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SUMMARY

A comparison of structure behavior of NiAl and CoAl spinels prepared via sol-gel process is
investigated. Characterization of the prepared spinels has been determined by using a variety of
techniques such as XRD, UV-VIS, TPR-H, and nitrogen adsorption-desorption isotherms. The
results shown that these spinels possessed different structure and as a result their catalytic
performance was relatively diverse in C;Hg-SCR-NO in the presence of excess oxygen.

- MO PAU

Cic oxit kim loai 1a dang xic tic quan
trong, dugc st dung rong rdi trong linh vuc
nghién ctu co ban ciing nhu nghién ciu tGng
dung [8]. Cac hdn hop oxit kim loai c6 cau tric
spinel di tir 1au dugc chd y do cac tinh chat dac
biét vé cau tric cua chiing [1], hon nita dé ting
dung trong linh vuc xic tac thi spinel clia hai
oxit kim loai to ra c¢6 hiéu qua hon, do thé hién
hoat tinh cao, ¢6 cdu tric bén va kha ning
chong chiu nhiét cao [1, 6, 7].

Cong thic téng quat cua spinel 1a AB,O, [2,
3], trong d6 A va B Ia cic cation c6 hda tri II va
III twong tng. Tuy thudc vao su phan bo cua cic
cation B c6 hai dang spinel: spinel thuan va
spinel nghich. Trong spinel thuan cic cation A
nim & hoc tit dién (T) va cdc cation B nam & hoc
bat dién (O); trong spinel nghich cdc cation A
va mot nira s6 cation B chi€ém cdc hoc bat dién,
con mot nira s6 cation B con lai chiém cac hoc
ti dién [3]. NGi chung, nhiéu tinh chat héa 1y
ctia spinel phu thudc vao su phan b6 cua cac
cation A va B trong mang luéi spinel.
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Cac spinel NiAl va CoAl duoc biét 1a xic
tdc tuong doi hiéu qua déi véi nhiéu phan tng
xtic tdc di thé nhu phan ting khir va oxi héa chon
loc cac hop chit hitu co [2, 10, 11], tuy nhién
tinh chat xdc tdc cua ching tuong do6i khac
nhau, do su phan bo cédc cation Ni**, Co** va
Al’* trong mang ludi céc spinel nay khac nhau.
Trong bai bdo nay, chiing toi trinh bay cac két
qua nghién cdu dac trung céc tinh chit hoéa ly
cua hai dang spinel NiAl va CoAl dugc téng hop
béng k¥ thuat sol-gel, tir d6 rit ra két luan vé su
khéac nhau gitta cdu tric cling nhu tinh chat beé
mat ctia ching va do d6 hoat tinh cua ching
trong phan ting khir chon loc khi NO béing C;H,
v6i su ¢6 mat cua luong du O,.

II - THUC NGHIEM

Quy trinh t6ng hop cdc spinel NiAl va CoAl
duoc trinh bay trong bao céo truée [5].

C4u tric va tinh chét bé mat cta céc spinel
téng hop duoc xdc dinh bang cac phuong phép:
nhiéu xa Ronghen (XRD), thiét bi do Siemens
D5005 (Dic); khir bang H, theo chuong trinh



nhiét do (TPR-H,), thiét bi do Autochem 2920
(Micromeritics, My); dang nhiét hdp phu nito &
77 K, thiét bi do ASAP 2010 (Micromeritics,
My). Trang thai cta céc ion Ni** va Co™* trong
cau tric cha cdc mau spinel tdng hop duoc xac
dinh bang phuong phdp UV-VIS, trén thiét bi
UV- 3101 PC (Shimadzu, Nhat ban).

Do chuyén héa clia cic miu spinel NiAl va
CoAl trong phan tng khir chon loc khi NO béng
CH; (CHg-SCR-NO) duoc xdc dinh trén hé
thiét bi vi dong lién tuc dudi ap suat p = 1 atm.
Thanh phan hén hop khi vao gébm 350 ppm NO,
1000 ppm C;Hg, 80 ppm SO,, 10% O, va He
duoc xem nhu khi mang, GHSV= 40.900 h’.
Nong do cic khi NO, O,, CHy, SO, duoc do
bang thiét bi phan tich IMR/2800 (USA).

Do chuyén héa NO dugc x4c dinh theo cong
thitc sau:
C°no —
C’no
va Cyo 1a néng do cua NO trong hén hop trude
va sau phan ¢ng, ppm.

Ono Y0 = MO trong d6: Cxo

I - KET QUA VA THAO LUAN

1. Két qua phan tich cau tric cia cac mau
spinel NiAl va CoAl téng hop

Hinh 1 la céc gian d6 XRD cta cdc méu
spinel tong hop. Cac két qua nghién citu trude da
chi ra rang nhiét do thich hgp dé hinh thanh hé
spinel NiALO, 1a 800°C, nhung trong hé van con
lugng nhé oxit NiO [6] va d6i véi spinel CoAl,O,
- 1a 700°C [5]. Mat khac, cac két qua trén hinh 1
cho thdy ring, cdc pic phan xa dic trung cho pha
tinh thé spinel NiAlL,O, tuong d6i rong va thap,
trong d6 céc pic dic trung cho pha tinh thé
CoAl,O, rat nhon. Diéu d6 ching to ring, spinel
CoAlO, dat do tinh thé cao hon so v6i hé spinel
NiALQ, cho dit duoc hinh thanh & nhiét do thap
hon 100°C so véi spinel NiAlL,O,. Su khac nhau
ndy chic han 12 do su phan bé cic cation Ni** va
Co* vao mang luéi tinh thé chia céc spinel nay la
khac nhau. Hoc T c6 thé tich nhé hon hoc O, do
d6 céc cation c6 kich thuéc nho thuong dugc
phan bo vao hoc T va qua trinh khuéch tan cua
chiing xdy ra nhanh hon [12]. Cic cation Ni**
dugc biét 1a chti yéu duge phan bo vao cac hoc O,
con Co™ chil yéu duoc phan vao céc hoc nhod, hoc
T [12, 13], do d6 hé spinel NiALO, tong hop
duogc 1a spinel nghich, con spinel CoAlO, la
spinel thuan. Hon nita, su phan bd cta cac cation
trong mang ludi dé tao nén spinel thuan la rat
thuan 1¢i vé mat nang lugng [13], chinh diéu nay
cho phép ly giai, tai sao spinel CoAl,O, duogc
hinh thanh & nhiét d¢ thip hon, nhung lai két tinh
tot hon spinel NiAlO,.

Cuong d6 phan xa ——
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Hinh 1: Cac gian d6 nhiéu xa Ronghen clia cic mau (a) spinel NiAl va (b) spinel CoAl

Hinh 2 trinh bay céc phé UV-VIS clia cdc
mAu spinel nghién cttu, nhan thay trén phd cua

mau spinel NiAl (hinh 2a) c6 xuét hién cac dam
pho & 260, 639, 699, 722, 763 va 781 nm. Mat
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khac, cdc nghién ctiu trude cho thay [4] cdc ion
Ni** & vi trf héc bat dién (Ni(O)) va héc tit dién
(Ni(T)) trong cau triic spinel cho cdc ddm phd
déc trung: cac Ni(O) thé hién cdc dam phd & cdc
do dai séng la 715, 377 va/hoac 410 nm, trong
khi dé cdc dam phé trong khoang 600 - 645 nm
tuong ting cho Ni(T). Do d6, cic ddm phé &
260, 699, 722, 763 va 781 nm trén hinh 2a sé
dac trung cho cic Ni(O) trong mang ludi cia
spinel NiAl,O, nghién cdu, con ddm phé & 639
nm s& tuong tng véi cac Ni(T). Hinh 2b la phé
hép thu cta mau spinel CoAl, cho thiy c6 cic

ddm pho & 601 va 629 nm. Cic ddm phé nay
dac trung cho cdc ion Co* nim trong céc hoc tit
dién [14]. Nhu vay, cdc két qua phan tich UV-
VIS rat phu hgp v6i cac két qua phan tich XRD
trén day mot lan nita cho phép khéing dinh,
spinel NiALO, téng hop dugc 1a spinel nghich
vi phén 16n cdc ion Ni** chi€ém céc hoc O, con
spinel CoAl,O, la spinel thuan vi chi tim thay
céc ion Co™ & vi tri hoc T.

Su khéc biét vé cu tric cta cdc mau spinel
cling dugc xdc dinh dua vao cdc gian d6 TPR-
H,. Trén ca hai gian d6 (hinh 3) déu thay xuat
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Hinh 2: Ph6 UV-VIS clia cic miu (a) spinel NiAl va (b) spinel CoAl
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Hinh 3: C4c gian d6 TPR-H, clia cdc mau spinel
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hién mot pic khir 16n & nhiét do cao, ky hiéu 1a
o. Pic a tuong tng v6i su khir ctia céc cation
Ni** va Co** trong mang ludi spinel NiAlL,O, [5]
va CoAl,O, [6]. Pic khit B xuét hién & nhiét do
thap hon, tuong tng véi su khir cia CoO, d6i véi
hé spinel CoAl va NiO d6i v6i hé spinel NiAl,
cac oxit nay dugc xem la cac tap chit, phan tan
trén bé mit clia cdc mau spinel tong hop.

Pic khir o cia mau spinel NiAl tuong doi
nhon, ching t6 cdc tam Ni** trong mang ludi
spinel NiALO, c6 tinh chét twong d6i dong déu.
Con pic khir o ciia mau spinel CoAl nam dai
trong khoang nhiét nhiét d6 rong hon (700 -
1000°C), chiing té cic tam Co®" trong céu triic



spinel CoAl,O, c6 tinh chat kém dong déu, nén
bi khir trong dai nhiét do rong.

Dong thoi, tinh chat bé mat cta cic spinel
dugc xdc dinh dua vao cdc duong dang nhiét hap
phu- giai hap nito. Cdc dudng dang nhiét clia ca
hai mau (hinh 4a) dugc dac trung bdi vong tré &
vling 4p sudt tuong doi cao. Diéu nay chiing td

céc spinel téng hop vé co ban duoc xem 1a vat
liéu ¢6 mao quan trung binh. Tuy nhién vong tré
ctia hai spinel tuong d6i khac nhau: do6i véi
spinel CoAl vong tré tuong do6i hep, xuét hién
trong khoang ap suat tuong déi (0,6 < P/P, <
0,9), dac trung cho vat liéu ¢6 bé mat riéng thap,
kich thuéc mao quan 16n [15].
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Hinh 4: Pudong dang nhiét hap phu nito (a) va phan b
kich thu6c mao quén (b) clia céc spinel tong hop

Trong khi d6, vong tré cia mau spinel NiAl
xudt hién trong khoang ap suét tuong doi rong
hon (0,4 < P/P, < 0,9), dac trung cho vat liéu c6
bé mait riéng 16n hon va kich thudc mao quan nho
hon [15]. Pudng phan bo kich thuéc mao quan
cua spinel NiAl tap trung & ~ 3,49 nm, trong khi
duong phan b6 kich thuéc mao quan cla spinel
CoAl rong hon, tap trung 6 ~ 9,2 nm (hinh 4b).
Ngoai ra, vong tré cua spinel NiAl tuong ing véi
dang vong tré kiéu H, dic trung cho mao quéan
hinh khe hep theo phan loai ctia De Boer. Vong
tré cua spinel CoAl tuong tng v6i dang vong tré
kiéu H;, do dé spinel CoAl duoc dic trung boi hé
mao quan hinh khe [16]. Nhin chung, khong gian
gifta cac hat so cdp cua spinel CoAl thodng va
rong hon so véi spinel NiAl Két qua tinh todn tir
cdc duong ding nhiét ciing cho thdy, Sg; cla
spinel NiAl 1a 128 m®.g" 16n gap 3,4 lan so véi
spinel CoAl (38 m®.g") va thé tich 16 x0p tuong
tng 120,17 va 0,147 cm’.g™".

2. Két qua do hoat tinh xiic tac trong phan
iing C;H;-SCR-NO v6i su tham gia cta O,
trén cac spinel nghién ciru

Kha ning chuyén héa NO trong phan tng
C,H;-SCR-NO v6i su ¢6 mat cta luong du O,
trén cdc spinel nghién ctu dugc trinh bay trén
hinh 5. Két qua cho thay, spinel NiAl cé kha
nang chuyén héa NO vdi hiéu suat tuong d6i cao,
dat cuc dai ~ 72% & t = 150°C va giit 6n dinh
trong khoang nhiét do rong. Trong khi d6, spinel
CoAl c¢6 hoat tinh thdp hon nhiéu, véi hiéu suat
cuc dai chuyén héa NO ~ 48%, nhung sau gia tri
cuc dai hiéu suét lai giam dan. Dac tinh xdc tac
cta spinel NiAl d6i véi phan tng khir chon loc
NO tuong d6i khéc so véi spinel CoAl, di€u nay
chic han do c4u triic va tinh chat bé mat clia cic
spinel khac nhau. Spinel NiAl c6 dién tich bé mat
riéng 16n hon, do d6 hoat tinh cao hon. Hon nita,
tinh chat cdc tam Ni** trén spinel NiAl dong déu
hon so véi cac tam Co™, ¢6 thé do vay ma sau khi
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dat hiéu suat cuc dai chuyén héa NO spinel NiAl

nhiét do phan dng, trong khi d6 thi trén spinel

van gilt dugc hoat tinh 6n dinh véi su gia ting  CoAl hoat tinh giam dén.
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Hinh 5: Do chuyén héa NO trong phan ting C;Hg-SCR-NO trén cac spinel
Diéu kién: [NO] = 350 ppm, [C;H,] = 1000 ppm, [O,] = 10%, [SO,] = 80 ppm, GHSV = 40.900 h''

IV - KET LUAN

Cac két qua phan tich XRD, UV-VIS, TPR-
H, va dang nhiét hap phu-gidi hap phu nito cho
thdy: spinel NiAl téng hop dugc 1a spinel nghich
va spinel CoAl 1a spinel thuan. C4c spinel t6ng
hop vé co ban 1a vat liéu mao quan trung binh:
spinel NiAl duoc dac trung bsi hé mao quan
hinh khe hep va spinel CoAl - hé¢ mao quan hinh
khe. Cic tam hoat tinh trén spinel NiAl c6 tinh
chit dong déu hon so vé6i céc tam trén spinel
CoAl, spinel NiAl c6 bé mit riéng 16n hon nhiéu
so v6i spinel CoAl.

Tinh chat bé mat va dac trung cau trdc la
yéu t6 quan trong anh hudng dén hoat tinh clia
cac spinel trong phan tng C;Hg-SCR-NO.
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