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A catalyst production line with a production capacity of 6000 catalyst monoliths per month for the
selective catalytic reduction of NOx by NH3 (NHs-SCR) for NOx abatement in diesel vehicle exhaust
was set up based on a detailed laboratory study of the catalyst formulation and washcoating tech-
nology for V20s-WO03/TiO: catalyst. The catalyst produced by this line was tested on a bench scale
diesel engine. The V205-WO03/TiOz powder catalyst prepared in the laboratory and production line
both achieved >80% NOx conversion at 200-450 °C and a GHSV of 50000 h-'. The washcoated cata-
lyst used a large cordierite support and gave >80% NOx conversion at 250-450 °C and GHSVs of
10000-30000 h-L. The engine bench tests showed that after treatment by the catalyst, the NOx emis-
sion met the European steady-state cycle (ESC) and European transient cycle (ETC) limits of the
China IV standard. The production line can also be used for the production of vanadium-free
NH3-SCR catalysts to meet the required replacement of the present vanadium-based NH3-SCR cata-

Industrial production
lyst in the future.
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1. Introduction

Diesel engines are competitive because of their high fuel ef-
ficiency and power output. However, the removal of NOx from
diesel engine exhaust is a major challenge in environmental
catalysis and air pollution control [1,2]. According to the China
vehicle emission control annual report (2012) [3], diesel vehi-
cles, which are only 17% of total vehicles, contribute 67.4% of
the total NOx emission from vehicles. Heavy-duty trucks, which
are only 5% of total vehicles, are the main contributor to the
NOx emission (48.6%).

The selective catalytic reduction of NOx with NH3 (NH3-SCR)
is one of the most promising technologies for NOx abatement in
diesel exhaust [4]. To meet more stringent NOx emission con-

trol regulations, many automobile and engine manufacturers in
developed countries have developed the industrial application
of NHs3-SCR technology and used it in commercial vehicles. The
NHs-SCR technology will also be used by some Chinese compa-
nies, e.g., China National Heavy Duty Truck Group (SINOTRUK),
Weichai Power Co., Ltd. (WEICHAI), and Shanghai Diesel En-
gine Co., Ltd,, to meet the China IV (Euro IV) standard. The key
issue in this technology is the development and industrial pro-
duction of the NH3-SCR catalyst.

Vanadium-based NH3-SCR catalysts, especially W03 or MoO3
promoted V205/TiOz, have been widely used for the removal of
NOx from stationary sources since the 1970s. These catalysts
have also been introduced for use in diesel vehicles [4-6].
However, the toxicity of vanadium species together with the
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narrow operation temperature window has limited the practi-
cal application of vanadium-based catalysts. Accordingly, some
transition metal exchanged zeolites, e.g, Fe-ZSM-5 [7-9],
Cu-SSZ-13 [10-13], and Cu-SAPO-34 [14-16], and vanadi-
um-free oxide catalysts, e.g, Ce-based [17-24], Fe-based
[25-27], and Cu-based [28] oxides, have been studied as poten-
tial substitutes of vanadium-based catalysts for diesel vehicles.
However, the quality of the diesel fuel in China is still relatively
low, and the sulfur content in the diesel fuel is often rather high.
Therefore, the vanadium-based catalyst with its excellent sulfur
poisoning resistance is still the preferred choice for NOx
abatement from diesel vehicles in China at present.

2. Experimental
2.1. Catalyst preparation

The V205-WO03/TiOz catalyst with 4.5 wt% V20s and 10 wt%
WO3 was prepared by the conventional impregnation method
using NH4VOs3, (NH4)10W12041-xH20, and H2C204-2H20 as pre-
cursors and anatase TiO2 as the support. In a typical procedure,
1248 g C2H204:2H20, 579 g NH4VO3, and 1094 g
H40oN10041W12-xH20 were dissolved in 300 mL distilled water.
Anatase TiO2 powder (100 g) was then added into the solution.
After continuous stirring for 1 h, excess water was removed in
a rotary evaporator. The sample was dried at 100 °C overnight
and then calcined at 550 °C for 3 h. A catalyst slurry was pre-
pared by mixing the catalyst powder and an adhesive agent in
distilled water. A cylindrical cordierite honeycomb (300 mesh)
was washcoated with the catalyst slurry. After drying at 100 °C
and subsequent calcination at 550 °C for 3 h, the washcoated
honeycomb catalyst was obtained. The powder catalyst manu-
facturing section of the production line in SINOTRUK was built
by simulating the laboratory preparation. The washcoated
honeycomb catalyst was produced by an automatic washcoat-
ing device using a large cordierite honeycomb (¢ 285.75 mm x
152.4 mm).

2.2. Activity measurement and engine bench tests

SCR activity measurements were carried out in the labora-
tory in a fixed-bed quartz tube flow reactor at atmospheric
pressure. The reaction conditions were as follows: 500 ppm
NO, 500 ppm NHs3, 5 vol% Oz, balance Nz, and 500 mL/min total
flow rate. During the test, 0.6 mL powder catalyst or 1-3 mL
washcoated honeycomb catalyst were used, which gave GHSV
of 50000 or 10000-30000 h-1, respectively. The effluent gas
containing NO, NH3, NO2, and N20 was continuously analyzed
by an online Nicolet Nexus 670-FTIR spectrometer equipped
with a 0.2 L gas cell. The NOx conversion was calculated as
(1 - ([NOJ+[NO2])out/ ([NO]+[NO2])in) x 100%.

Engine bench tests for the European steady-state cycle
(ESC) and European transient cycle (ETC) were carried out
using a SINOTRUK diesel engine (D10.34, Displacement 9.726
L, Output/Speed 250 kW/1900 r/min) and a catalytic convert-
er containing 20 L V20s5-WO3/TiO2 washcoated honeycomb
catalyst.

3. Results and discussion
3.1. Catalyst activity measurements in laboratory

In a preliminary study on the NHs-SCR catalysts, several ox-
ides, e.g., Al203, SiO2, ZrO2, and TiO2, were used as the support
for V20s loading. TiO2 was finally chosen as the support due to
its exceptional sulfur poisoning resistance [29,30]. W03 and
MoOs3 are often used as promoters for a V20s/TiO2 catalyst.
V205-Mo0s3/TiO2 catalyst is suitable for stationary application
due to its high resistance to As poisoning, while V205-WO03/TiO2
catalyst is more suitable for mobile application due to its higher
activity and wider operation temperature window.

Based on the investigations in our laboratory, the final cata-
lyst formulation for industrial production was determined as
4.5 wt% V205 and 10 wt% WOs supported on anatase TiO2. The
activity measurement showed that the V205-WO03/TiO2 catalyst
gave >80% NOx conversion in the relatively wide temperature
range of 200-450 °C at a GHSV of 50000 h-1 (Fig. 1).

A V205-WO03/TiO2 monolith catalyst is often obtained by ex-
trusion or washcoating technology. The extruded monolith SCR
catalyst comprises the active V20s5-WO03/TiO2 mass, but it is
mechanically weak and its cell density is very low. A high cell
density V20s-WOs3/TiO2 catalyst with an excellent mechanical
property can be obtained by washcoating the V205-W0s3/TiO2
powder onto a cordierite honeycomb, which is highly suitable
for mobile applications. Therefore, the washcoating technology
for the V205-WO03/TiOz catalyst was systemically investigated in
our laboratory. The effects of one-step and two-step washcoat-
ing procedures on the catalyst properties were compared, and
the influence of silicasol, aluminasol, and several surfactants on
slurry viscosity, solid content, catalyst loading, coating stability,
and catalytic activity was investigated. From this study, an op-
timum washcoating process was developed for the industrial
production line. The washcoated honeycomb catalyst was
tested in the laboratory, and the results showed that >80% NOx
conversion was obtained at 200-450 °C and a GHSV of 10000
h-1 (Fig. 2). This washcoated honeycomb catalyst could main-
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Fig. 1. NOy conversion over V:05-WO03/TiO2 powder catalysts prepared
in the laboratory (LAB catalyst) and in the SINOTRUK production line
(SINOTRUK catalyst). Reaction conditions: [NO] = [NH3] = 500 ppm,
[02] = 5 vol%, N2 balance, and GHSV = 50000 h-1.
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Fig. 2. NOy conversion over V20s-W03/TiO2 washcoated catalysts pre-
pared in laboratory and SINOTRUK (loading amount = 120 g/L). Reac-
tion conditions: [NO] = [NH3] = 500 ppm, [Oz] = 5 vol%, Nz balance.

tain >80% NOx conversion at 200-450 °C after calcination at
600 °C for 8 h, that is, it has good thermal stability. However,
after calcination at 650 °C for 8 h, the NH3-SCR activity de-
creased and there was a smaller operation temperature win-
dow, indicating that above 650 °C the catalyst suffered some
changes in microstructure, e.g, the phase transformation of
TiO2 and the loss of surface area. In a future study, the thermal
stability of this catalyst would be further improved by tuning
the catalyst compositions or changing the physical-chemical
properties of the catalyst support. At the moment, this wash-
coated honeycomb catalyst does not need to be coupled with
the diesel particulate filter (DPF) in the diesel engine, thus a
high temperature heat shock from the regeneration of the DPF
is not a critical problem for this catalyst. The typical exhaust
temperature from diesel engines is lower than 500 °C, and this
washcoated V20s5-WO03/TiO2 honeycomb catalyst can maintain
satisfactory deNOx efficiency and meet the needs of long-term
use.

3.2. Industrial production line and product tests

Based on the above study on the V20s5-WO03/TiO2 powder
and monolith catalyst preparation, an industrial production

line was set up and optimized in SINOTRUK. The production
line consists of powder catalyst preparation, catalyst milling,
slurry preparation, honeycomb pretreatment, washcoating,
monolith drying, and monolith calcination. Some important
parameters in the powder catalyst preparation, catalyst slurry
preparation, honeycomb pretreatment, and washcoating were
investigated and optimized. The flow chart of the production
line is shown in Fig. 3. It is composed of two sections, namely,
powder catalyst preparation and monolith catalyst prepara-
tion. The powder V20s-WO3/TiOz catalyst prepared by this
production line in SINOTRUK showed similar NH3-SCR activity
to the sample prepared in the laboratory (Fig. 1), indicating
that in the scaled up production process of this powder cata-
lyst, its physicochemical properties and deNOx efficiency were
effectively and precisely controlled. Cordierite honeycombs
with a large size (¢ 285.75 mm x 152.4 mm) were used for the
washcoating, and the V205-WO0s3/TiO2 loading on the honey-
comb was well controlled at 120 g/L, which met the needs of
the practical application. As shown in Fig. 2, the washcoated
V205-WO03/TiOz monolith catalyst from SINOTRUK exhibited
similar NH3-SCR activity to the washcoated catalyst from the
laboratory at a GHSV of 10000 h-1. Even under a high GHSV of
30000 h-1, the monolith catalyst from the production line
achieved >80% NOx conversion at 250-450 °C, which fulfilled
the deNOx demand for the diesel engines under high load oper-
ation conditions.

3.3.  Engine bench tests

To evaluate the catalyst from the production line in
SINOTRUK under more industrial conditions, engine bench
tests were carried out for the V205-WO03/TiO2 monolith catalyst,
and the catalytic performance was compared with a commer-
cial vanadium-based NHs-SCR catalyst from a well known
company. The inlet temperature and GHSV at each mode during
the ESC test are shown in Fig. 4. Except for mode 1, the GHSVs
of the other modes were between 15000 and 45000 h-1, and
the exhaust temperatures were between 320 and 500 °C, which
were in the effective range of the V205-WO03/TiOz catalyst.

The NOx concentrations during the ESC tests of the
SINOTRUK and commercial V20s-WO03/TiO2 NH3-SCR catalysts
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Fig. 3. Flow chart of the powder catalyst production and catalyst washcoating process.
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Fig. 4. Inlet temperature and GHSV at each mode point for the ESC test
of the V205-WO03/TiO2 catalyst produced from SINOTRUK.

are shown in Fig. 5. At mode 1, due to the low speed and zero
torque, the original NOx concentration was lower than those at
the other mode points. Except for mode 1, the NOx concentra-
tions in the other modes were all clearly decreased by the
NH3-SCR treatment. The original NOx concentrations in modes
2-13 were in the range of 598-1480 ppm. The mass average
NOx conversion over the SINOTRUK catalyst was 73%, while
that over the commercial catalyst was 69%. After NH3-SCR
treatment, the NOx concentration was significantly reduced to
95-358 ppm, with corresponding NOx conversions of
68%-85%. The original mass average NOx emission from the
diesel engine during the ESC test was 9.38 g/(kW-h), while the
mass average NOx emissions after the NH3-SCR treatment by
the SINOTRUK catalyst and commercial catalyst were 2.56 and
2.90 g/(kW-h), respectively. As shown in Table 1, both NOx
emissions after the NH3-SCR treatment met the China IV (Euro
IV) ESC limit of 3.5 g/(kW-h), but neither met the China V (Euro
V) ESC limit of 2.0 g/(kW-h). At the same time, the particulate
matter (PM), total hydrocarbon (THC), CO, and NHs slip values
were all lower than the China IV (Euro IV) ESC limit values. In
addition, the PM concentration during the ESC test with the
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Fig. 5. ESC test results of the SINOTRUK and commercial
V205-WO03/TiO2 NH3-SCR catalysts for NOx abatement from diesel en-
gine exhaust.

Table 1
ESC test results of the SINOTRUK and commercial V20s-WO0s3/TiO>
NH3-SCR catalysts.

Catalyst PM THC co NOx
(g/(kW-h))  (g/(kW-h))  (g/(kW-h)) (g/(kW-h))
Original 0.016 0.03 0.40 9.38
SINOTRUK 0.020 0.05 0.44 2.56
Commercial 0.013 0.04 0.38 2.90
China IV limit 0.020 0.46 1.50 3.50
China V limit 0.020 0.46 1.50 2.00

SINOTRUK catalyst was slightly increased; this might be due to
the relatively high V20s loading of this catalyst, which facilitat-
ed the oxidation of SOz to SO3 and enhanced the production of
(NH4)2S04 particles by combination with NHs. This point will be
confirmed in a future study by the reduction of the V205 loading
of the catalyst through an improved preparation method. In
another ETC bench test, the original mass average NOx emis-
sion of the engine during the ETC test was 9.34 g/(kW-h), while
the mass average NOx emissions after NH3-SCR treatment by
the SINOTRUK catalyst and commercial catalyst were 2.38 and
2.41 g/(kW-h), respectively. Both NOx emissions after the
NH3-SCR treatment met the China IV (Euro IV) ETC limit of 3.5
g/(kW-h). In conclusion, the NH3-SCR performance of the
V205-WO03/TiO2 catalyst product from the SINOTRUK produc-
tion line met both the ESC and ETC limits of China IV (Euro IV).
Under the same test conditions, the V205-WO03/TiO2 catalyst
prepared by SINOTRUK showed higher catalytic performance
than the commercial one.

Due to the high sulfur content in the diesel fuel in China to-
day, the product from the SINOTRUK NH3-SCR catalyst produc-
tion line is only the V205-WO03/TiO2 catalyst at present. Howev-
er, this catalyst still has some problems, such as the toxicity of
vanadium species and a low sublimation temperature. Alt-
hough the usage of vanadium-based NH3-SCR catalysts is still
permitted in China now, these catalysts will be removed from
the market for mobile application in the next few years with the
stricter environmental protection demands. Therefore, efforts
should be made for the development and industrial application
of environmentally benign NH3-SCR catalysts for controlling
NOx emissions from diesel engines. In our previous studies, we
developed several easily prepared Ce-based [17,18] and
Fe-based [25] oxide catalysts and a Cu-SSZ-13 [13] small pore
zeolite catalyst with excellent NH3-SCR performance. The Ce-
WOy catalyst has already been studied for industrial applica-
tion. The engine bench test showed that the NH3-SCR system
based on this CeWOx catalyst can get the NOx emission from
diesel engines to meet the China V (Euro V) ESC limit without
the help of an after-treatment device. We are also working on
the large-scale production of the Cu-SSZ-13 and Cu-SAPO-34
NH3-SCR catalysts with excellent hydrothermal stability and HC
poisoning resistance. When the quality of the diesel fuel in Chi-
na becomes much improved, it would just need some modifica-
tions for the SINOTRUK NH3-SCR catalyst production line to
produce washcoated vanadium-free and environmentally be-
nign catalysts with higher deNOx efficiency based on large-size
cordierite honeycombs.
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4. Conclusions

The industrial production of a NH3-SCR catalyst for diesel
vehicle application in China was achieved by the optimization
of a V205-WO0s3/TiOz catalyst and the washcoating technology. A
NH3-SCR catalyst production line with a production amount of
6000 catalyst monoliths per month was set up in SINOTRUK for
NOx abatement from diesel vehicles. Cordierite honeycombs
with a large size were used for the washcoating. Engine bench
tests showed that the NOx emissions after the NH3-SCR treat-
ment by the V205-WO0s3/TiOz catalyst from SINOTRUK met the
China IV (Euro IV) ESC and ETC limits. When the diesel fuel in
the future reaches the quality requirements, just some modifi-
cations are needed for this NH3-SCR catalyst production line to
produce environmentally-benign vanadium-free catalysts to
meet more stringent emission regulations for diesel engines.
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H 20120 7048 LK, HLIENH;-SCRAE AL FI7E LA
SRR AR TR I [ PSR SR TR AR 2 T N, I
51N F) 5 th 4 R SNOME fb v b AT A X L 3
NH;-SCRAHE AL 738 VF il 5 1 3578 I HoAT AR 2 55
B WESEFATIF R T Fe-ZSM-5), Cu-SSZ-131 1%
Cu-SAPO-34M" 1OV Z B 3o Y 4 o A8 4 (140 3~ 0 4 A 51

PLJ Cedkl T4 FedEP2IRICUSEP 25 T 45 8 Sk )
AT, DU AR AL AR Sl 22 A (2 H
T PR3 A AR AR T T A 4 P St 5 T AN
AERRE T SRR i) A, AR AR 5 T LA SR i R o
fE 1 VAR DL BEHE 2 5 ith %= FTINH5-SCRAHE AL 1)
.

2. XEWES

2.1, fELFIHIE

K H R B £ LATIO N Bk, V,0sFIWO, f i
I35 455110 wt%K1V,0s-WOs/TiO AL 7. K412.48 g
C,H,0,2H,0, 5.79 g NH,VO; 1 10.94 g HyoN 04 W 12:xH,0
H 1300 mL 2 &1 /K, IA100 g TiOf R &k, 7857
BiFEL hUL b, SRR G 3R AT e 28 R K 53 7843
FER, IEAE100 °C AU NI A, 55 71550 °CF
BN RERES h.

K TPk AR 25 BT K B M R 45 A4
JE LEBIR G, B HE 355 RV A TR R . 37
A 06 5 B RE AR (300 H)DIRIHT B il [ AEAA =, B3k Tk
R HEATIR B 42100 °C TG, 76550 °C R A543
h, BF3 B AL,

r [ AR A AR e o A e R R A T
PRSI0 = AL 2 I AR AT vk i . AR
FHORR S 35 47 0 3 B e B AR R AT 4 A B B e 2, 28
ARG K p285.75 mm x 152.4 mm.
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2.2, EAFNFN R AN AN

AL FIFRSE MR S A S e = BAT R 2
AR R RIE SR RSB REAT, AR e T A e
SN 5 T e, SR T ELBE o6 B N A HEAT In . NH;-SCR
KN4 AE R 500 ppm NO, 500 ppm NHs, 5 vol% O,,
No A P A0, AR BV B 500 mL/min. B A4 A4 77
FEM0.6 mL, #7425 GHS V 50000 h'; d8 A
AR5 &4 1-3 mL, 7 A GHSV 24 10000-30000 h™". 7£
AL S VR LB R, NO, NH;, N;OFINO, [ 1y
FH TG AT 2 mo RS AR PR A L A e 21 AR 56 1% A (Nicolet
Nexus 670) 5. NH3-SCR % W H INO, J 4k 2 v 5
N NOJEAL# = (1 — (INOJHNO,])oud ([NOTHNO])in) x
100%.

i FH— & [E YR D10.345E 0 R shHLHE =R & 5)
BB T AE 2B 5 0 249,726 L, 5% K H ) %250
KW, %7€ 33 1900 r/min) F12E 4520 L V,05-WO4/TiO, %%
PAAEA TR A 2 A 2R 2EAT T BRSSP (ESC) FHBR
PR SIGIR(ETC) MR LK.

3. #HRE5IE

3.1, EEWEMRK

75 91 ENH,-SCRAE A A i FE o, AT T
PAALO;, SiO,, ZrO, M TiO, 55 1 2 AW E 4 V051K 2
I, I I &£ T B AT S Bt SO, 55 BE ) I B KT
Ti0,**. WO; HIMoO; il # 4 FH 11 V,05/TiO, i A4 71 1)
B, i v,05-MoOy/ TiO, AL FI B A LT I HT As T 5
AE7, FE I e YR AR N o A — e e s LU =,
V,05-WOs/TiO, A4 771 2L A7 B8 ey 1) f A 4 A0 B 5 1k
JE G 11, DA AE S 47 R N O34 A o I v B A A 34,

FEHEAT T KB TR RN ARG, 2 afie 7]
Sk Tl Ak Y ) £V 3 NH5-SCR 4 46 71 J5URHAE L, B
TiO, K HiAk, 71484.5 wt% V,05 110 wt% WO;. SZI =
Z5 AT BT A 4% 11 V,05-WOS/TiO, K A4 A4 71 71 7% T8
50000 h™' 44 T, 7£200-450 °C f 5 i v 5 1 [ Y NO,
AL T IE80% L I, 45 B 1FTR.

V,05-W O3/ TiO #E A AL 1) 1 2% T8 5 7 57 He e 7Y
FRTE R R 2, B S R e AR ) 5 1 i A 77 3
1 V,05-WO»/TiO, 3% 1 2H 7314 1, AU FE LR, ] 5B
(3L B R A PR 7 v P s 2R A S A P v LB
JEE 2T A ok, mT % o B AR e L B EAS B
(11 V,05-WO3/TiO, BE AR AL 71, AF 5 3d & W H T~ 580 4=
BRIk, DR, SR 5286 5 /R0 O i, AT T R T A

IR IR T ZREE, XL T — DR fw v
2T, 58 T REVIS . BRI LA B 22 Fh 3R T vk 2 571
SPHRGIE « [ETEY & i AL AR L T2
J5 DA B SCRE 1 1R 5 W, 5 4 e D T R T il A2 Tk Ak,
I SR H TR Pk s v 2 i 2 T E T R G
% E@V205-WO3/T102%I1'Z[51’§ & /J\ﬁé{mﬁt, TEZSTH Ny
10000 h™' (4511 R, AT £E200-450 °CH Bl Py 523 80% LA
EIINOBLAL R, 4 R 2. 75 s R 1 2,
ZAME AL 71 2 1600 °C KT e 8 hi , E200-450 °C i [ 4
NO A ZARFFR0% LA |, R M R s {HZH650 °C
FEe8 D, A TS R D) B Sk B AR, a1 AR
XK HIAE650 °C LA FaZ M Ak 7 ) R & AR T O 45 74 4%
1k, UNTIO, Af Y 5 A5 DL K L 3R T B B 55, 2k n] LA
Tk 3 — 2 R AR e A T 2 B SR A A T LA A v 1 A
FIIRR T Pk, BB B, A AN TG 55 Sl ROk A7) 5 98
% (DPF) I, 3l AS A7 75 DPF £ 48 I 7= A= 1 e il B
7, T S B AR A AR 4 A 1500 °C, TR I 7 St
AU SRR TAE S AT T, AT RE O PR RF R4 1)
NO AR, Il 2 K TAER) 2L
3.2, BILFIEFLBIR REEITM

BT IR V,05-WOS/ TiO M AR AL T AN AL TR
B AT, 76 B R AR RIT R T il A e
AW SR TAE. I dNH;-SCRUEA A2 77 4 = 2045
ARG AR . AR SR . Ui TilAk
L AR . B TR S R e SE T s ik
AT IR A 3 ZEAHEA AR i AR 46 S 40, R &
TRISAT 5 o, AR BORL B RGBT [ B 2 f )
R, AL T AR K VeI TA) T AR I 1) 5 5 K 0K
iff g7 T DA B A AR 7 O R e S e I R
WRFI TR RE WIS ) PR i 1 1) 45, &5 SIC 60 S ASLA0L )
TR I R, e e T — BBV ST AT R A AL
TR 7= 5 R AR R B B T 2L E3). R A
7 by A A AR R T B oo BT SR A OB A 1R
V,05-WOs/TiO, A4 1], 7EAH [ (1 [ B 4% 1 SRR A7
PEE S8 = R R O B E (LB, UE B AR
V,05-WOs/TiO K AAME A IO AR 7= 3t F v, JLER Ak
JOTLNO 4035 T 0] LAAS 2147 280 FRS B i o, 5 R T
2D I AR AL TR TR SY . B AR AL A BT
ATAE RS 875 A e g B B Ak b (1 o 7 i 92 ol ik 3
120 g/LAcAq, il /2 S5 b v /5 3K an 27, Y7 Ja 1)
V105-WOs/TiO #EAAAE AL FI /AR [F) 2 4 F T 5 e 4
1 % T RE S NH3-SCRIE 1 56 A [, 25 90 1 A £,
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HARB A 4 (30000 hh) R, %4577 245 T RE 5
ATH EAE250-450 °C 1) 42 56 i 52 30 [ A SE IR 80% LA F 11
NO AL, W] SER L i 77 er 32 4% I FRINOL 4k
K.
33. AFHAZEMRAER

N T b BT B S AR 4 Ak 1) R NH-
SCRIGE, 71 B3 B ST FH A R BhHL G 42 I
T E R AR H A 1 V,05- WO/ TiOL BEAA AL 1), I
H 55 A0 G001 42 A A 70 2 ) 0 s FE A A A 750 7 i )
PEREHEAT T XS EE. &4 BSCIR I 5 000 5 f 560l
SIHLHE R SR S 23, n] LU, DR AR, B T
W1 LLAR, 2 3 4% 3 32 3 4E 10000-45000 h 'y R HLHES
U ¥ 2 HAE320-500 °C, 4k T V,05-WO,/TiO, 1 4k 71 (1]
T PO Y L

Bl'5 2 o [ YR SCR M A4 71 AR 7= 28 7= i A1 e
V,05-WO/TiO, AL 7 HE AT ESCIIR I 44 T4 R INO,
WREE, [FIBT s T RAHLI A HEBOR BE. 78 Lol 44
N, BT RSN TARFE .. FHIHCRE, NOVIHIK &
AT oAl T, BT Ui 14k, ol T 44 R IINO,
WL AR5 3 B R, L2134 T 1Y
NO, J5 4 HE 0K FE 76 5981480 ppm. ESC il it #2
Hh [ 7 SCRAE AL INO, AT 38 22 B 26 24 73%, 1
Fi FHE AL 07 b FINOL AT 331 25 BR %6 0 69%. R Bl
ESCIR FINO, SR 4 HE R 4 9.38 g/(kW-h), T ZE il LT
e [ 7 A 14 ) i R RS A AL R IRTNH-SCR &R 4 A
5, NOHE S 43 51 B 222,56 F12.90 g/(kW-h), ¥4 1l ik
B E IV HE R HE (3.5 g/(kW-h)) KR, H A g it 2 [
VHEBHRHE2.0 g/(kW-h)) (JLFT). [RI, WK Rk 4
(PM). RIBEALEY(THC). COLLKNH; R R Rt 1Y
AR ETVARME. [ Y SCRAE Ab 51K i MK i
WA T, AR AT RE S A S L R R . R A
SO FEAAE 4 53t if 55 NH5 45 & 42 B8 2 (NH, ), SO,
FL)A %, AR G SRRt 5 7 LA A, JF ] 25 i 2t
HEH 2% 7572 DU AR AR R AL S 1 B . 7E S Ahidk
AT IETCHIA Y, NOJR G HE 8 4934 g/(kW-h), £3d
FE T o [ JE VM A R P R R AR AL (R NH-SCR &
GUAb L), NOHE R 29 3 FF 222,38 F12.41 g/(kW-h), 34
B EIVHEBRE. 25 FRTA, [ E R SCRAELH
PR A PR I V,05-WOs/ TiO, [FNH;-SCRAE AL 1 g 45l

JE EIVARUEESCHETCHEB R A J7 ¥ s A 118 4 g
AL, ] 5 e R S A T RO A

5 R SN N IS S R b o L K T =/ R ES I v
A2 HISCRAEAL A A 7= 2k = 2 LUAE 77 V,05-WO5/ TIO, fHE AL,
FF= b L T L A R AE AR TR 4 43 V05 i
Yy Tt B BA AR R S ), R R H e SRR
SEAR AL TR 2 7= RS, (ELRE 5 PR T PR3 R (1 AN Wi
i AVEFARR AT ED, A T DR IS8 b )
IR R) ) . DRI, SR A 0 BT JRAN BENH,-SCRAfE AL
PRI TF AR T AR N FHATE T, Ay il A B Ay 567 (1) S 3 2
RAHE RSB AR %, BATIIHE ST R T 20
8 TR T B L A T B AR AR S A A 7R B D A S R Ce
FEUTSIHIFIE P ALY L L & Cu-SSZ-13/MLo T
JR A 7RI o, PEREAL S (FICeWO AL 71 C 4 AT
TS AT, T2 A R AR R ) e A A2 ] A
7= R S8 R B AL FINO, B B 521,90 g/(kW-h), i
& T VHEBORR AE P G ESCHE MR AR ; B35 K B e 1k
i PLHCH # M fiE K 4T () Cu-SSZ-13 F1Cu-SAPO-34 /)
Lo T A A R, H AT IEAE AT & OB 9K
BT, PO A ik . 7R RIS, Akl it s 4h
FELAT AL, R RHZSCRAEALFI AL 77 T2 (k44
AT 28 PR AT HEAT AR G 2, By FH 2B 7= 2 TR R
;T A0 B R A I R A 2 AL JENH-SCREE A4
PEAF, NO S0 B 5y, HERSE A LT

4. ZEig

N T SEBLEE 4R FINH;-SCRAUEAL I 1 Tk Ak A2 77,

I 3ok K 1R SIS0 SR A2 T V205-WOS/ TiO AL 71 (1)
S LAC 7 B I LuR iR T 2R, A [ E AR ek
BT — 457 546000 5/ H [FINH3-SCRAE AL 71 ik A2 7=
2. A SR L O OR ST 4 T A s W Rk Ak
TR, BT A7 I V,05-WO,/TiO, B A AL 71 28 K S b
& BUAR, NOFHE B AT 3k [ TV AR vE A () ESCFIETCHE I
BRAGZESR. — HBRI G TR AN S AT O, i =2 4
AR DGR S BT F T AR AR L AT AL R AR
NH;-SCREE AL, DL AL A SR B Ay 7 4 11 S 9 4=
JECE .

g MR, EEE. BT, T, 4%, A

IS BEZE SCRAE AL FRTE AT vp L T TR
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