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SUMMARY

The selective catalytic Reduction of NO, by hydrocarbon (HC-SCR) in the presence of oxygen
over Cu/ZSM-5 in the range of temperature 200 - 500°C has been studiel. It is shown that the
temperature at which conversion of NO, reaches its maximal value corresponds to the
temperature at which hydrocarbon oxidation is complete. It should be noted that the active
temperature region of HC-SCR is lower than that of NO decompositon. The experimental results
are explained from the point of view of thermodynamics.

- MG PAU

Giam thiéu NO, bang xidc tdc 12 mot bién
phéap 16n trong viéc bao vé moi truong khong
khi. C6 4 huéng nghién ctu:

1. Phan huy truc ti€p NO, bang xic tdc
khong dung chat khir. Pay la giai phap hap dan
vi san phdm chi gébm N, va O, khong doc hai.
Vé nhiét dong hoc, su phan huy truc ti€p:

2NO — N, + O,

AG" = —86 kJ/mol NO (1)
c6 thé xay ra & duéi nhiét do 900°C, nhung do
nang luong hoat hdéa cao (364 kJ/mol [1]) nén
phan tng doi hdi phai c¢6 xic tic. Mac du vay
cho dén nay chua tim ra chat xdc tac thich hgp
ddp ting du hoat tinh, do bén va kha nang khic
phuc su can trd cua oxi doi v6i phan tng [1, 2].

2. Xdc tdc 3 hudng (Three Ways Catalyst-
TWC) nhiam khir NO, dong thdi oxi héa CO va
hidrocacbon thai ra tir dong co xiang, da duoc
thuong mai héa tir nam 1979 & My. Nhuogc diém
cua TWC 1a n6 chi hoat dong trong ving éctra
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s6€é hep cua ty 1¢ duong lugng khong khi/nhién
lieu (A/F) do d6 khong kiém sodt duoc NO,
trong khi thai gidu oxi, vi du tir dong co diezen
(3, 4].

3. Xic tdc khu chon loc bing amoniac
(amonia selective catalytic reduction, NH;-SCR)
cling da duoc thuong mai héa trong cong
nghiép, cht yéu dp dung cho cdc nguén NO, c6
dinh (vi du & nha mdy san xuat axit nitric). Mac
du NH; ¢6 tinh khit cao nhung né lai 1a chat
doc nén viéc sir dung né dé xir 1y khi thai cho
dong co 1a rat kho thuc hién. Mat khac quy trinh
ndy thudng tao ra san pham doc hai nhu N,O
thong qua cac phan ting phu, nghia la tao ra chat
6 nhiém méi.

4. Xic tic khir chon loc NO, bing
hidrocacbon (hydrocarbon selective catalytic
reduction, HC-SCR). bay 1a mdt huéng nghién
ctu méi c6 nhiéu trién vong, vi hidrocacbon
thuong c6 san trong khi thai. Chat xic tic dugc
nghién cttu nhiéu nhat 1a zeolit trao déi ion véi
kim loai, dac biét la Cu-ZSM-5 dugc Iwamoto
va cong su phat hién ra nam 1980 vé kha nang



phan huy NO [5]. Sau d6 dén nam 1990
Iwamoto va cong su [6], Hetd va cong su [7] da
st dung ankan va anken dé khir NO trén Cu-
ZSM-5 khi c6 mat oxi. Khac véi phan tng phan
huy NO bi can tré boi oxi, trong phan tng khit
NO bang hidrocacbon, oxi 1a chat thiic ddy phan
tng tao thanh N,.

IT - THUC NGHIEM

Chat xdc tac la zeolit ZSM-5 (ti 1& Si/Al =
47) dugc trao d6i v6i dung dich Cu(NO;), dé thu
duoc Cu/ZSM-5 v6i ham Iuong Cu tir 1.10™ dén
5.10* mol Cu/ZSM-5. Phan tng dugc tién hanh
trén thiét bi phan tng bé mat theo chuong trinh
nhiét do (Temperature Programmed Surface
Reaction-TPSR) cho phép xdc dinh dong thoi
noéng do cua C;Hy, NO, NO,, N,O, CO va CO,
theo thoi gian va theo nhiét do (t6c do gia nhiét
10°C/phit. Hon hop phan tng c6 thanh phan:
340 ppm NO,. 580 ppm C;H,, 8% O,; t6c do
dong 250 ml/phdit; lugng xdc tdc trong mdi phan
ung 100 mg.

I - KET QUA VA THAO LUAN

Két qua thi nghiém d6i v6i mau Cu,/ZSM-5
(chita 1.10™* mol Cu/g ZSM-5) duoc trinh bay
trén hinh 1.

T hinh 1 ta thay:
— D6i v6i chat phan dng thi nhat NO,: &
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30°C, ¢6 1 pic hdp phu vat 1y vé6i lugng hap phu
do duoc 1a 151,8 ppm (44,64%); & 80°C ¢6 1 pic
hap phu héa hoc véi luong hip phu cuc dai 1a 41
ppm (12,05%); & 300°C bat ddu xay ra phan
ting, do chuyén héa NO, tang dan va dat cuc dai
Xnomax = 38,7% 6 454°C, sau d6 giam dén Xyo
~ 0§ 680°C.

— Dai v6i chat phan dng tht hai CHg: &
30°C, ¢6 1 pic hap phu vat ly (260 ppm;
44,82%). G 70°C ¢6 1 pic giai hdp vat ly, tiép
ngay sau d6 la mot pic hidp phu héa hoc véi
luong hap phu 119 ppm (20,51%); & 300°C bat
dau xdy ra phan ting, do chuyén héa C;H; ciing
taing dan va dat cuc dai Xepgmx = 100% 4]
454°C. Ta c6 nhan xét 1a do chuyén héa cuc dai
ctia NO, (Xyo_mw) V2 d0 chuyén héa cyc dai ctia
G3H (Xcjngmar)> CUng dat duoc & nhiét do 454°C.

— D6i v6i cdc san phdm phan tng: CO va
CO, déu di qua cuc dai, N,O hinh thanh khong
dang ké, con N, khong do dugc vi d6 chinh 1a
khi mang c6 trong hén hop. Cic biéu dé tuong
tu nhu trén dugc ghi cho 21 mau xuc tac khac
nhau: Cu,/ZSM-5 (n =1 - 5); Co,/ZSM-5 (n = 1-
3); Cr/ZSM-5 (n = 1 - 3); Pt,/ZSM-5 (n = 1-3);
Pd,/ZSM-5 (n = 1 - 3); Cu,Cr,/ZSM-5 (n = 1);
Cu,Co,/ZSM-5 (n = 1); Co,Cr,/ZSM-5 (n = 1);
Cu,Pt,/ZSM-5 (n = 1) v6i n 1a s6 mol kim loai
x107*/g ZSM-5.
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Hinh 1: Két qua TPSR trén xic tac Cu,/ZSM-5
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Hinh 1 thé hién nhitng nét chung cua hé
phan tng khao sit dugc bi€u dién bdi phuong
trinh tong cong:

2(a+b) NO, + 2C,H, +
15+b—2x(a +b)
2

0, — 3(CO+CO,) +

aN, + bN,O + 6H,0 (2)
Diéu dac biét la khi tang nhiét do, do
chuyén héa ctia NO (Xy,) tang dén cuc dai r6i
giam, va nhiét do T,,, tai di€ém do chuyén héa
ciia NO cuc dai (Xno_ma) cling 12 nhiét do khi
hidrocacbon da phan tng hét X, = 100%).
Két qua nay la chung cho tat ca 21 mau xtc tac
da nghién ctu va phu hgp vé6i két qua cia
Iwamoto va cong su da cong bo.
Mot s6 két qua thu duoc vé mat dong hoc

khi nghién ctu hé phan tng di dugc cong bo
trong cic cong trinh [9 - 13].

Noi dung ctia bai bdo nay 1a xem khia canh
nhiét dong hoc nham gép phan giai thich cac két
qua dong hoc sau day:

1. Vi sao do chuyén héa NO, dat cuc dai khi
tang nhiét do ?

2. Vi sao su ¢6 mat cta hidrocacbon lam
tang do chuyén héa NO, ?

3. Vi sao su c6 mat cua oxi & nong do thap
lam tang do chuyén héa NO,, con & ndng do cao
lam giam do chuyén héa NO, ?

Viéc 1i giai bat dau bang viéc dua ra cdc
phan tng don gian hon c6 kha nang tham gia
trong qud trinh (2).

Phén ting tong cong (2) c6 thé 1a tap hop cia
cdc phan tng don gian hon ma cic dac trung
nhiét dong trinh bay & bang (1).

Bdng 1: Céc dac trung nhiét dong va hing s6 can bing cua cac phan ting trong hé nghién citu

AHY., | ASY., | AGY,, K
TT Phén tng 8 8 8 Kp 205 Ks 573 =2
kJ/mol | J/mol | kJ/mol Ko 573
1 NO + 1/2 0, - NO, -5720 | -733 |-35,35|1,57.10°| 1,3.10* | 1,2.10*
2 NO, > 1/2N, - O, -33,09 80,9 | -51,25] 9,6.10° | 1,1.10° | 8,7.10°
3 NO - 120, +1/2N, -90,29 | -12,38 |-86,60| 1,5.1" |1,5.10°| 10"
4| NO-12NO, +1/4N, | -73,74 | -42,85 |—-60,97 | 4.8.10" | 44.10° | 10’
5| NO—>I12N,0+1/40, | -4929 | -4946 |-3451| 1,1.10° | 1,1.10>| 10°
6 N,O - N, +1/20, -82,04 74,17 |-104,17| 1,8.10" | 1,7.10° | 10"
7 | NO+1/10CHy— 3/10CO,+ | —294,6 447 | -2942 13,710 | 4107 | 10*
4/10H,0+5/10N,
8 |NO,+1/5CH;—>3/5C0,+4/5 | -441,88 | 811 | —446 | 48.10" | 7.6.07 | 6.10”
HO+ 12N,
9 10, + 1/5 CHy — 3/5 CO, + 4/5| —408,8 | 20,174 | -414,8 | 5,1.10" |6,6.10*| 7,7.10"
H,0
10 |CO+120,— CO, -283 86,38 |-257,22| 1,2.10 [2,4.10"°| 5.1029

Cac s6 liéu & bang 1 cho ta thay:

1. T4t ca cdc phan ting dugc liét ké déu phat
nhiét (AH < 0) va déu thuan loi vé nhiét dong
hoc AG < 0).
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2. Vi cédc phan tng déu phat nhiét, nén khi
tang nhiét do, theo nguyén ly nhiét dong hoc,
can bing phan dng chuyén dich vé phia thu
nhiét, c6 nghia 1a hing s6 can bang K, ; giam
khi T tang. Diéu nay 1a hé qua cua hé thic:



dlnK,  AH

dT RT?

Vi AH < 0 nén K, nghich bién véi T. Cac
gid tri Ky g73, Kp 505 (ba cOt cudi trong bang 1)
minh hoa cho diéu nay. Tir day rit ra két luan vé
vai trd cta nhiét do doi v6i hé nghién ciu: doi
v6i qua trinh khir hoac phan huy NO, thanh N,
thi viéc tang nhiét do trong giGi han nhat dinh
tuy c6 lgi vé mat dong hoc (ting toc do phan
ting) nhung bat 1oi vé mit nhiét dong hoc (giam
hang s6 can bang). Chinh diéu nay giai thich su
xudt hién cuc dai ctia do chuyén héa NO, (X-
NO,) theo nhiét d6 nhu dugc thdy trén cac
dudng & hinh 1.

3. Néu so sanh sau phan tng dau (1 - 6)
khong ¢6 hidrocacbon va hai phan ting ti€p theo
(7 va 8) c6 hidrocacbon, ta thdy hai phan tng
sau c6 AG” am hon han, tuong tGng K, 16n hon
hén so véi sdu phan ting ddu. Diéu nay gidi thich
co s& khoa hoc cua phuong phdp xdc tac khu
chon loc NO, bang hidrocacbon (HC-SCR) da
néu & trén.

4. Néu so sanh phan tng 7 va 8, ta thdy phan
ting 8 c¢6 K, 16n hon han (AG® am hon han) so
vGi phan tng 7. Diéu nay giai thich vai tro tich
cuc ca oxi trong hé phan tng. Chinh O, da oxi
héa NO trong phan tng 1 thanh NO,, sau d6
NO, bi khir béi hidrocacbon thanh N, (phan tng
8). Nhu vay hai phan tng 1 va 8 tao ra khau then
chot trong co ché phan tng nhu sé dugc dé cap
dén trong mot bai bao khic.

5. S€ thi vi néu so sanh hai phan tng 8 va 9
khi hai chat oxi héa tranh nhau chat khi
hidrocacbon. Day ciing 1a khau thén chét trong
co chét phan dng. O nhiét do thap, K, clia phan
ttng 8 16n hon nhiéu so vé6i phan ting 9 (10* so
v6i 107%), nhung & nhiét do cao K, ctia phan tng
8 giam rat manh (~ 10> I4n) so vé6i phan tng 9
(= 10*® 1an), c6 nghia 12 & T cao hidrocacbon bi
oxi d6t chdy thanh CO,, khong con gi dé khi
NO, va do chuyén héa ciia NO, (Xyo ) di qua
cuc dai khi tang nhiét do 1a diéu dé hiéu.

Nhu vay, néu phan tng 1 thé hién vai tro
tich cuc thi phan tng 9 thé hién vai tro tiéu cuc
ctia oxi d6i v6i qud trinh khir NO,, vai tro hai

mat cua oxi s&€ dugc ching minh day dt hon
trong mot bai bdo khéc.

IV - KET LUAN

ba nghién ctu phan tng khir NO, béang
propylen trén xic tic Cu/ZSM-5 khi c6 mat oxi.
Khi ting nhiét do, do chuyén héa ctia NO,
(Xno,) di qua cuc dai, cling chinh 1a nhi¢t d6 ma
tai d6 chit khir propylen dat do chuyén héa
100%. Két qua thuc nghiém nay va mot so két
qua khdc duoc giai thich theo quan diém nhiét
dong hoc nhu 5 diém vira néu.
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