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TOM TAT

Céac hé xtc tac CuO bién tinh kim loai
quy Pt cé thanh phén téi wu mang trén hai
chét mang y-Al,O3z va »-Al,Os + CeO, duoc
diéu ché. Tinh chét ly — hoa cda cac xuc tac
duoc nghién clru bang céc phuong phap hap
phu N2 (BET), nhiéu xa tia X (XRD), hién vi
dién tir quét (SEM), hién vi dién to truyén qua
(TEM), khir chuong trinh nhiét dd (TPR) va
chuén dé xung (HPC). Sw hép phu CO trén
cac tdm hoat dong cua cac hé xuc tac duwoc
nghién ctru bang phé IR-CO trong viing buéc
séng 4000 — 400 cm™. Anh huéng ctia hén
hop hoi nwéc va SO, dén hoat tinh cla céc
hé xuc tac dwoc khao sat & nhiét dé 200 °C
va 350 °C véi nbéng dé oxi, CO, hoi nuwéc va

SO, trong hén hop khi lan lwot Ia 10,5 % mol,
0,5 % mol, 1,1 % mol va 0,0625 % mol, khi
cén bang la N.. Két qué cho thdy tam hoat
déng cua cac hé xdc tac la Cu** va Pt*. Trong
xuc tdc CO hép phu trén céc tdm hoat dong
Cu?*, Pt%*, CeO; ciing nhw y-Al,0s, viéc bd
sung CeO, gitip tdng hép phu CO va mirc do
khir ctia xuc téc, nhung lam gidm dién tich bé
méit riéng va dé phén tan cua xuc tac. Xuc tac
Pt + CuO mang trén y-Al,O3 + CeO; ¢6 hoat
tinh cao nhung lam viéc kém bén hon so véi
xdc tac mang trén y-Al,Os. H6n hop hoi nuéc
SO2 dau doc thuén nghich hai xuc tac Pt-
CuO & nhiét d6 350 °C va bét thuan nghich &
200 °C.

T khoéa: CO oxidation, Pt-modified CuO catalyst, CeO,, water vapour, SOx.

MO PAU

Do bén cua chit xuc tac 1a mot dai Iwong quan
trong quyét dinh hiéu qua kinh té ctia cac qua trinh
¢6 st dung xuc tac n6i chung va qua trinh oxi hoa
xuc tac hdn hop khi néi riéng [1]. Thuc té, bén

canh CO, trong hdn hop khi thai con c6 cé4c tap
chat khac nhu hoi nuéc (san pham cua qué trinh
dbt chay nhién liéu), hop chat chira luu huynh
(SOx hoic HzS), ..., anh hudng dén hoat d6 va do

Trang 187



Science & Technology Development, Vol 18, No.T3- 2015

bén cua xuc tac. Do vay, ngoai tiéu chi c6 hoat tinh
cao thi xUc tac can 1am viéc bén trong méi truong
c6 tap chat. Trong cac nghién ctru trude ddy cua
ching tdi [2], quy trinh diéu ché, cac dic trung hoa
Iy va thanh phan téi wu cac hé xdc tac Pt + CuO
mang trén y-Al,0; va y-Al,0; + CeO; cho phéan
ung oxi héa CO da dugc xac dinh. Cac xuc tac co
hoat tinh cao dugc xac dinh 1a 0,1 % kI Pt + 10 %
kI CuO/AI,05 (PtCU/Al) va 0,1 % kI Pt + 10 % Kl
CuO + 20 % kl CeO,/Al,O5 (PtCu/CeAl). Dé lam
séng t6 mdi quan hé gitra thanh phan, hoat do va
d6 bén cua xtic tac ddi véi cac tap chit, 1am co s¢
dé chon duoc hé xuc tac Pt-CuO c6 hoat tinh tét
huéng dén tng dung trong thuc té, trong bai bao
nay ban chét tdm hoat dong cua xuc tac dugce xac
dinh va anh hudng cta hoi nude va SO, dén hoat
tinh oxi héa CO da duoc khao sat.

PHUONG PHAP THU'C NGHIEM

Céc hé xdc tac Pt + CuO mang trén chat mang
y-Al,03 va y-Al,03 + CeO, duge diéu ché bang
phuong phap tim lan luot theo quy trinh nhu duoc
trinh bay trong [2]. Ban chit tim hoat dong trong
cac xtc tac cho phan timg oxi hoa CO duoc Xxac
dinh trén co s& két hop cac dic trung hoa 1y da
dugc phan tich trong [2] va phd hong ngoai cua
c&c mau xuc tac hap phu CO. Phé hong ngoai IR
dugc phan tich trén thiét bi phan tich Nicolet —
Spectrometer 460 trong ving budc song 4000 —
400 cm'™. Trude khi phén tich phd IR, cac miu xtc
tac oxit kim loai duoc xir Iy & 600 °C va cac mau
chta Pt dugc xit ly & 300 °C trong dong oxi véi
tbc do dong 1a 5 lit/gid trong 1 giod. Sau xir 1y ha
nhiét d6 mau dén nhiét d6 phong va hap phu CO &
ap suat Pco = 8 mm Hg hoidc 15 mm Hg trong 20
phut. Sau d6 phan tich phd IR mau xuc tac hap phu
CO. Tiép theo, giai hap CO & ap suit 102 Tor &
nhiét do phong hodc 100 °C trong 20 phdt va phan

tich lai phd IR cua xuc tac. Truge khi tién hanh
phan tng, cac xuc tac dugc hoat hda trong dong
khong khi véi luu lugng 12 lit/gio & 300 °C trong
4 gio. Phan tng oxi hoa CO trong moéi truong c
hdn hop tap chat hoi nude va SO, duoc tién hanh
trong so dd dong vi lvong & nhiét do phan tng 200
°C va 350 °C. Nong do cac chat khi O, va CO lan
luot la 10,5 % mol va 0,5 % mol, con lai 13 Na.
Nong d6 tap chit hoi nuéc va SO, trong hdn hop
khi lan luot 12 1,1 % mol va 0,0625 % mol. Hn
hop phan tng duoc phan tich trén may phan tich
sic ky khi Agilent Technologies 6890 Plus, sir
dung dau do TCD, cot HP-PLOT Molecular-Seive
5A.

KET QUA VA BAN LUAN
Pic trung hda ly cia xdc tac

Theo két qua phan tich ciia chdng tdi trong
[2], gian &6 XRD cua xuc tac PtCu/Al co cac dinh
dac trung cho tinh thé CuO (20 = 35,5 °; 38,6 °;
48,8 °; 58,3 °; 61,5 °; 67,9 °) ¢6 cuong d6 manh
nhét, cac dinh dic trung cho y-AlO3 (20 = 37°;
46°; 67,7°), CUALO, (20 = 45 °: 56 °; 59 °; 66 °)
va Pt (20 = 39,7 °; 46,2 °; 67,6 °) c6 cudng do yéu.
Viéc tao thanh CuAl,O4 dugc giai thich la do su
khuéch tan cua ion Cux+ vao mang cia y-Al,0s va
Xay ra twong tac gitra ching [3]. Trong gian d6
XRD cua xuc tdc PtCu/CeAl bén canh cac dinh
ddc trung cua y-Al,0s, CuO, CuAl,O4, Pt nhu
trong mau PtCu/Al, con xuat hién cac dinh dic
trung cho CeO; ¢ 26 = 28,6°; 33 °; 47,4 °; 56,3 °;
59 °; 69,4 °; 76,7 °; 79 °. Trong cac xUc tac nay
CuO va CeO; ton tai & dang tinh thé két tinh tét,
con cac thanh phan khac ton tai ¢ trang thai phan
tan cao hodc vo dinh hinh. Tinh thé CeO, tuong
tac yéu véi chit mang c6 cudong do dinh 12 manh
nhat.
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S4800-NIHE 10.0kV.8.3mm x30.0k SE(M,LA0) /1812014 ' " " '1.00um

a) PtCu/Al b) PtCu/CeAl
Hinh 1. Anh FE-SEM cuia c4c xuc tac

a) PtCu/Al ) b) PtCu/CeAl
Hinh 2. Anh TEM cua cac xUc tac

Anh SEM (Hinh 1) cho thay & ¢4 2 xic tac  ca 2 xuc tac PtCu/Al va PtCu/CeAl déu quan sat
xuét hién cac hat hinh cau twong ddi dong trén bé thay céc hat Pt c6 kich thudc 1-3 nm phan tan rai
mit chit mang. Anh TEM (Hinh 2) cho thdy, trong  ré4c, con CuO tap trung thanh ting cum.

Bang 1. Di¢n tich bé mit riéng ciia cac mau xuc tac (Seet), kich thwéc quan thé Cu (dcu), dd phan
tan ciia Cu (ycu), nhiét dd khir cue dai (Tmax) VA mire d9 khir ciia ion Cu* (Kred, %) ciia caC mau

xUc tac.

. , % KRred, %
Xc tac Sger, m?/g dcu, NM Yo 7 Tax, °C Red: 70
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PtCu/Al 95,9 11,6

13,42 274, 400 36,7

PtCu/CeAl 80,1 35,2

4,45 255 45,8

Két qua Bang 1 cho thiy b6 sung CeO, mot
mit 1am giam dién tich bé mit riéng ciia xdc tac
1,2 1an, mat khéc 1am suy yéu tuong tac gitta CuO
va y-Al,03 dan dén l1am giam cuong d6 dao dong
dic trung cua CuAl,O4 trong gian d6 XRD, lam
tang kich thudc quan thé Cu tir 11,6 nm 1én dén
35,2 nm va giam manh d6 phan tan Cu t
13,42 % xudng 4,45 %.

Két qua phan tich khir chuong trinh nhiét do
cta 2 xuc tac dugc néu trong Bang 1, trén xuc tac
PtCu/Al ¢6 2 dinh khtt & nhiét d6 274 °C va vai
khtr & 400 °C, twong ing dac trung cho sy khir ciia
cluster CuO va CuO khéi tuong tac yéu vai chét
mang thanh Cu°[4, 5]. Khédng xuat hién dinh khir
cua Pt, theo tai liéu tham khéo [6] trong viing nhiét
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d6 300 — 500 °C hoic & 240 °C theo [7]. Khi bd
sung 20 % CeO; vao thanh phan chit mang, trén
gian d6 khir chuong trinh nhiét d6 (khéng trinh
bay) cua xtic tac PtCu/CeAl chi xuat hién 1 dinh
khir duy nhat & nhiét d6 255 °C dic trung cho su
khtr cua cluster CuO. B sung CeO; lam suy yéu
tuong tac ctia CuO Véi chat mang, dan ting mirc d6
khtr ciia x0c tac. Mirc d6 khir ctia xtc tac PtCu/Al
c6 va khong c6 CeO; lan lugt 1a 36,7 % va 45,8 %.
Theo tac gia [4] cac ion oxi mang trén bé mat cua
CeO; c6 thé hinh thanh lién két vai cac ion Cu?*,
hay néi cach khéc lién két caa cac ion oxi trén ranh
gisi phan chia pha cua cac ion Cu?* va cac ion Ce?*
dé hinh thanh lién két Cu-O-Ce, su lién két gitra
Cu va Ce khién cho tinh khir caa Cu tét hon.

a) y-Al,O3 hdp phu CO
b) 10 % CuO/y-AlOs
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C) 20 %Ce02/7-Al,05
f) 0,1 % Pt+10 % CuO+ 20 % CeO,/-Al,05

Hinh 3. Phd IR cua céc xtc tac

Phé IR cua CO hip phu trén chat mang vy-
Al,O3 (Hinh 3a) c6 mot dao dong chinh 62204 cm
1 dac trung cho sy hip phu CO trén c4c tam acid
Lewis yéu cua cac cation AI** chura bdo hoa dang
phdi tri tetrahedral [8] va hai dao dong yéu ¢ 2155
va 2232 cm™,

Trén phd IR cia CO hip phu trén Cu/Al
(Hinh 3b), ngoai dai dao dong ALO;—CO trén
cation AI** chua bdo hoa dang phéi tri octahedral
& 2194 cmL, con xuét hién dao dong & 2125 cm?,
ddc trung cho dao dong cua Cu*-CO [8], voi
cuong do manh hon nhiéu. lon Cu* duoc tao thanh
do sy khtr ciia Cu?* trong diéu kién cé hip phu c6
CO.

Phé IR ciia CO hip phu trén xc tac 20 %
Ce02/Al,0;5 (Hinh 3c¢) ¢o6 hai dao dong ¢ 2115 cm-
Lva 2177 — 2180cm™, dic trung cho phic CeOp—
CO va mot dai dao dong & 2197 cm?, dic trung
cho hap phu CO trén tam acid Lewis cua chat
mang. Két qua khiang dinh CO hap phu ca trén y-
Al,O3 va CeO,. Tang 4p suit cia CO hap phu tir 8
mmHg 1én 15 mm Hg, vi tri cua dai hap phu dich
chuyén sang ving budc séng dai hon (2180 cm'™
S0 v6i 2177 cm™). C4 thé cho rang trén bé mat xdc
tac ton tai hai loai tim CeO,: CeO,tu do va CeO,—
Al,O3 lién két v6i chat mang. Pidu nay cho thiy
rat cd thé lién két CeO,—~Al,Oz da hinh thanh.

Phd IR CO hip phu cua xtc tac Pt/y-Al,Os
(Hinh 3d) ngoai dinh dao dong cua phuac AlOs—
CO ¢ 2200 cm* con c6 mot dao dong manh & 2118
cmt va rat yéu ¢ 2174 cm™. Theo tac gia [9], dao
dong dac trung cho phac nguyén tir Pt CO & budc
séng 2100 cmt. Do d6 hai dao dong & 2118 cm™

va 2174 cm™ duogc cho 1a dic trung twong tng cho
Pt>*~CO va Pt**— CO. Nhu vay trén xdc tac nay Pt
t6n tai cha yéu ¢ trang théai Pt2*.

Pho IR cla cic xuc tic PtCwAl va
PtCu/CeAl (Hinh 3e va f) c6 dao dong & vung
2110 — 2131 cm%, dic trung cho phuc Cu*- CO.
Qua két qua phan tich phd IR ctia cac mau xtic tac
sau khi giai hdp ¢ 4p suat 10 Tor, van con dao
dong dac trung cho phtic Cu*— O nhung chuyén
dich vao ving dao dong thap hon. Cho thay trén
bé mat xdc tac c6 cac dang Cu* khéc nhau va hap
phu CO trén tam Cul* bén.

Nhu vay trong cac xuc tac PtCu/Al va
PtCu/CeAl ton tai tim hoat dong Cu®* va Pt**. Su
xuit hién dai dao dong ¢ 2119 — 2131 ecm® cho
thay viéc khir cc ion Cu?* trén x(c tac nay dién ra
dé dang. That vay, trong Bang 1 muc d6 khir cia
ion Cu trén xuc tac PtCu/Al va PtCu/CeAl dat
twong ung 1 36,7 % va 45,8 %, cao hon nhiéu so
véGi xdc tac khéng cé Pt. Muc do khir cua xUc tac
Cu/Al va Cu/CeAl tuong ung 1a 13 % va 17,6 %
[2,3].

Hoat tinh cac xUc tac trong phan tng oxi hoa
carbon monoxide

Hoat tinh xic tac trong méi trwong phan ing

khong cé tap chit

Pé so sanh hoat tinh caa cac xUc tac can tién
hanh phan ung & cung diéu kién: nhiét d6 phan

(0]
tmg (T), ndng do cac tac chit (C o , O ) va do
chuyén héa CO (X). Theo két qua nghién ctu
truée day [2] chon diéu kién phan tmg dé do
chuyén hoa dau ciia CO ~ 95 % & 200 va 350 °C
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Bang 2. P chuyén hda (X) va tée d9 phan vmg oxi héa CO (r) trén céc xiic tic ving véi toe dd thé

tich (V) va nhiét d phan wng (T) khéac nhau, cing diéu kién ce

10,5 % mol, ¢z, = 0,5 % mol.

Xuc tac T (°C) V (h1) X (%) r (mmol.g.hY)
200 1,2.10° 94,0 2,8
PtCu/Al
350 7,1.10° 98,0 175,0
200 1,6.10° 98,3 39,5
PtCu/CeAl
350 10,7.10° 95,9 256,3

Két qua Bang 2 cho thiy téc d6 phan tmg oxi
hoa CO trén xuc tac PtCu/CeAl cao gip 14 va 1,5
1an so vé6i xtc tic PtCu/Al tuong tmg & nhiét do
200 °C va 350 °C. Piéu nay duoc 1y giai do CeO;
mot mat 1am ting mirc do khir xuc tac, mat khac,
trén xdc tac PtCu/CeAl tdm hap phu cua CO bén
canh ion Cu*, Pt?* va AP* nhu trong xuc tic
PtCu/Al con thém CeO,, dong thoi sy hap phu CO
trén x(c tac bién tinh CeO, bén hon so vai trén xuc
tac PtCu/Al nhu két qua nghién cu IR CO hip
phu da chirng minh. Khao sat hoat tinh ctia cac xuc
tac trong moi truong phan tmg khong co tap chét,
nhan théy ca 2 xtc tac ¢6 hoat do 6n dinh trong
sudt 30 gio phan tng. Piéu nay cho phép két luan
c4c xuc tic bén & ca 2 nhiét do phan tmg 200 va
350 °C.
Hoat tinh xiic tac trong moi trwong phan tng
¢6 tap chat c6 hoi nwéc + SO

Hinh 4 cho thiy trong méi truong c6 ca SO
va hoi nude, hoat tinh ca 2 xic tic déu giam. O
nhiét d¢ phan tng 200 °C hoat tinh cta 2 xuc tac
giam nhanh hon so v6i & 350 °C. Diéu nay c6 thé
duoc giai thich 12 do ¢ nhiét do thap sy hap phu
tap chit trén bé mit xdc tic manh hon. Trén xic

tac PtCu/Al trong méi trudng c6 tap chat hoat d6
giam cham hon so voi xuc tac PtCu/CeAl. Trén
xUc tac thtr nhat & 200 °C d6 chuyén héa CO giam
tir 95 % xudng dén ~ 0 % sau 60 pht, con & 350
°C trong 20 phut dau dé chuyén héa giam xudng
dén 40 %, sau d6 gia tri X khong doi. Trén x(c tac
thir hai d6 chuyén héa CO ¢ ca hai nhiét do déu
giam dén ~ 0 % trong 15 phdt phan tmg. Diéu nay
c6 thé do xuc tic PtCu/CeAl c6 di¢n tich bé mat
riéng thap hon, do phan tan Cu rét thap va thap
hon so voi PtCu/Al 3 lan. Luong tm CuO gioi
han trén bé mat xtc tac PtCu/CeAl 1am cho do bén
cua né giam. Can luu y rang trén xuc tac c6 CeOy,
tuy cing diéu kién phan tmg (ndng do tac chét va
tap chat gidng nhau) nhung dé c6 ciing d6 chuyén
hoa dau 1a 0,95 thi toc d6 hdn hop phan ung cho
xuc tac PtCu/CeAl cao hon va lugng SO, tham gia
phan tmg tinh trén 1 gam xtic tac phan tng ddi véi
xuc tac PtCuCeAl cao gip 13,5 va 1,5 1an so véi
xuc tac PtCuAl twong tng & nhiét d6 200 °C va
350 °C, ciing gop phan lam cho hoat tinh cua xdc
tac giam nhanh hon.

Trang 192



TAP CHI PHAT TRIEN KH&CN, TAP 18, SO T3 - 2015

100 ) 4 (
— 50,4H0 ,.-"."""3;0“C Mg Gsoimo -
Sl 1git$0, +1,0 o\° al 16150, B0
¢ g ;'
£ c i
& 500 ¢ 3
20 o
3 3 -
o © 40 ¢ !
a a
20 ¢ ,.
‘All “l 0 ml"” J
160 200 0 80 120 160 200
Thot gian phan timg, phit Thot gian phan tng, phit
A) Xuc tac PtCu/Al B) Xdc tac PtCu/CeAl

Hinh 4. D6 bén cua céc xuc tac trong phan tng oxi héa CO c6 hdn hop tap chit SO + hoi nudce va kha ning hbi
phuc clia cac xuc tac & nhigt d6 200 va 350 °C (C?,= 0,5 % mol; ¢ ° = 9,2% mol;C; /=11% mol va c,, =

0,0625 % mol).
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Hinh 5. Gian @4 XRD ciia xiic tic PtCu/CeAl trudc va sau khi phan tmg trong mdi truong phan Gmg oxi hoa CO c6
hén hop tap chat SOz + hoi nuée ¢ nhiét d6 200 va 350 °C (A- Pong sulfat; o- Ceri oxit sulpit)

Sau khi dau doc, ngit dong SO, + hoi nuéc, (Hinh 5) cho théy, trén gian do XRD cua cic mau

& nhiét dd phan tmg 350 °C hoat tinh cta ca hai xUc tAc van xudt hién cac dao dong dic trung cho
xuc tac dan hoi phuc trd lai hoat tinh ban dau, con Ce0; va CuO. Tuy nhién ddi vai xuc tac sau khi
& 200 °C hoat tinh hdu nhu khéng hoi phuc (Hinh ~ da phan ang & 200 °C trén gian d6 XRD xuét hién
4). Két qua phan tich thanh phan pha xdc tac thém ddng sulfat (Cu,SO4) & 20 = 28,2 ° va ceri
PtCu/CeAl trudc va sau khi phan img c6 tap chdt  oxit sulfit (Ces04Ss) & 20 = 28,7 °, didu nay khong
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Xay ra vai xtc tac da trai qua phan ang ¢ 350 °C.
Két qua nghién ctru trén xuc tic oxit kim loai
CuO/y-Al,03 [10] ciing thu dugc két qua tuong tu,
& nhiét d 250 °C, khi c6 déng sulfat tao thanh hoat
tinh xtc tac khong hdi phuc. Theo cac tac gia [11],
phan ing SO, vai oxi tao SOs thuan loi ¢ nhiét do

CO oxidation

over

thap hon
350 °C va SO3 tuong tac voi kim loai hoat dong
tao dang sulfat 1am mét hoat tinh xtic tac. Diéu nay
cho phép két luan viéc tao thanh sunphat cua cac
kim loai hoat dong 1a nguyén nhan gay nén sy dau
doc bt thuan nghich cua xuc tac trén co s& CuO.

Pt-modified CuO

catalysts in the presence of water vapour

and SO
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ABSTRACT

The optimal Pt-modified CuO supported
on »-Al,O3 and »-Al,Oz + CeO, catalysts have
been prepared. Physico-chemical
characteristics of catalysts were investigated
and determined by the methods of N
adsorption (BET), X-ray diffraction (XRD),
scanning electron microscope (SEM),

transmission electron microscopy (TEM),
temperature-programmed reduction (TPR),
and hydrogen pulse chemisorption (HPC).
The characteristics of carbon monoxide (CO)
adsorption on catalysts were defined by the
method of infrared spectroscopy (IR) in the
range of 4000 — 400 cm™. The effect of the
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mixture of water vapour and SO on the
activity of these catalysts for the CO oxidation
was assessed. Reactions were conducted at
200°C and 350°C in the absence and
presence of the mixture of water vapour (1.1
mol %) and SO, (0.0625 mol %).
Concentrations of O, and CO in the gas
mixture were 9.2 mol % and 0.5 mol %,
respectively. The results showed that in the
catalysts there exist highly active centers
Cul* and Pt2*. On the catalysts the

adsorption of CO on Cu?*, Pt2*, CeO,, and
Al,O3 centres was observed. Addition of CeO,
led to increase the reductivity, CO adsorption
but decrease in specific surface area of
catalyst. The result PtCu/CeAl catalyst shown
higher active, but lower stability compared to
PtCu/Al catalyst. The mixture of water vapour
and SO, showed the reversible poisoning
toward the Pt-CuO catalysts at a temperature
of 350 °C, but irreversible at 200 °C.

Keywords: CO oxidation, Pt-modified CuO catalyst, CeO,, water vapour, SO,.
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