ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 3, 2021 29

TONG HQP XUC TAC CeO, CHO PHAN UNG OXI HOA HOAN TOAN
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Tém tit - Trong nghién ciru nay, oxit cerium dugc tdng hop qua
hai giai doan thuy nhiét va nung & 300-500°C dé lam xuc tac cho
phan tmg oxi hda hoan toan toluene va isopropanol. Xuc tac CeO2
céu triic x6p dwoc hinh thanh nhd qua trinh nung phan hay
hydroxy! carbonate cerium (CeCOsOH) tao ra trong giai doan
thiy nhiét. Xtc tac dwoc dic trung bing cac phuong phap nhu
nhidu xa tia X (XRD), phd hong ngoai (FTIR), kinh hién vi dién
tir quét SEM va hip phu déang nhiét nito & 77 K. Két qua cho thiy,
xic tc CeOz c6 bé mit riéng khoang 103-114 m¥g va c¢6 hoat
tinh cho phéan ting oxi hda toan toan isopropanol va toluene trong
khoang tir 300-380°C. 3 300°C, toan bod isopropanol da bi oxi
héa nhung mét phan da chuyén thanh san phim phy acetone trudc
khi bi oxi hoa hoan toan thanh CO2 ¢ 320°C. Trong khi do, chi
90% toluene bi chuyén héa thanh CO2 khi phan @mg & 400°C.

Tur khéa - XUc tac; oxit cerium; VOCs; isopropanol; toluene

1. Téng quan

Cerium 13 nguyén t6 dat hiém kha phd bién trén trai dat
v6i do phong phu trong d6i khoang 66,5 ppm tham chi nhidu
hon ddng (Cu, 60 ppm). Véi céu hinh electron 16p ngoai
cung la [Xe] 4f! 5d! 652, cerium co nhitng tinh chat vat ly
hoa hoc kha dic biét c6 thé ung dung trong cac linh vyc nhu
xuc tac, vat ligu tur tinh, hop kim [1]. CeO, dugc nghién ctru,
str dung tir 14u va ngay cang nhiéu trong ca hai linh vyrc han
1am 13n cong nghiép. Céu triic CeO; tong hop thuong bi sai
léch so v&i cdu triic 1ap phuong chudn va thuong ton tai hai
dang ions Ce3* va Ce*. Ca hai déu kha 6n dinh nhd cdu hinh
electron dac biét cua cerium. Trong ciu trac don vi cua
CeOy, cation Ce** d& dang bi thay thé bai Ce®*. Dé bu dién
tich, mot phn cac nguyén té oxi bi mét di va tao ra cac tim
khuyét oxi. Khi d6 CeO, bi chuyén vé dang khuyét tat
CeOz.. Cac tAm khuyét oxi nay chinh 1a nguyén nhan dan
dén hiéu qua cua chung trong cac phan tng xUc tac [1-3].

Trong phan g oxi hoa hoan toan dé xir 1y hop chat
hitu co bay hoi VOCs (Volatile Organic Compounds), cac
tam khuyét nay duoc dién ddy trong qua trinh xtc tac nho
cac nguyeén tur oxy trong mdi truong ¢ nhiét do phan tng.
Ngoai ra, nhiéu phan ttr oxy nhu 0%, O bi hap phu trén bé
mit ctia CeOz-n dé bu dién tich lam cho ching giau oxy trén
bé mat. Nhd do, cac phan tir hydrocarbon cua hop chat hiru
co d& bay hoi VOCs dé bi oxi hoa thanh CO,. Nhiéu nghién
ctru da cho thiy, hiéu qua ctia xtic tac trén co s& CeO, cho

Abstract - Cerium oxide is synthesized by hydrothermal method
followed by an annealing at 300-500°C for catalyzing the
complete oxidation reaction of toluene and isopropanol. The
porous CeO2 catalyst is formed due to the decomposition of
hydroxyl carbonate cerium (CeCO3OH) generated during the
hydrothermal. The catalyst is characterized by X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FTIR),
scanning electron microscope (SEM) and nitrogen adsorption
isotherm at 77 K. The results show that the CeO2 catalyst with a
specific surface of 103-114 m?g is active for the complete
oxidation reaction of toluene and isopropanol in range of 300-
380°C. At 300°C, isopropanol is partially oxidized into acetone
before being completely oxidized to CO2 at 320°C while only
90% of toluene is converted into CO2 at 400°C.

Key words - Catalyst; cerium oxide;
Compounds (VOCs); isopropanol; toluene

Volatile Organic

phan Gng oxi hda hoan toan VOCs nh¢ chung ¢ tinh khir
t6t va chira nhiéu phan tir oxi trén bé mat xuc tac [4, 5].

Céc phuong phap da dugc 4p dung dé tong hop oxit
cerium nhu phén huy nhiét nitrate, thuy nhiét, phan huy
nhiét carbonate, ddng két tia, tao mam de tong hop cau trac
16i — vo, tao khudn cimg, tao khuén mém. Trong do, ciu
trac va hinh thai cia CeO2 c¢6 thé d& dang khdng ché va
diéu chinh bang phuong phap thay nhiét [1, 6].

O Viét Nam, mot vai nghién ciru vé tong hop oxit
cerium va ung dung cho phan {mg oxi hoa hoan toan cac
hop chat nhu CO va toluene, xylene [7]. Tuy nhién, sO
lwong nghién ctru van con han ché.

Trong nghién ctru nay, CeO2 duoc téng hop qua hai giai
doan thuy nhiét va phan hiy. Hon hop CeO, va CeCO30H
dugc tao ra & giai doan dau va sau d6 nung dé phan huy
hoan toan hydroxyl carbonate vé CeO,. Sau d6, CeO, dugc
thtr nghiém xtic tac cho phan ng oxi héa hoan toan toluene
va isopropanol (IPA). Pay 14 hai loai chat 6 nhiém mo hinh
dai dién cho hop chat hitu co bay hoi VOCs loai aromatics
va rugu nhe.

2. Thue nghiém
2.1. Tong hop xiic tic CeO-

Xlc tac CeO, dugc tong hop qua 2 giai doan gom thity
nhi¢t va nung. Giai doan 1 bang cach cho 8,68g
Ce(NOs3)3.6H,0 (Sigma Aldrich) va 1,2g urea (Xilong, ti 1&
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mol 1:1) vao binh phéan tmg, thém 50 mL nuéc cat, khudy
déu dén khi hdn hop hoa tan hoan toan. Phan (mg thiy nhiét
xay ra ¢ nhiét d6 150°C trong 10 gid, sau d6 loc, rira bang
nude nong thu duge két tia. Sdy kho két tua & nhiét do 100°C
trong 8 gio. Giai doan 2 dugc thuc hién bang cach dem nung
& nhiét do tir 300-500°C trong 4 gio (toc do gia nhiét
1°C/phut). Mau duge ky hiéu la Ce-300, Ce-400, va Ce-500.
2.2. Cac phwong phdp hoa ly ddc trung

Nhleu xa tia X (XRD) duoc ding dé xac dinh thanh phan
pha va ciu triic ctia xtic tic. Mau dugc phén tich trén thiét bi
Smartlab (hang Rigaku, Nhat) v6i dng phong sir dung birc
xa CuKo (L = 1.54178 A) vé6i goc quét tir 10 — 80°, toc do
quét 5 °C/min va budc quét 0,02°. Thanh phan pha cta cac
mau duoc xac dinh dua vao co sé dit liéu ICDD-2015. Lién
két trong cu tric ciia CeO, va cac nhém chire trong xuc tac
duoc phan tich bang phd hong ngoai bién d6i chudi Fourier
(FTIR) trén thiét bi IS10 (hang Thermo, M¥). Qué trinh hép
phu va giai hap nito dé x4c dinh bé mat riéng va phan bd
mao quan dugc do & diéu kién déng nhiét 77 K trong thiét bi
Micromeritics Asap2020. Hinh thai ciia mau xtic tac duoc
do trén kinh hién vi dién tir quét SEM (Jeol 6020-LV).
2.3. Kiém tra hiéu qud xUc tac

Hiéu qua xtc tac dugc xac dinh trén hé théng thiét bi
phan tmg microreactor dang 6ng v6i dudng kinh trong 6mm.
0,1g xuc tac duge c¢b dinh chinh giita dng bang bong thuy
tinh. Hoi IPA hodc toluene dugc tao ra béng cach suc mot
dong khi N2 vao binh chira chét I6ng nguyén chét IPA (hodc
toluene) (> 99%, Merck). Nhiét do chat Iong duoc ¢b dinh &
5°C. Nong do IPA (1400 ppm) hodc toluene (1100 ppm)
duoc c¢b dinh bang cach pha loang dong khi di ra khoi binh
suc bang dong khong khi. Luu luong tong 1a 110 mL/pht.
Téc d6 truyén nguyén liu GHSV 1a 66000 mL/(g.h). Trudc
khi tién hanh phan tmg, xtic tac dugc xir Iy nhiét trong dong
khong khi sach & 250°C trong vong 1 gior dé loai bo toan b
hoi nude va CO, hap phu trén bé mat xuc tac. Sau do, 1o
phan g dugc 1am ngudi dén nhiét d6 phong. Phan tmg
duoc tién hanh trong khoang nhiét 6 tir 30°C dén 350°C
hoic 400°C. San phiam duoc phén tich biang dau do ion hoa
ngon lira (FID) va dau do dan nhiét (TCD) cua thiét bi sac ki
khi Agilent c6 trang bi cac cot nhdi va cot mao quan.

Do chuyén hoa (1) cua IPA va hiéu suit thu acetone,
CO; dugc xac dinh bang cong thirc (1-4) nhu sau:
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Trong do, [IPAJin, [IPAJou 12 nong do isopropanol dau
vao va dau ra cia thiét bi phan ung (tinh bang _bpm);
[toluene]in: Nong do toluene dau vao; Ycoz, Y acetone 1an luot
ld do chuyén héa IPA thanh CO, va acetone; [CO2],

[Acetone] 1a ndng do khi CO; va acetone (tinh bang ppm)
tao thanh tai nhiét 46 khao sat.

3. Két qua va thao luan

CeO; dugc tao ra bang phuong phap thuy nhiét sir dung
urea lam chit két tia dé tao ra Ce(OH)COs. Sau do,
Ce(OH)CO; sé chuyén hoa toan b thanh CeO, trong qua
trinh nung & 300-500°C trong 4 h.

3.1. Nhiéu xa tia X (XRD)

Hinh 1 1a gian d6 nhiéu xa tia X (XRD) clia mAu sau
tong hop thuy nhiét. Hai pha cht yéu duoc hinh thanh trong
mau 13 cerium dioxide (CeOz) va hydroxylbastnasite
(CeCO30H). CeO, dugc dinh danh qua cac pic chinh tai vi
tri 20 28,4; 32,9; 47,4, 56,3; 59,0; 69,3° (jcdps 34-0394)
[8]. Trong khi d6 cac pic con lai tuwong tmg véi pha
CeCO30H (jcpds 0.3-0189). Trong qua trinh thiy nhiét,
urea & nhiét do cao bi thuy phén thanh cic ion NH4* va
CO3? theo phén tmg (1). Sau d6, OH" tao ra tir phan (mg
(2) két hop véi céac ion COs%, Ce®* tao ra CeCO30H. Cac
phan tng thity nhiét c¢6 thé dién ra nhu sau:

(NH2)2.CO + 2H,0 — 2NH4* + CO3* Q)
0032' + H,O < 20H + CO, (2)
Ce®* + OH" + CO3* — CeCO3(OH) 3)

4Ce(OH)CO; + O, — 4Ce0;, + 4CO, + 2H,0 (4)
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Hinh 1. Gidn dé nhiéu xa tia X ciia mdu A) triede nung;
B) sau nung. a) Ce-300, b) Ce-400, va c) Ce-500

Sau khi nung & cac nhiét d6 300-500°C, toan bd
CeCO30H déu chuyén thanh pha CeO, nhu gian 6 XRD
trong Hinh 1B. T thé jecdps 34-0394 cta co s¢ dir liéu, ta
¢6 thé x4c dinh rang, tit ca cac pic déu thudc pha CeOy, voi
cac mit tinh thé (111), (200), (220), (311), (222) va (400)
ctia cdu triic dang fluorite. Pay 1a loai cdu tric 1ap phwong
tam mat thudc nhom d6i xtmg khong gian Fm3m va thong
s6 mang a = 0,5411 nm v6i cac nguyén tir cerium nam ¢
cac dinh va tim cac mat. Mot nguyén tir cerium ndi véi
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8 nguyén tir oxy tao thanh 1 khdi lap phuong nho, trong khi
d6 1 nguyén tir oxi lién két véi 4 nguyén tir cerium tao
thanh 1 t&r dién. Tuy nhién, khi ting nhiét d0 nung, kich
thude tinh thé D¢ khong thay d6i dang ké (khoang tir 10,5
dén 12 nm). Gia tri D duoc tinh tir cong thirc Scherrer str
dung gié tri d rong nua chiéu cao cia pic tai vach 20 &
28,5°. Nhu vay, nhiét d6 nung khong c6 dnh huong dang
ké dén kich thude tinh thé cta xtc tic.

Hinh 2. Cdu triic ciia CeO
3.2. Quang phé héng ngoai bién doi chudi Fourier (FTIR)

Phuong phap hong ngoai bién d6i chudi Fourier (FTIR)
cho phép xac dinh lién két hoa hoc ciing nhu cac nhom chirc
trén bé mat ciia CeO; trudce va sau nung (Hinh 3). Pic rong
& 3450 cm* dic trung cho dao dong co dan cuia cic nhom
chirc OH" trén bé mat cua CeO,. Pic tai 1635 cm™ tuong tmg
v6i dao dong cua 6(OH). Cac pic tai 1557, 1305, 1075 va
836 cm! thudc cac dao dong ctia carbonate trén bé mat cua
Ce02[9]. Chung dén tir CO, hip phu trong khong khi hodc
con lai tir qua trinh phan hiy tién chat carbonate CeCO30H.
bac biét, dao dong tai 548 cmr 1 ddc trung cho dao dong co
dan ctia O-Ce-O trong ciu tric fluorite.[10], [11] Pic ¢ 1386
cmt dic trung cho dao dong cua nitrate va bién mét dan khi
nung & nhiét d6 cao va mét hoan toan khi nung & 500°C.
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Hinh 3. Gidn d6 phé hong ngoai FTIR ciia méu CeO2
a) Ce-300, b) Ce-400, va c) Ce-500
3.3. Hinh théi hoc ciia méu xUc tac
Sau khi thuy nhiét, hinh thai mau c6 dang khdi khong
dong nhat. Tuy nhién, sau khi nung cac khoi nay v vun ra
va khong ¢6 hinh dang nhat dinh (Hinh 4).

™
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Hinh 4. Anh SEM ciia mau triede va sau khi nung: a) truce
nung va b) sau nung ¢ 400 °C, 4h (d¢ phéng dai 5000 lan)

3.4. Bé mat riéng va phin bo mao qudn
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Hinh 5. Buong da:yg nhiét hdp phu - gidi hdp va dwong phén bo
mao quadn cia mau CeQO2: a) Ce-300, b) Ce-400, va c) Ce-500
Hinh 5 biéu dién cac dudng déng nhiét hip phu - giai hip
va duong phéan b6 mao quan cua cac mau CeO; sau nung.
Vong tr& xudt hién & ap suét trong déi P/Po tir 0,4 dén 1,0 cho
thay xuc tac CeO; thudc loai vat liéu mao quan trung binh loai
IV véi dudng kinh 16 x6p trong khoang tir 250 nm theo phan
loai cua IUPAC (International Union of Pure and Applied
Chemistry). Kich thuéc 15 xdp ctia CeO, phan bé trong hai
viing c6: (a) Kich thude hep tir 30-44 A va (b) kich thudc 16n
tir 100-300 A. B& mit rieng BET cla ciac mau CeO; tir
103-114 m¥g va thé tich xdp khoang 0,03 cm®/g. Trong do,
mAu xic tac Ce-400 co bé mit riéng 16n nhét. Viéc thay doi
nhiét d6 nung gan nhu khong 1am thay d6i dang ké thé tich
xop va phan bd mao quan, nhung lam giam bé mat riéng
xuong 103 m?/g khi ting nhiét d6 nung Ién 500°C (Bang 1).



32

Nguyén Thij Hong Tram, Nguyé&n Dinh Minh Tun

Bing 1. Bé mdt riéng ciia cdc mdu CeO2
Nhiét 6 nung (°C) 300 400 500
B& mit riéng (m%g) 112 114 103
Thé tich x6p (cm?/g) 0.03 0.03 0.03

3.5. Hoat tinh xuc tic

Xuc tac sau khi nung ¢ 400 °C dugc kiém tra hoat tinh
cho phan ng oxi hda hoan toan toluene va isopropanol.
Déi voi IPA, san pham phu acetone duoc dinh danh bang
dau do FID va CO; bang dau do TCD. D¢ chuyén héa IPA
(IPA conversion), hiéu suét thu (yield) cua acetone va CO;
theo nhiét dd dugce trinh bay trén Hinh 6. Khi nhiét do tang,
d6 chuyén hoa IPA ting dan va dat 100% & 300°C. O nhiét
do théip, IPA chuyén héa thanh acetone. O nhiét dd cao
hon, IPA va acetone déu chuyén hoa hoan toan thanh CO».
0 320°C, toan bd acetone di bi oxi hoa hét. Nhu vay, xtc
tac CeO, da cho phép xir Iy triét dé IPA va san pham phy
acetone ¢ nhiét do 320°C.
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Hinh 6. Bé chuyén héa IPA (IPA conversion), hiéu sudt thu
(yield) ciia acetone va COz2 theo nhiét do
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Hinh 7. Bg chuyén héa toluene thanh CO2 ciia cdc xiic tdc
Ce0:z a) Ce-300°C, b) Ce-400 va c) Ce-500

Péi voi qué trinh oxi hoda toluene, hoat tinh xuc tac
CeO; yéu hon rit nhiéu. Chi CO, dwoc xac dinh 1a san
pham chinh va khéng c6 san pham nao khac trén hai dau
dd TCD va FID. Toluene bat dau bi oxi héa thanh CO2 &
nhiét do khoang 160°C. B¢ chuyén toluene thanh CO
duogc danh gia théng qua hiéu suat thu CO,. Céc gia tri nay
tang dan theo nhiét d6 (Hinh 7). G 400°C, chi 90% toluene
bi chuyén hoéa thanh CO». Toluene kho bi oxi hoa hon nhiéu

s0 v6i IPA do cdu trac vong thom trong phan tir. Ngoai ra
khi nung & 300 va 500°C, xiic tic CeO; co hoat tinh thap
hon. Hi¢u suit thu CO, & 400°C ddi véi mau Ce-300 va
Ce-500 1an luot 1a 88% va 81%. Piéu nay phu hop véi tinh
chat ciu triic ciia mau. Theo két qua do hong ngoai (Hinh
3), bé mit cia Ce-300 con dang ké luong nitrate (NO3)
bam trén bé mat 1am che phu cac tim hoat tinh. Trong khi
nung & 500°C du lugng nitrate da hét nhung bé mit riéng
ctia Ce-500 giam xudng 103 m?/g lam triét tiéu dang ké sb
lugng cac tdm hoat tinh can thiét cho qué trinh oxi héa.
Diéu nay co thé 1a nguyén nhéan lam giam hoat tinh xuc tac
cua CeOy. Mit khac, tinh chét oxi hoa khtr ciia x(ic tac (nhu
ti 1¢ Ce*/Ce**, tinh khir, lugng oxi bé mit...) c6 thé bi thay
d6i dang ké khi nung ¢ nhiét d6 khac nhau. Céc yéu té nay
anh huong 16n dén hoat tinh xiic tac.

4. Két luan

Nghién ctru da tong hop thanh cong xic tic cerium
dioxide (CeO,) bang phuong phép thay nhiét két hop véi
nung phan huy. CeO, d cho thay, ¢6 hiéu qua cho phan
ung oxi hdéa hoan toan isopropanol (IPA) thanh CO». Miac
du san pham phuy acetone sinh ra ¢ nhiét o thap, tuy nhién
xUc tc CeO; da cho phép xur 1y hoan toan acetone va IPA
& nhiét d6 320°C. Hiéu qua cua xuc tic CeO, thdp hon
nhidu dbi véi phan tmg oxi héa hoan toan toluene. Nghién
clru d3 cho thay, chi 90% toluene da chuyén hoa hoan toan
thanh CO; khi phan g & 400°C.
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