dugc ching t6i cong
b6 trong céc cong trinh nghién ctru [9,10].

3. Két qua va thio luin
3.1. Két qud phan tich phwong phdp Rietveld

Gién dd nhidu xa tia X cta cadc mau xuc tic duoc
trinh bay ¢ [9]. Hinh 1 trinh bay gian d6 nhidu xa tia X
ciia mot mau xuc tac dac trung 1a Lao7Sro3FeOs [9].
Duya trén gian d6 nhidu xa tia X, cac thong s6 cdu truc
clia cac mau xuc tac duge xac dinh bang phuong phap
phén tich sang loc Rietveld dung chuong trinh Fullprof
v6i phuong phap binh phwong tdi thiéu cho két qua
trong Bang 1. Tir Bang 1 cho thiy, tit ca cac mau déu
6 cAu tric tetragonal, c6 d9 tinh thé cao va co thanh
phan héa hoc gan nhu twong tmg vai thanh phin ban
dau dwa vao mau. Do tinh thé cta cac miu ting dan tir
La0,7SI'0,3FCO3 (93,62%) - La(),7SI'(),3Ni03 (95,61%) -
Lao 7Sr03MnOs (100%). Céc thong sb mang a, b, c va
thé tich 6 cua cac perovskit giam dan theo thu tu
La0,7SI'0,3FCO3 - La0,7SI'0,3NiO3 - La(),7SI'(),3MnO3.

Bang 1. Dic diém céu trac va cac thong s6 mang tinh thé dwoc tinh tir phuong phap Rietveld cia cac mau

La0,7SI'0,3BO3 (B = Mn, Fe, Ni)

Ham Théng s6 mang Gi.ai

Mau Pha thuc té Céu truc lugng | a b ¢ |4 a gy | W

@ hd D A o O
Lao,7Sro3MnO3 | Lao,e7Sr0,32MnQO3 | Tetragonal 100 |[5,548 5,556 7,856 244,12 90 90 90| 0,85
Lao,7Sro3FeOs Lao,66Sr0,24FeO3 | Tetragonal | 93,84 (5,585 5,592 7,895 249,13 90 90 90| 091
Lao,7Sr0,3Ni03 Lao,65Sr0,2sNiO3 | Tetragonal | 96,22 |5,576 5,588 7,883 24724 90 90 90| 0,88
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Hinh 1. Gian db nhiéu xa tia X ctia mau Lag 7Sro3FeOs [9]
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Céu trac perovskit duoc déc trung béng thira sb
dung sai # dugc tinh bang cong thuc (1) [7,11]:
ry +7

=—4 0 1
t \/5'(’”3""’0) M

Gia tri cta ¢ nam trong khoang 0,75 < ¢ < 1 [7].

Cau trac perovskit tr¢ thanh 1ap phuong 1y tudng khi ¢
xap xi bang 1, khi ¢ khac 1 thi cau trac perovskit bi
méo, ¢ cang nho thi cu tric perovskit cang bi méo
nhiéu va ngugc lai [11]. Theo biéu thirc (1), khi rp ting
thi ¢ giam. Khi vi tri B 1a Mn?" trong perovskit
Lao 7Sr03BO; dugc thay thé bang Fe’ va Ni** vdi ban
kinh cia ching c6 sy thay d6i nhu sau:
rre3+ = 0,53A° < rniz= 0,60A° < rvnz+ = 0,65A°, tlrc 1a
ion Fe3* ¢6 ban kinh nho nhit nén cho gia tri 7 16n nhat
(Bang 1) va cAu trac perovskit ciia Lag7SrosFeOs bi
méo it nhét nén cho cac thong sb mang a, b va ¢ ciing
nhu thé tich 6 mang 1én nhét; ion Mn** ¢6 ban kinh 16n
nhit ing véi gia tri £ nho nhat nén ciu tric perovskit
ctia xuc tac Lag7SrosMnOj; bi méo nhiu nhat va cho
cac thong s6 mang a, b va ¢ cling nhu thé tich 6 mang
nho nhét.

3.2. Két qud do IR

Phé IR ciia cac mau dugc trinh bay trén Hinh 2
cho thiy, tit ca cac mau déu xuét hién hai dinh lién ké
& ving khoang 600 cm™ va 400 cm 1an luot déc trung
cho céc dao dong hod tri cta lién két B-O va dao dong
bién dang cua lién két B-O-B trong mang tinh thé cua
perovskit LagsSro3BOs [12, 13]. Phé IR cia miu
Lao7S10:MnOs ¢6 s6 song dic trung cho dao dong hoa

0.15
7 La0.75+0.3Mn0O3 i

609.51

*—420.13

0—

015

tri cua lién két Mn-O ngén nhét (609,51 cm™); mau
Lao 7Sro3FeO; ¢6 sé song dic trung cho dao dong hoa
tri cua lién két Fe-O dai nhét (654,79 cm™), didu do
chimg t6 lién két Mn-O trong xuc tac Lag7Sro3MnO;
dai nhat (lién két bi gidn ra nhidu nhit) va kém bén
nhét; lién két Fe-O trong xtic tac Lag7Sro3FeOs ngan
nhét va bén nhit so voi cac mau khac [12, 13].

3.3. Két qua do TPDO

Hinh 3 1a cac duong TPDO cua cac perovskit La-
0,79103B0O3 (B = Mn, Fe, Ni). Trén cac duong TPDO
clia ca ba mau déu thay xuat hién hai dinh: dinh & xay
ra & ving nhiét do thép, khodng 250 - 300 °C dic trung
cho céc phan tir oxi hap phu (a-oxi) thong qua céc lién
két yéu v6i bé mit cia perovskit (hdp phu héa hoc);
dinh g8 xuét hién & vung nhiét d6 cao hon, khoang
650 - 700 °C dac trung cho sy phan cit cac oxi mang
luéi (f-oxi) cua perovskit [11]. Cudng d¢ dinh « cia
cac mau déu 16n ching t6 cic mau déu co kha ning
hép phu oxi tdt trén bé mat xuc tac tao cac taim hoat
d6ng. Cudng do dinh S cua cac mau ciing rat 16n chimg
t6 cAu trac oxi mang ludi clia cac perovskit ciing rat
phat trién, oxi lién két véi mang ludi réat linh dong. Tir
) liéu do dugc trén dudong TPDO, tinh luong o~oxi
ctia cic mau, cho két qua trong Bang 2. Theo két qua
tinh toan, khi thay thé B bang Mn, Fe va Ni vao trong
xuc tac perovskit Lag 7Sro3BO; thi lugng oxi hép phu
héa hoc a-oxi céd gid tri 16n nhét trén miu xtc tac
Lag 7S103MnOs3 (12,7524.1073 mmol/g) va c¢6 gia tri nho
nhit trén miu xuc tac Lag;SrosFeOs (5,5068.10°
mmol/g).
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3.4. Két qua do BET

T duong hap phu - khu hap phu N; ciia cac mau
(Hinh 4) cho thay, cac mau déu & dang mao quan cia
vat liéu mao quan trung binh va cho Két qua ve gia tri
bé miat riéng duoc dua ra trong Bang 2. Mau
LagsSrosMnOs ¢6 gia tri bé mat riéng 16n nhét
(36,13 m?/g) va mau Lay 7Sro3FeOs co gid tri nho nhit
(24,21 m?g). Theo cong bd cua cac tac gia [14,15]
tong hop céc perovskit La; ,Sr,MnOjs (x = 0-0,5) ciing
bang phuong phap sol- gel citrat cho gia tri bé mat
riéng tir 6,27-12,70 m%g. Nhu vdy, gi4 tri bé mat riéng
cua cac perovskit tong hop dugc trong nghién ctru nay
16n hon kha nhiéu. Do trong qua trinh tong hop xuc
tac, chung t6i da nung mau & ché do nung déc biét.

Két hop cac két qua nghién ciru trén véi cac két
qua thu dugc vé tinh chat xtc tac ciia hé vat lidu
Lag 7Sro3BOs (B=Mn, Fe, Ni) da duoc khao sat trudc
day: Do chuyén hoa cua m-xylen [9] va gia tri ning
lugng hoat hoa cua phan ung oxi hoa hoan toan
m-xylen trén cac xuc tac nay [10] (Bang 3), nhén thay,
giita cAu tric va tinh chit xuc tac cua vat heu c6 moi
lién hé chat chd: xac tac Lag 7Sro3MnO;3 ¢6 cau trac bi
méo nhidu nhét, c6 bé mat riéng 16n nhét, co luong
a-oxi hap phu héa hoc trén bé mit xuc tac 16n nhit va

c6 lién két B-O kém bén nht cho hoat tinh xtc tac cao
nhat trong phan tng oxi hoa hoan toan m-xylen (cho
d6 chuyén hoa m-xylen cao nhat va cé niang lugng hoat
hoa nho nhét); cac két qua nguoc lai ddi voi xuc tac
Lao 7Sro3FeOs. Didu nay ¢ thé dugc giai thich nhu
sau: Su thay ddi chu tric cua vat liéu la yéu tb quan
trong anh huong dén tinh chat xuc tac cua chung, su
méo (bién dang) céu tric cua vat liéu c6 thé tao diéu
kién cho cac tim xtic tac hoat dong phat trién do do
lam tang hoat tinh xuc tac [11,14]. Khi su méo cau tric
perovsit xay ra cang manh thi lam ting lugng oxi
Kkhuyét trong c4u trac dan dén xudt hién céc 15 trong tai
céc vi tri ciia anion oxi. Céc 18 trong nay dong vai trd
nhu céc tim hap phu oxi bén ngoai 1én bé mat xic tac
va vi thé lugng a-oxi hap phu hoa hoc trén xtc ting 1én
[11]. Mt khac, khi bé mit riéng cua xuc tac cang 16n
thi xtic tac co kha nang hip phu oxi trén bé mit ciing
t6t hon, vi vay lwong a-oxi hap phu hoa hoc ting theo
su ting ciia bé mit riéng ciia cac xuc tac [16]. Khi
lwong a-oxi hip phy hod hoc trén bé mat xuc tac cang
tang, xtc tic dugc hoat hoa tot hon va cang tao ra nhiéu
cac tam hoat dong, do d6 hoat tinh xic tac cang ting
va vi thé can nang luong hoat hoa nho dé thuc hién
phan Gng.

Bang 2. Két qua tinh luong a-oxi va gié tri bé mat riéng cua cac xuc tac Lag 7Sro3BO; (B = Mn, Fe, Ni)

Xc tac Lao,7SI‘0,3Ml’103 Lao,7Sro,3FeO3 Lao,7SI‘o,3NiO3
Luong oxi khir hap phu o (mmol/g) 12,7524.10°° 5,5068. 10 8,1280. 107
Gia tri bé mat riéng (m?/g) 36,13 24,21 29,18

Bang 3. Do chuyén hoa m-xylen & 200°C [9] va gia tri ning luong hoat héa clia phan tng trén céc xuc tac
La0,7Sro,3BO3 (B = Ml’l, Fe, Nl) [10]

Xdc tac Lao,7SI‘0,3Ml’103 Lao,7Sro,3FeO3 Lao,7SI‘o,3NiO3
Do chuyén hoa m-xylen(%) 35,22 19,42 31,11
E.(kcal/mol) 11,478 13,398 12,142
™ + Hé!) phu ' 100 + Hip phu [ -
o Khit hép phy /l ol 0 Khir hép phy l ) +Hép phy
- i » ]
. I ol t o khit hap phu
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.m, “s g v 3
I L - = 2 - 4 P =
* ,_.74-4‘"“""“"'—-‘7”_ - L=t - F 1 T =T
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Lao,7SI‘0,3Ml’103 Lao,7Sro,3FeO3 Lao,7Sro,3NiO3

Hinh 4. Puong hap phu - khir hap phu N; ciia céc xtc tac Lag7Sro3BOs (B = Mn, Fe, Ni)
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Céc két qua nay ciing phu hop voi két qua phan
tich IR, xuac tac Lag7Sro3MnO; co lién két Mn-O dai
nhét va kém bén nhit, vi thé d& tham gia phan tng nhét
nén c6 hoat tinh xtc tic cao nhit va can ning lugng
hoat hod nhd nhit dé thuc hién phan ung; xuc tac
Lag7Sro.3FeO;s c6 lién két Fe-O ngin nhit va bén nhat
so vOi cac xuc tac khac nén kha nang tham gia phan
g khé nhat cho hoat tinh thap nhit va can nang luong
hoat hoa 16n nhat dé thyc hién phan tng. Két qua nay
co the ciing 1a do sy bién ddi cau truc gy ra. Sy bién
d6i cau truc da lam thay doi do dai va vi vay lam thay
d6i d6 bén cua cac lién két. Trong hé xtic tac perovskit
Lag7Sro.3BO;3 (B = Mn, Fe Ni), khi sy méo cdu tric xay
ra cang manh lam lién két B-O bj gién ra cang nhiéu,
tir 1a lién két B-O cang dai va cang kém bén do d6 dé
tham gia phan ing hon va xtic tic thé hién hoat tinh cao
hon va nguoc lai.

Cac két qua thu dugc ciia bai bao 14 nhitng két qua
nghién ctru méi. Vi cho dén nay chua thdy c6 cong bd
nao nghién ctru va dua ra qui ludt anh hudng cua sy
bién d6i cau trac (dya vao sy méo céu truc va cac két
qua do IR va TPDO) dén tinh chit xtc tac cta hé vt
liéu perovskit Lag 7St 3BO3 (B =Mn, Fe Ni) trong phan
(g oxi hoa hoan toan m-xylen. Két qua nay ciing 14 co
s& cho viéc khao sat kha nang ung dung cua hé vat liéu
nay dé xir Iy hoan toan m-xylen va cac VOC trong moi
truong khi trong thye tién.

4. Két luan

Khi thay thé Fe, Ni va Mn vao vi tri B cua hé
perovskit Lag7Sro3BOs thi ¢6 sy bién ddi ciu triic (s
méo cu triic) lam anh hudng dén tinh cht xic tac ctia
ching: su méo cau triic trong xuc tac perovskit xay ra
cang manh thi xuc tac cho hoat tinh cang cao va nguoc
lai. Cac két qua khao sat cho théy, su sai l1éch 6 mang
(sw méo cau triic) voi lugng oxi hdp phu hoa hoc trén
bé mat cac tam cua xuc tac, do chuyén hoa m-xylen va
nang lugng hoat hoa ctia phan tng c¢6 quan h¢ chit ché.
Theo tinh toan, sy méo cAu trac 6 mang cua cac hé vat
liéu perovskit ting din theo ddy LagsSro3FeO; <
Lag7Sr3NiO3 < Lag7Sro3MnOs3 cung xu hudng voi
hoat tinh xiic tic, véi v6i dd chuyén héa m-xylen lan
lwot 1la  19,42% (Lag7SrosFeO3) < 31,11%
(Lao,7Sro3NiO3) < 35,22% (Lao;7Sro3MnOs). Nguyén
nhan c6 thé 1a do sy méo cdu tric trong perovskit xay
ra cang manh cang lam ting lugng a-oxi hap phu hoa
hoc trén bé mat cac tim xuc tac va mébi lién két B-O
trong xuc tic cang kém bén do do, xuc tac c6 hoat tinh
cang cao va can nang luong hoat hod cta phan tng
cang nhé dé thyc hién phan mng.
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