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Téng hop va nghién ctu hoat tinh xUc tac cua
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Abstract

Montmorillonite clay was intercalated and pillared by polycation Al, then used as a support for copper and cerium
oxides catalytic systems. The pillared bentonite as well as pillared bentonite supported-catalysts was characterized by
means of XRD, SEM, BET and TGA. The prepared catalysts were tested for the oxidation process of CO. The pillared
bentonite is proved to make a better support than parent clay since it can improve the CO conversion from 13 % over
Ce-Cu/Bent-TC to 70 % over Ce-Cu/Bent-Al with the same amount of the active oxides. By introducing 2 % Ce (Ce-
Cu/Bent-Al), a higher CO conversion was found at temperature as low as 250 °C in comparison to that over Cu/Bent-Al
sample. In addition, the impregnation method had created a more active Ce than Ce adding direct into the intercalation
solution, the catalyst not only showed its activity at a lower temperature but also gave a higher CO conversion. The
catalyst was then tested for 3 times and showed a potential in reuse.
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1. MO PAU

Hang nam, hang trim triéu tan khi cacbon
monoxide (CO) thai vao méi truong gay nhidu hau
qua nghiém trong dén stc khoe con ngudi [1]. Bén
canh ngudn phat thai tu nhién, CO con duoc sinh ra
do sy chay khong hoan toan cac chat c6 chtra cacbon
& dong co ddt trong cua 6 to xe may, 1o dot cong
nghiép, 16 d6t rac thai.... Pé dap tng cac yéu cau tiéu
chudn vé khi thai, nhleu phuong phap xt 1y da dugc
nghién ctu va mot sé da dugc thwong mai héa [2].
M@t trong nhiing bién phéap xtr Iy hi¢u qua CO la oxi
hoa thanh CO, véi su c6 mat cua chat xuc tac [3].

Cho dén nay, hau hét nhing xtc tac dugc
nghién ciru cho qua trinh oxi héa CO la xuc tac dua
trén kim loai quy [4], dac biét la Pt va Au. Au trén
chat mang oxit mac du ¢ hoat tinh rat tét nhung lai
doi hoi ham lugng 16n (wt. 5%) va khong thich hop
vé6i toe do dong cao [5]; Au va Pt déu bj mat hoat
tinh nhanh trong méi truong CO, hoac hoi nudc
[6,7]. Do gia thanh cao nén kim loai quy bi han ché
trong (g dung thuc tién va dang dan dugc thay thé
boi kim loai chuyén tiép [8]. Trong sé d6, Cu duoc
dé cap nhiéu nhat do tinh khir cao va c6 thé chuyén
héa CO & nhiét do thap [9]. Cac nghién ctu cho thay
hoat tinh xdc tac cia CuO phu thudc vao trang théi
oxi hoa cia Cu va dac biét vao ban chit chit mang.
Mot s6 chat mang thdng dung la CeO,, Zr0O,, zeolit,
vat liéu mao quan trung binh, cacbon.... Sy tang hoat

tinh xuc tac cta Cu khi dugc mang trén nhirng oxit
¢6 tinh khtr nhu CeO, dugc ly giai la do hiéu ung
hiép dong xuc tac nhod sy phan tan tt cia CuO trén
CeO, dan dén kha niang bi khtr & nhiét do thap hon so
véi CuO [10].

Bentonit 1 loai sét ty nhién c6 thanh phan
chinh la montmorilonit, dugc st dung trong nhiéu
nganh cong nghi¢p, thuc pham xay dung, dau khi...
nho cac dic tinh bé mat va cau trac X0p cua no. Tuy
nhién, tinh bén nhiét cua bentonit thip.... Mét trong
nhiing giai phap cho véan dé nay 1a tao cAc cot chdng
(pillar) oxit kim loai giita cac 16p sét khi trao ddi céc
cation ¢ gitra cac 16p sét vdi polycation vo co co
kich thugc l6n (bentonit chéng 16p). Trén bentonit
chdng 16p Xuat hién cau trac 16 x6p moi va tang
cudng mot s6 tdm hoat dong. Nhu vay, Viéc phdi
hop sir dung cac kim loai chuyén tiép va bentonit
chdng 16p s& dan dén sy hinh thanh cac hé xdc tac co
hoat tinh cao, tinh chon loc va d6 bén tét [11].

Bai b4o nay trinh bay cac két qua nghién cau
tdng hop vat liéu bentonit chéng 16p, xac dinh cac
dac trung vat ly va hoat tinh xuc tac cua né trong
phan tng oxi hda CO thanh CO,.

2. THUC NGHIEM
2.1. Téng hop xiic tac

Bentonit C6 Pinh sau khi tinh ché (Bent-TC)
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duoc sir dung dé tong hop bentonit chong 16p bang
polication kim loai gém 2 buéc:

(i) Chuan bi cac dung dich chdng polication Al dya
trén co s phan tng:

13AI(NO,); + 32NaOH + 8H,0—>

[AIO,Al1,(OH)5(H,0)1,]Cl; + 32NaNO,

- Dung dich chéng polycation Al: Nho tir tir 200
mL NaOH 0,2 M vao 100 mL AI(NOs); 0,2 M
(khudy tir véi toc do 150 vong/phat). Dung dich
duoc tiép tuc khuay trong 2 gid va gia hda ¢ 60 °C
trong 3 gid. Cudi cung khudy & nhiét 6 phong trong
24 gid thu duoc dung dich chéng polication All.

- Dung dich chdng polycation Al-Ce: thii tuc
chuan bi hoan toan nhu trén, trong d6 dung dich
NaOH 0,2 M dugc nho tr tr vao dung dich
AI(NO3); 0,2M chira 10 % Ce (dang Ce(NO3),).

(i) Nho dung dich chéng vao huyén phu Bent-
TC di ngam truong no, khudy téc do cao hdn hop
trong 3 gio, gia hoa trong 24 gio & nhiét do phong.
Két taa sau d6 duoc loc, rira roi sdy ¢ 60 °C trong 3
gio, thu duoc bentonit chdng 16p. Véi 2 loai dung
dich chéng & trén thu duoc 2 loai bentonit chdng 16p
twong ung, ky hiéu lan luwot 1a Bent-Al va
Bent-Al-Ce.

Cac mau xuc tac véi ham luong 5%Cu, 2%Ce
dugc tong hop bing phuong phap tim Ce(NOs),,
Cu(NO3), Ién céc chat mang twong tng: Cu/Bent-Al,
Ce-Cu/Bent-Al, Ce-Cu/Bent-TC, Cu/Bent-Al-Ce.
Sau khi tdm, cac mau duoc sdy & 60 °C trong 3 gio,
ldy ra nghién min rdi tiép tuc sy & 60 °C trong 5
gio.

2.2. Xac dinh cac dic trung héa ly

Gian d¢6 XRD dugc chup trén may D8 Advance
Bruck. Anh SEM duoc chup trén may S4800-
Hitachi. B& mit riéng va dic trung mao quan dugc
xac dinh trén may TRI START 3000 Micromertics.
Gian dd TPR-H, duoc thyc hién trén may
AutoChem Micromeritics. Phép do TGA dugc thuc
hién trén may DTG-60H Shimadzu.

2.3. Khao sat hoat tinh xuc tac cho phan wng oxi
hoa CO

Phan g chuyén héa CO thanh CO, duoc thuc
hién trén hé phan tng vi dong véi sac ky khi RGA 7
cot Ultra Thermo & 4p sudt thuong va nhiét do trong
khoang 70~300 °C. Xic tac vai khdi lwong 0,3 g cho
mdi 1an phan tmg duogc ép vién va dwa vao 6ng phan
g bang thach anh véi duong kinh trong 1,5 cm.
Luu lugng dong tong 1a 20 mL/phdt véi ty 1é
CO:0,:He = 1:0,5:18,5. Trudc mdi thi nghiém, xic
tac dugc hoat hoa trong dong khong khi & 400 °C
trong 3 gio. Dwa vao tin hiéu trén sic ky do, do

Lwong Thi Thu Thuy va cong su

chuyén hoa ciia CO duge xac dinh theo cong thirc:

, 0
D6 chuyén hoa (%) :%xm% .

Cco
3. KET QUA VA THAO LUAN
3.1. Mt s6 diic trung ciia vat ligu

Gian d6 nhiéu xa tia X cta Bent-TC va Ben-Al
dugc gi6i thidu trén hinh 1. Tir gian d6 XRD cua
Bent-TC cho thay pic nim trong khoang goc quét 20
= 2~7° twong tmg vé&i dggy = 15,033 A dic trung cho
montmorilonit (JCPDS card No. 13-0135) xuét hién
khé rd nét. Ngoai ra, cudng dd cac pic nhiéu xa tai
20 = 20,9 va 26,7° dic trung cho quartz (JCPDS card
No. 89-8934) rat nho (3,345 A va 3,614 A, khong
dua ra & day). Piéu d6 cho thay trong qua trinh tinh
ché, quartz bi loai béo dang ké va ham luong
montmorilonit dugc tang Ién.

17,575 A
5 /\,,,.,\v Bent-Al
(C
:; WW‘-\./\
£ \
c o
g \ 15,033 A /\/\\
VA Bent-TC —
N
0 3 6 9 12

2 Theta (°)
Hinh 1: Gian dd XRD cua Bent-TC va Bent-Al

Khi sir dung polycation Al dé chng 16p ta thay
pic dic trung cia montmorilonit di dich chuyén tir
20 = 5,96° dén 5,02° chimg to Al di chén vao giira
cac lop sét. Khoang cach gilra hai 16p ciling duogc
“nong” rong hon (di = 17,575 A) nho cot chdng Al

Anh SEM cutia cac mau vat liéu ché tao dugc
duogc trinh bay trén hinh 2. Bentonit tinh ché c6 cu
truc 16p déc trung voi hinh thai dang 14 méng, mat
d6i mat, dic sit. Khi duoc chong boi polycation Al,
cac cation hydrat & khoang gitra cac 16p duoc trao
d6i v6i polycation Al dan dén cdu tric mat di mat
bi thay ddi va két ciu canh dbi mit va canh d6i canh
duoc hinh thanh 1dm ting mac do hon hop cia
bentonit chéng 16p. Ngoai ra, c6 thé thiy phuong
phap dua Ce 1én mau khong tao nén sy khac biét ro
nét vé hinh thai hoc cua vat liéu (Mau Ce-Cu/Bent-
Al va mau Cu/Bent-Al-Ce).

Puong dang nhiét hap phu - khir hip phu N, ciia
cac mau vat liéu dugc trinh bay trén hinh 3. Két qua
xac dinh bé mit riéng va cac dic trung mao quan
duogc tom tit trong bang 1. Cac duong biéu dién déu
c6 dang tré thudc loai IV theo sy phan loai cla
IUPAC [12] chimg té cac mau nghién ctru thudc loai
vat liéu mao quan trung binh. Mau Bent-TC c6
duong tré rong nhat, cho thiy bentonit tinh ché c6
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ham lugng mao quan trung binh rat 16n. Dién tich bé
mat riéng cua bentonit tinh ché chi dat 55 m?g,
trong d6 dién tich mao quan trung binh chiém wu
thé (42 m?/g), duong kinh mao quan trung binh la
9,284 nm, phd hop tét véi nhitng cong bd cua
montmorilonit [13]. G mau Bent-Al, ¢6 sy ting dién
tICh bé mit riéng (131 m?/g) véi phan déng gop chi
yéu boi mao quan trung binh (98 m?g). Nho su
tuong tac gitra Cu va Ce lam cho Cu phan tan tot
hon dan t6i dién tich bé mit riéng caa mau Ce-
Cu/Bent-Al tang 1én t6i 174 m°/g. Cac miu déu co
tong thé tich mao quan trung binh 16n hon téng thé
tich vi mao quan, d6 1a do su xuét hién cua céac khe
rdng tao nén boi su sip xép khong dic khit cua cac
tiéu phan Cu va Ce.

Hinh 2: Anh SEM cua cic mau vit liéu ché tao duogc
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Hinh 3: Puong dang nhiét hap phu - gidi hap phu N,
& 77 K cua cac mau vat lidu ché tao duge

Sy phan bé mao quan cua cac ,mﬁu vat liéu
dugc giai thiéu trén hinh 4. C6 thé thay vat liéu cd

Tong hop va nghién ciwu hoat tinh...

mao quan rat phat trién, chira chu yéu 1a mao quan
trung binh va mao quan 16n. Viéc chong 16p va ché
tao cac mau xUc tac tir bentonit tinh ché da lam giam
lugng mao quan co kich thudc 16n hon 30 nm nhung
lai lam tang luwong mao quan c6 d6 rong nho hon 30
nm, lam ting bé mat riéng cua cac mau xdc tac.
Luong mao quan trung binh ting dan theo thir ty
Cu/Bent-Al < Bent-Al < Ce-Cu/Bent-Al, trung voi
thr ty vé dién tich bé mat riéng cua cac mau xdc tac
da trinh bay ¢ phan trudc.

Bang 1: Bé mit riéng va dic trung mao quan
cua cac mau vat liéu

M?lu SI;SE‘E Sn;icri) SZBJI-{ Vrgicrclu VI%JH1 qu
(m°g™) | (m°g™) | (m°g™) |(cm°g™)| (cm°g™) | (nm)
Bent-TC 55 13 42 0,006 | 0,088 |9,284
Bent-Al 131 98 32 0,046 | 0,068 |8,415
Cu
/Bent-Al 79 49 29 0,023 | 0,047 |6,296
Ce-Cu
/Bent-Al 174 110 64 0,052 | 0,112 {6,932
0.025
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Hinh 4: Phan bo mao quan cta cac mau vat liéu
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Hinh 5: Gian dd TPR-H, ctia mau Ce-Cu/Bent-Al

Thyc hién phép do TPR-H, véi mau tiéu biéu
Ce-Cu/Bent-Al va ket qua dugc chi ra trén hinh 5.
Pic khir & nhiét do thap (Tmax = 224,4 °C, 225,9 °C)

654



TCHH, 54(5) 2016

dugc gan cho I6p mong CuO phan tan tét trén bé
mat CeO, va dé dang bi khir. Kha ning bi khir &
nhiét d6 thap hon nhiét d6 khir cia CuO nguyén chét
(266 °C) dwa dén nhan dinh rang cac tiéu phan Cu
nay ton tai riéng ré va lién két voi chat mang. Tong
thé tich H, dung cho ving nay chiém dén 33,8 %
(16,2 cm®/g) tong thé tich H, tiéu thy cho qué trinh
khtr. Vi thé c6 thé két luan ring, tdm hoat tinh Cu
Vvéi sy hiép tro caa Ce trén bentonit chéng 16p duoc
phan tan tét va hira hen hoat tinh xdc tac cao trong
cac quéa trinh oxi héa. Vung khtr th hai ang véi
nhiét do khir Trax = 251,5 °C. Nhiét do khtr nay gan
v6i nhiét do Tpax cua CuO nguyén chat [14], vi thé
¢ thé gia thiét rang day 1a sy khir cua Cu & sdu
trong tinh thé hoac cac cluster Cu lién két yéu voi
CeO, bé mit hoic véi bentonit. Vang cudi cung,
viing khtr & nhiét do cao, véi Tpax = 474,4 °C 6 thé
lien quan t6i sy khur cia Ce™ bé mat va sy khir cua
CeO, trong xuc tac. Qua trinh khir ndy c6 thé duoc
x(Uc tién nho sy 6 mat caa Cu.

Két qua phan tich nhiét trong lwong va nhiét vi
sai cia mau Ce-Cu/Bent-Al60 trong dong khong khi
duoc trinh bay trén hinh 6. C6 thé chia duong TGA
thanh 4 khoang tuong ng voi cac sy giam khoi
lwong: i) Su giam khéi lwgng ¢ ving nhiét do 60 °C
kém theo su xuat hién pic thu nhiét & nhiét d6 60 °C
trén duong DTA dugc gan cho sy bay hoi nuéc hap
phu trén bé mat ngoai vat liéu; ii) Su giam khdi
lwong & vung nhiét d6 230 °C ciing kém theo mot
pic thu nhiét dugc gan cho sy mat nude trong tinh
thé; iii) sy giam khdi luong tiép theo trong ving
nhiét do 450-600 °C la sy dehydrat hdéa cua cac
polycation Al; iv) & nhiét d6 cao hon nita vat liéu
kha 6n dinh nhiét. Nhu vay nhi¢t d6 nung xtc tac va
nhiét d¢ lam viéc ciia xtc tac c6 thé 1én dén 500 °C.

oo a0do0 w0000 w000 00000

Hinh 6: Gian dd TGA-DTA cua mau Ce-Cu/Bent-Al

3.2. Khao sat kha nang xuc tiac cho qua trinh oxi
hoa CO cia vit liéu tong hop dwgc

3.2.1. Tinh wu viét ciia bentonit chong 16p

~ D¢ khao sét tinh chat nay, hai miu xuc tac dugc
tong hop vai cung tdm hoat tinh 12 5 % Cu, dugc bo

Lwong Thi Thu Thuy va cong su

sung thém 2 % Ce mang Ién hai chit mang bentonit
tinh ché va bentonit chéng 16p boi polycation Al:
Ce-Cu/Bent-TC va Ce-Cu/Bent-Al. Két qua nghién
cuu hoat tinh xtc tac dwoc chi ra trén hinh 7.
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Hinh 7: D6 chuyén hoa CO trén hai mau xuc tac
Ce-Cu/Bent-TC va Ce-Cu/Bent-Al theo nhiét do

Dé thiy rang d6 chuyén hoa CO ting khi nhiét
do tang va do chuyén hoa bat dau tir nhiét do kha
thap (150 °C), chtng té cc mau xtc tac déu co hoat
tinh t5t cho phan wng nay. Tuy nhién, trong ciing
diéu kién phan tmg nhu nhau, Ce-Cu/Bent-Al thé
hign hoat tinh t5t hon rit nhiéu Ce-Cu/Bent-TC,
chuyén hoa cua CO trén xc tac Ce-Cu/Bent-Al dat
32 % & 200 °C va lén ti 65 % khi nhiét do tang
thém 50 °C, trong khi téc do chuyén héa CO trén
Ce-Cu/Bent-TC rat cham, chi dat 5 % & 250 °C va
toi 300 °C méi chi dat 13 %. Tinh ndng vuot troi cua
bentonit chéng 16p da dwoc chi ra & phan dic trung
vat liéu, sy chong 16p nho polycation Al nong rong
khoang cach giita cac 16p sét lam ting dién tich bé
mit riéng va dong thoi gitp cho cac phan td CO
khuéch tan dé dang toi cac tAm hoat tinh.

3.2.2. Anh huong ciia Ce dén hoat tinh xiic tic

2% Ce dugc dua 1én xuc tac bang phuong phap
tam va duoc so sanh vai mau xuc tac Cu/Bent-Al, do
chuyén héa CO trén cac miu xic tac dugc gisi thiu
trén hinh 8. C6 thé thiy sy c6 mat cua Ce lam ting
kha ning xuc tic ctia Cu trén chat mang, & 150 °C
CO chi chuyén héa dugc 5,5 % trén Cu/Bent-Al
trong khi trén Ce-Cu/Bent-Al & nhiét do nay chuyén
hoa cua CO di dat 7,8 %. Khi nhiét d6 ting 1én dén
220 °C, Ce-Cu/Bent-Al chuyén hoa duoc 50 % CO,
con Cu/Bent-Al chi chuyén hoa duoc 40 % CO. Su
tro xUc tac cua Ce vai Cu da dugc chi rd qua phan
tich gian do TPR-H,. Nho sy twong tac giita Ce V6i
Cu ma Cu phan tan tot hon, va do d6 thé hién hoat
tinh xdc tac tét ngay & vung nhiét d6 180~220 °C, la
viing khir cia CuO doc lap phan tan tét trén CeO,.
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3.2.3. Anh huwong cia phwong phdp tong hop dén
hoqt tinh xdc tac

Anh huéng ciia phuong phéap tong hop dén hoat
tinh xuc tac cling duoc chi ra trén hinh 8. Ce dugc
dura 1én mau xdc tac theo hai cach: i) Ce dua vao giai
doan cudi cling bang cach tim cting véi mudi Cu Ién
bentonit da chong I6p (Ce-Cu/Bent-Al) va ii) Ce
dugc dua vao giai doan dau khi tao dung dich
polycation nhom dé chdng lép (Cu/Bent-Al-Ce).Dé
thiy viéc dua thém Ce bang phwong phap tam tao
mau xUc tac c6 hoat tinh cao hon so vdi mau dua
thém Ce trong qua trinh tong hop dung dich chdng.
Tuy kha niang chuyén hda CO trén hai mau xc tac
twong ty nhau & nhiét do dudi 150 °C nhung ¢ 180
°C d6 chuyén héa CO trén Ce-Cu/Bent-Al 13 20,8 %
thi trén Cu/Bent-Al-Ce méi chi dat 13,8 %. O
khoang nhiét do 180~250 °C, trong khi chuyén hoa
ctia CO trén Cu/Bent-Al-Ce chi tang tir 13,8 % dén
56,3 % thi trén mau Ce-Cu/Bent-Al chuyén héa da
dat t6i 65,5 % & cung nhiét d6. O 300 °C, CO
chuyén hoa téi 69,9 % trén Ce-Cu/Bent-Al nhung
chi dat 65,3 % trén mau Cu/Bent-Al-Ce.
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Hinh 8: Po chuyén hoa CO trén cac mau xuc tac
Cu/Bent-Al, Ce-Cu/Bent-Al va Cu/Bent-Al-Ce
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3.2.4. Budc dau danh gid dg bén xiic tic

Do bén hoat tinh buéc dau dugc khao sét voi
mau xdc tac Ce-Cu/Bent-Al va dugc thé hién trén
hinh 9. Hoat tinh xuc tac cua mau dbi phan ang oxi
hoa CO c6 giam nhe ¢ ving nhiét do thdp nhung
khong c6 su khéc nhau nhiéu & nhiét do tir 250~300
°C. X(c tac van dat t6i 94,5 % do chuyén hoa ban
dau sau 3 chu ky phan wng cho thay xdc tac cé kha
nang tai str dung.

Mic du cac mau xuc tac tong hop duoc c6 hoat
tinh rat t6t cho chuyén héa CO thanh CO, nhung
khong xuc tac nao dat higu suat chuyén hda 100 %.
Piéu nay c6 thé giai thich 1a do ti Ié CO:0, trong
nguyén liéu dugc lay ding theo hé sé ti lugng cua
phan tng. Néu oxi dugc lay du thi chuyén hoa sé& dat
hiéu suat cao hon. Nhitng nghién ctu tiép theo s&
lam séng té van d& nay.

Tong hop va nghién ciwu hoat tinh...
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4. KET LUAN

Trong nghién ciru nay, bentonit da dwoc chbng
I6p thanh cong bang polycation Al. Két qua phan tich
dic trung cau tric cho thiy khoang cach gitra cac 16p
sét da duoc “nong” rong hon, bentonit chdng 16p co
dién tich bé mat riéng 16n, chtra chu yéu mao quan
trung binh, c6 d6 bén nhiét cao va c6 kha ning lam
chat mang tét cho Cu trong phan ting oxi héa CO.

Két qua khao sét sy chuyén héa CO trén cac x(c
tac ché tao duoc dd ching to duoc su wu viét cua
bentonit chong 16p so véi bentonit tinh ché. Ce la
chit tro xUc tac tdt cho Cu/Bent-Al. Vi su ¢ mit
cua 2 %Ce, Cu phan tan tt hon va bi khir & nhiét do
thap hon so v&i CuO nguyén chat. Tinh chét nay dan
dén kha niang hoat héa CO ngay & nhiét do 120 °C
va chuyén hoa dat toi hon 65 % & nhiét do chi 250
°C. Nghién citu con cho thay xuc tac Ce-Cu trén chat
mang bentonit chdng 16p c6 thé quay vong va tai sir
dung.
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