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ABSTRACT

Au nano catalysts on MgO, ZrO,, and MgO supports mixed with HZSM-5
and ZrO; were synthesized by the gold sol method using polyvinyl alcohol
(PVA) as a stabilizer. Acidic properties of the supports were determined by
the NH; temperature programmed desorption (NH3-TPD). Catalytic
activity for CO oxidation at low temperature conditions was investigated.
The results showed that the acidic properties affected catalytic activity for
CO oxidation at low temperature and MgO exhibited the best performance
on the ability of CO oxidation at room temperature.

TOM TAT

Chdt xiic tdc nano Au trén chat mang MgO, ZrO; va hon hop MgO véi
HZSM-5 va véi ZrO; dugc téng hop bang phwong phdp Sol vang véi chat
on dinh cdu triic la polyvinyl alcohol (PVA). Tinh chat acid ciia chdt mang
dwoc xdc dinh bang phwong phép gidi hdp NH; theo chwong trinh nhiét do
(NH;3-TPD). Hoat tinh xiic tic cho phan img oxy héa CO ¢ diéu kién nhiét
do thap dwoc khao sdt trén cdc chat xic tac. Két qua cho thdy logi tam
acid ciia chdt mang cé anh hwong dén hoat tinh xiic tac doi voi phan vmg
oxy héa CO & nhiét dp thap va chat mang MgO cho két qua tot nhat vé kha
nang oxy hoa cia CO ngay o nhiét do phong.

1 GIOI THIEU

Ngay nay, cung véi su phat trién manh mé cta

VOC,... tir dong co xe nén viéc kiém soét va xu Iy
khi thai dong co 1a van dé dugc quan tdm nhat hién
nay. Cac nudc trén theé gidi va nhat 1a Viét Nam —

dat nude theo hudng cong nghiép hod - hién dai
hoé 1a sy 6 nhiém méi trudng rat trim trong, dang
bao dong. Trong do6, chi yéu 1 6 nhiém khong khi
tir cac hoat dong cong nghiép, dun niu, ddt phé
thai d6 thi va ngudn 6 nhiém do giao thong chiém
phan 16n. Ngudn 6 nhidm tir khi thai dong co xe
gdém da phan CO, NO,, SO,, HC, bui va mudi (PM:
Particulate Matter) gdy tic hai truc tiép dén stic
khoe con nguoi [1].

Do tinh trang 6 nhiém khong khi gia ting nhanh
boi khi thai chua cac chat gdy hai nhu CO,

¢6 luong xe may 16n nhat thé gisi (khoang 13 triéu
xe) dang ap dung nhiéu bién phap va ban hanh cac
tiéu chuan dé kiém soat nghiém ngit hon luong khi
thai vao khi quyén, dem lai méi trudng séng trong
lanh hon. Chinh phu cac nuéc chau Au xay dung
chwong trinh cat giam khi thai xe hoi bang cac tiéu
chuén Euro: Euro 0 (nim 1987), Euro I (1991),
Euro 1I (1996), Euro III (2000), Euro IV (2005) va
hién nay 1a Euro V. Cuc Pang kiém Viét Nam da
ap dung tiéu chuan Euro IT vao nam 2007 [2].
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Phan tng oxy hoa CO: CO + % O: = CO:
(AH%9s = -141 kJ/mol) 14 phan trng toa nhiét. Phan
g toa nhiét nén khong can nhiét do cao vira tén
nhiéu ning luong vira lam thiéu két va phd hiy cau
tric xiic tac hay tao tinh thé 16n khong c6 hoat tinh.
Céc hé xuc tac str dung cho phan tng gdm xic tac
kim loai va oxit kim loai. H¢ xtc tac kim loai quy
da dugc nghién ctru nhidu nhat (Au, Pt, Pd, Ir, Ru,
Rh...) mang trén cic chit mang c6 bé mit riéng
lon nhu cao lanh, AlLOs;, MgO, CeO,, ZrO,,
bentonite hay cac zeolite... H¢ xtic tac nay c6 wu
diém 14 hoat tinh va do chon loc rat cao nén dugc
ung dung & nhiéu linh vuc, dic biét trong xur 1y khi
thai dong co ddt trong va cong nghiép. Tuy nhién,
né c6 nhugce diém 1a dat tién va dé bi dau doc boi
hoi 4m, NOy, luu huynh. Mot ) oxyt cta kim loai
chuyén tiép nhu CuO, NiO, Cr,0;, ZnO,... trén
chat mang MnO, hay ALO;... c¢6 hoat tinh kha cao
cho phan ung oxy héa CO va duoc su dung
rong réi trong thiét bj ho hap va khtr doc khi thai.
Xuc tac loai nay c6 wu diém la gia thanh thap, it bi
dau doc bai NOy, luu huynh, CO,, 36 bén co hoc
cao nhung c6 hoat tinh xtc tdc ¢ nhiét do cao
(>100°C) [3].

Truéec nam 1980, cac nha khoa hoc cho réng
vang 1a mot kim loai tro, khong c6 nhiéu tmg dung
thuc tién. Cac quan diém nay bi thay doi nhanh
chong khi nha khoa hoc Masatake Haruta (Nhat) &
Vién nghién ctu Osaka va Graham Hutchings &
DPai hoc Witwatersrand (Nam Phi) vao nam 1980
da phat hién rang cac hat nano vang 1a xiic tac hoat
dong kinh ngac cho phan tng oxy hoéa CO & nhiét
6 rét thap va didc biét & < 0°C khong giéng vai cac
kim loai khac [4, 5].

Xuc tac vang ¢ hoat tinh rit cao cho nhiéu
phan tmg nhu oxy hoa ¢ nhiét do thip. N6 1a mot
chét xuc tac dic biét cé hoat tinh tot nhit cho phan
ung oxy hoa CO ¢ nhiét do phong (ca 6 nhiét do 0
°C) trong s tit ca cac chit xtc tac, thé hién tinh
chat ky la ctia cic hat nano vang. O hau hét cac
nghién cru nay, cac hat nano vang nhin chung co
kich thudc 2-10 nm dugc mang trén chat mang oxit
béng cac phuong phap két tua, dong két tia, tam,.
Cac oxit ¢6 tinh khir nhu MnOy, TiO,, FeOy, C602
dong gop dang ké vao hoat tinh xtic tic cua vang,
trong khi cac oxit kém hoat dong nhu ALO; thi
khong. Vang chi tré nén hoat dong xtc tac ¢ nhitng
trang thai rat riéng biét va c6 nhidu cach dé dat
dugc trang thai dac biét nay. Cac phuong phap
tong hop xuc tac da dugc nghién ctru nhu: tim
(impregnation), ddng két tua (Co-precipitation),
ling két tia (Deposition- precipitation), va mot
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phuong phap twong dbi méi 1a phuong phap sol
vang [6-9].

Theo cac nghién ctru, kha niang hip phu CO
lién quan dén trung tdim hoat dong acid cua chét
mang, giam hang rao thé ning gitip oxy héa CO dé
hon. Ngoai ra, theo tinh acid bé mit ciia chit mang
anh huéng dén kich thudc cia cac hat vang. Tinh
acid nhe va cac dang oxygen bén nhiét hon trén bé
mit 1a chét can tré su phat trién cac hat kim loai, vi
thé c6 loi cho su phan tan kim loai cao [10].

O nghién ctu nay, chat xuc tic nano Au duoc
mang trén cic chit mang c6 tinh chit tam acid

khéc nhau 1a MgO, ZrO,, hdn hop MgO véi

HZSM-5 va véi ZrO». Chat xuc tac duge
dieu ché bang phuong phap Sol vang va khao sat
kha nang oxy hoa hoan toan CO ¢ di€u kién nhiét
do thap.

2 THUC NGHIEM

2.1 Toéng hgp va phan tich d9 acid ctia chit
xtc tac

2.1.1  Tong hop xiic téc nano Au trén chit mang

Hoa chét sir dung trong nghién ctru nay bao
gdm: Gold Chloride HAuClL.3H,0, 50%Au dugc
mua tir cong ty hoa chat Wako, Nhat Ban, chit khir
NaBH, va chat mang ZrO, dugc mua tir cong ty
héa chit Merck, Ptre. Zeolite HZSM-5 ¢4 modun
la 30 dugc mua tir cong ty Zeolyst international,
My. Chat mang MgO duoc tao thanh bing cach
nung MgO & 850°C trong 5 gid. Cac chit mang
hon hgp MgO HZ va MgO Zr dugc tao thanh
bang cach dua thém vao MgO 5% HZSM-5 hoic
ZrO; (ty 1& khdi lugng 1a 1:6). Hon hop chat mang
duoc nghién tron that ky béng ¢bi ma ndo. Viéc
bién tinh chat mang 14 nham khao sat anh huong
tinh acid cua chat mang ddi véi hoat tinh oxy hoa
CO va ciing nhiam nang cao do bén nhiét cta xiic
tac c6 chit mang duoc dua thém ZrOs.

Dung dich HAuCly c¢o néng do 5,076 mM,
thém vao dung dich PVA 1% khdi luong véi cac
luong chdt khac nhau theo ti 1& khéi luong
PVA/Au bé‘mg 1, kém theo viéc khuéy manh. Sau
d6, nho tung giot dung dich NaBH4 0,1 M vira méi
pha vao dé khir HAuCl, thanh dang vang kim loai.
Sau do, chat mang dugc dua truc tiép vao sol vang
dé cac hat vang kim loai ¢6 kich thudc cuc bé phan
tan dong déu trén bé mat chat mang. Luong chat
mang thém vao dugc tinh toan dé thu dugc san
phém chtra 1% Au vé khdi lugng. Dung dich duogc
loc chén khong va rira bang nudc 4m dén khi hét
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ion CI. Cubi cung, m?ug yén trén g,iéy loc dugc dem
say va nung ¢ 500°C dé on dinh cau truc.

2.1.2  Phan tich dj acid cia chit mang bang
NH;3-TPD

Do acid cua cac chét mang xuc tdc dugc xac
dinh bang phuong phap giai hiap phu NH; theo
chuong trinh nhiét d0 (NH3-TPD: Temperature
programmed desorption). Trong phuong phap nay,
NH; dugc st dung nhu 13 mot chat do, duge hap
phu bio hoa trén cac tim acid ciia bé mat. Khi ting
nhiét do theo chuong trinh s& xay ra sy giai hap
phu NH3 khoi tam acid trén bé mat xdc tac. Dya
vao nhiét do giai hdp NHs, ta xac dinh dugc tinh
chit cua cac tdm acid trén chat mang. Tam c6 nhiét
d6 giai hap NH; thap hon 13 trung tim acid yéu,
phin 16n 14 cac tim Bronsted. Tam c6 nhiét do giai
hap NH3 cao hon 1a trung tdm acid manh, phan 16n
1a cac tam Lewis. SO lugng cac tim acid duoc xac
dinh dua vao viéc xac dinh lvong NH; giai hap phu
bang phuong phap UV-VIS trén may quang phd
Spectronic Genesys 2PC.

2.2 Khdo sat hoat tinh xuc tac oxy hoa CO

Hoat tinh cta cac xtc tac vang di diéu ché
duogc khao sat hoat tinh xtc tac oxy hoa CO trén hé
thong thiét bi phan mg dong vi luong dit tai
Phong thi nghiém Xuc tac — Khoa K¥ thuat Hoa
hoc — Truong Dai hoc Bach Khoa Tp.HCM. Chat
xuc tac (0,85 g) dugc cho vao ong phan ng thach
anh r01 hoat héa & nhiét do 500°C bang dong khi
0, toc d6 2 lit/gio dé 1am sach va 16i cudn hoi nuée
khoi xtc tac. Sau d6, cac dong khi dugc trdn theo
ty 16 Va2 :Voz :Veo = 18:2:1. Khi d6, CO chiém
4,8% thé tich ciia hdn hop khi. Téc do dong khi
téng 1a 6 mL/phut.

Sau thoi gian khodng 30 phat, 1y hdn hop
khi nguyén liéu, san pham dem phan tich trén may

Cudng d6 gidi hdp
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300 350

Nhiét o gii hdp (°C)

Culong db gihi biip
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sac ky khi. Thanh phan CO, O, N, cua hdn hop
dugc phan tich bang may sic ky khi Chromatron
Gas-Chromatograp GCHF 18.3, phin mém Gas—
Chromatograp. Cac khi dugc phan tich voi dau do
dan nhiét TCD, dong nudi c6 cudng do 200 mA.
Cot tach 1a cot nhdi ZV-95 (chidu dai 3 m, dudong
kinh 5x8 mm), & diéu kién ding nhiét 40°C. Khi
mang 13 khi He c6 tc d6 2 L/gio.

D6 chuyén héa CO dugce tinh theo cong thuc:
X = (Soco — Sco) / Soco * 100 (%)

V6i X% 1a d6 chuyén hoa ctia CO, S la dién
tich pic CO nguyén li€u (trude phan ung), Sco 1a
dién tich pic CO san pham (sau phan tng).

3 KET QUA VA THAO LUAN
3.1 Két qua phan tich d9 acid ciia xic tac

Két qua phd giai hip NH; cua chit mang MgO
(Hinh 1) cho théy c6 mot mili cuc dai tmg véi su
giai hép NH; cuc dai ¢ nhiét 36 khoang 330°C, co
cuong d6 thap. Do d6, chat mang MgO chi c6 phan
16n 13 tdm acid Lewis va d6 manh trung binh yéu.
Tuong tu, v6i ZrO, cb6 mot mili giai hap NH; cuc
dai ¢ nhiét do khoang 320°C, cuong d6 khong cao.
Vi vay, bé mit ZrO, c6 cac tdm acid v6i do manh
trung binh yéu, phan 16n 1a cac tim acid Lewis.
Nguoc lai, véi zeolite ZSM-5 (Hinh 2) két qua cho
thdy c6 hai miii cuc dai cua giai hap NH; tmg véi
hai loai tam acid khac nhau ctia HZSM-5. Mot mii
& nhiét do khoang 180°C tmg véi tim acid yéu,
phﬁn 16n 1a céc tdm acid Bronsted. MOt miii ¢ nhiét
d6 khoang 325°C Gtng véi tam acid manh, phﬁn 16n
la cac tam acid Lewis. Trong d6, miii ing va4i tdm
acid Bronsted c6 cudng do rat cao va dién tich 16n
hon mili Gng voi tdm acid Lewis. Do d6, HZSM-5
la chit co do acid manh dic biét la tinh acid
Bronsted.

250
Nhiét d6 giai hip("C)

300 350

Hinh 1: Phé giai hap NH; theo nhiét d§ ciia MgO (a) va ZrO: (b)
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Hinh 2: Phé giai hap NH; theo nhiét d9 cia HZSM-5

Tir két qua do acid & Bang 1 va Hinh 3, ta c6
thé thay 1a HZSM-5 c6 d¢ acid manh hon rét nhiéu
so v6i MgO. D6 chi yéu 13 cua cac tdm acid
Bronsted manh. ZrO, c6 d6 acid gan véi MgO
duoc nung & nhié¢t d6 500-600°C va la cac tdm acid
Lewis trung binh yéu. MgO c6 tron thém 5%
Bang 1: P acid ciia chit mang

HZSM-5 cé tinh acid manh hon cia MgO. Tuy
nhién, HZSM-5 ¢6 chu yéu 1a cac trung tdm acid
Bronsted manh, khac v&i tinh chét tim acid cta
MgO. Cho nén, d¢ acid tang 1én khi tron thém
HZSM-5 khong c6 nghia 1a s6 tam hoat dong xuc
tac phi hop clia chat mang 1a ting 1én.

Chit mang P hip thu A C (mmol/L) Do acid (mmol/g)
MgO 0,309 0,013354 0,06677
MgO+5%HZSM-5 (MgO_HZ) 0,368 0,016714 0,08357
HZSM-5 0,772 0,039728 0,19864
ZrO; 0,187 0,064044 0,03202
phan tng oxy hdéa CO khong xay ra trén chat mang

0.25 MgO 6 nhiét d6 thuong (30°C). Ngay ca khi nhiét
o2 d6 phan Gng 1a 150°C thi d¢ chuyén héa cua CO
=3 trén xuc tac nay ciing thip hon 10%. Nhu vay, kha

E 015 nang xuc tac cho phan tng oxy héa CO cia MgO
.'g o1 nguyén chét rit thap. Tuy nhién, kha ning oxy hoa
.g CO tang 10 rét khi cdc hat Au dugc dua 1én chét
0.08 |_| |_| mang (mau 1%Au/MgO). Do chuyén hoa CO thu

. [ duoc 1a cao & ngay nhiét do 0°C véi 90% CO

MgO uzsxé:é( . :;02 MgO_HZ chuyén hoa trong diéu kién cua nghién cuu nay.

Hinh 3: P§ acid ciia cic chit mang khic nhau

3.2 Kég qua hoat tinh xtc tac oxy héa CO &
nhiét d thap

Theo két qua trinh bay trong Hinh 4, hdu nhu
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Tai nhiét ¢ thuong 30°C thi CO khong dugc phat
hién trong san pham khi véi thiét bi phén tich sic
ky khi dau do TCD cua phong thi nghiém. Nhu
vay, kha nang chuyén hoa CO cua chét xic tac &
diéu kién thuong dat 100%.



Tap chi Khoa hoc Truong Pai hoc Can Tho

100

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 30 (2014): 9-14

920

80

70 4

Dj chuyén hoa CO (%)

0 20 40 60

80

10 _
B
g =
S
o
6 =
e
=
——1%Au/MgO 4 .5
-
——1%Au/ZrO2 }—
MgO 22
—o=Mg -
-
0
100 120 140 160

Nhiét do phan ang (°C)

Hinh 4: Kha ning chuyén héa CO ciia xiic tic trén chit mang MgO va ZnO:

Két qua phan tich FESEM (khong dua ra ¢ day)
duoc thuc hién trén may Hitachi S-4800 cua Vién
Khoa hoc vat liéu (Ha N6i) thudc Vién Khoa hoc
va Cong nghé Qudc gia cho thdy kich thudc trung
binh hat Au cho thdy mau 1% Au/MgO la 7,5 nm.
Ngoai ra, mau xuc tac 1%Au/MgO c6 cic hat nano
vang phan tan twong doi tot trén bé mat chat mang
MgO va da s6 1a cac hat co kich thude < 10 nm.
Diéu nay gop phan giai thich kha nang chuyen hoa
CO rit tot cia chit xuc tac ngay & nhiét do thap.
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Hinh 5: Kha ning chuyén héa CO ciia xiic tac
trén chat mang MgO_HZ va MgO_Zr

Xtc tac vang trén nhitng chat mang khac nhau
thi ¢6 hoat tinh khac nhau. MAu xtc tic vang dugc
mang trén ZrO, c¢6 hoat tinh oxy héa CO thap hon
trén MgO (Hinh 4, Hinh 5). P6 c6 thé 1a do sb
luong tdm hoat dong (cac trung tdm F) ctua ZrO,
nho hon va kha ning ling cta cac hat vang trén cac
trung tAm hip phu héa hoc cta ZrO, it hon so véi
ciia MgO. Khi chit mang MgO c6 dua thém cac
chat khac thi hoat tinh ctia xtc tac vang thay doi
dang ké (Hinh 5). Xtc tac vang trén chit mang
MgO + 5% HZSM-5(MgO HZ) c6 hoat tinh xuc
tac thap hon nhiéu so véi trén chit mang MgO. Do
HZSM-5 1a chit c6 tinh acid Bronsted rdt manh
nén khéng c6 cac tim hap phu hoa hoc CO nhu cua
MgO. Ngoai ra, sy c6 mit cia cac tam acid
Bronsted c6 thé 1am cho kich thudc cac hat Au 16n
va s& lam giam s6 tim xdic tic Au trén bé mit chat
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xuc tac. Két qua 1a hoat tinh xiic tac oxy héa CO
giam. Xuc tic vang trén chit mang MgO + ZrO,
(6:1) (MgO-Zr) c6 hoat tinh xtic tac gﬁn voi trén
chit mang MgO do ZrO; cling c6 tinh acid Lewis
trung binh yeu. Cho nén, it ¢6 sy thay d6i vé ban
chit cua cac tim hap phu héa hoc ciing nhu kich
thuéc hat nano Au.

Ngoai ra, d& danh gid anh huong cua toc do
dong khi dén hoat tinh xuc tic 1%Au/MgO, phan
mg oxy héa CO duoc tién hanh ¢ 30°C véi cac
diéu kién tdc d6 dong khac nhau. Két qua dugc
trinh bay trong Bang 2 cho thiy khi téc do dong
khi ting thi thoi gian tiép xuc voi xlic tac rén cang
ngin nén d6 chuyén hoa ciia phan tmg xtic tac di
thé giam.

Bang 2: P chuyén héa CO & nhiét dp 30°C véi
cac toc do dong khac nhau trén xiic tac

1%Au/MgO
Téc dd dong khi P9 chuyén héa CO & 30°C
(mL/phit) (%)
6 100
7 100
14 87,43
4 KET LUAN

Trong nghién ctru nay, ching toi da didu ché
bing phuong phap Sol vang cac mau xUc tac nano
Au trén cac chat mang khac nhau gom MgO, ZrO;
va hén hgp MgO véi HZSM-5 va véi ZrO,. Tinh
chét acid gém loai tAm va dd acid cua x0c tac duoc
xac dinh bang phuong phap NHi-TPD. Két qua
hoat tinh ciia chit xtc tac nano Au ddi v6i phan
g oxy héa CO & nhiét do thip cho thay cic chat
xuc tac co hoat tinh cao ngay & nhiét do thuong.
Két qua cho thay ban chit cic tim acid trén chat
mang, cht khong phai la d§ acid, c6 anh hudng
quan trong dén hoat tinh oxy hoéa CO & nhiét do
thip. Trong cac chat mang st dung thi MgO cho
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két qua tét nhat v& d6 chuyén héa CO & nhiét
do thap.
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