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MO DAU
1. Tinh cap thiét cua dé tai

Hién nay, su 6 nhiém moi truong dang 1a van nan toan cau. Trong
cdc dang 6 nhiém moi truong (khi, nuGe va dat) thi dang 6 nhiém moi
truong khi ¢6 tdc dong rong rii, bao quat va tram trong nhat. Cac khi
nhu cacbonclorofloro (CFCs), cacbon oxit (CO, CO,), nitro oxit (NO,),
céc chat hitu co dé bay hoi (VOCs, Volatile Organic Compounds),... 1a
céc tdc nhan hang ddu gay 6 nhiém moi trudong khi. Do d6, viéc ché tao
ra chat xic tdc c6 hoat tinh cao dé xir 1y cdc khi ndy gép phan giam
thi€u su 6 nhiém moi trudng 1a can thiét va c6 y nghia thuc t€.

Céc xuc tac perovskit c6 chita kim loai chuyén ti€p ¢6 kha nang oxy
hod CO, hydrocacbon va khir NO,, hon nita, viéc thay th€ céc ion kim
loai & vi A va B bang cdc ion kim loai A’ va B’ tao ra cdc dan xudt c6
hoat tinh cao trong phan tng oxy hod hydrocacbon nén ching dugc
quan tam déc biét trong linh vuc xtc tic bao vé moi trudng. Tuy nhién,
céc perovskit ¢6 nhugc diém chung I1a bé mit riéng thdp va dé bi ngo
doc bai SO, nén céc ung dung cua chiing trong linh vuc xtdc tdc van bi
han ché.

Can ctt theo nhiing diéu kién d6, luan an da chon dé tai theo huéng
nghién ctu ché tao vat liéu perovskit ¢6 bé mat riéng 16n, hoat tinh tot
va tudi tho cao dé xir Iy m-xylen bing phuong phdp oxy hoa ding xiic
tac.

2. Muc dich nghién citu cia luan an
- Tim ra mot hé xdc tdc perovskit c6 hoat tinh t6t, tudi tho (thoi

gian lam viéc) cao va ché tao kha thi (gia ré, nguyén liéu sin c9).
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- Thong qua nghién ctu dong hoc phan ting, xac dinh ban chat tam
xtc tic, co ch€ phan ing nham dé xudt cdc y tudng mdi va dong gop
céc két qua nay trong linh vuc xiic téc di thé oxy hoa clia perovskit.

3. Noi dung va phuong phap nghién ciu

- X4c dinh diéu kién t6i uu dé tdng hop cdc perovskit ¢6 cu tric va
thanh phan mong mudn bang phuong phap sol-gel xitrat.

- Khéo sat hoat tinh xtc tdc cha cdc vat liéu perovskit tdng hop
duoc nham tim ra mot hé xic tac tot nhat (hoat tinh cao, do bén tot).

- Bang cdc phuong phdp phé héng ngoai (IR), nhiéu xa tia X
(XRD), khir hod O, theo chuong trinh nhiét do (TPD-O,), phd phan tdn
nang luong tia X (EDXS), hdp phu ding nhiét N, & 77K (BET),... xéc
dinh céu tric va céc tinh chat hoa 1y dac trung cta vat liéu.

- Nghién ctiu dong hoc phan ting oxy hod m-xylen trén cdc xuc tic
perovskit nham 1am rd ban chat tam xdc tdc, moi lién hé gilta cau tric
va hoat tinh xtc tdc cta vat liéu.

- Khao sit cac yéu t6 dong hoc (nhiét do, thoi gian, chat ngd doc,...)
anh hudng dén hoat tinh va do bén xic tic,... nham déng gdép so liéu
dong hoc va nhiét dong hoc dé€ thiét k& cac hé xir Iy thuc t€ bang vat liéu
perovskit cua luan an.

Luan 4n duoc trinh bay trong 147 trang, 58 hinh vé va do thi, 25

bang biéu, gém phan m& dau, 3 chuong va két luan chung.

CHUGNG 1. TONG QUAN
Phéan téng quan gi6i thiéu cdc kién thic co ban va cdc két qua
nghién cuu c6 lién quan dén luan an:
- Vat liéu perovskit v6i thanh phan khong ti lugng gay ra nhiing

bién déi vé cau tric dan dén xuat hién nhiéu tinh chat da dang, dac biét
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la tinh chat hap phu oxy c6 lién quan chat ché dén hoat tinh xtc tac
trong phan ting oxy hod cac hydrocacbon.

- Dé chiing minh sy phu hgp giita phuong trinh dong hoc thuc
nghiém véi co ché phan tng di thé dugc dé nghi, luan 4n da van dung
ba co ché truyén thong (Langmuir-Hinshelwood, Marc-Van Krevelen,
Rideal - Eley), do d6, trong phan téng quan ciing nhic lai mot vai khéi
niém chu yéu vé ba co ché do.

- Téng quan cdc phuong phap téng hop cdc perovskit, dic biét
phuong phap sol-gel xitrat dugc st dung trong luan dn nén dugc trinh
bay ky.

CHUONG 2. CAC PHUONG PHAP THUC NGHIEM
2.1. Phuong phap tong hop xiic tac: Phuong phap sol-gel xitrat.
a) Héa chdt: Céc héa chat duoc su dung déu & dang tinh khiét, gom:
dung dich muéi nitrat ctia c4c ion kim loai hop phan: La™*, Sr**, Mn**,
Ca™, Mg**, Fe*, Ni**; dung dich axit xitric C;HzO,; dung dich NH,.
b) Qui trinh téng hop perovskit theo phuong phdp sol - gel xitrat:

dd GaHaly -——\,i IMY (8d) == dd NH;

|Khuy, dun néng & s0c

| Sol PH thich hop
j LKI\ij. dun ndng & BOC
| (;«I ]
Tswroure
- A

Xarogal

Jlnung

Paravskit
Hinh 2.1- So dé téng hop perovskit

2.2. Cac phuong phap dac trung xic tac
Luan an st dung cac phuong phdp: phan tich nhiét (DTA, TGA va

DTG), nhiéu xa tia X (XRD), phuong phép hién vi dién tir quét (SEM)
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va hién vi dién ti truyén qua (TEM), phé tdn sic nang luong tia X
(EDXS), phuong phdp dang nhiét hap phu- khir hap phu N2 & 77K
(BET), hap phu-khtr hap phu oxy theo chuong trinh nhiét do (TPDO) va
phuong phép phé hong ngoai (IR). Tl gian d6 nhiéu xa, tinh kich thudc
hat tinh thé trung binh theo cong thiic Scherrer va xac dinh céc thong s6
céu trdc cta vat liéu bang phuong phép tinh Rietveld dung chuong trinh
Pullprof.

2.3. Phuong phap nghién citu hoat tinh xic tac
2.3.1. Hé thiét bi phan tng: DPong hoc xtc tdc dugc thuc hién trén hé
thiét bi phan tng vi dong (hinh 2.9).

Khong khi Binh khf Khong khi

Van

Sdeki n%;gleﬂ
khi FID ;
Khfhoat hod
—1
Sdcki Van
khi TCD Kkhong khi
Khi théi
—
¥YanN,

Hinh 2.9- So dé hé phdn iing vi dong do hoat tinh xiic tdc
2.3.2. Piéu kién phan tng: Lugng xdc tic: 0,1 g; dung khong khi 1a
khi mang va la khi phan tng; Iuu luong dong khi téng: D = 21it/gid (ting
v6i GHSV = 2857 h'); 4p sudt téng cong clia dong khi phan tng: 760
mmHg; ham lugng m-xylen trong dong khi tong 1a 2165 ppm theo thé
tich; nhiét do phan tng: 100 - 350°C.
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CHUGONG 3. KET QUA NGHIEN CUU

3.1. Téng hop va dac trung ctia cac perovskit

3.1.1. Két qua phan tich nhigt

Tir gian d6 phan tich nhiét (hinh 3.1) cho thay, su hoat dong cua

xerogel xay ra chu yéu & dudi 500°C. Tir d6, cic xerogel dugc nung &

céac nhiét do thich hop dé phan huy toan toan céc chat hitu co, sau dé

duoc nung Ién nhiét do cao hon dé tao thanh cdc perovskit.

®

:::::

so0.00 1000.00 @
Temple]

Hinh 3.1- Gidn do6 phdn tich

o.ov

o

DTG

nhiét DTA, TGA va DTG

ctia mdu Lay »Sr, ;MnO;

3.1.2. Két qua nhiéu xa tia X va pho tan sic nang luong EDXS

Két qua nhiéu xa tia X clia cdc
mau duoc nung trong 4 gio o
600°C cho thdy, hau hét cic mau
déu cho pha perovskit két tinh tot,
do tinh thé cao va hau nhu khong
lan cdc pha la; riéng hai méu
La,;Mg,;MnO; va La,;Sr,;NiO;
cén nhiét do nung cao hon (700°C).

X=0,3 600°C

Hinh 3.2- Gidn dé XRD cvia mdu

La, ;51 ;MnQ; duoc nung
trong 4 gio' ¢ 600°C
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Tinh toan kich thu6c hat tinh thé trung binh theo cong thiic
Scherrer, cho thdy cédc hat c6 kich thuéc nho, c¢& khoang 14-20 nm.

Ph6 EDXS cuia cdc perovskit dugce nung trong 4 gid cho thay, cic
perovskit tong hop dugc hau nhu chi chita cic nguyén t trong miu va
tuong tng v6i thanh phan dua vao ban diu. Céc két qua XRD va EDXS
déu phu hop véi két qua tinh Rietveld.

3.1.3. Két qua kinh hién vi dién tir quét va truyén qua

Hinh 3.5 - Anh SEM
(a) va TEM (b) cita
madu Lay ,Sr, ;MnO;
dwoc nung trong 4 gio

g 600°C

Tir anh SEM va TEM ctia cdc méu, nhan théy, cdc hat tinh thé

perovskit c6 kich thudc nho, c¢& khoang 20-40 nm va phan b6 déu.

3.1.4. Két qua do TPDO

Phé TPDO cha tit ca cac

perovskit déu xuat hién 2 pic: pic

thit nhét & ving nhiet do thap (200 = [ T

g
§
A
& ] ] #
Pre——

- 300°C) dac trung cho cdc phan t  F [ SO

oxy hdp phu hod hoc trén bé mait

ctia perovskit; pic thd hai xuat hién

4] Vfll’lg nhiét dO cao (600 —7000C) Hinh 3.7- Duong TPDO ciia
dac trung cho su phan cit clia oxy perovskit La, ,Sry ;Mn0O;,

mang luéi clia perovskit.
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Dua vao dién tich pic a-oxy trén cic duong TPDO, tinh dugc
luong a-oxy khtr hap phu clia cdc mau nhu sau: 7,5465.10° mmol/g trén
xtc tdic LaMnO;; 9,4526.10° mmol/g trén xtc tac LaysSry,sMnO; va
12,7524.10° mmol/g trén xdc téc La,;Sro;MnO;. Nhu vay, khi thay thé
mot phan Sr** vao vi tri La’* trong cau tric perovskit LaMnO,, luong
oxy khtr hap phu a tang 1én, mau La,;Sr,; MnO; cho luong a-oxy 16n
nhét, tir do, c6 thé du doan dugc hoat tinh xdc tdc clia mau Lag,Sr)5
MnO; s€ 16n nhat.
3.1.5. Két qua do bé mat rieng BET
Tir s6 liéu thu dugc tir duong hap phu va khir hap phu N, & 77K
clia cac perovskit La, ,Sr,MnO; (x = 0; 0,3; 0,5), thu dugc cac thong s6
vé cdu triic cla vat liéu nhu sau: bé mat riéng tir 27 - 36 m?/g, dudng
kinh mao quan trung binh tir 150 - 220A.
3.1.6. Két qua IR
Trén pho IR cua céc perovskit déu
xudit hién hai pic & ving khoang 600
cm™ va 400 cm™ dic trung cho cdc dao
dong hod tri va dao dong bién dang cta

cac lién két trong céc perovskit. Mau x

= 0,3 c6 s6 song dac trung cho dao

dong hod tri cua lién két Mn-O ngin Cn
: ’ 1000 750 530
cm

nhat (609,510m'1), chli'ng to lién két Hinh 3.10- PhS IR
Mn-O trong xtc tdc La,;Sr,;MnO; dai ciia mdu La, Sy ;MnO;
nhét va kém bén nhat va nguoc lai doi

v6i miu x = 0.
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3.2. Nghién citu hoat tinh xtic tac ciia cac vat liéu téng hop
trong phan ing oxy hoa hoan toan m-xylen
3.2.1. Tinh chat xtc tac cta cac hé perovskit trong phan tng oxy
hoa hoan toan m-xylen: Tit ca cdc hé xiic tdc tong hop duoc déu dugc
khao sat va so sanh hoat tinh thong qua phan tng oxy hod hoan toan

m-xylen, muc dich tim ra hé xdc tac t6i uu.

100 Hinh 3]8-00
chuyén héa m-
80 )
—— Lamnos xylen theo nhiét
g ——La0,9510,1MnO3 . )
g o —=— 1.a0,8S10,2Mn03 do phadn iing khi
c —— La0,7Sr0,3MnO3 i
k) —— La0,6S10,4MnO3 c6 xiic tde
$ 404 —e— La0,55r0,5Mn0O3
o ——Kho (iC t4
8 g I0Ng Xuc tac La[_"S}‘/‘M}/ZO}
20 1 —_—
/_,/—/ (x=00+05)
0 ‘ : : va khi khong cé
o 100 200 300 400
Nhiét d5 phan ng (oC) Xlc tdc

Phan ting dugc thuc hién trong di€u kién: lugng xuc tic 1a 0,1g; luu
lugng dong khi téng 1a 2 1it/gid, nhiét do phan dng tir 100 - 350°C (hinh
3.18 va hinh 3.19). C6 thé nhan thay, tit ca cdc xic tac perovskit tong
hop duoc déu c6 hoat tinh cao trong phan ting oxy hod m-xylen va hoat
tinh tang dan theo chiéu tang cta nhiét do: taing cham & nhiét do thap
(100-200°C), tang nhanh & nhiét do cao (200 - 250°C) va & 300°C, do
chuyén hod m-xylen dat gid tri cao (gan nhu 100% do6i véi mot s6 mau).
K&t qua phan tich hén hop khi san phdm ctia phan ting & 300°C trén tat
ca céc xtc tidc nay déu cho thay, khi san phdm chli yéu gém CO,, con
ham luong CO va hydrocacbon déu duéi giGi han phat hién (thanh phan

khi doc CO chi c6 mit trong thanh phan sian phim d6i v6i mau



9
La,y,CaysMnO; v6i lugng 0,07%, nhu vay cling khong ddng ké so véi
CO,), ching té phan ting oxy héa m-xylen xay ra hoan toan & 300°C va
pht hop v6i muc dich x@r 1y khi théi cé chita hoi m-xylen bang cach

thuc hién phan tGng dot chdy hoan toan m-xylen trén cic xuc tac

perovskit.

K 100 - 100 -

3 2 ;

3 801 = 80 If

< 60 o

5 ——1a0.7Sr0.3Ni03 <60 ——1a0.7Mg0.3Mn03

> 40 —e—La0.7Sr0.3Fe03 «® —4A—1a0.7Ca0.3Mn03

S 20 —=8— La0.7Sr0.3Mn0O3 240 ﬁ
K=

8. 0 T T T 1 ‘g. 20 1

50 15 25 35 45 R —
0 00O 100 200 300 400
Nhiét d6 phan rng (oC) Nhiét d6 phan trng (oC)

Hinh 3.19 - Bo chuyén héa m-xylen theo nhiét do phdn iing
trén xiic tdc La, ;A ;MnO;- va Lay St ;B O;

Nhu vay, trong diéu kién phan ting cta luan 4n thi nhiét do dé su
oxy héa m-xylen xay ra hoan toan trén xuc tac perovskit 1a 300°C. So
sanh két qua nghién ctu cua luan dn véi két qua nghién ctiu cia mot so
tac gia khac ciing khao sat kha nang oxy hod m-xylen trén mot sd xtc
tdc khdc (6 cung diéu kién phan tng) cho thdy, dé chuyén hod hoan
toan m-xylen trén cac hé xidc tic khac néi chung can nhiét do cao hon
khoang 30-100°C so véi xtc tac perovskit, trir xtc tic 1% CuO/ SiO,
300 ciing can nhiét do 300°C, riéng xtc tic Cu-APTES-SBA-15 can
nhiét do thdp hon 50°C (250°C), tuy nhién gid thanh dé tong hop xic tac
nay rat cao vi phai can dén chit APTES dé chiic nang hod bé mat cua

SBA-15 trong qué trinh téng hop.
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Dé ddnh gia vai tro cua xic tac trong phan ing oxy héa m-
xylen, do chuyén héa m-xylen dugc do khi khong dung xdc tic (hinh
3.18). Nhan thay, do chuyén hod m-xylen rat thap khi khong ¢6 mat cla
chat xuc tac (< 12% & vung nhiét d0 phan ung T < 300°C). Khi tang
nhiét d6 lén 350°C, d6 chuyén héa ting dan, tuy nhién ciing van rat thip
chi dat duoc 18%. Nhu vay, khi khong c6 xuc tic phan tng oxy hod m-
xylen gan nhu khong xay ra & T < 300°C.

Nhu vay, 16 rang 1a véi sy ¢6 mét cia cic xuc tac perovskit thi kha
ning oxy héa hoan toan m-xylen xay ra ¢ nhiét d6 thap hon va cho do
chuyén héa cao hon nhiéu so véi trudng hop khong c6 xic tac. Tir do,
c6 thé danh gia duoc vai trd tich cuc ciia xtc tac perovskit trong phan
{mg oxy héa hoan toan m-xylen. Diéu ndy rit c6 y nghia trong nghién
ctru cong nghé xur 1y khi thai trong cdc nha mdy san xudt cé chira hoi
m-xylen.

3.2.2. Moi lién hé giira hoat tinh xiic tac véi tinh chat bé mat

3.2.2.1. Anh hudng ciia su thay thé cdc ion kim loai dén hoat tinh xiic
tdc: Ton La* trong xic tic LaMnO, dugc thay thé mot phan bang ion
Sr** tao ra c4c perovskit La, Sr,MnO; (x = 0,1 + 0,5) lam tang hoat tinh
xuc tac trong phan tng oxy hod m-xylen (hinh 3.18), mau x = 0,3 cho
hoat tinh cao nhat ing v6i bé mat riéng ciing nhu luong a-oxy 16n nhat
x=0<x=0,1<x=04<x=0,5<x=0,2<x=0,3).

Khi ion Sr** trong xiic tdc La, ;SrysMnO; duoc thay thé b?mg c4c ion
Ca* va Mg (hinh 3.19), hoat tinh xic tdc ctia cdc perovskit trong phan
ting oxi hod hoan toan m-xylen ting dan theo chiéu :

La;,Mg;:MnO; < La,,Ca, ;MnO; < La, ;5r, sMnOs.
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Khi ion Mn (Mn™* va Mn*") trong xdc tdc La,;Sr,;MnO; dugc thay
th€ hoan toan bang Fe’* va Ni** (hinh 3.19) din dén kha niang oxy hod
hoan toan m-xylen tang dan theo thi tu sau:

La,,Sro3FeO; < Lag,Sry; NiO; < Lag ;51 ;MnOs.
Su bién d6i hoat tinh xic tdc clia cdc mau no6i chung déu phu hop

vGi két qua phan tich cac dac trung cdu tric: XRD, Rietveld, TPDO va
IR cua cac mau.

3.2.2.2. Moi lién hé giita hoat tinh xiic tdc va luong a- oxy khit hdp phu:
Giita hoat tinh xtc tic cua cdc perovskit va lugng a- oxy khir hap phu
hod hoc trén xudc tic c6 mot mai lién hé dong bién: lugng a- oxy cang

16n thi hoat tinh xdc tdc cla perovskit cang tang.

@ W "

< a3 . A

g 30 5 a0 i F il

£ 05 3 & 3 i

g - § 0 =

£ ¥= E B

3 H / H /

F e My K g

Z0 g0 210 i

pe

@

i} 0 o
0 ] 10 18 0 5 10 13 0 5 10 15

Lwong oxy khvir hip phy (mmolig) Lwong oxy khii hap phu (mmolig) Lwong oxy khiv hip phu (mmalig)
La,; Sr.MnO; La, A, ;MnO; La, ;Sr,;BO;

Hinh 3.20- D6 chuyén hod m-xylen theo lugng a- oxy khit hdp phu
3.2.3. Nghién cttu dong hoc phan ing oxy hoa m-xylen trén xic tac
perovskit
3.2.3. 1. Khao sdt tim mién dong hoc ctua phdn iing

Mién dong hoc clia phan tng dugc xdc dinh theo theo quan hé do
chuyén héa o v6i thoi gian luu ctia khi phan tng qua 16p xuc tac F (F =
m/D, v6i m 1a khoi lugng xidc tac; D 1a luu luong dong khi téng). Néu
khong c6 su can trd cta khuéch tan thi o bién d6i tuyén tinh véi F

trong mién dong hoc. Hay néi cach khéc, trong mién dong hoc o 1a
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ham tuyén tinh ctia F. D€ thay déi F, c6 thé giit nguyén khéi lugng xiic

tdc m va bién déi D hoac nguoc lai. Trong thuc nghiém nay, chon

m = 0,1g va D thay déi tir
100
© J——— 1- 4 1it/ gio. Két qua tim

—.—m N R
® —a—2000c dugc mién dong hoc nam
40 2500C
" e trong khoang nhiét do tir
o= . : . 200-300°C véi D = 4 lit/gio.
Thei gian lwu F (giay)

Hinh 3.21- Sy phu thudc cua o. theo F

3.2.3.2. Xdc dinh ndng luong hoat héa ciia phdn ting:

Nang luong hoat hod cta phan it d (o)
15 300 275 250 225 200

ung oxy hod m-xylen dugc xac 1] [+ Lawnoa ]

. N ‘i’,, 08
dinh trong mién dong hoc (D =4 = AW ‘

. ” . ” a _D_@ﬂ 15 o007 0004 00021 ann23
lit/gio, o cac nhiét do phan tng Sy =657+ 1249
- R!= 09786

200°C, 225°C, 250°C, 275°C, 2
300°C) trude hét duge thuc hién ML)

. Hinh 3.22 - D6 thi Inv theo 1/T
trén xuc tic LaMnQO,. Sau do, dé

trén xiic tdc LaMnO;

so sanh nang lugng hoat hoa cla

phan ung trén hé LaMnO; véi cac hé perovskit bién tinh khi cé su thay
thé cdc kim loai vao vi tri chia La va Mn dé€ thay ro ban chat cua céc
tam phan wUng, nang luogng hoat hod clia phan tUng trén cic hé
La, ;Sr,;MnO; va La, 551, sMnO; (dai dién cho hé La,  Sr,MnO;), h¢ La-
07803Mn0O; (A = Ca, Mg) va hé La,;Sr ;BO; (B = Fe, Ni) ciling dugc
xdc dinh trong diéu kién tuong tu nhu d6i v6i hé LaMnO;. Két qua thu
duoc thé hién trong céc bang 3.15 - 3.17.
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Bdng 3.15- Gid tri ndng luong hoat héa cua hé La, Sr.MnO;
(x=0; 0,3va0,5)

La, Sr,MnO, x=0 x=0,3 x=0,5
E,(kcal/mol) 13,082 11,478 12,406

Bdng 3.16 - Gid tri ndng lugng hoat héa cua hé La, A, ;MnO;
(A =Sr,Ca, Mg)

Xiic tac La,;Sr;3MnO; | La,;Ca;;MnO; | La,;Mg,;MnO;
E,(kcal/mol) 11,478 11,911 15,415

Bdng 3.17- Gid tri nang lugng hoat héa cuia hé La,,Sr,;BO;
(B =Mn, Ni, Fe)

Xiic tac Lay;Sr,sMnO; | Lay;Sry3NiO; | La,;Sr,;FeO;
E,(kcal/mol) 11,478 12,142 13,398

Tir cac két qua trén, nhan thdy rang luong a- oxy khir hdp phu cla
cac mau c6 mai lién hé theo qui luat véi tinh chat xic tac cling nhu gid
tri nang lugng hoat hod clia cac mau: su tang lugng o- oxy dong nghia
v6i viéc tang hoat tinh xic tac, va vi thé lam giam nang luong hoat hoa
clia phan tng.
3.2.3.3. Xdc dinh bdc va phuong trinh dong hoc cia phan ting

Bac ctia phan tng xdc dinh trong mién dong hoc dugc thuc hién trén
cdc perovskit LaMnO;, La,,Sr,;MnO; va La,,Sr,;FeO; trong diéu kién
thuc nghiém twong tu nhu di€u kién xdc dinh niang lugng hoat hoa:
khoi luong xtc tac 0,1g; tdc do dong khi 1a 4 1it/gio, & cac nhiét dd phan
tng tir 200 °C, 225°C, 250°C va 300°C.

*) Xdc dinh bdc cua phdn ting theo m-xylen:



[—
N

Dé x4c dinh bac ciia phan

) , . o 10
ting theo m-xylen, khao sat 558 /
c
méi quan hé gitta t6c do 25 6 e
; ? S cE> 4l ——1500C
5 P N 2 ~, «©- i) 250C
k]
phan tUng (v) va 4p sudt o E o ctr—3000C
= 0

riéng phan ciia m -xylen (tlr
1,646 - 8,746 mmHg), P, =

1.6456 5.7439 8.7465

Ap suét rieng phan ctia m-xylen

const. K&t qua cho thay, v (mmHg)
phy thudc tuyén tinh vao Hinh 3.25- Sy phu thudc cua
Pixytens tliC 12 bac cuia phan V = (P vyten ) trén xiic tdc LaMnO;
ung theo m-xylen trén céc
xuc tdc perovskit khao sat déu la 1.
*) Xdc dinh bdc ctia phdn itng theo oxy:
Pé xic dinh bac cua
= ¢ — g >4
phan tng theo oxy, | £'° — - -
£ - —e—2000C
khdo st moi quan he | €12 —a—2250C
» . R . 5 08 —e—2500C
gifta toc do phan tng 5 —a—2750C
. 2 oo e I~ — —e—3000C
(v) va 4p sudt rieng | §°* — —
15
«©
A 9 N [ 0 . . .
phan cua OXy (tu 0 200 400 600 800
150’4 - 758,4 mmHg)’ Ap suat riéng phan clia oxy (mmHg)

P, e=const. Két qua Hinh 3.28- Bién thién ciia téc do phdn iing theo dp

cho thay, v khong phu sudt riéng phdn cia oxy trén cdc xic tdc LaMnO;

thuoc vao P,,,, tiic 13, bac clia phan ting theo oxy trén cic xiic tic
perovskit 1a 0

Tir két qua thuc nghiém, phuong trinh dong hoc cua phan ting oxy
héa hoan toan m-xylen trén cac xtc tic perovskit la:

—1° 1 o —
V= k . P m-xy]en-POZ hay V= k'Pm-xylen
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Nghia la: bac phan tng theo m-xylen 1a 1, theo oxy la 0 va bac chung
cta phan tng 1a 1. Tir d6, tinh duoc gid tri hang s6 toc do phan tng
k = 804,455 mol/g.h.at. T két qua thuc nghiém, xac dinh dugc co ché
phén ting tuan theo co ch€ Langmuir - Hinshelwood hai tam.
3.2.4. Cac yéu to dong hoc chi yéu anh huéng dén hoat tinh xiic tac
cua perovskit La,,Sr);MnO;
3.2.4.1. Anh hudng ciia nhiét dp nung mdu dén do chuyén héa

Hinh 3.30 thé hién hoat tinh xdc tac cla cdc mau La,,Sry;MnO;
duoc nung & 600°C, 700°C va 800°C. Cac mau déu cho hoat tinh khong
khac nhau nhiéu va chi thé hién 16 & T < 250°C: miu nung & 800°C cho
hoat tinh kém hon chuit it c¢6 thé 1a do khi nung lén nhiét do cao, bé mat

riéng cua xuc tac bi giam, cic mau nung & 700°C va 600°C

cho hoat tinh khiac nhau
ff‘ khong dang ké; & 300°C, do
// —enoc| chuyén hoa déu dat gan nhu

—=—7000C

/ —snc| 100% v6i ca ba mau. Két qua

100

=)
S

=
S

o~
S

D6 chuyén hoa (%)

N
S

2 nay phit hop vé6i gian do

o

‘ ‘ ‘ nhiéu xa tia X gan nhu tuong
0 100 200 300 400 .

Nhigt @6 phan img (oC) tu nhau cua cdc mau. Do do,

Hinh 3.30- Anh huong ciia nhiét do nung € thuc hién phan dng oxy
dén hoat tinh xiic tdc hod m-xylen, cdc perovskit
chi can nung 1én 600°C.
3.2.4.2. Anh hudng ciia ham lugng khi oxy trong thanh phdn hén hop
khi phdn iing (nguyén liéu): DE nghién ctu anh hudng ctia ham lugng
khi oxy trong thanh phan hén hop khi phan ting dén hoat tinh xuc tac

cuia perovskit La,;Sr,;MnO;, do do chuyén hod m-xylen & cdc dp suat
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riéng phin cta khi O, trong dong khi phan ting thay déi & cdc gid tri
150,4AmmHg; 454,4 mmHg va 758, 4mmHg.

100

80 - ————— | |——1000C
60 1 —a—1500C
—&—2000C
40

—4—2500C

20 | lg‘_.—:‘ —a—3000C

0

Hinh 3.31- D¢ chuyén héa m-xylen

theo dp sudt riéng phdn cia oxy trén

Do chuyén hoa (%)

xiic tdc Lay 51, ;sMnO;

0 200 400 600 800

Ap sut clia oxy (mmHg)

Két qua cho thdy, & cac nhiét do phan tng tir 100 - 350°C va khi ap
suat oxy thay déi tir 150,4 -758,4mmHg, do chuyén hod m-xylen hiu
nhu khong déi (hinh 3.31). Do d6, c6 thé dung khong khi nén 1am khi
phan tng thay cho viéc diing oxy nguyén chét lam tang hiéu qua kinh
t€ ma khong anh hudng dén tinh chat ctia xuc tac.
3.2.4.3. So sanh voi cdc xuc tdc khdc

Hoat tinh xtc tdc cta perovskit La,;Sr,sMnO; dugc so sanh véi mot
s0 xuc tac khac: 1%Fe,O,/Bentonit, Fe/SBA-15 va 0,5%Pt/ Al,O, trong

phan ting oxy hod hoan toan m-xylen trong cing mot diéu kién phan

ung: luong xuc tac

100 -
8 80 —e—1020,75r0,3MnO3 la 0,1g; ham llIQ11g
-g o0 | —=—05WPUAI203
"%’, £ .0 T pre203) Bentont m-xylen la 2165
£
o 20 ppm; luu luong
(] 0 N R N
0 200 400 dong khi tong la 2
Nhiét dé phan wrng (oC)

lit/gi¢ (hinh 3.32).
Hinh 3.32- So sdnh hoat tinh xiic tdc ciua perovskit

Lay Sty sMnO; vai mot s6 xiic tdc khdc
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Két qua cho thdy, kha nang oxy hod hoan toan m-xylen trén xuc tic
perovskit cao hon han so v6i cic xic tidc 1%Fe,0,/Bent va Fe/SBA-15
va gan nhu tuong duong véi xidc tac 0,5%Pt/ Al,O; 6 T< 250°C. Két qua
nay chiing minh rd rang cho kha nang thay thé cac xtc tdc sit dung kim
loai qui dat tién bang cac xidc tdc perovskit v6i gia thanh thap hon va
qui trinh téng hop don gian hon.
3.2.5. Kha nang ing dung cua xic tac
3.2.5.1. B¢ bén ciia xiic tdac theo thoi gian: Dé nghién citu do bén xic
tac, luan 4n da khao sat su bién thién do chuyén héa m-xylen theo thoi
gian phan tng lién tuc trong dong trong diéu kién téc do dong khi 1a 2
lit/ gio ¢ cac nhiét ¢ phan tng 150°C, 250°C va 300°C trén mot s6 hé
xuc tac: LaMnO;, Lay,Sr, sMnO; va Lay;Mg,;MnOs.

100 T 0 Temersersertesed
S | £ e
Lg 60 M'- x=0 —a— 1500C ~g 60 4 x=0 s
& —=a—2500C < 3000C|
> 40 BN C 404
2 A w7 "\ ——3000C “Q
© 20 | 5 20
«©O-
2 l“: : S o

0 100 200 300 8- 0 5 10 15 20 25 30 35
Théi gian phan tng (phat) Thei gian phén l:l’ng (glb)

Hinh 3.33- Bién thién ciia do chuyén hod theo thoi gian trén
Xtc tdc perovskit LaMnQO; (x=0)

O 150°C, do chuyén héa clia m-xylen trén cdc miu déu chua én
dinh va giam nhanh ngay sau 15 phit phan ung lién tuc; & 250°C, do
chuyén hoa én dinh hon; & 300°C, do chuyén héa én dinh trong subt
240 phit phan tmg lién tuc d6i véi tat ca cic mau. Dé kiém tra them do

bén cua xic tic & nhiét do nay, tiép tuc cho phan tmg thuc hién &
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300°C lién tuc trong sudt 33 gid d6i véi miu x = 0, két qua xiic tic van
duy tri 6 chuyén héa khoang 94-96%. Nhur vay, c6 thé két luan & nhiét
d6 phan ung 300°C, xuc tac ¢6 kha nang lam viéc 1au, nghia 1a cdc tam
xtdc tac khong bi dau doc, chat xic tic khong bi phd huy cu tric sau
phan ting (qua kiém tra bang phan tich XRD). Két hop két qua nay véi
két qua TPDO ciia céc xic tac, c6 thé két luan rang, & 300°C, kha niang
hoan nguyén ctia cdc tam xuc tac hap phu a-oxy méi thuc hién duoc,

a-0xy vita tham gia vao phan Gng oxy hod m-xylen vita dugc hoan

nguyén & 300°C.
3..2.5.2. B¢ bén xiic tac trong moi truong cé mdt cua hoi nudc
Khi ¢é mit cta hoi nudc (tir 100
4,14 - 12,14%) trong dong € 80 V7

0
khi phan tng , do chuyén < 60 -

P & ) Y «qi ——4,14%H20

héa m-xylen trén xtc tac E 40 1 —8—7,28%H20

o 20 —&—12,17%H2C
perovskit La, ;Sr,;MnO; k3

0 \ \ \ !

giam. Tuy nhién, & nhiét do 0 100 200 300 400
phan tng cao (300°C), hoat Nhiét do phan trng (oC)

tinh xidc tic gdn nhu khon ,
£ & Hinh 3.35- D¢ chuyén héa m-xylen trén

bi anh hudng khi c6 mat hoi  xic tdc perovskit La, ;Sry ;MnO; véi cdc
nuée. V6i 12,14% hoi nue % hot mtcic khac nhau
trong dong khi phan tng, do bén cla xic tac La,;Sr)sMnO; > 33 gid
v6i do chuyén héa van duy tri khoang 96% & 300°C.
3..2.5.3. B¢ bén cua xiic tdc trong moi truong c¢é mdt cua SO,

D¢ nghién ctiu do bén cha xic tdc trong moi trudng c¢6 SO,, luan 4n
da dung phuong phdp diu doc tai ché: timg lugng SO, dugec bom vao

dong khi phan tng tai nhitng thoi diém x4c dinh & nhiét do phan ting ma
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xtic tdc da dat do 6n dinh 1a 300°C. Hinh 3.37 miéu ta su thay déi do
chuyén hod clia m-xylen trén xic tac La,,Sr,;MnO; khi c6 mat ctia SO,
vGi céc lugng khac nhau trong diéu kién phéan tng téc do dong 2 lit/gio,
nhiét do phan tng & 300°C sau 15 phit dau doc. Do chuyén hod m-
xylen hau nhu khong bi thay déi khi c6 miat khoang 5,6. 10 mol SO,
(chi gidm tir 100% xudng con 98,42%), vé6i 1,12.10° mol SO, ciing chi
lam giam khoang 4% (con 96,28%). Khi s6 mol SO, tang 1én nhiéu hon
nita, xuc tdc bi ddu doc nhiéu hon va hoat tinh giam di ro rét. Véi luong
SO, 1a 7,5.10* mol, do chuyén hod gidm con 25,56%. Nhu vay, trong
moi trudong cta khi thai néu cé mat khoang < 10° mol SO,, c6 thé coi
nhu khong anh huéng dén tinh chat xic tic ciha perovskit
La, ;51 ;MnOs.

100 & 100 —.-ﬁp—-—-—-ﬂ—
2w g 80
AN AN 2 G-
= 60 @ 40,{—“ g7 5.10-4 mol SO2
% 0 \ S 0l ==8-=89.10-6 mol SO2
E \\ S e=—tr==56.10-6 mol SO2
e . g 0 ——

. - . 0 5 10 15 20

0 2 4 B ] ooz Thei gian phan trng (gi®)
Sd mol $02 .10+4 (mol)

Hinh 3.37- D¢ chuyén ha m-xylen  piup 3 38- Biéh thién dg chuyén hod
trén xiic tac Lay;Sro;MnO; khi co m-xylen theo thoi gian trén xiic tdc

8O, sau 15 phiit dau doc 6 300°C 14, S, MnO, khi c6 mdt SO, 6 300°C

Do bén clia xiic tdc theo thoi gian trong moi trudng c¢6 SO, ciing
duoc khdo sat & cac lugng SO, khac nhau (hinh 3.38). C6 thé thay ring
xtic tdc hdu nhu khong bi diu doc béi 5,6.10° mol SO, (d6 chuyén hod
bi giam khong déng ké (tir 99% con 97%) sau 18 gid phan tng lién tuc);

v6i 8,93.10° mol SO, 1am do chuyén hod m-xylen giam tir 100% xu6ng
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con khoang 70%. Tuy nhién, sau khi bi dau doc, xiic tac c6 do bén cao,
gan nhu khong bi thay ddi sau 15 gid phan tng lién tuc va sau khi tiép
xuc vGi khong khi, hoat tinh cua xic tac lai duge phuc hoéi va cho do
chuyén hod m-xylen trg lai gan nhu 100% & 300°C. Khi ¢6 mat 7,5.10™
mol SO,, xtc tidc bi ddu doc rat nhanh, do chuyén hod gidm chi con
khoang 26%, sau d6 theo thoi gian lai duge phuc héi dan va dat khoang
67% sau 15 gid phan ung lién tuc, sau khi ti€p xdc v6i khong khi xtc
tic dugc hoan nguyén lai nhu ban dau. Nhu vay, xic tac La,;Sr,;MnO;
chi bi dau doc tam thoi bdi SO,, cdu tric perovskit khong bi phd huy
sau phan tng (phu hgp véi két qua XRD cua xtc tdc sau khi da phan
tng khi ¢6 mat cua SO,, cdu tric perovskit van dugc giit nguyén nhu
ban dau ma khong xuat hién cdc pha la, ching t6 khong c6 su hinh
thanh cta céc sunfat).
3..2.5.4. Hoat tinh xiic tac cua perovskit La, ;Sr,;MnQO; trong phan iing
oxy héa mot s6’VOCs khdc

Mot s6 cac VOCs khac nhu: benzen, n-hecxan va toluen cé trong
thanh phan khi thai cia nhiéu nha mdy va rat doc. Do d6, mudn tng
dung cac perovskit trong Iinh vuc xdc tdc xir 1y khi thai bao vé moi
truong thi cac perovskit phai c6 kha nang oxy héa hoan toan cac VOCs
nay thanh CO, va H,O. Két qua clia su nghién cttu nay cho thdy, kha
nang chuyén héa hoan toan cdc VOCs trén xdc tac La,,Sr,;MnO; tang
dén theo thit tu sau: toluen < m-xylen < benzen < n-hecxan. Kha ning
oxy hod cdc VOCs nay trén xiic tdc perovskit thanh CO, va H,O déu
16n, két qua nay hita hen kha nang tng dung xt ly khi thai tir cic nha

2 9 2 . N
mady cua cic perovskit 1a rat cao.
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o
o
L

. Hoén hop khi san phim
~ 251 i ha b hoa
= Ccua phan ung OXxy hoa
2

EZO’ —e—Benzen CéC VOCS trén X]jC téc
§, s —a—n-hecxan

—a— Toluen A

H . = men || Lg;Sro;MnO; duge phan
g

<.§

tich va cho thay, thanh

o
L

o

phan chu yéu chi c6 CO,,

Nhiét dé phan tng (oC) ham 1lIUHg CcO va
Hinh 3.40- Téc do phdn ting oxy héa cdc
VOCs trén xuc tdic La, St ;MnO;

hydrocacbon déu duéi
gi6i han phét hién

(riéng v6i n-hecxan con ¢6 2,36% n-hecxan trong hén hop khi san pham
do chua phan ting hét),tic 1a phan ting oxy hoa cic VOCs déu xay ra
theo co ché oxy hod hoan toan thanh CO, va H,O.

Do bén cua xiic tac perovskit La,,Sr,sMnO; trong phan tng oxy hod

cdc VOCs nay 6
® 30 o
5 ~ W 450°C ciing dugc
K=
& o 20 khao sat. Két qua
= % —— B enzen
‘g: € 10 +'$f|iz):1an cho thdy, xuc tic
T £ bty ph—t—t—A . .
L= hau nhu khong bi
E 0 ! -9 7
0 200 400 giam hoat tinh
Thoi gian (phat) sau 5 gio phan
ung lién tuc doi

Hinh 3.41- Bién thién d¢ chuyén hod cua cic VOCs v6i phan tng oxy

theo thoi gian trén xiic tdc La, ,Sr, ;MnO; 0 450°C hod ¢4 ba VOCs.
3..2.5.5. Hoat tinh xiic tdc cua perovskit La, ,Sr,;MnO; trén chdt mang
y-ALO;: Dé nghién cttu 4nh hudng ctia ham lugng perovskit trén chat

mang dén hoat tinh xuc tic, xdc tic Lay;Sr,;MnO,/ y-Al,O; véi ham
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luong Lay,SrosMnO; tir 5 - 40% da dugc khao sat hoat tinh thong qua
phan ting oxy héa hoan toan m-xylen (hinh 3.42). Khi ham

luon erovskit  thép, =
ong - p p < 100-
perovskit dugc phan tin tot S 80 » =T
. —e—5%

an had mat cha < 60 —=— 10%
trén bé mat chat mang nhung "°=>’, 0. %82?’
N eA A P 2, A — 0
sO0 tam hoat dong con it nén 'F:: 20 | Y 40%
hoat tinh xtc tdc thap. Khi o O w |

3 N L [n] 0 200 400
tang ham luong perovskit, sO .

. . Nhiét do6 phan tng (oC)

tam hoat tinh tang, hoat tinh

xtic tdc tang lén. Nhung khi  Hinh 3.42- Do chuyén héa ciia m-xylen
ham luong tAm perovskit cao treén Lay 751 MnOyl y - ALO;
(40%) thi c6 thé da xay ra su co cum cdc tdm ctia perovskit & viing nhiét
do thap (T < 250°C), do d6 hoat tinh xic tic lai giam. Pén 300°C va
350°C, do chuyén hod m-xylen & cdc ham lugng 20%, 30% va 40% lai
gan nhu twong duong nhau, con do chuyén hod m-xylen & ham lugng
5% va 10% thi thap hon han. Nhu vay, & T<300°C do chuyén hod m-
xylen duoc xép theo chiéu tang din vé6i cac ham lugng tdim nhu sau: 5%
< 10% < 40% < 20% < 30%. Nhu vay, ham luong perovskit t6i vu dua
l1én chat mang y-Al,O; (khong qua cao ciing khong qua thap) sao cho
dam bdo yéu ciu s6 tam hoat tinh du 16n va giam thiéu dugc su co cum
tam xuc tac 1a ham luong 30%.

Céc xdc tac 20 - 40% La,,Sry;MnO,/y-Al,O; dugc khao sat do bén
trong diéu kién tuong tu nhu viéc khao sat do bén ctia cac xic tdc La,
Sr,MnO; trong phan tng oxy hod m-xylen (khdi lugng xic tac 1a 0,1 g;
toc do dong 2 1it/gio) cho két qua trén hinh 3.43. Céc xic tic ¢ do bén

cao, gin nhu khong thay déi hoat tinh sau 5 gid phan ting lién tuc.



23

Hinh 3.43- Bién thién do

100
(5] 2 . \e
2 80 m chuyén hod m-xylen theo thoi
S _ 60 —e—40% . NP
@ 3 —=—30% | gian trén cdc xuc tdc 20 - 40%
3T 40 ——20% | -
S 20 | Lay 51y ;Mn0O; 1Y — ALO;
<«O-
Q 0 T
0 200 400

Th&i gian phan rng (phut)

CAC KET LUAN CHINH CUA LUAN AN

1. Bing phuong phdp sol-gel xitrat d téng hop dugc cic hé xuc tac
perovskit La, Sr,MnO; (x = 0,0-0,5); La,y;A,3MnO; (A = Sr, Ca, Mg) va
La,y,Sr;BO, (B = Mn, Ni, Fe) don pha, c¢6 do tinh thé t6t & nhiét do
téng hop khong cao (600 - 700°C), kich thuéc hat nhd (~A°) va dac biét
c6 bé mit riéng 16n (27 - 36 m*/g), 16n hon nhiéu so véi cac cong trinh
da cong bo trude day.

2. Trong tat ca cdc mau perovskit dugc nghién ctu, mau
Lay,SrosMnO; 1a xic tac tot nhat cho phan tng oxy hod hoan toan
m-xylen va 1a miu ¢6 bé mat riéng 16n nhat va lugng a- oxy cia TPDO
16n nhat.

3. Su thay thé dong hinh Sr, Ca, Mg cho La, va Ni, Fe cho Mn déu
din dén su thay déi lugng o- oxy h4p phu trén cdc miu perovskit va
tuan theo quy luat: luong o- oxy cang tang thi hoat tinh xic tic cang
tang va nang luong hoat hod cang giam. Nhu vay, a- oxy la tdc nhan
xuc tic oxy hod quan trong trong phan tng oxy hod m-xylen trén
perovskit. Day 1a mot két qua nghién ciu hoan toan mdi trén cac hé
perovskit cho thdy mdi lién hé chat ché gitta tinh chat bé mat va hoat

tinh xtdc tdc cta vat liéu.
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4. ba nghién ctu dong hoc phan ting oxy hoa hoan toan m-xylen
trén xuc tac perovskit mot cdch hé thong va day di ma truée day chua
duoc nghién ctu, nhan thay:

- Nang luong hoat hod clia cdc méiu ¢ gid tri trong khoang Ea =
11,5 - 15,4 kcal/mol (khdac nhau khong nhiéu), ching to phan tGng oxy
ho4 hoan toan m-xylen trén cac xuc tac perovskit tuan theo cing mot co
ché.

- Phuong trinh dong hoc ctia phan tng c¢6 dang: v =k. P, .., tic
la phan dng c6 bac 0 d6i véi oxy va bac 1 d6i véi m-xylen.

- Phan ting xay ra theo co ch€ Langmuir - Hinshelwood 2 tam: mot
tam dinh x&t & BO;, (tam B) hip phu oxy khong khi tao ra a- oxy, m-
xylen hap phu trén tam khic & AO;, (tam A).

5. Xitc tdc perovskit La,;Sr,sMnO; c6 hoat tinh trong phan tng
oxy hod m-xylen t6t twong duong véi xiic tic qui nhu 0,5%Pt/Al,O; va
hon hin cic xidc tic 1%Fe,0,/Bentonit va Fe/SBA-15. Két qua nay
ching minh kha nang thay thé€ cdc xic tdc qui bing xic tdc perovskit
trong phan ting oxy ho4 hoan toan m-xylen.

6. Xuc tic Lay;SrsMnO; c6 do bén nhiét cao, hau nhu khong bi
ngo doc boi hoi nude (v6i 12,17% H,0) va SO, (khi ¢6 mat < 10” mol)
& nhiét do 300°C; c¢6 do phan tan trén chat mang y-AlL,O; kha tot; phan
ting c6 hing s6 toc do k 16n (~ 804,455 mol.g".h".at™). Do d6, c6 thé
trién khai tng dung trong x&r ly VOCs (m-xylen, benzen, toluen,...) &

cdc ngudn 6 nhiém tinh.
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