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Abstract: Since NOx emission requirements from stationary and mobile sources are more strictly
regulated in the United States, Europe, and other countries; researchers have conducted many studies
to improve the performance of selective catalytic reduction (SCR) catalysts to meet more and more
stringent emission standards. Herein, we reported the synthesis of small pore zeolite (Cu)-SSZ-13
using N,N,N-dimethylethylcyclohexylammonium as the structure directing agent. The catalytic
activity of the fresh and hydrothermal aged copper exchanged supported on SSZ-13 catalyst was
investigated in the SCR of NOy using NHs as a reductant. Cu-SSZ-13 possessing a high SCR
performance (NOx conversion reached approximately 100% at 250°C), and high hydrothermal
stability in combination with an easy synthesis route is considered to be a potential catalyst for SCR
application.
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Tong hop zeolit SSZ-13 sir dung chat dinh hudng cau tric
N,N,N-Dimethylethylcyclohexyl ammonium trng dung trong
phan g khir chon loc NOy
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Tom tit: Cong nghé xuc tac khir chon loc (SCR) khi thai NOy tir cac nha may va dong co 6 to gan
day thu hat sy ch y 16n cua cac nha khoa hoc trén thé gisi nham dap ng céc tiéu chuan khi thai
ngay cang nghiém ngit tai Hoa Ky, Chau Au, va mét sé quéc gia khac. Trong nghién ciru nay, ching
t6i dua ra phuong phap tong hop zeolit Chabazite mao quan nho (SSZ-13) sir dung chét tao cau trlic
N, N, N-dimethylethylcyclohexylammonium. Hoat tinh xtc téc cuia x(c tdc SSZ-13 trao ddi ion dong
(Cu-SSZ-13) trudce va sau khi xir ly thuy nhiét ¢ 750°C duoc nghién ciu trong phan ttng SCR cua
NOx st dung NHs lam chét khu. Két qua nghién cau cho thdy Cu-SSZ-13 cho d6 chuyén hoa NOx
cao trong phan tng SCR (~100% tai 250°C), do bén thuy nhiét cao, két hop véi phuong phéap téng
hop d& dang tir chét tao cdu trac c6 gia thanh twrong dbi thip dwoc coi la chat xuc tac tiém ning cho

ung dung cdng nghé SCR.
Tur khéa: Zeolit, SSZ-13, SCR, NOx.

1. Mé dau

Cac zeolit mao quan (MQ) nho vong tam canh
(Eight-Membered Ring, 8MR), bao gdom cac
dang silicoaluminophosphate va aluminosilicate
nhu zeolit AEI, AFX, CHA, ... gan ddy d nhan
dugc sy quan tam I6n ang dung lam chét xic tac
cho phan tng chuyén héa methanol thanh olefin
(MTO) [1-3] va chon loc khir xuc tac (Selective
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Catalytic Reduction, SCR) ciia NOx v&i NH3[4-8].
Céc zeolit mao quan nho (8MR) nay dang dugc
nghién cau rong rai do loi thé dang ké so véi cac
zeolit mao quan trung binh va Ién bao gom hoat
tinh SCR cao, cai thién do bén thay nhiét, do
chon loc N2 cao hon, hiéu suét hinh thanh san
pham phu N,O giam, va ting kha ning chdng
ngd doc hydrocachon [9-16]. Chat xdc tac duwa
trén zeolit CHA duoc thuong mai héa vao nam
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2010 va hién dang 1a su lya chon pho bién nhat
cho cdng nghé khur xic tac chon loc NH3-SCR
ctia NOX trong viéc kiém soat lugng khi thai tir
xe hoi [7,12]. Zeolit SSZ-13 (c4u tric khung
dang CHA) chira ion kim loai dong véi mat do
T=Si/Al cta ciu tric thap (nghia 1a vat liéu c6
d6 xop cao, 15,1 T nguyén tir trén 1000 A%) va
hé thong kénh mao quan 3 chiéu dwa trén cac don
vi cau truc thi cip D6R (double 6-rings, 2 vong
6 canh) déu cd hoat tinh SCR tbt va d6 bén thay
nhiét cao [17]. SSZ-13 thudéc nhom khdng gian
R3m (trigonal) [18], bao goém ba vong kép 6 canh
(D6Rs), ba hoc ellipsoidal Ion (7 Ax11 A) va
chin ctra s6 mao quan vong 8 canh trong mot 6
mang co s& gdom 36 nguyén tir T=Si/Al (Hinh 1).

g Ellipsoidal

Hinh 1. Cu triic zeolit SSZ-13 chira ion dong (Cu-
SSZ-13). Cac nguyén tu O6xy la cac qua ciu mau do,
ddng 1a nhitng qua Cau tim, va c&c nguyén tir Si/Al
la nhitng qua cau mau xanh lam. Ghi ch:
6/8MR=6/8-membered ring: vong 6/8 canh; D6R
(double 6-ring): 2 vong 6 canh; cage: hbc mao quan.

Mot han ché cua téng hop cac vat li¢u SSZ-
13 ham luong silic cao 1a chi phi trong ddi cao
cia chit tao cdu trac N,N,N-trimethyl-1-
adamantammonium (TMAda*) dugc st dung dé
tong hop chung [19,20]. Gan ddy, G. Cao va
cong su [21-23] cong b tong hop thuy nhiét cia
chabazite ham lugng Si cao v6i cac ty 1¢ Si/Al
khac nhau béng cach st dung N, N, N-

dimethylethylcyclohexylammonium (DMECHA,
Hinh 2) lam chét dinh hudng ciu trac (structure
directing agent, SDA). Trong nghién ctru nay,
chung t6i sir dung DMECHA 1am chét tao ciu
trac ré hon TMAda dé tong hop zeolit SSZ-13
voi ti 1€ Si/Al cao (Si/Al=11) trong moi truong
kiém. Vat liéu Cu-SSZ-13 duoc tong hop tiép
theo bang phuong phap trao doi ion va duoc
nghién ctru hoat tinh xtic tac trong phan tmg SCR
ctia NOx bang NHs.

\/
@\/

Hinh 2. Cong thirc ciu tao cua chét dinh huong
cau tric DMECHA.

2. Thuc nghiém va phuwong phap nghién ciu
2.1. Téng hop xuc tac

Tong hop zeolit SSZ-13: Dung dich gom
Banco N silicate (8,9% NayO, 28% SiO2, PQ
corporation), NaOH (Fisher Scientific, 98% wt)
va nudce dé ion hoa duge khudy ¢ nhiét do phong
trong khoang 15 phut. Sau do6, zeolit Y
(CBV712) va N,N,N-dimethylethyl cyclohexyl
ammonium (DMECHA) dugc thém vao dung
dich va khuay thém 30 phut nita. Dung dich thu
duoc ¢6 ti Ié mol: 26 H,0 : 0,25 Na,O : 1 SiO; :
0,024 Al,0s : 0,14 DMECHA-OH duoc chuyén
vao binh teflon dat trong autoclave (Parr), dugc
gia héa ¢ 150°C va khudy lién tuc trong 6 ngay.
San pham rin dugc tach bang cach loc hat chan
khéng, rira nhiéu lan bang nudc dé ion hoa va
sdy khd & 80°C trong 20 gio. San pham sau khi
say duoc nung trong khong khi ¢ nhiét do 580°C
trong 8 gior vai tée do gia nhiét 5°C/phat dé thu
duoc zeolit SSZ-13.

Tong hop Cu-SSZ-13: Zeolit SSZ-13 sau khi

nung dugc trao ddi ion véi dung dich NHsNO3
0,5M ¢ 80°C qua dém. Mau (NH4-SSZ-13) sau
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d6 duoc nung & 550°C trong 4 gio dé chuyén hoa
thanh H-SSZ-13. Cubi cing, 3% trong luong
ddng (dugc tinh toan véi ham lugng chinh Xac)
dugc dua 1én zeolit st dung mudi ddng axetat
Cu(CH3COOQ),.H,0, va sau d6 nung ¢ 550°C
trong 2 gio dé thu dugc Cu-SSZ-13.

Xur ly thay nhigt: Cu-SSZ-13 dugc xir ly thiy
nhiét & 750°C trong 80 gio trong khéng khi chira
10% H>0 trong thiét bi phan tng dong.

2.2. Nghién citu cac ddc trung xuic tac

Cac mau nhiéu xa tia X (XRD) dugc thu thap
& nhiét d6 phong trén may do nhiéu xa Bruker
D8 str dung btrc xa Cu Ka (A= 1,5418 A). Dit liéu
dugc thu thap véi goc quét 20 tir 5,0° dén 40°
(hodc 50,0°) véi budce quét 0,02° va thoi gian 2
gidy mdi budc. Hinh thai hat duoc xac dinh bang
phuong phéap hién vi dién tir quét (SEM), va
thanh phan nguyén té cua zeolit dugc phan tich
bang cach sir phuong phap phd tan sic ning
luong tia X (EDX) trén cung thiét bi JEOL
JSM7400F, hoat dong ¢ dién ap gia téc 3-10
keV, va dong dién 10pA. Thé tich vi mao quan
va dién tich bé mat cua cac chat xtc tac zeolit
dugc do bang Ny & -196°C trén thiét bi
Micromerencies 3Flex. Truéc khi do cac chat
hip phu, m&i mau duoc loai bo hoi nuéc va khi
khi ¢ nhiét do 350°C trong 6 gio.

2.3. Phan ing khiz chon loc NOx bang NH3

Cac mau bot cua chat xuc tac zeolit chua va
da gia hoa dugc ép, nghién va ray véi kich ¢ hat
tir 0,25 dén 0,35 mm. Sau d6, 0,3 g cuia mdi chat
xuc tac dugc nap vao mot 10 phan tng dng kim
loai duong kinh 1 cm. Thanh phan khi nap dugc
diéu khién bai cac bo didu khién dong chay cua
mdi dong khi véi thanh phan 1a 500 ppm NHs,
500 ppm NO, 5% H.0, 15% O,, 5% CO, trong
N, trong khoang nhiét do tir 150 dén 500°C.
Thuc nghiém danh gia hoat tinh SCR duoc thuc
hién ¢ ap suat khi quyén va van téc dong theo
gio (GHSV) khéng ddi theo gio 1a 90000 h.,
Thanh phan khi ra dugc do bang bo phan tich khi
FTIR MKS Multigas 2030HS.

3. Két qua va thao luan
3.1. Ddc trung xuc tac

Phé nhidu xa XRD cua zeolit SSZ-13 va Cu-
SSZ-13 (Hinh 3) cho thay vat liéu tong hop c6
d6 két tinh cao va do tinh thé tét, khong phat hién
su c6 mat cua tap chat hodc pha tinh thé tha cap.
Tat ca cac dinh nhidu xa déu phu hop véi céc
mau vt liéu zeolit CHA di duoc cong b trude
day [19,24].

l h Cu-SSZ-13*
n u Cu-8S8Z-13
HN L 8SZ-13

T T
30 40 50
20()

Cudng do

3l

T
10

Hinh 3. Phd nhiéu xa tia X cua SSZ-13
(Si/Al =10), Cu-SSZ-13, va Cu-SSZ-13*.

Anh SEM (Hinh 4) cho thay hinh thai caa hat
zeolit SSZ-13 (hoac Cu-SSZ-13) c6 dang hinh
thoi, vai kich thudc hat dong déu xap xi 500-700
nm. Ti 1& Si/Al =10 duoc x4c dinh bang phuong
phap EDX. Zeolit SSZ-13 thudc loai zeolit co
ham lugng Si cao nén rat bén nhiét vi lién két Si-
O bén ving hon lién két Al-O.

‘ &

Hinh 4. Hinh anh SEM cta mau SSZ-13.
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Phuong phap hap phu N2 c6 vai tro quan
trong trong viéc so sanh chat xtc tac dugc nghién
Cliu S0 Véi c4c vat lidu xuc tac khac. Puong hap
phu dang nhiét cia SSZ-13 va Cu-SSZ-13 ¢ -
196°C (Hinh 5) thudéc phan loai | caa IUPAC,
dac trung cho vat liéu vi mao quan.

180-#_,%_;__.' I

160
140 —=—S88Z-13
—e—Cu-SSZ-13
120
100
80
60 -
404

' Ham lwgng hap phy (Cm3/g)

20

05 . T - T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Ap suét twong déi (P/Po)

Hinh 5. Budng dang nhiét hap phu N cia SSZ-13
va Cu-SSZ-13 & -196°C.

Ca 2 mau déu hap phu manh N; ¢ ap suat
thap va dat dén d6 hap phu bio hoa (~180 cm®/g)
tuong d6i nhanh (P/P0<0,1), cho thy hai vat liéu
c6 thé tich vi mao quan 16n, 1a ddc trung quan
trong cua xUc tac di thé. Két qua vé dién tich bé
mat dugc tinh toan theo phuong phap Brunauer-
Emmett-Teller (BET) va thé tich mao quan dugc
tinh theo phwong phép t-plots dwoc tom tit trong
Bang 1.

Bang 1. Dién tich bé mat va thé tich mao quan cua
zeolit SSZ-13 va Cu-SSZ-13

Vit liéu SSZ-13  Cu-SSZ-13
S_ngoai (m?/g) 8 9
S_MQ (m?g) 570 542

V_MQ (cm®/g) 0,27 0,27

*S_ngoai: di¢n tich ngoai mao quan (external surface
area), S_MQ: dién tich trong mao quan, V_MQ: thé tich
mao quan

3.2. Hoat tinh xuc tac

Hinh 6 cho thdy su phu thugc hoat tinh xuc
tac cua Cu-SSZ-13 trong NH;-SCR vao nhiét do
phan ung trong khoang 150 dén 500°C. D¢

chuyén hoa NOy ting theo nhiét do tir 150-
250°C, dat muc chuyén héa gan 100% & nhiét d6
tir 250-320°C, d6 1a dic diém dién hinh trong cac
chat xdc tdc Cu-zeolit SCR [10,25-28]. Do
chuyén hda NOx bat dau giam ¢ nhiét do trén
350°C, dugc cho la do hoat tinh ngay cang tang
cua phan ung oxy héa NH; canh tranh vai phan
ung SCR & nhiét d6 cao [6].

T T
“\— 28
NOx/Cu-SSZ-13 E

NOx/Cu-SSZ-13*

100

=23 c
o o
L 1

D6 chuyén héa NOx (%)

»H
o
1
(wdd) 0N S8udn| wey

N20/Cu-SS2Z-13%

20

N20/Cu-SS82-13

T T T T T T T
150 200 250 300 350 400 450 500
Nhiét d9, °C

Hinh 6. Do chuyén héa NOx (NOx conversion, %,
truc trai) va ham lugng san pham phu N2O (ppm,
truc phai) theo nhiét d6 phan ung (Inlet gas
temperature) trén xuc tac Cu-SSZ-13 ban dau (fresh)
va sau khi xtr ly thuy nhiét xdc tac Cu-SSzZ-13*
(hydrothermal treatment) Biéu kién phan &ng:
500ppm NHs, 500ppm NO, 5%H-0, 15%0-,
5%CO; and balance N, GHSV=90,000h).

N,O la san pham phu khdng mong muédn cua
phan ng NH3-SCR, vi kha nang gay hiéu tng
nha kinh cao (~ 200 lan so véi CO,) va no tao ra
mot chat 1am anh huong xau dén tang ozone [29].
Nong d6 N2O dugc tao ra trén xlc tac Cu-SSZ-
13 ciing theo mdt xu huéng twong tu su chuyén
hoa NOy, dat nong do cao nhat ¢ khoang 250°C.
Trén 350°C, néng do NoO bit dau ting tro lai
theo nhiét do, c6 thé do téc d6 phan tng oxi hoa
NH; tang & nhiét d cao [26]. Su hinh thanh N,O
trén xuc tac Cu-SSZ-13 trudc khi xi ly thay
nhiét cho thdy ham luong N,O trén zeolit SMR
nay (~ 10 ppm) thip hon nhiéu so véi zeolit MQ
trung binh va lon (~ 20 ppm) [30-32].

Pé khao sat do bén thuy nhiét, Cu-SSZ-13
dugc xir ly trong khong khi voi 10% H.O ¢
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750°C trong 80 gio (ki hiéu sau khi xir ly thay
nhiét 14 Cu-SSZ-13*). Két qua nhiéu xa tia X
(Hinh 3) cho thay d6 tinh thé cia xuc tac duoc
gitt nguyén sau khi xu ly thay nhiét & 750°C.
Hoat tinh cuia NH3-SCR cua Cu-SSZ-13* duoc
thé hién trén Hinh 6. Hiéu suat chuyén hoa giam
nhe dén vira phai trén toan bo cira s6 nhiét do
phan tmg dugc quan séat thiy sau khi gia hoa
750°C trong 80 gio. Nhin chung, su hinh thanh
N,O & nhiét d6 thap tuong dwong sau khi xir Iy
thay nhiét ¢ 750°C, trong khi ham lugng N2O
tang & nhiét do cao so v&i mau Cu-SSZ-13 ban
dau. Két qua khao st ciing cho thay vat liu tong
hop c6 d6 chuyén hda gan turong duwong véi xic
tac thuong mai hda chabazite (Cu-CHA hoic
Cu-SSZ-13 thuong mai) [4,8,30].

4. Két luan

Zeolit SSZ-13 (Si/Al=10) dugc tong hop
thanh cong véi cau tric CHA (CHA framework)
khi str dung cation dinh hudng cau trac N,N,N-
dimethylethylcyclohexylammonium véi chi phi
thip hon TMAda*. Vit liéu tong hop duogc c6 do
tinh thé cao, dién tich va thé tich mao quan 16n.
Quan trong hon, zeolit Cu-SSZ-13 thé hién cac
tinh chat hoa hoc gan twrong duong nhu vat liéu
thuong mai Cu-CHA/Cu-SSZ-13, véi do chuyén
hoa NOx dat gan 100% & 250°C, lugng N,O hinh
thanh thap (~10 ppm), va do bén thuy nhiét
tuong ddi cao. Su két hop ctia hoat tinh xtic tac
cao, chi phi tong hop thip mang dén co hoi cho
cac ing dung rong rai cua zeolit SSZ-13 nay
trong cac linh vuc hap phuy, tach va xuc tac trong
tuong lai, dac biét cho xur 1y khi thai NOy tir dong
co diesel.

Loi cam on
Nghién ciru nay duoc tai trg boi Pai hoc
Quaoc gia Ha Noi trong dé tai ma so6 QG.19.09.
NhOm tac gia xin cam on Dai hoc Delaware,
Hoa Ky da gitip d& thuc hién mot so6 thi nghiém
phan ang.
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