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Abstract

NOx (nitrogen oxide), which is an atmospheric pollutant, is mostly emitted from
road transport such as automobiles. Approximately 80% of NOx in the
atmosphere is considered to be emitted from diesel engine vehicles. For this
reason, strict NOx emission regulations are applied to diesel engine vehicles. In
order to reduce NOx from diesel engine vehicles, urea SCR (Selective Catalytic
Reaction) system has been developed. However, as the regulations are
strengthened year by year, it is necessary to further improve the efficiency and
accuracy of the system.

In the urea SCR systems, it is important to understand the process of NHs
(ammonia) formation from urea since NOx is reduced to N: (nitrogen) by the
chemical reaction of NOx and NHs on the catalyst.

NHs is formed from urea water, which is injected into the exhaust pipe, through
intermediate species of HNCO (isocyanic acid). However, the rate of HNCO
hydrolysis to form NHs from HNCO is not clear. It is important to clarify the rate
of hydrolysis of HNCO in order to estimate the NHs formation in the urea SCR
system and to suppress the deposit formation generated by HNCO.

Difficulty in obtaining HNCO used for experiments and measurements led to
the lack of the experimental data for HNCO hydrolysis. The objectives of this
research are to construct an HNCO gas generator that can generate HNCO gas
stably and to obtain the rate of HNCO hydrolysis.

This thesis consists of 6 chapters, including the introductory of chapter 1.

In chapter 2, the construction of a HNCO gas generator and the calibration of
HNCO concentration were described. In the HNCO generator, liquid phase HNCO
was generated by cyanuric acid and it is bubbled with N2 gas to obtain the HNCO
gas. As a result, we succeeded in generating HNCO/N; gas with a purity of 99.5%.
The concentrations of HNCO were determined by measuring the concentration of
COg2 obtained by completely oxidizing HNCO with an oxidation catalyst, and
standard IR-spectra of HNCO were obtained. For the measurement of HNCO
concentration in multi component gas by FT-IR (Fourier Transform Infrared
Spectrometer), CO, CO2, NO, NO2, NH;, N2O and HsO were considered as the
other component gases to measure the rate of HNCO hydrolysis.

In Chapter 3, the rates of HNCO hydrolysis were measured and the rate
constants of HNCO hydrolysis were obtained using the HNCO gas generator and
the quantitative HNCO measurement method constructed in Chapter 2. The
obtained activation energy of the HNCO hydrolysis in the gas phase was 111
[kd/mol] and the frequency factor was 3.2 x 105 [1/s]. As for the HNCO hydrolysis
over the Cu-ZSM5 -catalyst, the reaction rates were expressed using a
Langmuir-Hinshelwood type rate equation that can consider the adsorption of
NHs on the catalyst. The rate constants of HNCO hydrolysis over the catalyst

vil



were also obtained.

In Chapter 4, the influence of HNCO oxidation and HNCO-SCR on the HNCO
hydrolysis over the Cu-ZSM5 catalyst were investigated. As the results, it was
found that the HNCO oxidation and the HNCO-SCR had little influence on the
NH; formation by the HNCO hydrolysis over the catalyst.

In Chapter 5, the obtained rate constant of HNCO hydrolysis was applied to a
catalytic chemical reaction simulation software to investigate the influence of
HNCO hydrolysis on NH3s formation and NOx reduction in the urea SCR system.
As a result, in the exhaust gas temperature range of diesel engine vehicles, it was
found that NHs was not formed through the gas phase reaction when each rate
constant of the HNCO hydrolysis obtained in this study or previous study was
used. On the other hand, it was shown that the NHs formation from HNCO
hydrolysis decreased at around 150 °C over the catalyst when the rate constants
of the HNCO hydrolysis obtained in this study was used. This indicates that it is
important to consider the HNCO hydrolysis in estimating the amount of NHj3
formation from urea at the low temperature. At present, since the NH3-SCR
reaction activity of the SCR catalyst is low, the influence of the difference in NHjs
formation from HNCO hydrolysis at low temperatures on the NOx reduction is
small. The improvement of catalyst activity at low temperature are being studied
by many research groups and our findings will be more important in the near
future.

Finally, Chapter 6 summarizes this thesis and describes future issues.
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1.1 BEMEEHTRIC XD KREIGGIZHOWT

RRIGG A 5| &8 23 R RKUERBGEMEIZIE, SOx (Sulfide oxide ; fit #i 1L
%)), NOx (Nitrogen oxide ; Z#M2{LY)), PM2.5 (Particulate Matter 2.5 ; Ki 1
% 2.5um LA ORIRME) ©, CO (—fIbik%E), VOC (Volatile Organic
Compounds ; ¥ MHEAEEILAEY), NHs (7T UE=7) RERHDH. T bHDORKER
BIGGE OPEHIR & LT, KIS 2 & o BRTES), RERCTY, BEIE
7o EOBEMHEHTR, AMSLAROBRIES 2 E, HaxtbORFETFbNH0, ZhER
OPEHIR O OPEHEIG 2R L7277 7 %K 1-1801R 3. RRUERRGREME D 9 b,
NOx X° CO, VOC IZ2oW\WTCix, HEHEZR EOBIPEHIE S OPEHNR <, &<
NOx i%, #HEHED 50% L L2 BEPEHIES EHTns. LT, ZOHBHE)ND
DO NOx HFHEDBEB L Z 80%I%, T4 —EBx o P 2## Lo BEiEN D OFEH
ThHoHW,

Sulfur Nitrogen Particulate Carbon Volatile organic
dioxide oxides matterss monoxide compounds

d&ﬁ&ﬂmﬂﬁﬂ%a%

Ammonia

ada M = & E pw

Power Industry Transport | : Fuel supply Non- energy
Combustion of Fuel combustion, Exhaust, brake Extraction, stor: ipe, ] re,
coal, oil, gas, process and tyre and transport and olvents and

bioenergy emissions road wear, transformation :

and waste fuel evaporation of fossil fuels

Fig. 1-1 Primary air pollutants and their sources, 2015.%



RFH 72 KRR BEBYEE NG S Z T AR ~O AR & HIERERBE~ DB %
#1107, ZDO9H9H, NOx NI EEZTHEE LTUTOLORET NS,

- FPIRER R, BRFEE R EDNE~DOREFEEZ 7 b9 3

« R ORI T IATe Z & TH U MR ORI 2 A 5l 9™ 5 i3
LA E v 7 ORIEME & AR D 5D L 7 D RS

< A OARRIZ K MRS #ERIRIRAL & b 72 &3

F72, UL BEENS OPEHED SV CO, HC (Hydro carbon ; R{k/Kk3%E, VOC
ZETe) IZOWVWThH, AESOREFEEECHIERR B~ B2 KT

MNEDREFEHEFFCHIER O RTRBER OB G, BEIH 2 EOBEPEHIR) 5 O
NOx, CO, HC OIEBUIFEFICEETHL 2D, TTH, T4 —BLHENLOD
NOx PEHUEIY, BEIFEROBEELRHFETH 5.



Table 1-1 Summary of major pollutants from transportation sources.®

Pollutants Local Impacts Global Impacts Comments
« Aggravates existing « Indirect influence on * Transportation can be
co cardiovascular diseases, warming through competition |responsible for up to 95% of
m(fna;:ic:;; ) impairs visual perception with methane for oxidation CO emissions in urban areas.
and dexterity « Globally distributed gas
« Range of health impacts * Class of compounds * A range of natural and
HC including respiratory, includes methane, a potent  [anthropogenic sources
(Hydro neurological & carcinogenic |greenhouse gas ensures that HC species are
carbon) |, ppotochemical smog + Indirect warming generally available as ozone
precursor influence through ozone precursors
« Respiratory irritant * Indirect warming + Acid and ozone
NOX « Visibility impairment influence through ozone production impacts of NOx
(Nitrogen |+ Acid precursor formation can be widely distributed
oxide) « Photochemical smog through long-range transport
precursor of reservoir species
« Primary constituent of * Global warming impacts + O3 has no direct
photochemical smog due to increasing background |emissions sources—NOX,
Os « Severe respiratory concentrations HC, and sunlight are
(Ozone) impacts required for production
» Material & crop damage
SOx « Respiratory irritant * Sulfate has some cooling |+ SO, has a relatively long
(Sulfide |+ Visibility impairment impact due to light scattering [atmospheric lifetime leading
oxide) |, Acid precursor to widespread acid impacts
« Cardiovascular & « Particles can influence » Atmospheric lifetime
PM respiratory impacts warming or cooling, varies with particle size
(Particulate o ) .
Matter) « Visibility impairment depending on carbon content
« Includes acid species & scattering abilities
* Leading to global warming |+ Transportationis a
(Gregr'l-lhcf)use through Iong-term | major source of CO, but less
Gases ) atmospheric accumulation important for methane &

N2O




1.2 7 4 —BI/VHBEOYEH T R B O

F =NV RRYERED T Y ) D TR, REEED S E Y R L
HHAETE DR, COx (M bRFE) HRHENDRVWEZRETENL TS, M 121
AT LI, 2017 FOWMFRR BB HERTOFNE L LD L, &AM Z HL0IZ,
T4 =NV UHIFE L RFES N TV DO,

— 5T, T4 —EBNLT UV UEIE, RAEREREOBLIND, BELWHEH T 28
HQFRE SN TN, £ 1-2 (2B IV B HEH A 2 JLi 0 #%4#6® (Euro 3~Euro 6)
. £, EELMRASEOSEFOHEM T A AR 1-83DITRT. T AU,
M, HAROFEEHERE T Euro 6 fA4 0P A A HHIn @ Sh, 77901, n
7 ClX Euro 5 fHY, H[ETIZ Euro4 #834, A > R Tl Euro 3 A4 O 53
INTWND.

725, BRINTIE Euro 6 128\ C, 201749 H LY RDE (Real Drive Emission)
EMEEIND, ERTOEETICEIT 2HEH T AMHONFBS TV D. BHARIZEBWN
TH 2022 10 ALY, 74 —BEg - PEES L TREPEIGISND TETH
50, ZHETOHBNZE, RDE TIIMfEH EIN D = ¥ VBRI AL R S v D &
ENRTREN, KVEELWIER T AHGNZ 5 Lz 5.

LIF, 20X 97 LWBIH 22T 27Ol T2 BB EH O % AL
BHAEE IZOWCREIR T 5.

Dlesel 49%

Germany Other brand
e I = 2
= 7
% Z

yw

UK ﬂ ¢— N
— : ~ Renault
France ——-‘\\‘\‘ 4 Ford
} ¢ Gasollne 47% Peugeot
Italy " y
—— A5 — . ercedes
G N == Audl
e =
Spain BMW
Belglum Flat

Netherlands Opel
HEV 1.8%
Sweden Skoda

Austria Toyota
Other 11% 2
Switzerland ==

Nissan
Denmark

PHEV 0.7% Cltrogn

Portugal Hyundat
Norway ® N
Ireland — 2 s BEV 0.4% === \ = = Kia
Finland Dacla
Greece Seat
L irg Volvo
=-1% HEV Hybrid electric vehicle Gasoline and diesel vehicles still dominate new car sales in Europe but
B5% PHEV Plug-in hybrid electric vehicle it can be seen from the chart how electrified vehicles have already
I 10% BEV Batiery Riectc venide secured a notable market in some countries and for some manufacturers.
About 37% of Toyota's sales in Europe are hybrid electric vehicles.
About 5% of Volvo’s new car sales were plug-in hybrid in 2016.
Data saurces: I0CT internal databases And about 15% of new cars in Norway were battery electric in 2016.

Fig. 1-2 New car market share by technology, country of registration, and
brand.®



Table 1-2 EU emission limits for diesel passenger cars. ©

EU emission limits for diesel passenger cars (in g/km)

Effective date* co HC NMHC NO, HC+NO, PM PN
Euro 3 Jan 2000 0.64 - - 0.50 0.56 0.0500 -
Euro 4 Jan 2005 0.50 = - Q.25 0.30 0.0250 N
Euro 5 Sep 2009  0.50 - = 0.18 0.23 0.0050 -
Euro 6 Sep 2014  0.50 = = 0.08 0.17 0.0045 6.0x10"™

*For new vehicle types
6.0 x 102 within first three years from Euro 6 effective dates.

Applies only to diesel and direct-injection gasoline cars.

Emission limits for light-commercial (N1) vehicles class | are identical to passenger car
limits listed in Tab. 6-1. N1 class |l and N1 class Il emission limits are not listed here.

All emission levels as tested in the New European Drive Cycle (NEDC). Emissions levels
in real-world driving may differ from the test cycle values. CO: Carbon monoxide;
HC: Hydrocarbon; NMHC: Nonmethane hydrocarbon; NO,: Nitrogen oxides;

HC+NO,: Hydrocarbon and nitrogen oxides; PM: Particulate matter;
PN: Particulate number



Table 1-3 Policy status of light and heavy duty tailpipe emissions standards in
G20 TTG members. ™

Light-duty Heavy-duty

Adopted but Adopted
not yet Under but not yet Under
implemented | development implemented | development
ADR 79/04 ADR
L-6 P-7

Canada Tier 3 [2017] uUs 2010
. China 5 . China V
China | | [2017.01] | [2017.01]
Euro 6¢ WLTP Euro VI Implementing
[2017.09] RDE Phase 3-4 package

Bharat Il i Bharat VI Bharat Il Bharat VI

China VI

Post New Long
Term Emission PNLTES
Standards e [2016.10]

(PNLTES)

Euro VI/US

US Tier 3 2010

Euro 5 Euro V

United . :




1.3 HEHEOYRELHILEIZ ST

HEH T 22 & £ D NOx, CO, HC O A KT 5729, HEIE|IZIZIZINH %
LT 2 HFR B E NS S TCWD. 72720, FoEBEIILA VYY) oyt
F U= TRELSERLD.

1.83.1 HYV VoY U HOPFR L R

HIY v rnbiEH &b NOx, CO HC ORI, —Iofififiao.an73
WHND. X 1-3 IZZEBR T )3 5 = oo NOx, CO, HC ®ﬁ?ﬁfﬁ4~%r*ﬁ(12)
B 1-3 12T K 9, =Joii i, EmiEat (TY U rO%a1% 14.5~14.6) 1
ITIZBWT, NOx, CO, HC D2 THEWWIERTHILT5 2 LN T 5. NOx |1
72 Ne () 12ZE LS, COIXCOziZ, HC 6 COs & HoO (UK) 1Tk 5.
TN 2V UTIE, Y TOREEE BRI D 14.6 fHTiciil#Ed 5 2 &
T, BEXBRAEIEE I oot A2 WS Z ERARE L 72 0, HEHT R 2 RIS
THILEDRAHEE R D.

100 —
S ——
i — -_— - _— -
NOx //
80 [— r.dEERENR
'

2 ¢« &£l L
:: [ -~ s
O HC /
5 60 p— 4
o co”
o
- -
m 80% EFFICIENCY [T T T 11
b a0 | AIRIFUELRATIO [
> WINDOW =1 .-
- L L]
E -
O

200pmF T

------ STOICHIOMETRIC
— I AIRIFUEL RATIO
0 | | | |
14.3 14.4 14.5 14.6 14.7 14.8 14.9
RICH LEAN

AIR/FUEL RATIO

Fig. 1-3 Conversion efficiency for NO, CO, and HC for a three-way catalyst as a
function of the air-fuel ratio. 12



1.8.2 T4 —Brx=r PV rEOPERE LR R

TA—EBNLZ BT, YUYy EFEE, NOx, CO, HC Dk
BWRNEL 725, LIRS, T4 —BLm 0o Bz i, 7Y
Voo PrDE I Eafiia T ons 2k d 52 LR TERY. T,
T A =BTV TR ORBERE |, 2RI RE Y (U =) ST OREEDS
FThHHTD, HEHHTAPIZ 02 (BEE) DELSFIETHZENRRTHD. 02550
KR TIE, ZIoflftic X5 NOx @ No ~OETNAFIEE 72D, 2B, BV V>
VATBWTY, V=N DU EOPEH T AT O NELAFHET D5
21X, ZoofiliEA v NOx, CO, HC D RIFHMERIL T & 721103,

Z D12, 3 Gy DFRIFHEA R ATRER T  — B ¥ v DY LB E T,
NOx, CO, HC ®9 %, NOx & CO, HC & Thlx O FETHAL S D DN —i%H
ThHs. CO, HCIZoW\WTlE, DOC (Diesel Oxidation Catalyst ; 7« —E /LR
fillil) & I DB LAREE A2 O CERMLILER 235 = & ¢, Ak 5 2
EMHKS. DOCITIE, Pt (H4) Pd (T U7 L) 73 EREEERLIERE Dm0 i
BB A N T DO a— N L2 OBRHWHID Z NN, 05 [R5
172 DOC %X 1-4 |Z7~7.

Fig. 1-4 Typical examples of a metal foil catalyst substrate (left) and an extruded
cordierite substrate (right). 15,

TFTA4—EBLZ BT, NOx OB LR KRELRETH Y, NolliELT 5
ZENEARNRE LD 2T N THDLN, TOEITLHFIEICOWTUILL FITRT %D
MOFENFREENTE TS, LIF, 1.3.2.1~1.3.2.3 I2f8FEH 72 NOx (k> 27
N



1.3.2.1 LNT (Lean NOx Trap) ¥ A7 A

LNT (Lean NOx Trap) ¥ A7 A%, HEHAT ZAH D NOx % filili FIZWE S H7-D
BIZ, Ne~EILT DU AT 00,00, NSC (NOx Storage Catalysts) &9 4
THHHILTWSD. LNT 12 L5 NOx b OMES X &K 1-509/RrT. = b
BEH S o EERIEY (EI2NO) 1%, NOg I (ZEb =4y, mHERHE & U CRiE Fiok g
S5, R E LT NO2 2 I SE2n b, PABERIENC X 0 22 M <
725 (BREHY » FIZ %) Lok at, i T A O HCIREZ &< 52 & T,
HC #3iZ oAl & LT, it FTNO2 % N2 iZiE T3 5. LNT 1%, DOC (Diesel Oxidation
Catalyst ; 7 4 — B /ViE{bfitiit) <° DPF (Diesel Particulate Filter ; 7 1 —X /L%
K7 1 L&) L BITHNLND Z ENRZ N9,

LNT v 27 ADKREE LT, NOx Zif{bd 2 72O EHR kD HC Z 5 Z &
Mo, BREOEAZMNE) Z L, BETICEENDIHEERFEICTHNZ ENFTLND.

PREEALIZ DWW TIE, #2101 Mital 5200 NOx W ELEE TlX, 95% D NOx bR

T D7D, BEFIEIED 7 %HEOREENZ o TS, £/, LNT VX7

LIZBWTIE, B H NOx &Y A MIZhERAITEAE L TLE D & D Rt
HY, EETO NOx H{b 2 CLE 5. WaE LImEIIAgicm< e L, BE
T HT-DITIE, fillEs 600 CRE F CHIET 2L EDH 5. HARIZE T 288 Ofiiss
Ay & 2007 FELIRE 10 ppm L FOK L~ L E7p s TWBCD{ o0, RHIF O
12K - THREEIC X A A3 31T L, NOx i bh RN FE LK TTDHZ Enmb
nacng

Lean condition

I\IO+02 NOg NO+40: NOQ~\
\ / — \x // Y

(PE / BaCOs ) = PE /Ba(NOJD
substrate substrate

HC Rich condition cO

He N:
X P
."Pt‘\ /Ba(NOSB'Ew —p AR / BaCOs
substrate substrate

Fig. 1-5 Schematic of diagram of the mechanism of NOx reduction over the LNT
catalyst. (18



1.3.2.2 HC-SCR (Hydrocarbon-Selective Catalytic Reaction) I A7 A

HC-SCR (Hydrocarbon-Selective Catalytic Reaction) A7 Al%, SCR filfinn
FRESNIHERE O LIRICEREA Y =7 Z &8N, JEH T APICER S
BEIHIREI DS B 2T 5 HC 238 e Al & L TNOX iR ITT DU AT LR.CITH 5.
HC-SCR filt it T NOx E LIS ORI Z X 1-6 (TR 7. =2 ¥ 2 OFEFRITHE
M3 2884 NOx O&IeAl & LTHERAT 5729, Rk 3 5R5%E SCR ¥ A7 A L g
LT, EHIMICIREBKRERT HDMEN2L, AT T AOFMER T HRERH 5.
T, REX 7 ORFAKEFEEN AR50, FHBEBARXR—ALEH A MO
mCH, RESCRVATFTLALID LERTHD.

—J5C, HC-SCR ¥ A7 A TIEZ DOJFH E, BRRNEAT D A o BRE 2 1E
FT 5720, Pt X Pd 250 L OEWESBAEEZ HW 58551213, 1-7@29
T K91, MBHEEE 250 C KV HEiRICR D &G HC 23ERb S, HC 23
NOx DETCIZHEDLILTIZ NOx ¥ ERMEFLTCLE . D72, HC-SCR v A7
LT FTRERIREEIR DR oD E W IENR S S, 72, £D NOx LR LR K
T 30~40%FEETH Y, KiEZ2 NOx LTI CE 2V E VW BE LR STV 5.

Fuel (HC) N2

Fuel

decomposition
Decormposition HC

(HC NOx

(NCO-HC)

Wash coat

@ Active species

Fig. 1-6 Schematic of diagram of the mechanism of NOx reduction over the
HC-SCR catalyst. 29

10



100

N T ——AgARO3
ig — = CwZSM5
38
=] —— e
. 60 Fe/p
= === Pt/Pd/A1203
S 50
“
2 40 !y
o ,' \
Z 30 § \\
.' \
00— =% SN
0 Z —/ 4/{ - -

100 200 300 400 500 600 700
Catalyst Temp deg.C

Fig. 1-7 Temperature dependence of NOx conversion among various HC-SCR
catalysts. 25

11



1.3.2.3 JR#% SCR (Urea-Selective Catalytic Reaction) A7 A

R SCR ¥ 27 A%, HEHI W 2T m%k%ﬂ:a:%ﬁ L, REAKNSAERT S NH; &
AT, i ¢ NOx ZMELRERIZRICT HVATLTHS. JRFEKID AR
35 NHs 23, i b 72 £ Do b2 SIZ A~ NOx & @I RIGT 5729
SCR )iz (Selective Catalytic Reduction) &EFr&iLs. F7z, #ILANZ NHz A
TIEA < IRFEARDFIH SN A BB X, NHs T 2213380 & OB EE TR TR E
SNDIFEEDEWEERH LT TH Y, ZRMEOE SN EERIRFBAKPHN LN
T3, RFEWNZRFE SCR ¥ 2T L ORI % X 1-8@DZ =

JRFE SCR ¥ AT AlE, VAT LAOEHUZE D005 MR FKUEAGER 72 & D
AT T ORIEB MBI R ENT AY v N ThDH. LML D, JRIEAKNEH ] #
DEHEEIZE Y 90% LA EDOE NOx LR 2R T D Z ENTEX 572D, =
v OBRBEGIEITIL, BRBET AF O NOx K & L — A7 ORRICH o E s L
PM RIBICIESTDHZ M TE 5. IT4ETIE, REKOMIEA V7 7 LI h>o
HY, T4 —EBNVABEOHEH T AR DB L b LEHERXD L, b AN
TA—BLZ U DPRBUEETH D LN D.

DOC Close? Coupled

TCOPEratare oo Tinder Bloor L=

Sensor j
/' Temperature
Sensor

Secondary :
NOx Sensor

Fig. 1-8 Schematic of typical layout of Urea-SCR system. @7
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1.4 JRFSCR v AF L L HNCO (£ V7 L fB)

R SCR ¥ A7 LTI, HFREWIZIRFEKEES T 5 Z LT, NOx DA D
NH: #4345, K 1-9(77 K91, ﬂﬁ%ﬁéhﬁ?ﬁ:ﬁk 1x, ORFAKRF DK DT
L, QRFNVEGMEIZEYD NHs & HNCO (o Vo7 ) #4Rk (R1-2), &5
(Z HNCO 23Ky s 28 Z LT NH 242k (R1-3) $5 6D EEXHNTND

(29),(30),

(NH2)2CO (agq) — (NH2)2CO (s) + H20 R1-1
NH2:CONH:; — HNCO + NHs R1-2)
HNCO + H:0O — COs + NH3s (R1-3)

A% L7- NHs 1x SCR filiitt |-, Standard SCR )i~ (R1-4), Fast SCR i (R1-5),

Slow SCR )& (R1-6) EMEIENAKISICE Y NOx Bt L Noe ZEKT 5L ST
VA BD-(34)

4ANO + 4NH;3 + Oz — 4Ns + 6H20 (Standard SCR) (R1-4)
NO + NO; + 2NH; — 2N3 + 3H:20 (Fast SCR) (R1-5)
6NO;2 + 8NH3 — 7N32 + 12H20 (Slow SCR) (R1-6)
Urea aq. NH;
\ Urea (s) NH;
— > HNCO —>R1 > NH; + CO,

NH,CONH, — HNCO + NH;  (R1-1)
HNCO + H20 — C02 + NH3 (R1'2)

Fig. 1-9 Schematic of NH3 formation from Urea.

JR#E SCR ¥ A7 LORFHIHT= > TlE, NOx OEILAITH S NHs B4R T D
VENRDD. DFY, KENSO NHs AREEZEET L ZLBLETHY, JRFED
5O NHs £l B 2 EPF"?EEEE%“CEE)E) HNCO ONUK S RRIS 2z %5 2 &
FEETHS. £/, HNCO [FTHRE LML EDORFH KT R v MEAD KD
BHeEpoTWDHAREMES B D 69, HNCO OHNKREISITIRFE SCR & AT LA DIEHH
MHEROBLEN D BIEH SN TWS. 512, HNCO 1%, 2018 4 10 AlZiTHivc
RN D Post EURO6 #iifill D RRESIZ I THIFIIRI G 0 2 DBEFHICHRET S 26078 &,
U4, HNCO IZHT DL E > TN D,
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1.5 HNCO {Z2W\ T

HNCO (3R %E Do fRife CAERT A HRAEMM TH v, H &% 43.0, Wi 23.5C,
Al-86°C THIR TITLEMRA AL LTHFET H6D. FHEE2HA LTV E6, B HfHu
WITEENMETH D, KEMAKGHENS LT, NHy & COs 4K H1E0, 1V
VT UERIE, -80°CLLETIZIEE TSN E L 69, EAMISEIZ LY T XIVER
(HNCO @ =&1K : CsH3N30s3) 72 Ehfx RERZAE LD LML TND. £D
fth, JRFECIRFEDOHMEIZ LY HNCO & 24 m3 5 NHs & HNCO & DI L5
BEAAK B2 IN TS, Bernhard H40C LV rE 7=, HNCO 726 OEKAE
) DA AR 2K 1-10 (2R3, 25 DRFEL HNCO 23B89 2 [E A4 i A3 HE
KENICHTH T 2@z Lz k0, JERBUE S 27 AOEBEEIEK T 2H<BEN
N5,

W
0
P A HOA
H,N NH, N=C=0
Urea Isocyanic acid
Tl +HNCO Tj +2HNCO
OH NH,

Fig. 1-10 Reaction pathway of HNCO, which is generated by a thermal
decomposition of urea. “0

Z DX HIZ HNCO ([ZB b AHFRIZEFICEE L B2 5N D0, KDL E S
TP RIS ES I L0 E SN TR VONRBLRTH S, ZORKIE, EERifHEH
35 HNCO CFHEE DR ERIEIZ A VWD HNCO DA TR XICH S, HNCO
IEEOSERE W=, FIRTORENEHL <, ENTIE HNCO OEHEL 2 DIRGE
INTW2R. 2O, HNCO BhEOHFIEZ1T 9 72121, WF3E#H A 5 HNCO
WA ALK T DHLERH Y, TOHES HNCO OFHHIFIEIC X 0 HFFE O M
EHEINDZ LS.

BEEZEIC BV T, JRFBASLCIRED S O NHs AR T 20178132 < #4845
ENTWSHA, HNCO 2B 222 TlE, & <12 HNCO Offi 03 HAkS s B &
72 %, MK PRI E E 2SO R E EEUZ DWW T E R STV D 6 D@e.uD | 3/b 7¢
V. BEEORIZETIE, Yim S 23FARICEBIT D HNCO DONN/K S i S8 B & $ A 2 22
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LTCWBEe, 7 513, JREFEAKDZEIE, 2N GAERKT S HNCO % H\ T, HNCO @
INAK G R B 2 E U, SOSHEERZRE L TV D, Z OfEITEE A 2 b O
V3al—ya Y7 MR ETHERENTWAS., LMALARARS, Yim 5 OFERFIED
B, BT AFZ HNCO DA DJRFBH KO ARF T ADBRBALTLE H I L avikE
FoT, INEEOHEICAEMI 2 LT bT /R’ H 5. £, o imCH
Ebfwéio , MRS TV D RUSEEEHE, #H S - EZEREE E A O
_iéﬂm@%( S CITHERBRZICIIE LS TWV RN Z25ATHn5HH0 L
ZEZHILD.
Inmomm%%ﬁmﬁﬁéﬁawkﬁékwmz ZERINC HNCO H A Z 384 w]
WEERAEL, b5 5 HNCO 2 HWT, FHAEE o 1 ik E 0 5
ﬁﬁb%@%é
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1.6 AWfsEoHIY

PLEDE L0, AT, Z2EMIC HNCO H A &3 Re /a2 RS 5
ZET, RENDHO NH3ARGBRRICBWTHLNE STV, HNCO DNk
R R A LN ETHZ L2 EE LT,

1.7 AR SLORERK

KEImILTIL, 35 1 EOFFELRE, DL T O TPl R 417 5. 45 2 B Tl%, HNCO
T A ALEE OREAE L IRERIEICOWTH 2. 55 3 BTIIE 2 EOHELL
HNCO % A5 40E & HNCO JREFHIIFEE VT, HNCO MK R EO& s 2
FHIIL, BUREEEN OB AT 5. 8 4 B T1E, HNCO ONKRDREISHEE L, 7
4 =B AP T AR CREE SN D HNCO DRSS & DO 21TV, BISEH
NHs AU BT T RBREIC OV TR RS . 55 5 BTl ABFZE TR LM RN RE
SCR ¥ A7 AIZH T 5 NHs AR RS NOx LRI KT TRE 2T 59, 1%
BT RO RO LA, RO DL RIS S 2 L—a v Y 7 MT
WL, £ L TREIS, §6REICTHS 2l ~5.
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H2E HNCO HARAEBEBOHBER L BERIE

— R EHBEOYEH T AT, CO, CO2, SO &G HIIZ NDIR

(Nondispersive Infrared ; FE/3 B ARIMRIZUNTE) 23, NOx #EEEFHHNIIZIZ CLD

( Chemi-luminescent Detector ; {k 53ty #r&t) % 72 1% HCLD (Heated

Chemi-luminescent Detector ; MMEMLFF 3 HTEN BAHWOLI D, £/, HCIRE

FHANZ1E HFID (Heated Flame Ionization Detector ; IR K FE R A A AL EF)
DHAWSNE0, LI, ZHEIDH ATt DR %2/~

(1) NDIR®

CO, COs, SOz 72D TI%, ZDMINTIE U THEA DR HK D AR 2 IR
T5. ZOWEEFMAL, FARILAST MV ERINT 22 8T, ZOWLENHR
B A DRy L REZFHIIT 2 2 £ A3 TE 5. NDIR I, gl E AT T 5720,
MU O P A B RN 43R &5 [ BEOPEH 7 A FHICHE L T 5.

FRL, ZOFMIRER E, A7 RICEHIR SO A X Ry & U R AR
WL % I ADHEET D5 EciE, THREE 2 CRHIRREZ A L 5720, koY
HADTHRB %2 72\ RIURE IR L CRHIEAT ) LD 5 5.

(2) CLD, HCLD®

LRSI & 0 BhRIRAE & 72 o T2 R F 713 113, ik iEs SRR IR 5
EXTHTFEKRETS. ZoEEERALZoNE S CLD Thsb. filziE, NO %
G AT O3 2T 5 L, NO I Os S 2 L CRhER-ED NO,
L0 ZORMEREED B EEIRBICR DB O =R VX HE & L OE Rt S s
0, BHENDHFEIZINO BEICHFIT 5720, Fa2iH+ 52 L TNO BEEDEH
MR FEE L 72 5. HCLD I% CLD & A& IXFRI U TH Y, MHERE TOREIT R Z
A VUDBIKOEEEE S T2DIZIMAI N TWEHDTHD.

(3) FID, HFID®

KRFBRHPIZHC Z2E5 0BT A ZE AT 5 &, LT 20 HC 7> CHO 423
T 5. KBRFUITEAIND HC I, 1ZITEEN CHOYA 4 & 7257, CHO*
AT ERMTAHZET, HCIREOFHNT A Z ERFREERD. B, T4 —EL
TV OPE T AFHAITI, @SR ORIEKFELZGLEHIIG TE 5 X5, BT A
TA L ENTEDITED HTZ 190110 CIZE-S X 9 E-4+2 HFID AHWHNS.

ABFIETIE, HNCO DMK MR OGIH R 2 HHEIZ 9~ 2 7212, ROSHREEE % B
/BIoZLZAMELTEBY, HNCO REDEEFMMARO NS, ETo, Rk
(&, MOPEH T Ay & FIRFIC, HNCO JREFHIITE 2 X 5 BIRWATGE R FHI 514
Tho e, FEENES, %O BBEH T AFHICB T 5 HNCO FHANZ & H#k
TEHLEXLNS.
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HNCO DIk oy i SO EE FE 2 5HAIS 5 72 DI, SO O A APREE DimIEZEAL % &
ERHAICE 52 &, HEROPEM T AFICE EN DO & RIRFIZ, HNCO JRE
PERERHTHZ L, X612 HNCO [ZIFHIRMIRINNH 56 Z L 2B ET 5 &,
R Wi 7 — U = B IR A 55 EE E EF ; Fourier Transform Infrared
Spectrometer (FT-IR) IC X AN AE 1 EEZEZX6NS. FTHIR I, kT A DR
NI DWW AT SVERIE L, ThWESEEMITT 52 & T, 2O T ARE
A% [FIRE, 2> 0l I T X 2043 TH 5O, BEHEPEH T AFHAH O FT-IR
T TSN TEY DO, ZnzicHT 52 & T, BEEYEH T AFHICET 5
HNCO FHl~DRRLEF SN S, FTIR OFHIFEEOZEMIC W TIE 2.2.2 (1)
\ZRET.

FT'IR T» HNCO REFHHNZH 7= > Tix, BEHOEED HNCO A (FEHEA R)
ML 72573, HNCO DOIFHET AT STV EofE) S, FTIR (2
£ % HNCO REDOF R FIEIFHESL S IV TV WV ORTIRTH S, ZOd, AL
TiX, HNCO O ZERAIEEZME L, b3 4E4 5 HNCO # W, FErk
JOFTIR (2 & 5 HNCO D€ &t Fik At L.

728, HNCO/Ng A& 5 HNCO ik, BESONEHEZHWTHAHET
b5, AW TS, WEMMBNOE &H5ITE 28 LGB E &8T5 ; Proton
Transfer Reaction Mass Spectrometer (PTR-MS) % i\ C HNCO D3R % 1T
72 (2.22MFMK). =72 L, MNERMOE &SI~ A AT MVETSGITIZERD
ZE L, KSR THH Z L b, — R BB PN T ZAFHICIEHE O H
WD AILZR D,

F 72, BB 25 HNCO & RIEMEH A D& T, st 2 43 & L7 HNCO/Ny
HARIZE E 5 HNCO 5HIGEIZIE, 4 Yo7 32— FtlllTF = —7 2 E2 -
Ny FROFHEAIRETHDH. AIFETEH, EFIRETHRAET S HNCO/Ng # A HIZ
“GFEND HNCO BEZMRT 272D A L7 (2.2.20)20H).
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2.2 EREEE L
2.2.1 HNCO FALEE OREE

HNCO DA FIEIZ DWW TIIE SO FiE@000833 5 X T s . Kleemann ©
O, EE 27 mm, £ 600 mm DA T U ABEIT/NISRERERE 7 XILEROH K
Z AN, E-d 2 Z LT 100~1000 ppm ® HNCO H A ZFEAEIETWD. T X
NMRIFHNCO O =Z8BIKTH Y, K 2-1 17T X 5 R EHpRREWIZH 0, Z D)5kl
Hin b, HEZEHT L2 k THNCO HA%&FAFRETH DN, —EEED HNCO
ELEELCRESELDICIE, BERBEEENLE LD, £, TOREFRE
F, F4EF 25 HNCO wx IR E LT T XVBORRNE 0D 2 LSS
51720, FT-IR @ HNCO JEEHEE A AL Z G E OFHNCHWD = & = Z 8
T5 &, Rz E £V HNCO #ZE L TRAESE DL HIEDPLETHH.

I

3HNC(()g)<_ k )\
(S)

Fig. 2-1 Equilibrium between HNCO and Cyanuric acid.

Yim 500 IJRFEKEZBEBXIFICERN L TEESE, REOBDGMRICE Y AKT D
HNCO # 2 % EERIZFH was. ZOFETIE, RFEOBSROEEIZ HNCO &3k
AT 5 NHs RRFZHRR, KEKRERREBTAFIZEEND L2,
Kleemann & O FEEEIRE, FET 25 HNCO IZIXAMimnagEzEns EZx 5,
FT-IR ® HNCO iEEREA A L L THWS Z &, B8 X O HNCO MK/ i 5 i3 E o
FHAEITH) Z L E2BETHE, RiinaEE £/ HNCO 2565 FIENSLE L 7
%.

Z ZCAMZETIE, FT-IR @ HNCO R E#E T A 35 OV HNCO AN 53 fift S i o
FHANZHIH TEEZ: HNCO #4572, HNCO RBAEE # 5 L T-.
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AHZE Cld Kleemann & @D 5 & [Fl4E, HNCO OJFEHIIEZ S 7 X VR Z VN -,
72721, BEEME & 13820, o7 XVEEROERIZ X 0 AR L7 HNCO 22D %
FERICHNTWEDOTIEARL, ¥4 L7 HNCO %#-78 ClIcAMmHEI L, HNCO %
WRIRIECa— L R Ty Lz, ZHUTE D, U7 XABONMBIZ L0 AT HIR
AEH A HNCO OAERETHZ EMA[EEL 72D . Z ORI HNCO (2748
HELND Ne A (G : 99.99995%) % it S5 2 & T, HNCO/Ng W ANRES
N5, AEEETIE, HNCO ORLLEIZS Uiz HNCO/Ny H A G725 Z & 23 AlHE
Thb.

AWFGETHW IR HNCO ZEplEEE OIS 2 X 2-2 12”7 ARLEEIL 3 DOk —
Zba—) RrZ7v7 (78 C) Mo IILTWAS. HNCO DFEHZIE, HRAb
B T 3ERIOHMIE 98.0%LL LD 7 XN aERA L. T XNVEBENMELA VT,
S 600 mm DAT UL AERNIZHN20 giREL, BE—# 112XV 350 CTHEL .
T ZOVEROFESEIE 330 COTH A0, VT XNERIIAT v L AENTHIET 5.
HIE L7 IOV AL 600 ClZEAAS N —% 2 [TEL, BAGMRIZLD
HNCO #2474 %. ZZTHART 2 HNCO lIEmEETH Y, IRENMETT5 L EA
LTHRY T XAREART 5720, 350 CHOt—% 3NTFEL - No A THIR
L, 7 XNEB~OEAEISZIMHE LN 578 ClomHAILiza— KT v 7 ~E
ALz, 2=V R T v 7 ~EAESN7- HNCO 138w S h, EOGEHOIRKIRIET
HEIND (X2-32M). ZDOFIKHNCO N TRT7 Y 7452 L1k HNCO
VI Ve ok

Heater 3
Heater 1 Heater 2 WAV
7 2 | Al
BN AOOOANAN
o .
350°C 600°C
Thermocouple MFC
Vent Coldtrap N,
-78°C

Fig. 2-2 Schematic of HNCO generator.



Fig. 2-3 HNCO collected in liquid phase.
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2.2.2 HNCO D& &t H IR 51k DOREEE

HNCO DOE&FHNEZ LT H7-0I1C Kﬁnf%wt%ﬁﬁﬁ@ﬁ%%m24
(Y. HEE IR ﬁX%E%kﬁXM*%T%ﬁémé TEE RS X O AN X
AFAEEDRINTEY, BETAHGRHAD No 7 A1 >, HO N7 A 2, N2/\7)
7K D HNCO IRM7 A4 »RH 0, S HICHBEIZS U TR T AZNA 5 Z &
NTE%. HNCO IZRifi TR LIZEETAER LZbDZ MW, EH R T~ A 70
—ar he—J THEFAEL, BELZHE L2, HNCO & LAY 7L,
FERINRIZIG UC, ARGHHEEE CRE, WINAY hvagHAl L.

AWFFE T, FT-IR (2 X 5 HNCO OJE &t ERR k257 5729, HNCO
DOIRAEMER (2.2.2 (1)), Sy T ALETTO FT-IR 12X 5 HNCO D72 D ft
W EOBR (2.2.2 (2), BELUHNCO FHHEEE OEERITE (2.2.2 (3) Z%ElfL
7=.

] MFC pe—
N, MFC [prg— . Bypassline ol FTR
‘h
Oxidation line
.
Heater A(700°C)
HNCO
° »| Tube
Additives

MFC Ppt—

Exhaust
v

Fig. 2-4 Schematic of experimental apparatus.
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2.2.2 (1) HNCO O3 Efez8 51k

HNCO DO¥AMHRIZH T - TiL, GFBEHE & 5485 ; Proton Transfer
Reaction Mass Spectrometer (PTR-MS) % HW\ T, 3492 HNCO DOffiEl L O
HNCO UANDERS O TEMER LTz, £z, FT'IR %M\ TH LT IRIME I A
7 Fuins, HNCO 3 X OVHNCO LIS D4R oA 2 it L7,

PTS-MS & FT-IR OFHAJFERIZ OV, 2.2.2 (1)-1, 2.2.2 (1)-2 IZfEkd 5.

2.2.2(1)-1 PTR-MS {Z>W\W T

PTR-MS X RU 7 FFa—7, A F VR, BESWENOED. A THEA L
PTR-MS (Ionicon Analytik #:#) D4 %X 2-5 12, PTR-MS O#EEX 3% [X] 2-6
123, PTR-MS WD RY 7 hF a2 — T NITEZER S 7 TIRIE (~2 mbar) (ZHE
FBINTW5b. heh Y — NEEIZ X > Tk B AR Sz HsON A v B L O
BT AL, AEICEY RYUTZ7 FFa—TROEAINS. RV 7 M Fa—73HINE
NTEY, H O Ao NEHIZLVIEEIND Z & T, HOtA F 2 ERBLT R & D
FERENEZ D, ZNICLY, MBEBOMTHFBEICSEE, EkT 55 bn %
HE&ONEFCHMT D2 T, BT AP DT AR ZFEETE 5.

AUEE T APRED HsOA AV IRE XD b+ WSEA 12X, B FBEi s,
H3O A A U REEITIK O 7o W — IR & 703 2 L3 T&, HsO A A & OfZRIC
X0 BT BB FEOX, BB AR DT A RSy ORI G4 503, Apkd B
At B L O HeOt A A%, WEMBIC L WEER S LIk n, —KEFH
EEICTCTEDAA v EEZHMNT S LT, BEAXY M ERGTHZENTES.
BT A2 RHWT, Brba e TRAREOREREZIIET 5 Z & T, 3L
FALF D ORB T AT DT ARy DIREZFTHZ L b TES.

AEFFETIE, 34 S8 53 2D HNCO Ol 2R3 5 72912 PTR-MS %
WTHE Y, HNCO/Ng 7 2% PTR-MS IZfitl S TEHEANY MZ2HTL, 2E5
BRI D HNCO OIE SHRED D, 4325 HNCO ORFE 2 iR LT-.
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Fig. 2-5 PTR-MS manufactured by Ionicon Analytik.

Secondary electron
Quadrupole multiplier tube

L Sample gas inlet
Water vapor

Pump

Drift tube

I I L

lon source

lon detector l

Fig. 2-6 Principle of measurement of PTR-MS (3,
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2.2.2(1)-2 FTIRIZHOWT

FT'IR 1%, 7 — U = Z #8475 6 ) E 5 ; Fourier Transform Infrared
Spectrometer DEEHRTH 5. AWFFECTHW = FT-IR (3ZEEH O FT-IR TH Y, H A
TV OB AR E RS L, A2l LR A2 IlT 22 8T, 20
WS EZRIET S, ISk, TABLANOTAEBI O ABELPRET S L
MNTED.

TROMRIBENC L0 15 50 2RIV AT R ViL, HA'VNO AT AFED 5y 1 HREh
BLOEHAIZ L > TRINOAE U HIRENABE AT ML THDH. L7en->T, Mk
— A NOELER ZTHFICONTIE, RO LV AL HWIRA~RT b L
XV, ZORTERETDHI ERHEKDWW,. —FT, NoX° Oz 72 E1fF S 115 MR
TE— AL FERTZ2OWH AFIZOWTUL, FRAMRILA 72028, 2 OFIETIHFH
TAHZENTERV, FTIIR T, BB 2 %2 5 2B /u @il S8 TRV 2 RS L,
WX ST RN AT SV E, BRlsy A DIRIN AT vz W TS EERITT 5
Z LT, HABNVRICEENDIEERO T AFEORENAREL 725 . X 2-7 (2 HNCO

GEEMD 4 JFF51) O 6 DOREERS Z2/r705, HNCO % & Teiltl A 215
8 U2 ARANRI A7 bV, X 2-7 OFBEEUTISW T HNCO JREEZ IR U723
Tz s,

@ @ @ v; = v(H-N) = 3531 cm"!
m @ @ v, = V(N=C) = 2274 cm™' (asymmetric stretch)
@ @ e v; = Vv(C=0) = 1527 cm™ (symmetric stretch)

m @ Q v, = V(H-N=C) = 798 cm"’
m @ Q Vs = V(N=C=0) = 572 cm"!
@ @ Q Vg =m =670 cm

© € © @ @ 6

Fig. 2-7 Molecular vibration of HNCO 15,
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FT-IR (2 L 2HNCIWT, BT AR O/ T ATROPREIL, &7 AFRORUL A~
I RIVOBRENSIRET D ENTE D, [—HERFHEIBET ATBWT, WOLEX
KenFmRTHES CEBE) 1ICfl3 51 &9 Lambert BRI E, [—EEIDJE

(L) Z T A O O/ T T ARG 5] LD Beer DERA
A 7= Lambert-Beer @ ERIOIZ LAuE, WEE L, TARBELEELONKEIZL
B35 (K 2-8 ). LIeho>T, HEED—EDOLE, WHE LT AREDORER
ERET HHHBIERZERGT 52 & T, WHENGENVREZFHIGT S Z & AEE
w5,

DX, WABBIXOHTARELZRETE S FT'IR TH 52, FTIR 1ZZ DG
BIFEER E, [ U E ORI E & SO B IAET 256818, o5+ OWINHEE AT
WL, BBEEPELALEVWIRENHD. 2O, HAFER L O ZAEEOREIZH
7o TlE, TOREITANO T AFEZ T L TRILART VDS EEMIT 21T Z
&, BAREOREIZH - TIE, EHHREMEOBWIDLE & VREORERZ HET
HZENEBETHS.

ABFFETlE, Nicolet 8o FT-IR (NEXUS470) #Mw/=. M L7~ FTI-IR ©
SN [X] 2-9 1T T B A'MTIE, KKRE 2m, KFE 190 cm3 OMMENAIEE/R L H X
TR EZ Wz, A RVTRIMNEZ Bl S 2 84021%, HNCO 04 FiRE) %
ZEIZ, FHITE DRI AT VRO IR & & FIEMED S KBr (RAb Y o
L) R U2, BMOEMICLDREER 2-1 17T, RWFFE T, IRARIL A A~
7 RV 500~3,500 cm! O#iPH 2 I &7 fREE 0.5 cm™1 T, 6 FIfERE L CTHS L7z,
FHAIEE D T A2 VE O, Ko OkEEE HNCO 12X AT Ry NMEKEMZ S
728, 113 C& Lz, o7 H 2D EIL 200~500 scem(standard cubic cm / min)
OHFIFHTHEA L7,

ek, ABFZETIE, HEHO FT-IR &2 AW =23, 3B & U9 2 RS & 313
5RO FT- IR0 & f54ET 5. KETO FT-IR T, BRI TOMRIILIL A
X7 MRFHHUTE 5720, REIEREOWELFREOFFER EICHHAEND Z &3 %
Y

I, = I, exp(-ecd)
I, : I; I, - Transmitted light intensity
I, * Incident light intensity
¢ - Molar absorption
¢ : Concentration
c d : Optical path length
<>
d log(l,/I,) = ecd

XKlog(l,/1,) : Defined as Absorbance

Absorbance is proportional to the concentrations.

Fig. 2-8 Concepts of Lambert-Beer's law.
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Fig. 2-9 FT-IR NEXUS 470 manufactured by Nicolet.

Table 2-1 Transmission wavenumber of each window material.

Window materials Transmission wavenumber [cm]
KBr 400 - 40,000
NaCl 600 - 50,000
BaF, 770 - 50,000
CaF, 1,100 - 50,000
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2.2.2(2) ZKHH AHLF T TO FT-IR I X % HNCO #Hlld 72 3 O fe il i & O i

HNCO DMK R SEE OFHANZ L, @EaHRAS fTaE72 FT-IR 12 X 2 FHAAA
NEEZLNDIIN, Ly T AHAFE T TO FTIR (2 L 5 HNCO EEFHI O FEEIZ H
Teo UL, ERDG T ADTWEBET D0EN DD, S T A4 T TO HNCO
FHATEDRFHZ B Te - T, TWHELZERE T 5 XE M T A DIFRNRILA <7
ML &% 2 ZHAIL, HNCO OFRIRIL A7 kL& ik % = & T, HNCO 3]
TN e 72 W A IR TE LTz, S 51T, EBRIZ, HNCO (Tlipliy T A 2z =56
DIRE T ADIRIIEI AT s ZFHHIL, HNCO FHHINZK 2 T M4 iR
L.

FK2-2ITIRET AL LT L7e W AWy EIREDO—E 2R3, ARETIE, ik
Oy FR IOESHE B O FHAI BRI (256 E S8 % HNCO £ % 100 ppm FRE SLHEL, Zh
2% LT HoO 13K RGN HNCO O — IRt & A 7eH 5 RKIEFIRE & LT
2%, & DD %Sy T ADPFEIZ SOV TITHNCO RE L %5, CO:500 ppm,
CO2 : 500 ppm, NO : 500 ppm, NOg2 : 400 ppm, NHs : 500 ppm, N20 : 500 ppm
ZHE L7, CO2 & NHs X HNCO DMK ESISRHZ AR T 2 T ARG TH Y,
CO, NO, NOz, NoO|I7 4 —BNHPHATAPIZEENDHM D THD. T b DR
H AL, HNCO DMK RS NHs-SCR Mn%E 2 1HE L7255 F T HNCO
FHZAT O BRICIAFT 5 Z LN EE SN, FOTHWEELZE L. HNCO (ZftAk
AR INZ T35 TIE, #1912 HNCO/Ng Z il S, & ZIZ&RD T A ZBIL
7-.

Table 2-2 Gas components and concentrations used for interference experiments.

Componentgas  Component gas concentration ~ HNCO concentration

CO 150 or 500 ppm

CO, 150 or 500 ppm

NO 150 or 500 ppm

NO, 150 or 400 ppm Constant concentration
N-.O 150 or 500 ppm

NH; 150 or 500 ppm

H.O 10r2%
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2.2.2 (3) HNCO FHIULEE D L IE

HNCO EEORIEICIE, HNCO OEKIC L 0 AT 2 COq 21 & 34 5 ik,
BLOHROA Y7 32— FeHUHAOF 2 —7 %2 H 7=, COo X, FTIR ZHW
THRG AN ARETH H 120, 4125 HNCO OO0/ EAENS &% LT
FERIENITZD. — 07, Ny FREHH E 72D F = —712 8 5 HNCO EEFHANIE, COy
IREEIZ X5 HNCO JREEFH OfER O 72 DIT 5 L 7-.

CO2 B |Z KL 5 HNCO BEE OB IEIL, 2-4 |R LT FERAEBE D ANA XA T A
ZMHWTHNCO % FT-IR [ZE A L T AT Ml o7V R & bt
BENFRE SN2 T A v amB S TROLAS COEEEAWTIT>7-. HNCO |
(BRI KX 0 BB b L CEEED COLNAERT A HDE L, COEEICZLY HNCO
REZHE L. HNCO EbD 7= O btz i Pt/Pd/ALOs ZHVy, B —% A
T 700 Cizh# L7z, 7238, HNCO Oseamibix, Bkt 2z @i L7z 2 o
IROMRUL A7 S vz, HNCO ICHRTHE—7 NEENRWT & TR L.

F 2 —712 & 2 HNCO #1112 1% Sigma-Aldrich #:# ASSET™ EZ4-NCO Dry
Sampler # 7=, ERICHW-F 2—T7 OB ZX 2-10 ITRT. Fa2—7121FY
TFNANT I UMEEFESNTEY, HNCO &G T 5 & LERIRFFHEIREIEA L,
Fa—TNICHEREZHEST D, Fa—TICHELERZFERE, 2-11 1R T
LC-MS/MS (SCIEX #t#! QTRAP® 5500 LC-MS/MS) % AW CE&E:HIL, HNCO
TREE 2SR U7z, HEE VR, fH 7151 ISO 17734-1 Method®@0 ([¥] 2-12 2/R) (1
YL L 7=, 728, F=2—7~® HNCO f#EIZ D\ TiX, HNCO BEN+2ICZEL
7ot (FT-IRIZ X 2WNETLRELMR), T=2—7IZ HNCO Zitl sz, Fa—
7 ~® HNCO Ojt#ilL, Fa—7H%FICHE LA 7Ol (0.1 L/imin) & H
LN ERM LZ. £/, MKBETA IO T VB A 2B SEE/acbF 2 —
T ORGBNHE LN (Fa—T7 ZRigIERE L CGGHIIL, %0 F 2—7TH Vv
T RO IR) T EEFNCHER L. Fa—7I2 kD HNCO BEFHANT,
B EHIARE T, HNCO VSN DA VT 2— FBFEE LR WEAICE A e TH
5.

Fig. 2-10 Tubes for determination of HNCO concentration.
(ASSET™ EZ4-NCO Dry Sampler by Sigma-Aldrich)
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Fig. 2-11 LC-MS / MS used for HNCO concentration determination (QTRAP®
5500 LC-MS/MS by SCIEX) .
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Sampling

Standard solution:
Calibration curve Transfer of sample solution DBA derivatives of diisocyanates,

from standard solution and filter media to test tube monoisocyanates, isocyanate
adducts and ol gomeres

Intemal standard, IS:

- Similar in retention time

- Similar in molecular stru cture
Le. aromatic or aliphatic

- Preferabl y deuterium-labelled
DBA denvative of the isocyanate

Addition of [S

- Extraction of analytes
Work-up procedure - Change of solution media
- Enrichment of the analytes

Aﬁa]ysis with LC-MS - SIM or MRM of the analytes and 1S

- Caleulation of the area ratio of
the analyte and IS

- Comparison between area ratio of
the air sample and calibration plot

Evaluation of data

Fig. 2-12 Determination of organonitrogen compounds in air using liquid
chromatography and mass spectrometry - Partl: Isocyanates using dibutylamine
derivatives (ISO17734-1) @0,
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2.3 FEERAER LB
2.3.1 HNCO DI/

HNCO/N; Z PTR-MS 2yl S TS L7ZE&EART MK 2-18 1TRT.
HNCO O'E &% 43 1Zxtind 2158 BHREIL, OEEEOEFHE LY 6 Hill Bk
<, EBARISICE VAR RS SN S HNCO O ERSC =Bk 2 RE B 86 X
129 DIE I S oz, PO TOEFHRE (EEE 18~130 £ TOF)
IZHK D E B 43 1Y T DR FHREDEIEIX 99.6% Th v, miE D HNCO 734
RENTND Z LR TE 5.

1.5x106

1.2x108 |
HNCO[43]

Signal [cps]
>» ©
o o
> >
—_— —_—
Q O
n n

3.0x10°

Mass number [-]

Fig. 2-13 Mass spectrum of HNCO/N3z obtained by PTR-MS.
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W2, FT-IR % AW CTHUS L7z HNCO ORI A7 R L& K] 2-14 12777, 2250
em AU IC R S 7e KX 7 B 7 FpO A N LREER X, 2 3uiE C=N O IEXH
MEIRENC L AWIIZIRE T2 D EEZ B D, O, 500~800 cm™ £iT, 3500
em fHITIZ S HNCO 04 FRENC K D RARIN DB HER TE S, £2, ZOAXT |
ITER NS S, HNCO ORI £ 0 AR, IBADER S &5 NH;s (1000 cm'?
TR 72 & — 27 2 FRfD 5 X 2-15 ) <° CO2 (2300 em™! 3T (2R 72 B2 —
7 &Fio M 2-15 2R) o —7 bR d, FILIR THHIATEEZ HNCO LA
AADOFRFTNEE A EFE LN EDRERTE 5.

0.4
—HNCO
03
(]
(%
c
(1]
2 02 ¢
o
(72}
Qo
<
0.1
0.0 1 ul 1 ! T n.IJlJ

500 1000 1500 2000 2500 3000 3500
Wavenumber [cm™1]

Fig. 2-14 Infrared absorption spectrum of HNCO/N3z obtained by FT-IR.
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2.3.2 LS AHLETTO FTIR IZ K 5 HNCO 2D 72 3 O ik £ O 3R

Lambert-Beer MERNT L AUE, FWIHR TOWREE 134 T AFEORE AT 5.
SF D, X 2-14 FOLEDOWRIHROW I & HNCO # A RFEIT B OREtR 2 o7
b, HNCO #H ADWEARET S Z LT, HNCOBELAFHHTX 5. =L, %
B4y 77 A A7 LT HNCO REFHIZ1T 5 La1cik, ko T ADFHo R0 E
TOWNEZ AW FHHEZIT ) LDERDH S.

HNCO OFMENTHEE 7R, sy T A DT O e WRIER 2 #5728, HNCO
DI Gy i S E FHAIRE I 3673 2 ATREME N B 2 S D REM e T Ay & LT,
CO, COsz, NO, NO32, NHj;, N20O, LW HoO DIRIMRIN AT kv &FHHI L,
HNCO ORI ALY ML &g U=, LKl T AD AT hLE K
2-15 12779, HNCO FHllCiE, WtED Y — 27 238 % 800 cm' f1iT, 2200 cm' £f
TOWPEILNE L CTEBY, kDT LT 5N 554120, MHEEREZED 57
D, WDKK Z N 2200 em T OWRIERE WD Z ENEE L,
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Absorbance Absorbance Absorbance

Absorbance

0.6

0.4l HNCO
0.2+
O.OM' - L4 0.6
CO:500 ppm | 0.4
n lo.2
3.0 ”“L 0.0
5 ol CO,:500 ppm
1.0}
0.0 0.6
NO:500 ppm | 0.4
10.2
1.2 0.0
0.8l NO,:400 ppm
0.4+
0.0 1.2
N,O:500 ppm | 0.8
10.4
L2~L- A ~ ~0.0
0.8l NH;:500 ppm
0.4r I |
0.0 e st 6.0
H,O:2% | 40
12.0
' 0.0

. P | '
500 1000 1500

2000

M | N P | PP
2500 3000 3500

Wavenumber [cm-1]

Fig. 2-15 Infrared absorption spectra of each component gas.
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2-16 {2, HNCO DFHEM 72 v — 7 Z&te, 2220-2320 cm™ ORI B W
Y. KEVD TR Y A D AR MV EZITCEY, 2220-2270 cm™! 431 C
1Z N20 DTH3, 2280-2320 e 117 TIlE CO, DTN RKREWZ LoD, — 5T,
2270-2280 e fFIT T, AR A DT HEEN D72 <, NoO & CO DTzl
72 HNCO # IR FIREE B2 b D . AP TIE, & <IZ2267-2268 cm™ DW S % H
WTHNCO Rl ZITH Z & & L.

MOIZ, AT MVOFER E LIRS INDHT Th D, N0, COx HAFRED
2267-2268 cm’! DY A 2-17 12773, HNCO (2 N2O, CO:» MMz 7254 TH
2267-2268 cm! W SEFEEIZEALIZA BT, ZIVH DRy OTF A5 1T 3712 HNCO O
WS Z I TE D Z RN bD. KRIZ, HNCO Z —FEEERE X8, Z1iZ COo,
CO2, NO, NO2, NH3, N2O, H20 OWT IO ZEML, S BB D7
APEIE 2 AL S TZBR D, 2267-2268 et DB EE O EHIRE B A2 X 2-18 (TR, W
VDT ARGy % il ST HW IR E BT ALNT, 2267-2268 cm™ DI
MERWDZ T, ZNHOMARD T ADTHEELZIF 720y HNCO AT
REL72D.

i
—C0O,; — NH;
0.8 —RG
0.7 ——NO, — HNCO

0.6
0.5
0.4
0.3
0.2
0.1
0.0

Absorbance

AANMARAAUMUAAY

2220 2240 2260 2280 2300 2320
Wavenumber [cm™]

Fig. 2-16 Absorption spectra of each species in the wavenumber range of
2220-2320 cm't.
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0.8
0.7
06
05
04
03 E
02
01

Absorbance

—HNCO
— HNCO+CO, 500 ppm
—HNCO+N,O 500 ppm

0.0 '

2267.0 2267.2 22674 2267.6 2267.8 2268.0

Wavenumber [cm™]

Fig. 2-17 Absorption spectra of HNCO in the presence of 500ppm CO2 and 500

ppm N:2O.

600
1 500
400
300
1 200
1 100

Absorbance
CO[ppm]
Absorbance

0 5 10 15 20
Measuring time [min]

600
1 500
400
300
1 200
1 100
0

NO, _
HNCO

Absorbance
NO, [ppm]
Absorbance

0 5 10 15
Measuring time [min]

20

24
120
116

HNCO{ 1.2
> 0.8
1 04
0.0

Absorbance
H,0 [%]

0 5 10 15
Measuring time [min]

20

600 600
NO
CO, 1 500 1 500
[4]
1400 & 1 400
HNCO E § [ HNCO
A 1300& 3§ 5 9 300
Rz f Q 2 | ,
200 O 2 200
4 100 4 100
. . . 0 . . . 0
5 10 15 20 0 5 10 15 20
Measuring time [min] Measuring time [min]
600 600
N NHs
20 1 500 1 500
140F & | 1 400
Qo
- HNCO { 300 & € 4 HNCO 1 300
0 o s o
| </ 1 200 & 5 + 1 200
4100 1 100
. . . 0 ‘ . . 0
5 10 15 20 0 5 10 15 20

Measuring time [min] Measuring time [min]

Fig. 2-18 Stability of absorbance with mixing other component.
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2.3.3 HNCO FHlldEE o E#gIE

HNCO OFEHER L7 MV EFUSGT 5720, K 2-4 DERIEREICBWT, 7R Ny
O EZHIET 5 2 & T HNCO RBELZZ(b s+, % HNCO REDIRIIIL A~
MLZEE L=, 723, HNCO X, HNCO/Ng Z b it = 1@l S8 72 B
WZAERT 5 CORE LV RE L. BUG LIAEERAY S Z K 2-19 10T,

2-20 12I%, 2-19 ™% HNCO JEJF L4 HNCO DRI A7 kLD
2267-2268 cm't OW N OFE S AEIE & OB Z 3. WL OFE 4y A 1
HNCO EEEIZR LT 1 WITHAIL, BHFREMREEZRT I ENER I, 2
v, FI'IR TEHHI SN AW HNCO EEAIETH Z ENFREE oo 7.

0.6
——34.7 ppm
05 | 76.5 ppm
—97.1 ppm
g 04 r — 151 ppm
c
©
203
o
7
Q9
< 0.2
0.1
0.0 -

500 1000 1500 2000 2500 3000 3500
Wavenumber [cm-]

Fig. 2-19 Infrared absorption spectra of HNCO with varying HNCO

concentration.
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Fig. 2-20 Correlation between HNCO concentration determined by COsg
concentration and absorbance.

2-21 12, X 2-20 IZRTHERZHWTFIFIR TEHAIL 72 HNCO #JE L, ik
DF 2 —7IZ L DH5FHA HNCO BE L O tlk a2 R~d. 2 DORp 5 FETEHIE LD
HNCO BEIX, EREN 0.99 &6, —EREO HNCO HllZB W T, FT-IR
DFHFER L Ny FROF 2 —T7FHHFERDN, L<—BT25Z LRI,

180

150 r

120

HNCO (Tube) [ppm]
(o)
o

30 F Rz2=0.99

O 1 1 1 1 1
0 30 60 90 120 150 180

HNCO (FT-IR) [ppm]

Fig. 2-21 Correlation between tube measurement and FT-IR measurement of
HNCO concentration.
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7235, HNCO OFRAMRIZ A2 PTR-MS Z W= 54126, HNCO 1 % 3
THZENTES. PTS-MS OfE S9REE 1T 4 A5 U TEbT 572, PTR-MS
DIEFIREZHWT, HNCO IREDHREME G T HZ LN TE 5. ¥ 2-2212F =
— 7N L V& 57 HNCO T ARE & PTR-MS 55 E OEFEZ R .
PTR-MS Dfg 55 E 2>\ TH HNCO & EBIERRICH 5 = & MR T&, PTR-MS
IZ2L % HNCO OEEFHME AIEEE W2 5.

5x108

4x106 - ®

O

3x106

2Xx106 O

1x108F @

Signal at mass number 43 [cps]

0 | | | | | |
0 10 20 30 40 50 60 70

HNCO [ppm]

Fig. 2-22 Correlation between HNCO concentration determined by tube and
signal of PTR-MS.
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[X] 2-20 1277 L7 HNCO O &2 AW T, sy U ANEIET 2581080 T
T B A= 75 2 L7 <, HNCO REZ EEFIHFETH D Z LR T 5720
HNCO (Zfifisy H A 238 AT 5 E1#% O FT-IR 12 X % HNCO 5 i o g % [X]
2-23 1279, 723, HNCO [T AT DM T APREIL 2.83.2 LRI & L.

ZOFEE, —ERETHET S HNCO (2, CO, COz, NO, NO2, NH; N-2O,
H:O #E AL T%H, FT'IR Tt &5 HNCO BEEICEKIZA LN/ WNT &b,
IS DM T AREAET HIRAE T AITEB W T, B L7-HER %2 Hv=HNCO
BEOEEFFHFEEE VR D.

175
+CO O500 A150ppm

+C0O,0500 A150ppm

1 E
65 +NO, 0400 A150ppm

+N,O0O500 A150ppm

155 _-|-NH3 0500 A150ppm
+H20 020/0 A1°/o

[Pppm]

145

135

HNCO with other component gas

125 135 145 155 165 175
HNCO without other component gas [ppm]

125

Fig. 2-23 Measurement of HNCO concentration in the presence of other
component gas.
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%12, % HNCO EEKAEIZRBWNT, FTFIR 2L Y EHAI &5 HNCO R E D22 E
P2 MR 5720, HNCO JREKEZ L 872 & & @ HNCO R EEFHE O i g
JEZ X 2-24 |27, FIREAKEZBNT, FHHREDIXS X (BEHEFZED 2 5L
EF%) 1%, £2.0~2.9ppm Th-o7-.

180  Ave.159.9 ppm (20=2.9)

150 _*W\‘/\-ﬁe‘.fg_g ppm (20=2.6)

'E 120 |
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T 60 Ave. 24.5 ppm

(20=2.3)

0 20 40 60 80 100
Measuring time [min]

W
o

o

Fig. 2-24 Profile of HNCO concentration.
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2.4 fEa

ARETIL, RENDS NHs GBI W TR AR & L T4RT % HNCO Dl
KGR RE A SN E T HT-0ME LD, HNCO OLRERAEEE DL L
HNCO O & &7Hl 7% et L7z,

HNCO DOZEFREITHI->TIE, 7 X6k HNCO #4k L, %
Ne THRTY 752 LIk, #iE 99.5%0D HNCO A %E L TRAESES Z
IR L7e. Z @ HNCO #AEZEE B8 545 HNCO # T, HNCO DiR4}k
WY 227 W VEES L=, £7-, O HNCO X, 700 CIZHIZEN L /- Ee kb

(Pt/Pd/Alo03) (2l S Tt L, COg M &L LTI 2 L, WHikRoA
VT R = N Fa—T AW CEHRIT 2 HEO, FHAFEEO R 2 2580 O HIETE
BL7Z. WINOFETHREORKREZHELNTZZ LD, FEEOEV HNCO
JEOEEN 2SN TS EWNWZ D, LLELY, BEAEED HNCO ORI ALY
rL (BEHERRT V) ZEHGTHZ N TE 2. HNCO OFEHER T Kk LIZDO0
T, HNCO D#4 515 HNCO REE & HFIEICS I L TWDIFEFIT 72 <, T5M
AV Y C 32 Wyl

HNCO E & GFEOHEICHT- > TiE, FTHIR # AW T, —EEE O HNCO 2°
PR T 5 H AFEMLK IS, CO, CO2, NO, NO2, NH;, N2O, H:O oWz,
HNCO MK IGEIER CTHE SN DI A ARERBE TN ZEAICD,
2267-2268 cn'! O SEEIC TN A HINRWZ L 2R L, Z OWINER% HNCO @
ARG R E L GRE L. 2K BiFeEfMEE2H 3 5 HNCO Ol EE & HNCO
BEOKREBEREZIGL, BON7THRERE HWT, FTIR 2 M= HNCO & &#H
FEEREEE LT,

LLEXY, REOHKTH -7, HNCO DNK RIS E 2 24 5 7= D12
#7275 HNCO O ERAERE R L OZ A AR o HNCO #EE O & &+l
EAERE L=, 72, FHFEICFTIR 2 W= 2 & ¢, 4% O 7 A ¢ HNCO
FHINCHREL O 2ENEONT-b0EEZLND. P Ao HNCO EEF
X, Post Euro6 THHIEXNRWE OBEMICET ENLWeE, Z2O=—XTEED
2oh 5. 5%, FT-IR ZHAW-dEH 7 2 ¢ HNCO il EHT 5 7-D121,
P T AT E £ D HC 72 EO T B EZME L, T2 0IRINERZ AW
FHAZAT O BN D B .
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H3FE HNCO DOIN/K AR i3 B

AWGETIX, AV T VBOIMKSROSEEERZ TSI 52 2B E LT
5. KRETIX, 2 F T L7z HNCO #AE%E I L O iE%2 HvWC, HNCO
INA G B DB E 25 U, OGS EER A TS Lz, AETHE, KMHBED
fibli c > HNCO DANZK 73 g RO R FE EEL OB T DWW Tk~ %

BEAERFZEIC BT AR T HNCO DON/K R GEE L, YimO 512 kv FH &
NTHWLHNRH 5. Yim 5, RFEAPLFEAESHE HNCO & HPLC (High
Performance Liquid Chromatography ; @ik 7 v~ ~ 277 7) (2& 5 HNCO &t
WA VT, KFEP L OVSCR il | T HNCO DO NNK 43 il B s d B D EUG 24T - 7-.
Z OZFHD HNCO DMK S E E 5, TiROMEC TS I 2 b — g
VY7 NOIHsIHENTEY, EERMEENVZD.

filfit > HNCO DOIIKIREIE, £k~ 7ozt U CFER 2 ST Y, 4l
DOWFZEG L& LT % Cu-ZSM5 fil i ST, JeH @ Yim 512 k- TR EE
BEENE SN T WD, OOz >V TIE, Pilazzesi H 723 TiOs filllls ETo
HNCO DMK R & 5 NHs ~DHE{L3RG) Fe-ZSM5 fiift |- T HNCO DNk 5y fif
12 X 5 NHs ~Dir{bRDZHE L, Kleemann &7 VoOs5-WOs/TiOs fitii: ¢ HNCO
DK LD NHy ~Dls RO ZHE L T\ 5. & <IZ Kleemann 53, fififi
To HNCO DA R &EE & SCR KSEHE Dk #1T7-> Tk, HNCO O
TN RSO E 1Y SCR G FEIZ RTINS DD, FDZT 200 CHRE T 10
FEFRAE, 400 CREE CHMERE THDL Z LR EINTWAEG, RS RO fE I X
5> TlE, SCR SIS LT HNCO DMK RGSEE N ER TE 72 72 0,
PR 2 mol @ NHs 3T DARED AL LIS WAREHEREZ X B .

LU E, Zivs OB ENIE CHUS S 7 SOSEEE I, FHEE OB R Tldik
BoO&M»RH 5 25, #HlzlE, Yim 6 OFERTIE, EBRIZHW= HNCO 3R E
KEFIE, DRSETRAEASETWDD, H5iD HNCO IX, JREJEAKSIRED
it HNCO & 3IZERT 5 NHs 2 EO R % G lREH A THZS. HNCO O
RGOSR EE 2 5H 2 BRIS, DK EEIS DO BOSERR T 5 NHs 3 Z £ 5
HAZRND Z 80X, OSEREICHEL LTI AREERH Y, @Y Ty, 7,
HNCO DOEEEFHIZONWT NNy FROBEFHENH LA TWD Y, Ny FR
OPRRFEFHHITIE, BWETOREZ(EDHER TE 202D, MGORENZHET D2
ENEEL <, RISHEEROREFIZIIAME THD. 61T, Yim bR HW il K
JREEE T, YT ANREE T ORISR L 5 572, BiiE L7 HNCO @
TN RO WL, iSRRI ETOMGE ST RN S D 2 LR ER SN
TWA. BsHTIE, ZAUCKDFHEREIZ OV TIE L ST WA, G
EHOREICE L THREERE 2D EE 2D, Z O, Piazzesi H®WL
Kleemann HO®DO#F5ETliEL, HNCO X7 XA MEAT A2 2 LIt viEsnTn
L0, ZOHA BRI, EBRICEHT S HNCO (21X, o7 XA LSe NHs 23R
ALTLED. ZD7=s, HNCO DMK FEIEDEFHINZ WD T A & L CTIEAE
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LTHD.

BETEAFZED> 61, HNCO DIK RS IEE OFHAIT 2 72912, Al % & & 72
WHNCO #AESHELZ ENVEDOHRETHDHZ ENonsd. £7-, HNCO FHHl
FEBIOEREEOLENEE CTHDL Z ENR¥bND. 20D, RFETIE, 52
FCHE L7 HNCO ZAE2EE X 0 BAET HHE 99.5% D HNCO % fvy, HNCO
FERHRAREEE (1X5H 2% +2.0~2.9ppm) O 5237 FTHIR & BE EMICEE LT E
EBEAZHWS Z LT, KB L O T HNCO OIS i S s B i 5 & B L
7=,
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3.2 EERIEE
3.2.1 PRS2 E O S

ARFFE THESE L 7= EERIEE OIS X 2 (X 3-1 (Rd. EEILIRE T ARAETE T A
BIEENORER SN D, IREN AREEIL, H 2 E ik~ HNCO o7& &I A
VN EERERE L FIRE, AR Ne T 1 >, HO BT 4 >, HNCO isino 4 > 3%
D, SDOICHEICG U TS T AZBNT52 &6 TE5. HNCO (F—EDIKIR
B (-78°C) IR - 72k iAD HNCO IZR L "D D MER L HBESESH 2 & T,
W 99.5% D HNCO W A #AETE D5 2 L 2 E 2 ETHER L TV, K ADPEEE
I~vA7a—ar he—J0RELHETHZ L THIEI L. HNCO z&tet 7
JVITANE, OS2 818 L2V, N T A U E ISP 2 BT D7 14 %
BT, WASWHTEREZME L. XA RXZATA UV ERIETA 280D 2T
HNCO DOEEFHMZITO 2 & T, ZOEDZINHOLRIET AV TOMKGRIZE D
HNCO O AZ I L7, H ASHEHTIE Nicolet #H#.o FT-IR, NEXUS470 (M
ANE 190 ml, KiEEE 2.0 m OZEXF T ALV EHER) 2 H-.

KA KO0 HNCO ORISR EFHINZ W= 7 v a3 3-1 1T
AT HERE N TO HNCO ORI S Z2 88 L CHEM L=, S TP HNCO @
TN G5 R SR FE FHINC 872 > T, SOFICAREN 27.4 ml OAFES T AHO K
BhRE L.

filf ¢ > HNCO D IR 3 ff SOis FE I T, /Y — 8o Cu-ZSM5 (550 ‘C Air
BERK : Frén A2 5) 2.19 mg % SiO2 150 mg CTHR L= D%, KX 360 mm, AH
£ 910 mm, HHEE @6 mm ORI G NT 2 AT D A0 7 AEIL, A
—LBLOEHE T L% (ADVANTEC QR-80) #HWTHE AL DZRE L.
BRI TRV EME 2 R 9 Al C O RO Y, BEAAERmEIZI8 0 5 SRy DB
JEEEIC L > CHE LSBT ENH D700, RiEMZ SiO2 & v CHE 2 7y
W32 2 &, filllt & il A Ol Z m) b S, BRI & 7R 5 2V MEFEOE
WEAZBSAREL LTz, £z, WHEHEIEIC X A RUSEEDOFHRNCH=0, RUSRN
20%LL T &7 D LD ICHINELZTEE L.

A S E AT AEEICOW L, FRIRHEZITV, 2RE AW, K
DRV PTFE (PolyTetraFluoroEthylen) BeE 2 L, BB MBS H 2 & &
L7z, HRETE LG, M2 1/8in. & 10 m D AT v L ARE R L O PTFE fid%
FHAEL, hia4—7 0% T113 CE7-1E 191 CIZfRiE L, HNCO/H20/N; %
HNCO £ 150 ppm, Hz0 B 2% Ciitil S 7= & &0, N TO HNCO EEZ1L
ZEHAIU7=. HRTREH V- EBEEE oS X % X 3-2 12, HNCO/H2O/Ng ifi & %
Iz TR 2 2 S e BRoidE H 0 o HNCO #EE 4K 3-3 (27, X 3-3 &
V, AT L AREIZH~ PTFE B %2 W2 35A8 13RS N T HNCO 2 #E281k
WhE L, BENTO HNCO DIk iz c&E 5 Z & nbnd. 7z, PTFE
BlE 2 HWi=54, BEEEIX 113 Co A2, 191 CLY LEEWNTO HNCO o
KGIRZEIHITE D Z BN D. ZOEFMRGTOMREEE 2, KU TIE, At
WS E ORLE 121X PTFE BEEZ2MHH L, 118 Clamds 2t & Lz, 728,
Bl OMEVE, HNCO OEAIC X DI T 203 5 7212506 L 7=,
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ARIEFOGEEE ORFEIE, HNCO JAEE L 0 JE AT 54l 99.5%D HNCO %
W7o, HNCO EEFHNZEFHIKEE (1E525%+ 2.0~2.9ppm) O 57 FT-IR
W, B RO, B OSEEE OB B RBEE 1AW, SHEDIRV PTFE

(PolyTetraFluoroEthylen) A OEE Z{FEH L7z 8I12H 5.
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Fig. 3-1 Schematic diagram of the catalyst reactor system for the measurements
of HNCO hydrolysis (MFC: Mass flow controller) .

Table 3-1 Details of the reactor for gas phase reaction and catalytic reaction.

Gas phase reaction
-Material : Quartz glass

Volume : 27.4 mi

Catalytic reaction

-Catalyst : Cu-ZSM5 (powder)
Aging :550°C Air 3hr

*Wight : 2.19 mg diluted by 150 mg of SiO,
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Fig. 3-2 Preliminary study of piping material and heating temperature for the
catalyst reactor system.
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Fig. 3-3 Relationship between residence time in the pipe and HNCO
concentration after passing through pipe (HNCO : 150 ppm, H2:0 2%, /Ny
balance) .
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3.2.2 HNCO hn7K o3 i 5 s B o FHH 7 1%

HNCO DOINKG IR IGSHRE (1) Z2EBHTH72DICnELE 2D, MIGHEEL LUK
mﬁﬁﬁﬁ(b(®&EﬁEK0mTuTK%ﬁ¢5.

3.2.2(1) SAHTD HNCO MK EEE & S B E B DB TE J7 ik

A T D HNCO N7k 53 O T, SRS & 135870 v, IOSA R Td % NHs,
CO2 D 25 FOGPE 72 E 2 E B9 2 M 72 <, HNCO & HoO D E TR
FENRET D, AFFETHRE LWL RIGHIE, T4 — BT ATHY, k/\
D~% A —H THENIRETHDH. ZiZkt L, HNCO EE X NOx LD 7= 8
R SNDIRFBKRKEVAERTDHZ EE2EETHLE, NOx JEHEE LRS- i%m
UTORECTHFELTNDEEZEZLI, ~H ppm DA —XThsH. L->T, HNCO
& HoO 13 1000 EREEDIREZENH YV, XAFHTD HNCO DMK RIS TiE, H20
BEIES 2V RGO LEAREDILDOEEZXZLND. ZOHA, KMHTO
HNCO DMK RESIGHEE L (R3-1) X TREIND.

I'gas = kgas [HNCO] “gas (Rg_l)

T I T, Ipas ITXKAATO HNCO DGR, koas IZSSHEEI, @ gas 1TEREL
THD. Ias BE RN @gas ZFEBRICE VR, keas ZIRE LT, KFATO HNCO DX
JEOHE  (fgas) I EFEBRICEVEHTHZENFRETH Y, IS X VA5 HNCO
B ESENO T A DU 6, ALK &H 720 @ HNCO HN7K o3 fif SOt B (B
AL : mol/s) ZRD7I=. F7=, ISR (ags) DV TH, HNCO BEE (HRRHE
) H AL S BT RO ROSEEE (B R EERR) OO E 6 IS L7z,

3.2.2 (2) fitftc D HNCO NNk 53 fif SO b B o #5715

filfi¢ > HNCO NS i RO T, R B~ HoO WA IZ K 2 RIISEHER, Kt
AT I D NHs MBI LD USIEPE SN D, £ 2T, flTo HNCO fnk
oy iR O i ix, R3-2DXICART, Ml ~0 T AW E % ZJE A BE ke
Langmuir-Hinshelwood BUEEXAZHWH Z & & L. ek, (R3-2) RomEHICH
72> Tid, CO2#REA HNCO DK R SUSE I KIE S0 2 & 2 HATC RS L
7= (3.3.2 &M).

Teat = ]fcat [HNCO] acat[H20] Peas | (1+ K[NH3] 7/Cat) (RS'Z)
22T, Leat (3AREETO HNCO MK FRSEHREE,  Kead [ TSOSIHEEE, KITRAE

1&1:[/37;&: Qcaty, Peats Veat | i)ﬁﬁf@(?ﬁ“ﬁ%é Icat BILW Qcat, [Seats Veat 7&325%&:
X D ;k&), ]fcat%ct(ﬁ K%‘f&ﬁ l/f:
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fib it ¢ D HNCO NN7K 3 i SO R FE (reae) 1XEBRIC K VEHT 5 Z ERATRETH D,
FOSZ £ 5 HNCO St &2 JIE U, BALRERE & 72 0 I BNl & T RO 325 HNCO
KRGO EE (FAL - mol/s/kg) Z#R7=. Fio, ISR (acat, Leats Vecat)
IZOWTIE, KHEROSORE & FIEE, HNCO P (ARt r) #2BbESE-Eo
FOSHRE  (H R HEETR) OB E ) HRE L.
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3.2.3 HNCO Ik 4y fif B8 B o

FHRSEBR A

3.2.3(1) XAHT D HNCO MK il S fiodk B oD 1l SR S 4

AT HNCO MK RS EHA FEBR O FEER S 2 3% 3-2 IR, WO ER

IZBWTH, HNCO ORISR 20%LL T & 725 X 51252 %E

Table 3-2  Experimental conditions for HNCO hydrolysis in the gas phase
reaction.
Temp. Flow rate HNCO H,O NH, CoO,
[*C] [ml/min] [ppm] [%] [ppm] [%]
1| 700 500, 300, 200
2| 650 500, 300, 200
3| 600 | 500,300,200 | "0 . - -
4, 550 500, 300, 200
5/ 500 300, 200

3.2.3(2) kT > HNCO MK o il S finodk B oD 1l SR S 4

fld < > HNCO MK 53 i BOGFHI 528 D SR 2k & 3% 3-3.

W, AEAOS T HNCO MK fRIOSIE, ks T A DWW T ENET 5 &
EzONDHI, ET APERE S S5 HNCO DOINAKA R % 2HE L
7. KA TOEERLFEE, WTHoOERICBWTYE, HNCO OISR 20%LL T &
2h &R ERRE LT,

Table 3-3 Experimental conditions for HNCO hydrolysis on the catalyst.

Temp. ['C] | HNCO [ppm] H,0 [%] NH; [ppm] CO, [%]
1 170 70,90,110,150 1,3,5
2 160
3 150 90,110,150 15 150,300,1000 -
4 140
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3.3 AMER LB
3.3.1 KHHIZEHIFH HNCO MK R e E B EE DR E

F9, KAICEIT D HNCO KRS SHEE EEB DR EZIT-72. (R3-1) HiZ
BWT, MO HKRSEE L > TEHT 5L, (R3-3) OLIHIERTES.

ln I'gas = agas ln[HNCO] + hl kgas (RS'S)

IRV, BOSRENISOSHE O HIRRBUT k42 HNCO JRE O BB OfE & T
HDHZEnbnsd. K 3412 650 CTHELV600 CiziiF s HNCO BE O H IR
ESSIRE D BRI DOBRE RS, EHLLDOREICBNTY, Z777nbE0NRD
HE BB LZ 1.0 THY, KM TO HNCO MK i S EE X HNCO IS L
TIRKIETHLZ ERPND. DF0, (R3-1) RUZTENT ags=1 THY, #E—K
Bt & LCRZAED 2 LR Sz,

3.5

200scc/min

w
o
T

650°C

n
(6) ]
T

y = 1.02x - 2.01

In r[mol/s]
- N
(6] o

—
o
T

y =0.94x - 3.17

0-5 | | | 1 Il
30 35 40 45 50 55 6.0

In [HNCO] [ppm]

Fig. 3-4 Relationship between the logarithm of the HNCO concentration and the
logarithm of the reaction rate at 600 and 650 °C.

P LT BOSRE 2 I, RSB 5 SUSHE D S 2R E BT 2 SR E
EHA RO, 3512, KA TO HNCO MK RIS OIRE O id & O s E
B} (ARRE) OB (Tr=0AxA7 ey ) 2R7. K35ICL0ELNDIER (F
BIFOR) O E LU R D, IEM (b= %L ElE 111 [kJ/moll, BEEEKF A 1% 3.2x105
[1/s]l e ENTZ. 72k, AFZEICEBIT 5 HNCO BE O HFEE (20) 13+2 ppm 2
E(E2FESR) THY, FHREEIT 10%RETHDH. £, RISEITHRE I
WohatfToA58TT7AE (31 THY, BHHEHS @EF"L‘{mlrcli}itu”@
DO TlE, FEBRSEMIZ LV &K TE10 °C%E%E€®iﬁr;%7j>$bé. Z OIREEFNC
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DAL DFHAIGREITIR KR T 3RRETH L. ZDIED, BOHEDITHERET D% D
W T ZENTORIG bILFRISEDOFHHRRE L LTRSS, RO S 2555 LA
HTOTADHREERIZ, WO RO LT UIORETHY, KT I0%RED
FHURRZZAEC D AREMER H D7, T TIHRE SR T L TW DO MUSHE HIE<,
IEFEOSEDFHIREZEIL I0% U FTh D EEZXBND.

INb XY, FREIZBT D RICHE ER ks 13 (R3-4) NICLVRHTES.

kgas = A exp(- EIRT) R : KK EE[J/mol/K] (R3-4)
T: 5 AREK]

F7z, [AATO HNCO DI IEFISHE roas 1, kgas T (R3-5) NTHHL
TE 2.

I‘gas = ]fgas |:HI\ICJO]1 (R3'5)

728, K 3-5 121, A RIEE L 725 TD HNCO 7K 55 i B 0 UG8 E E L Kgas
W2z, Yim 502 80 #HE STV DA TO HNCO H/K R G e s (i
WMFR) bRL TS, F£72, #£ 3412, SEEHS L= ToO HNCO MK i
JEDTEMAL = R AX B L HERT AlCHOWT, BEE L otz R4, AEES
AT RO FE BRI BRI L 0 /&<, KA TOD HNCO ORI, 1
KEONTHW LD HEITLICSWHERTH -7, REERTIL, HE 99.5%D
HNCO #ZEBRICHEA L, ZOH A TRERIE L7082 HvC HNCO B % B
BRI L TWAD A, S BIC, BICEEIZ DOV T S USMEDIRV PTFE BlE %4
AL, BIFSOEELZIME L TWDET, ERRSNTWS. KR ETHELN
7o RO R FE EE DN EEERFZED S D L 0 b/ E L e o RN, BEEAFZE CRIFFIC
EE TWEKHHEA TOKIE (Bl 21E, @REE R O HNCO ONIK R IE7:
E) B SN EEZ B, BUS U UG E SO KANBHRIZ OV T %Y
REEREWZ D,

AWFZE TR ST Pl RS EEE Tk, HNCO 3642575 FT-IR @ HNCO &z
HEETITIE, BBLXZE 2 m D 1/8 A4 F® PTFE BLENHWSLNTEY, H A
2% 200 scem DS, 2O PTFE B TOH A DOHERF/HIL 2.2 BThHD. ZD
PTFE &% AT o VAREICE XX T-5E12, AT 2 L ARE £l TR
JRIC K VIR 9% HNCO #EAEEIE, X 3-3 k0 14 ppm FEE L AL b 5. £ 2T,
AT UV ARE Z WA ICE NS HNCO Min&E%, PTFE BE 2 HWiza
IZfF 54072 HNCO G &EIZ 14 ppm AT 5 Z L THEL, AT U L AREZH
WA B VD HNCO MK RS DIEEL = x VX 2R/ H L. ZOfER,
AT U ARVE & W81 B3 D HNCO MK 3 i B D& AL = % L ¥ 13 64
kd/mol & 1551, BEEHIZEOEM L= %L X (62.2 kd/mol) I[ZUTVMHE & 722> 7-. i
WBRONEEDOREZE 252 LT, MEMAOKREEZEBBTLRABIHTELZ b,
AWFFE & BEFEMFZE DIEMEAL = R L X DL, &JBECE R 1H TO HNCO DK iR
JMZ LD b0 EEZLND.
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728, HNCO M/KGIRSIGHEREIZOWTIE, BHEFRERICE2HE L RSN T
V5. McGarraghy i, ELFEHEICE D, 1250 HNCO 451 & E%5 D H0 47
FNIET HBEOTEMHAL =R LT E2 RS > TNDH0. L L b, RIGHHEEE
TORIGFHEARRR E SN TE Y, ARFFECTEBRIMICESE L7 HNCO 725 NH; &
CO2 AT DEEOIEMEAL = R L FITEHE ST ey, —7, Nicolle 513, HNCO
DOIIKFEFOZ LD NHg & CO2 DA T D BEOTIEM b= F L X % &L FEHEIC
LY RBEL > TWDED, KEEF TORIGHEIHEE SN TWVW50. ok His, B
{LZFFHEIC & D HNCO MK S G OFEHAL = R VX OFEBIIEH 5 b DD, &4
T® HNCO MK SIS OFEMHAL = 2V F OFRIE 40 Tid/a .

6.0

PP y = -7480x + 12.4

-
-
-
-
~-~-~
-
-
-
-
-

20 |

0.0 r

In k[s]

=- 12.7
20 | y =-13300x +

40 r

6.0 e
0.0010  0.0011  0.0012  0.0013

1/T[K]
Fig. 3-5 Arrhenius plots of HNCO hydrolysis without catalyst obtained in this
study (red line and red markers) and in the previous study (dotted line) @.

Table 3-4 The activation energies and frequency factors of the HNCO
hydrolysis without catalyst obtained in this study and the previous report®.

k=Aexp(-E/RT) | A[1/s] | E[kJ/mol]
This study 3.2x10° 111
Previous study | 2.5%10° 62.2

60



3.3.2 fillEiz 31T 5 HNCO MK 5y il S sl BE B DR E
3.3.2 (1) filft > HNCO MK 335 COg I FERIFIE D RERR

itz 351 5 HNCO MK RS HE E AR ET HI2H7=0, £3 HNCO I
IKRGIFRIZHRET D CO2 I PERAT M DRER A 1T - 2. HNCO K335 CO2 R
IRTFPEDOMEZR D 7=, HNCO:150 ppm, NH3:150 ppm, H20: 5%, O :10% DM (47
Z g 400 scem, ffEIREE 170 °C) T, filcEEIE A AT D COp EEA
0%—10%—5%—0% & A7 v TR EA L B 72D HNCO B EJERE % X 3-6 (2 /R,

3-6 LV, COx¥EDZrIZX LT HNCO #EEZbIL A Hivs, HNCO Dk
IREOEZ xR LT CO2 IR E DIRIFIE XA L NN L 2R Lz, ZD=®, filliiic
B+ 5 HNCO NK i R EE B DR EZ & 7= > Tik, HNCO, H.0, NHs ik
AL ST EREZITo 7.

160 16
—— HNCO
140 —_¢o, 14
120 ] 12
'E - 1 r—
3 100 10 =
3 80 | 18 &
> 60 16 ©
I
40 | 1 4
o0 | 12
0 ' 0

0 5 10 15 20 25 30
Time [min]

3-6  COgz-concentration dependence on HNCO hydrolysis.
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3.3.2(2) fitf o> HNCO MK RS IREL DR E

3-7T~X 3-9 12, 150 CTHB L 170 CITB W T, HEAD N A E LM%
HNCO:150 ppm, NH3:150 ppm, H20:5%, 02:10% & L T, HNCO &% D 7% 90-150
ppm, Ho0 EEDH% 1-5%, NHziEE DA% 150-300 ppm & b S B -BED& A
AFEOWRE (BRI & ROSEE (BRRHED) OffREZENEILUrT. 77780
O DE T Ay OROSRENL, £, HNCO : 0.4, Hz0 : 1.0, NHs: -0.7
TH Y, fillftco HNCO MKy iSOG EEE X HNCO A% LT 0.4 UG, H20
FREEIZx LT 1.0 Wi, NHs JREEICK L T-0.7 I THDLENWZ D, DFED,

(R3-2) RUTEB W T @ar=0.4, Fcat=1.0, 7ai=0.7 LIRETE 5.

y=041x-7.23
./H 170°C
150°C

In r[mol/s/kg]
o))
o

-70

y = 0.44x - 8.60
80
_9.0 1 1 1 1 1

40 42 44 46 48 50 52
In [HNCO] [ppm]

Fig. 3-7 Logarithm of reaction rate as a function of the logarithm of the HNCO
concentration used to determine the reaction order with respect to HNCO (acat).
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5.0 ' y=0.95x-152 g 170C
2 60 t
@ 150°C
© -70 [
E
“~ 80 y=0.96x - 16.9
£

9.0

:Bcat=1'0
_10-0 1 1 1 1 |

70 80 9.0 100 11.0 120 13.0
In [H20] [ppm]

Fig. 3-8 Logarithm of reaction rate as a function of the logarithm of the H2O
concentration used to determine the reaction order with respect to HoO ( Feat).

5.0
7oc y=-0.67x - 1.86
55
2 40
& 150°C
g 65 |
=
(- '70 B
-75 1 y=-0.60x - 3.31
7cat - 0-7
_8.0 1 1 1 1 1

30 40 50 60 70 80 90
In [NH;] [ppm]

Fig. 3-9 Logarithm of reaction rate as a function of the logarithm of the NH3s
concentration used to determine the reaction order with respect to NHs ( 7 cat).
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W Uik z (R3-2) UTRA L, FiRE, &0 A EELMCBT 5 ReHE
FE D BRI &, RFNELE FOSIHE B koar & WAE VP ES K & LU CEBREICT 1 >
TATIEDHILET, FBETD kat & KERDIZ, kat E KDOT 4 T 4 7IC
HT-> T, FRESRMEICBWNT, ERTHE LN RIGHEE & FHRIC L 25 RISEE O
ZO BTG/ EIRDIET, 20, keat DIEDRT L= X7 0y F ETADHEE %,
KofEms 7 v=uyx7ay h ECEOHEZZFL, ZNETNOT L=y 72y O
ERRE (R2) DKL 72D EA28RH L=,

T4 T 4TI LB LN S IEE EE keat & WA EERKOT V=0 X
2y b 310 R T. X310 LVELNLHEE LU MDD, SHEEE kel
(R3-6) XD LI ITHRELT-.

keat = 1.0x10-3 exp(-38200/R 1) R : KUAEH[I/mol/K] (R3-6)
T : filigtiE FE K]

FERIZ, X3-10 5, WA FEHTER Kix (R3-7) XKoL 5 ICE L.

K=1.5%10% exp(30300/R 7) R : &k E%[J/mol/Kl  (R3-7)
T - filigtiE FE (K]

LLEX D, il T HNCO MK D IRBEE rear 2 (R3-8) 2D L D ICIRIE L7Z.

Teat = keat [HNCO]4 [H20]10/ (1+ KINH3]0-7) (R3-8)
( keat = 5.3%x10-4 exp(-36200/R7D) )
( K=4.6x106 exp(34300/R7) )

3 57 il HNCO DMK GRS HER 2K 3-5 1IR3, £/, ¥ 3-11 1
fiffi:c o> HNCO MK RS (140 “CHx5 170 °C) @ HNCO ¥ EE & B EE DR
X 311 F o7 vy MIERERTHY, mfiEE 3-5 IR TEHL DK
WIEHREMAERL TV,
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0.0

@ K': Adsorption equilibrium

A [k :Rate constant

A—a—a 2

y = 3640x - 11.1

y =-4600x - 6.87

50
-
c
;., -10.0 constant
£
-150
-20.0 :
0.0022

Fig. 3-10 Arrhenius plots of rate constant (k.t) and adsorption-equilibrium

constant (X).

Table 3-5 Reaction-rate equations and orders for HNCO hydrolysis on the

catalyst.

0.0023 0.0024 0.0025

1/T [K]

kcat [HNCO]“ [HZO]B

1+ K[NH;]

Oeat= 04, ﬁcat: 1.0, Yeat= 0.7

koo = 1.0 X 1073 exp (—

38200
0
o (0

R : ideal gas constant [J/mol/K]
T : reaction temperature [K]
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& Experiment
— Fitting curve

0.01 5 0.0025 S 0.0025 R 0.0025 S
— |170°C — |160°C NHz:150ppm| = |150 — |140°C
(2] o o)) NH3:150ppm o |
= NH3:150ppm| =% p "300 = . x NH3:150ppm
L] L] . ppm - . - - [ -
() » ) 4 ) .
= +* 300ppm = o = il **" 300ppm
) * o ¥ o v ¢ o -
£ o® ° £ 1000ppm £ £ ¥
el Tl H el d [
Sl et Il 2 A N e i S
0 250 O 250 0 250 O 250
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0.01 S 0.0025 o 0.0025 - 0.0025 o
— — H,0:5% p— p—
= 170C = 1160°C 2 = 150C o9 = 140C o
=< H,05% | =% “ X R R~ 20:5%
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o > o o . o
E Ho1% | E, H01% | E, ** 0% E | H,0:1%
o * . -~ . o o
LAJM

% unco [ppm]?®  © HNCO [ppm1®°  © HNCO [ppm]®°  ° HNCO [ppm]®*°
Fig. 3-11 Relationship between the concentration of HNCO and the reaction rate

of HNCO hydrolysis on the catalyst (Cu-ZSM5), with varying the concentration of
NHs or H20 at a temperature ranging from 140 to 170 °C.
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3.4 fEE

ARFETIE, HNCO/H20/Ng H A DY FE % HilE Al i 72 it il SIS SEE 25 L, KFEEB
L O Ecd HNCO KSRGS E ZFHT 25 2 & T, TRENICEBITD
HNCO DNk 43 il SOk FE & % 2 Bfs: U7z, HNCO MK 5 iR B s BE D FHNC 3 72
ST, 3 2 ECHE L7 HNCO A L v A4 2ME (99.5%) @ HNCO
Z vy, HNCO BEFHIEE (1£5-5% + 2.0~2.9ppm) OH S22 FTHIR & Kk
PRV VAL TRESE U 72 EERLEE 2 V-,

ZATO HNCO OMASEISE, T4 —B Nz P OPe T AFE KD XL 9
72, HoO #EFEH HNCO #EEEIC LV b 1000 fERREE VKL 9 25 TiE, RISREDN
1 THY, HOBEEIZIKS 720 HNCO O — RSt & A7 2 LN T&E 7=,

FERIZ L0 BUG U7 SR ST 2 UG &, KR CO RIS E ER E KD,
B RUNHEEEHICET A7 L A7y b EEKRT D Z LT, EH bR ¥
CHEER A AR L. ZOE, KA TO HNCO DINKA R G OIEMHAL = %L
1% 111 [kJ/moll, BEEKR 1T 3.2X 105 [1/s] & E Dz, AEIE S - BOn i E 5K
BRI L v B/ &<, R TO HNCO OIS IREIGIE, k%2 b Tz
HOX 0 HETLICK WD LA RTHRETH-T-.

fitiit ¢ > HNCO DOMKGFRISIE, KISAERRY) T %D NHs Ot E~D 5 H
HNCO DMKy RS IEE I B A2 RIF 372D, NHs O W35 % % E o] GE 72
Langmuir-Hinshelwood 458 20 A FUN CTROGEE 2 R B L 72, FEERIC XL W, HNCO,
H.0, NH; OISR ZFNF 04, 1.0, 0.7 EREL, FHIRE, KW AERESME
IZBT D RSERED S, RGEEEER L OWE ez RD-. Znicky, &
JE, HAPRE (HNCO, NHs, H20) (ZxfL T, fillft T HNCO MK i s H
EaERETDHZLENAREL o7z,

PLEXvEonr, S X O -To HNCO ONIKS R s R & ik 4y
iR SO B A e 8O TR 3-6 IZRET.

Table 3-6 Reaction-rate equations and rate constants for HNCO hydrolysis in
the gas phase and over the catalyst.

HNCO ) ) .
) Reaction-rate equation Reaction-rate constant
hydrolysis
Gas phase . 5
) r = keasl HNCO]™ kgas = 3.2 X 10° exp(-11100/RT)

reaction
Catalystic Feat = keat [HNCO]%* [H20]'° keat = 1.0 X 10-exp(-38200/RT)

reaction / (1+ K[NH3]%") K =1.5X10exp(30300/RT)

R : AEEE[J/mol/K], 7 : filiiE K]
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TAE T4 —EBAPERF TDO HNCO DRI

AL T HNCO OIIK GRS E ZFHT 25 2 L2 B E L, KHHE L OVl
i T HNCO MK g RO XA B U7z, 7272 L, P T A RS H T,
HoO LS DHAEHT ANFEET D720, HNCO BT A o e h 2 & s 58
BT, KSR SISO HNCO MRS LRGN E S D AffetEnd 5. =
DO, HNCO 75D NHs A OEK T2 < AletEnH v, JRFE SCR v AT L4
FIIRDOND, JRENLSHO NHs kO TFHICEEL CTIE, ZNOORIGEBET D
VERH 5.

ARETIEL, HNCO ORGSR IS % RS, ZALsho HNCO & HEH AT 2o 3t
FEHAE DG ERIIGE EFE L, BIEISSERNI MIE T2 % NHs ER OB A
MOBIRE L. 74 —EBAZ DO T ADER 571X, Na, COs, H0, O,
NOx THD. ZDoH, 0212250\ TIE, WidEisk; (U — 2 REER) 12, %4 —
A DOEETHHET APICEEND ZENMOENTWVEO, ZD7=), Ol TFEPEH AT =
H1¢ HNCO &filft ECHAFL 5 2 CTH Y, fillit ¢ HNCO OIS EE X
HAREMENEZOND. £, BVEICKVAERKT S NOx 25\ TH, HEHT Az
BT ppm A — X OPRE TIHFET 5.0, JRFE SCR v A7 AlL, Z® NOx % SCR X
JRIZ K VBT 2 BER R BEEE CTH D, JRFAKEFNC L Y ARkT 2% NHs 2T
NOx b A&1T 5. Z D=, il FTH U4 —& DiEE D NOx & HNCO 2877 L,
WENEREMCEEZTARENEZ OND. 0B, T4 —BLzm VU OHH T A
&£ 5 NOx DKRESILINO THDHODZ &b, ABFFETIL, HNCO & NO Of%
I DOWTHHE L.

HNCO OELEGTIE, JRFED S O NHs EGERRIC BV T, NHy AR E 2 S
BAHAREMENE 2 B 5. NHa oW TiE, Cu-ZSM5 filllt E¢, kX% 350 ‘CLL
ECELRIGARE 5 Z ERMLNTE 06, Zic ksl &z s NHs b
D=z, CuZSM5 @ NOx bR 350 CLLEDRER TR T2 Z &0,
Cu-ZSM5 il DA L S T&72. HNCO (I25oWT%, HNCO DAV SNk
SRR £ 0 O RSHE CHEITT 258121, NHs B2{b & [FARIZ, NHs JRERT
125D NOx ¥R F 25| SR 23 /fEER H 5.

HNCO & NO OiisiE, HNCO-SCR Mt E L THE X T 5. HNCO-SCR
o, (R4-1), (R4-2) Rz kv, NO 78 HNCO 1T LW B ENHISTH 5.
HNCO-SCR )28 HNCO DMK RIS & e U TV SO B CHE T 2 554
1215, HNCO £ W A3 25 NHs ARENME T T2 ENELLND. L Lenb,
ZIBDRISIZOWT, RSHEESZ R L TWDHFZEFIL7R .

4HNCO + 6NO — 5Nj + 2C02 +2H20 (R4-1)
4HNCO + 4NO + Oz — 4N3+ 4C0O2 +2H20 (R4-2)
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AWFZETIEL, HNCO O, HNCO-SCR itz HNCO ANk 53k SO O Eil
JREER L, VESEEREZ AW T, CuZSM5 fitllt T HNCO MK RIS
IO ORISR KIET B2 A L.
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4.2 EBRIEE

T4 =B DU AR TIE, HNCO DKoy i s & [\ 2, HNCO
DAL G, 8L O HNCO-SCR S & 2 AIREMEN & 5. ABFFE T, WiBsG
PEEZANT, 26 0RIBIG, HNCO ONIKA RGN & 5 NHs A% K IE9
WAL LT,

4.2.1 RIS EE

% 3 ECHIM L7l UGS HERE IS, O BL N NO HAMIGT A o &BIML, T4
yREICRE LIy AT n—ary bu—J TRELZHIET 2 Z L2k, TAREZH
B Lo, HAGHEIB LOMEHZ ST, 5 3 ETHWEZbD LR L FTIR &
Cu-ZSMB5 fili 2 fi Jf L 72,

M
C
[
M
C 8 9
N S 2
— g FTIR analyzer
—p« >
liquid .
HNCO
M
= line
O;
T M
o E —>
NO

Fig. 4-1 Schematic diagram of the catalyst reactor system for HNCO side
reactions.
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4.2.2 EEREM
4.2.2 (1) HNCO Db s HNCO 726 0 NHs AR R IFE T 5B O

HNCO Db A HNCO 7> 5 O NHs Al RIE TR EZHE T 572012, LT
D2HODFEEREFEML, ZNENDERIZ U\Tﬂ’{ﬁljéj/[,éNﬂg/%ﬁ@ttﬁx%{Tof:. *
B a2 4-1 1ORT.

F7, EERSEME 1138918, THNCO #5328k 1 2L C, HNCO: 150 ppm, Oz:10 %,
H20:5%% 1 No N —ADGUBH 22 Al HEG L, ABHREEZ 100 CH5 500 Cl
5 C/min THIRSH72EED NHsREZLZHIEL 2. KIZ, HigRD7-6H D TNH; fiifh 5
BRI LT, EBSEM 21775918, NHs:150 ppm, 02:10 %, H20:5%% & ¢e Ng~<—
ADFRET A% fRBEZBEA L, MR A 100 “C225 500 ‘CiZ 5 ‘C/min CTHESE-L
&0 NHs R A LZRE L.

HNCO #6328 NHs (8 EBROZNE N0 EERIZIITS NHs IBEN—EHT 554,
HNCO (135538 (R1-2) iz kw4 & HNCO 2K RIC LY NHs IC/OfiEL TV D
DEEZ 5, HNCO OELERE HNCO 760 NHs DAERRICIEE AL BB % RIF SR
WEWNZD.

Table 4-1 Experimental conditions for evaluating the effect of the reaction of
HNCO with Oz on HNCO hydrolysis.

Temp. HNCO NH; 0, H,0
[*C] [ppml] [ppm] (%] [%]
1 100 -500 150 -
(5 °C/min) - 150 10 o
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4.2.2 (2) HNCO-SCR /)28 HNCO 75 O NHs AR R IE T B O

HNCO-SCR &2 HNCO 225 D NHs AR K IET R EE AT 572018, LT
D 2 SDOFEFREEML, TNENOFERIZIITSH NHs JREDOHERZIT 7. ERGM%
#£ 4-2 12”7,

F9, EBRSM 3 IR T L9, THNCO 558 &£ LT, HNCO:150 ppm,
NO:150 ppm, 02:10 %, H20:5%% & e No N—ADFEI AT A&l AL, AR
JEZY 100 CH5 500 CH 7 KEEZE T, NHs IBEZARIE L. RIZ, HED=D D

[NH; A8 55k | L LC, FEERSM: 4 (2395912, NH;3:150 ppm, NO:150 ppm, Oq:
10 %, H20:5%% & Tr No RX—ADFET A% i 4G L, MBLEE A 100 CTH5H
500 CO 7 KHEZFK T, NHa EEZRIEL.

HNCO #5526k & NH G SEBR O Z N2 O FEERIZEB 1T 5 NHREN —HT 55
A, HNCO 13550 (R1-2) iz kv &0 HNCO Mm YR X 0 NH3 (255 fi#
L72#1Z, NO & @ Standard SCR )& (R1-3) - THD LA T I ENTE,
HNCO-SCR i, HNCO 75 D NHs DARKRICITF E A EEEL RIF S0z
%.

Table 4-2 Experimental conditions for evaluating the effect of the reaction of

HNCO with NO on HNCO hydrolysis.

Temp. HNCO NHs; NO 02 H-20
[*C] [ppm] [ppm] [ppm] [%] [%]

3 1 100,150,200,300 150 -

4 350,400,500 - 150

150 10 5
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4.3 EBER LB
4.3.1 HNCO OfEfbs7s HNCO 7> 6 & NHs 4RIz R4 2

02, HoO BWHEAET D50 FC, HNCO 4555 & NH; 46 E5R o 2 2 o ik
2B 5, R I T A AR EBREAX 4-2 12~k T. HNCO GBIV T,
NH;3 BEDIENCH HNCO JREE COREHIFFE L, NHs faI8BRIc >\ T,
NH3 B DOz,

4-2 HHDHE, 170 CLLEDOREIZEITS HNCO #5326k & NH; a3 o
NH; 1T BBt —8T 5203005, Zhnb, 170 CLLED HyO BMEET S
ZAEIC BV TIE, HNCO DIk s eix, HNCO OVt & bl L T30
<, K#/r® HNCO I NHs IZhKRGfR3 o bDEEZE 2 b5, T7hbb, 170 C
VL ETIE, HNCO Ol ini%, HNCO 726 D NH3 ARICIE L A L KIF S 7
WZ EBRHBEMNE o7z —J, 170 CLLFORER TIX, HNCO fiH#aREZ NHs 2
FEOIRKTRAONL0, AR L7z NHsREIZIK T L7z HNCO RE L FfRETH Y,
HNCO OMIAKGHEC & A NHs ZEBME T Lizb D EEZ NS, LTen->T,170 C
LUFCIE, HNCO OFALEISIEA BN EWNWR D,

2B, WTNOEERIZBWTY, 350 CLLEDIREE T NHs I E DD A5 5D
1%, NHj3 2% Cu-ZSMS5 fil itz Jofgfbsi, b Liz72d Tihn®,

—— NH; (NH, supplied) —— HNCO (HNCO supplied)
= NH3 (HNCO supplied) = CO, (HNCO supplied)
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160 |
E 140
o
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emprature [°C :

Fig. 4-2 Comparison of NH3s concentration under the conditions where HNCO/O2
or NHs3/O2 mixtures introduced into the flow reactor.
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4.3.2 HNCO-SCR i HNCO 725 0 NHs AU I3 5228

NO, O3, H20 NMEET DT T, HNCO b5 £ & NHs i EBROZnEh
DEBRIZET 5, LR 320 AR EOBGREX 4-3 1T~ 7.
4-3 ZH5k, 200 CLLEOREKIZEITSH HNCO GRS NH; iG> NH;
FElZ—HLTWAZERnbnd., Ziuhnb, 200 CLLED HoO NWEET H5M100E
WL, HNCO-SCR )i & gt LT, HNCO DMK R EHEE 243 120# <, 4
£ HNCO 7 NH3 2k 55 fiE L7-1%12, NO & @ Standard SCR oA L Tub
LOEEZLND. EROZ®, HNCO fifaee NH; ik RFE D NOx R4 4
He, MEFILT—EHLTEY, Zhbt NHs EREIZED NI ERNDLNS. T78b b,
200 ‘CLL T, HNCO-SCR )i, HNCO 7265 ® NHs ARICIiZ & A S84 K&
TN ENMER SN, —F, AEHEEA 200 CLL T OEKRFIZEHEW T, HNCO
f,\, BEIC NH3 B EIZZEN A BN 5 DX, 200 ‘CLLF TiZ HNCO DOANK 5y 43 fif SO
X2 NHs AR EMETFT5720THD. £/, MEDONOx EEN—HLTWSHZ L
736, HNCO-SCR KJ&IC k5 NOx IKEII A H vt ng 5.
72%, 300 CLLEDIREE T b5 NHs iE & NOx 071, NH;ER{kic
X2 NOx#HLMEREDIE FB L ONOX AN RK E 2V AL TVWDH D EEZLND.

2001
® : NH; (HNCO+NO)
@ : NO, (HNCO+NO)
A : NH; (NH;+NO)
= 160" B A NOi (NH2+NO)
s 3
.5 120+ ;
B s "
% 80' ‘
&) 8
40+
-o
0_I 1 T T ‘

100 200 300 400 500
Temprature [°C]

Fig. 4-3 Comparison of NHs and NOx concentration under the conditions where
HNCO/NO or NH3/NO mixtures introduced into the flow reactor.
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4.4 FEEE

AT TIE Cu-ZSM5 filit |- 2 5% & L 7= il SO EEE 2 -V T, HNCO Koy fiE
FOSOEIRE & EF LT HNCO O & HNCO-SCR iy, HNCO DAk 5y
RS B AFE TR B2 A LT,

HNCO DOEALESA HNCO 7> 5 0 NHz A RiC AT, HNCO %£7-1% NH;

GBI 2% Og, HoO BWHFAET D 5:1F T, ﬁﬁﬁ;‘t{mf;%ﬂ{mum% Cu-ZSM5 filifit

1,\, L7282 NHs BEZ I THZECIVAELZ. 2R, HNCO 556 &
NH; fffa RO E N ZNDOFERITISIT 5 NHs IRED, 170 CLLEORER TR sTr
NPN—E L7z, 22 ks, 170 CLLEOIRE TIX, HNCO Db & g LT
HNCO OHKSRES 4312 <, HNCO Ok 1T HNCO 75 0 NHs A%
WCIEE AV ERELE RIFS RN ENRENTE. $£72, 170 CLLTOIRER T
HNCO DMK R SEE LTI %2, HNCO ObEIS AN, ZZ2ThH
HNCO OER{bintE HNCO 705 D NH3 AERRICIEE A EBE RIS 02 L AVUR
h-.

HNCO-SCR K=y HNCO 75 D NHs AR M9 52280%, HNCO 7213 NHs

ETaEL T 2% NO, Oz, HoO WF(ET D5 T, AR EEZZ2{bEt T CuZSM5
i CHERE L2 B8 0D NHa IR 2 bl T2 2 LI KViAE L2, ZofE 5, HNCO {5 55
& NHs A EBROZNZNOERICIH T 5 NHs 22, 200 CLLEORE TR
rha—K L. ZDZEND, 200 CLLEDIREETIZ, HNCO-SCR /i & ik LT
HNCO DIk sy s sy -+43123# <, HNCO-SCR }im T HNCO 75 ® NHs A ki

ZEAERELERTI W EXARENT. F£72, 200 CLLTOIREECTIX, HNCO
D NN K4y i SIS I X IR F9 % 2%, HNCO-SCR K&z A 6T, ZZ2Th
HNCO-SCR SitniZ HNCO 75 D NHs A RRICIE & A E B A2 RITFSRN T EPRRS
nic.

723, HNCO L& TiZ 170 ‘C T, HNCO-SCR &38R TIi% 200 ‘C T,
HNCO D485 NHs (20 fif &, = OIREIIETRES & - 7228, Z ik HNCO-SCR
KIS FEEBR il F B 21703, 50 CHIR CT—4#Z2R&E LD TH5H.
HNCO-SCR &35 Cilfi AR 217 2 HAa12i%, 170 CLLET, HNCO D4 &N
NH3 2S5 Z ENERTEDL D EEZIOLND.

LI EXY, HNCO & Oz k% HNCO Dfgfb i< HNCO & NO 12k% HNCO-SCR
It E ORISR, 74— BN VU PR T AR RICE T D, Cu-ZSM5 fillflt ¢
D HNCO DOINKS R ST LD NHs AR LT, 1FEA L 2B A RIESIRNZ LS
IRy
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BHEE A VVT VBBMAGHREINIEDT VBT ARDORHEDL Y

5.1 =

WO AT ABHI ORI, Brie R g LB LS OB I B e &, HEH
T AEIED 7= 8O D Fdi b2 7o Tl v, BENEOBF, BREHERIIEME L L T 5
ZD®, PERETIATOI TV L ) i fED# v K LIZ X 5B% T, %%%W
DEHULRPRIEOT-OOa X MERKLTLEY. 2T, arta—HFicksv Iz
L—3 g VEME A EH L HER S AR E O MERE TR A 1T\, BRES OER 280 A
T2 & T, BFRNRBABEARELE T HET N_—AFROBEEMENER SN TWNHO,

ARWFZE T, RFES O NHs ARGBFRIZER L, 5 3 BT, K08 X Cu-ZSM5
%ﬁ BT 5 HNCO DMK ERERORE, £/, 64 = TlE, P A

BiF 5 HNCO D& LT, HNCO Db & HNCO-SCR t~ny HNCO
@MK”%&EA&iﬁmﬁ%%ﬁbt.:h%@%b<%%ﬂtﬁ%m,Vinv
—vaVETVICERT S Z & T, NOx bMRETHREE 2m L2 b0 LB %
H5iL5D.

;ﬁﬁfiﬁﬁnfﬁ%ﬂkﬁ%ﬁmﬁﬁm/XTA BiF 5 NHs Ak E5° NOx
HERICRIETHELRET 2720, HONTALFEMIGEE EHOm A E, T Ofh
ﬁ@M%ﬁﬁ/\;V~v§yy7FKﬁﬁbk.
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5.2 SEERIEE
521 Y Ia2l—yarV7 NORE

AT TR LR OO GE Y R 2 b— 3 > Y 7 NI, axisuite
(version 2015A, Exothermia SA) % A\ /-, axisuite |%, PEXRLET A 2B K
VLV RATFADY I al—a v AES2aT5—V 7 b7 ThU, iRy 2T ADH
B L OEEEICB T DIEECHRISHIS LY 7 ROTH L. ZhETIZ, DOC
DF%FH, R THiE 7 4 V& EOTIREDO FHIW, SCR il T NOx HHbE
T RGO AFEEOG, SCR it~ NHs WA ETH D7 &, PR B AFERE O
AL LI EZ S e TnD. Z OHEEHE OEM BX Y7 F 1 v —IC
BHSNTWDI), TORMAMEEZEELTAY 7 hE=E L.

5.2.2 AL FELONY R 2 L—y 3 VOFESM

LA FERIED T R 2 b— a Y OFHBEICH T > TE, LTFTOEER/RT A —F
BRETDHNENDD.

- BRI DT E 72 £ O T & PR TR
CIRIESE L T ADRE, ER IO D & RE
KT K OB T ORISR RS E S

ARy alb—ra R THNWS SCR o K& X%, EEOT 4 —ELEMAE
I SN TVWHREES (144 mm, X 127 mm) &L, CuZSM5 7 150 g/L
HE XN LOREE L. 77, 2T ¢ 70 mm, £ X 400 mm HEXE D, B
100 mm O a— A2 L THRT b0 & Lz, PeRERITFIEEL I L, Bk
RERESIIERDRFZKA P =7 2035 SCR il £ COMEREZ R L-fE e L.
V3alb—ya VRHRICHWIZEER LA T T R EK 51 ISR

AFHE T, fHEOD, ELCHET 2 T A0 —fiinz, FREL LV
FRIBL X BV OE L, PERE B KO ORE XV ABEE LR L7 7 7 4 LT LS
THEIICHRMEERE LT, MBS T ADHT, KR X O ETofbZsI6
X, AEFRISHEEEFIZOWTIE, TNENOFETREEEE Lz,
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* The exhaust pipe and the catalyst are thermally insulated.
* The sample gas flow is uniform.

Fig. 5-1 Schematic diagram of exhaust pipe and catalyst for simulations.
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5.2.3 ZFEIZBIT S HNCO 726D NHs K &ED LSS Y

FARZH T D HNCO 75 D NHs AR EOFEIZH 7= > T, (bFIGE KA E
75 HNCO DMK RIS DIIRE L, £ O SSEE EHITIE, AR THE 6N
ToAE, F720%, BEEMFZEODOEE . ARRFE & BEFERFZE D 2 2 0 BOGHR i E
BAEFRH1IORL, HEATHEBIEA T ADOTEE RS, BEIZOWTIEE 52 IR
T TNENORMEIIBIT D AOWMEE, K521 a5, BHAEHAD 22L O
B 4 JET 4 —EBLrz= YW T WLTC (Worldwide-harmonized Light
vehicles Test Cycle) &— R% &l L7720 SCR |z 351 525 E (Space
Velocity ; SV) &30 L72#ERK0 6, &KL LT SV40,000 ht, &mitmEgeffe L
T SV100,000 h! 258 E L7=. £7-, HNCO IBEDOREICHT-»> TiE, — KR T «
— BNV TEREE— REETLELEO YT 7 O NOx REO.00%
300 ppm LHEEL, ZhEF T 270D KE 150 ppm Z G LZBRICRAL 9 5
HNCO #EE L LT, 150 ppm ERE L=, DM T ATHONWTIE, KEBSy DiElx
MY —URBETCH DT 4 —BNHERFHRZMEE L, Ho0 : 5%, O2:10%& L, No
INTG AL LT

HETIE, RELEZETARESMICBWT, HFRERELY FH S, filll
AOIZBT D TARELZRDTZ. 61T, PEREAOLGMBIA D E TIZBIT D, HE
LHENTO HNCO 75 O NHs ZERLERIC ST, T (100~500 °C) & SV (SV 10,000
~8V 300,000 h'Y) (Zxf4 5~y 7 HIEKR L7, IRE L SVIZ— ki r 1 —EB L=
VUV DB R AT A LA EE L CIRE L.

Table 5-1 The reaction rate constants of HNCO hydrolysis in the gas phase for
the simulations.

A E
Chemical reactions (1/e] (leJ/moll Reference
2X105 ;
L HNCO + H.0 — NH; + COs (Gas) 3 0 111 This work
2.5X105 62.2 (8)

Table 5-2 Gas conditions for the simulations of HNCO hydrolysis in the gas
phase.

Temp. HNCO H-20 02 Space Velocity
['C] [ppm] [%] [%] [h-1]
; 100 - 500 150 5 10 40,000 & 100,000
N3z balance

81



120000

100000

80000

—
3

= 60000
>
(/)]

40000

20000

0
500 1000 1500 2000 2500

Engine speed [rpm]

Fig. 5-2 Relationship between Engine speed and SV with 2.2L diesel engine
operating at WLTC.
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5.2.4 fikfiiz B30T 5 HNCO 726 D NHs K& D g S Y

ikl iZ 351 5 HNCO 75 O NHs AR EOFHEIZH T2 - T, {LFUG % itz B
175 HNCO DMK RIS DIIRE L, 7 O SSEE S B 1E, ABFSE & BEAEF
TR LNIEE V-, FRICER Lz, kit 2 HNCO DIk fif SO E
EEKEE 53 1R T. £, MBSELITAOMEL KD, BEA2ER 54 R8T
H AR, SARRSOFRE & EEEIZ, SV 40,000 h't & SV 100,000 hl1 & L7-. &
7=, ARSI SOWT Y, [FEEIZ, HNCO : 150 ppm, H20 : 5%, Os: 10% &
L, NgeNXT72RE LTz

HETIL, HEHAMESMEICBWT, SCR MREZ A S0, flitn
B DT ARELZFHEICL VRO, £, MEAONLSHOFE TORMO HNCO
5 D NHs AR IZ DWW T, AR E (100~500 °C) & SV(SV 10,000~SV 300,000
h1) o645~y P HIER Lz, iR E & SV TR T 4 —EBLo P Dk
HRA T D AME L CIE L.

Table 5-3 The reaction rate constants of HNCO hydrolysis over the catalyst for
the simulations.

) ) A E
Chemical reactions [1/s] (kJ/moll Reference
0X103 . . %
L | HNCO + H,O — NHa+ CO, (Cat) 10710 38.2 | This work
3.1X104 15.8 (8)

< See Table 3-6.

Table 5-4 Gas conditions for the simulations of HNCO hydrolysis over the
catalyst.

Temp. HNCO H20 O2 Space Velocity
['C] [ppm] [%] [%] [h-1]
; 100 - 500 150 5 10 40,000 & 100,000
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5.2.5 HNCO DOINKS R IGH NOx A LRIC RIETHEDOTHE

JEFE SCR v AT LADOFKFHI AW BN AL FEKGE T VT, HNCO DOAN/K XK
JRITERWE D EEZ BN TE Y, HNCO IXE HIZ HeO & MK iR %242 Z L NHs
EAERT HDIRENEPINLTNDLZ ENHDIW, 20X H Ry I2b—va T /L%
W28, HNCO ORGSR E X NHs AERICB W TEE SRR, AEiT
I1Z, HNCO DMK NOx HHEIC KT T HEZHET 5729, NOx OET
FZ NHs Z 46 L7234 & HNCO #i#s L7=HAa 0k 217 - 7-.

AFE T, K TORFEREE HNCO ONKSRIED T, filll TR
Jixm HNCO DMK RS L OV NH3-SCR i Lz, v alb—v g VEHRIC
AN = BAE B8 O SO R EE ES 2 3% 5-5 1ORT. ZAEB L Ot HNCO o
RO RO IREE EEN X, ABFE TR LN E A=, F72, filli<co NHs-SCR
SOt & LTI, 83 /972 Standard SCR )i, Fast SCR [<)its, Slow SCR s (R1-4
~R1-6) ZIREL7=. 723, NHs-SCR KIMZOWTIE, Z ORI HEER OB SIX
{To TV Tz, 4 NHs-SCR i D GEEEERIZIE, K72 Cu-ZSM5 fili it
FTCORIGEEEE L LT axisuite [ZAEHETH WO STV AIEA Z -,

# 5-6 12, #FHHE T SCR filficifiim S &5 0 ADFE & sy, BELZ/RT. T AV
1%, SV 40,000 h' 13 LTSV 100,000 h1 D 2 k%L L7-. NOx DI, &b
G FE DY Fast-SCR )i (R1-5) Z{RESH 57291, SCR fiEDRIEIZH 5
DOC TNO % NOs ~fig{fb L, NO : NO2=1: 1|(ZiE3F 5 &\ ) RABEAIEE OFRE
AR S % (9,05 SCR Lz yiid <% 150 ppm @ NOx (%, NO % 75 ppm,
NO: % 75 ppm & L7-. NOx O&EtHIE NOx D L8 L L, HNCO DhKsy
iR % B &1 58541213 HNCO % 150 ppm, HNCO OHN/K SR G %2 & [ L 720
BA121% NHs 2 150 ppm 45 L7-. HNCO ft#a#s & NHs fi:#5H:D NOx EHb 1t fE
Zig4 % Z & T, HNCO DMK RGN NOx EHbIZ LT T B2 il LTz,

Table 5-5 The reaction rate constants of HNCO hydrolysis and NH3-SCR for
the simulations.

) ) A E
Chemical reactions (1] (kJ/mol] Reference
1 | NO+NOz+2NH; — 2N2+3H20 | 5.0X108 | 45.0 (6)
2 4NO + 4NH3 + Oy — 4Ny + 6H20 3.0X1015 70.0 (6)
3 | 2NO2+4NH;3;+ O; — 3Nz +6H.0 | 1.0X1015 |  72.0 (6)
4 HNCO + H:O — NH;+ CO2 (Gas) | 3.2X10% 111 This work
5 | HNCO + H20 — NHs+ COz (Cat.) | 1.0X103 38.2 This work™

< See Table 3-6.
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Table 5-6 Gas conditions for the simulations of HNCO hydrolysis and
NH;3-SCR.

Temp. NO | NOz2 | HNCO | NHs | H:O | Og Space Velocity
['C] [ppm] | [ppml | [ppm] | [ppm] | [%] | [%] [h-1]
1 1 —
100-500 | 75 75 EO 50 5 10 | 40,000 & 100,000
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5.3 FHEMERLEE
5.3.1 SAFEIZBIT S HNCO 726D NH3 B ED AfES Y

SHHIZET D5 HNCO DMK 3 fif SO FE RS, ARFSE CHUS L 728 & BEfEMF4E
DA% VT, HNCO OAIKSFEIC L 0 A4 5 NHa JE2E (A D) 28 L7
V3alb—va UiEREZX 5-3 (SV 40,000 ht) IO 5-4 (SV 100,000 h'l) (7R
7. X 53 BLOK 5-4 FORMBAIEDOME AW RTH Y, BRSBTS
DIEZ AW FERTH 5.

AWF5E TR BT HNCO DK BSOS E EE EE 2 W T2 551213, SV 40,000
h'l, SV 100,000 h'! DWW FHDOEMAITHBANTEH, HNCO OIIKSERIGZ X5 NHs
ERRITIEE A ER NIRRT, FTABEN 700 CLERDOLETYH, NHs ARk
FEAEBRLNNST2Z LD, EYH T AL TIE, SMIZEBWTHNCO &L
THHE E N5 HNCO X, ZDIF & A EDIAZRET 5 Z 72 <, HNCO ®» % £ SCR
LI AT D Z EMNBH LN E o Tz,

— 5T, BEAEMFZED HNCO DOANK S i BOS R EE &4 2 -V 23556, SV40,000 ht
ZMTIE, K400 CHx5H HNCO OAKZARIZ & D NH3 AR E E X U, 700 C
TIX 20 ppm FRED NHs WA T 2 Z &5, SVIEWVIC XL D NHs Ak E4
35 &, LV & SV &4 SV100,000 h't 44T, 700 ‘CT?D NHs A f%IE 10 ppm
FRE L7220, NHsAERENED LT\, 2, & SVEIETIE, JERENTOM
RN N2, SFE TR fET 5 HNCO O EX DT 57D TH 5.

5-5 12, AHFETHF B L7z HNCO ONK R G E &2 AW T=38560, 5
ZIRFE L SV T 5 NH AR A2 R Lz~ v P& R1. BRI, BEFEFZEo HNCO
DK RO E T A =60, T REEE SV Ik 2 NHs AR %X
5-6 (Z/k9. NHs AEpkRiZ, 150 ppm @ HNCO Zf4G L7=FRic, KA THERT 2
NH;IREXLVEH L. Znohnb, RIFEEBEEMED, &6 b OMK RIS H
FEEE A AWTZBEITBW T, B TO HNCO OIKS R IGIC X 5 NHs ARk i
ZE AN EBRBNRNZ DD, IE, BEMIEOMEEZ W ZGa1ciX, AliEE:
NE < 725 EiE (500 °C), 7o, i COMBER OFEVME SV (10,000 h'1) 4
IZBWT, KT 8%FEE D NHs AWK TH - 7-.

86



160
140 —— This study

! T Previous study
100
80
60
40
20 ——

NH; concentration [ppm]

-20

100 200 300 400 500 600 700
Temp. [°C]

Fig. 5-3 Simulated NHs-concentration by HNCO hydrolysis in the gas phase
using the reaction rate in this study and previous study at SV40,000 h1.

160
149 —— This §tudy
g‘ 20 | Previous study
2
- 100
ie)
© 80
€ 60
e
s 40
(&)
il S
Z 0 o
-20

100 200 300 400 500 600 700
Temp. [°C]

Fig. 5-4 Simulated NHs-concentration by HNCO hydrolysis in the gas phase
using the reaction rate in this study and previous study at SV100,000 h'!.
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Fig. 5-5 Relationship between NHs formation rate, catalyst temperature and SV
using the reaction rate constants of HNCO hydrolysis in the gas phase in this

study (HNCO was supplied at 150 ppm) . NH3 formation [%] = Formed NHj3 [ppm]
/ Supplied HNCO [ppm] X 100.
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Fig. 5-6 Relationship between NHs formation rate, catalyst temperature and SV
using the reaction rate constants of HNCO hydrolysis in the gas phase in previous
study (HNCO was supplied at 150 ppm). NH; formation [%] = Formed NH3 [ppm] /
Supplied HNCO [ppm] X 100.
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5.3.2 fifiz 31T 5 HNCO 726 D NHs K &0 g S Y

itz 3517 5 HNCO DMK RS E EEIS, AR CHUAS L7 fE, 7213,
BEEMFZE DM 2 VT, HNCO OAIKSEIC L 0 A k325 NHs 2% (fiiEtin) %
Vial—va K VEHELEEREEZX 5-7 (SV 40,000 h'1) BLOK 5-8 (SV
100,000 h't) |2/~

AWFFE TR BT HNCO DK BSOS E EE EE 2 W T2 51213, SV 40,000
h1 54 (X 5-7) Tix, 160 CLLEDREEEIZIH W TEREDO HNCO 28 NHs ~45fiF
L7z, X0E SV E&ME72% SV 100,000 h1 5+ (K 5-8) TiX, 190 CLL EDIRE
BT WT, 28O HNCO 7 NHs ~7 i L7=. & SV & TIE, filitNo 77 A e
BFEI O LV [6] UARBIE 2381 5 NHs A EN K T4 5726, HNCO D& &
M NHs (Z0fE SN ETORENER LEZbDEEZLND.

—J5C, BEAENFSED HNCO DMK iR R E E5cx = 858121%, Winho
SV &Mz VT, 100 CULEDOIRE T, 28 HNCO 7% NHs ~%3fiF L7-.

AHFFE & BEEAFSE0 HNCO A7k 53 fif BOGEEE 2 - T, HNCO 75 D NHs A Ak
Z b U7 AR, (IR REIR (160~190 CLLF) TO NHs AR EIC K& RE=ENA LR
5.

59 12, AHFIETH B L7z HNCO OINK iR G E E 5 2 AW T-8558 0, fi
BEERE & SV Tk 2 NHs £ 2R Lz~ » 7 &7, [FERZ, BEEFFED HNCO
DINIK RSO RE T 2 W25 0, MBEHEE & SV I2xf4 2% NH; ARk % X
5-10 \Z”1. 72, NHszAERERIE, 150 ppm @ HNCO % fibiiic s U= BRI ARk
95 NHs LY R L.

59 £IX 510 #ibigd 5 L, Wb 300 CLULEDOEIRSMETIE, SVIZED
9, 1FIE 100% D NHs AR 2 Rm4 2 E 3 bnd. — 5T, s M o Ry VTR
¥ L OMMMEE T oD 7 AR IR 23 B | SV SR TIE, ARWFZE T 7z HNCO oin
ARGy i SR B4 & O =380, NHs AR NME T4 50, #lxiE, 120 C,
SV40,000 h'! Z5FCidk NHs A %RIL 50%fRE F TR T35 2 Enbnd. KiEsEs SV
FMETIE, ERCB T 5 HNCO OAIAKSERIGHEE DK FIZ LY, HNCO 2260
NH; AR BNETTAZENEZ LI, ZOL D REETIX, RENSD NHs AL
IZBWT, AR THE B2 HNCO OMKS RIS ERZ WD ERNPRKE N E N
25,
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Fig. 5-7 Simulated NHs-concentration by HNCO hydrolysis over the Cu-ZSM5
catalyst using the reaction rate in this study and previous study at SV40,000 h'1.
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Fig. 5-8 Simulated NHs-concentration by HNCO hydrolysis over the Cu-ZSM5
catalyst using the reaction rate in this study and previous study at SV100,000 h.
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Fig. 5-9 Relationship between NHs formation ratio, catalyst temperature and SV

using the reaction rate constants of HNCO hydrolysis over the Cu-ZSM5 catalyst
in this study (HNCO was supplied at 150 ppm). NH; formation [%] = Cat. out NH3
[ppm] / Cat. in HNCO [ppm] X 100.
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Fig. 5-10 Relationship between NHjs formation ratio, catalyst temperature and
SV using the reaction rate constants of HNCO hydrolysis over the Cu-ZSM5
catalyst in previous study (HNCO was supplied at 150 ppm). NH; formation [%] =
Cat. out NH3 [ppm] / Cat. in HNCO [ppm] X 100.
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5.3.3 HNCO DMK S NOx A LRIZ RIFTHEOTFHE

NOx #EIrHl & LT NHs 248 L7= (HNCO DMK B E E 2 8 L 7e\y) 3
AL, NOx EILAlIE LT HNCO #2445 L7 (HNCO DINzKy i Sis E 2 8 L
72) LA OBEH DICHBIT 5 NOx BEZ i L=/ R %, X 5-11 (SV 40,000 h')
B LU 5-12 (SV 100,000 h'1) (259, HNCO DMK R SEE ERIIX, &
e CHUS L= 5B L Ot E 2 H L7-. NOx EILHIC NHs #4546 L7254
? NOx 2 2 BAMHE T, HNCO 45 L 7254 @ NOx 2 & % J/R7## (SV 40,000 h'1),
FH# (SV 100,000 h'l) TR

5-3, X 5-4 IZA B D L 91T, NOx iEeAl & LT HNCO 2 i#aT 256121,
ZATO HNCO OAIKSEITIZE A R & 722, HNCO 130T 5 Z L7 <,
LA L TWD B0 L E 2 55 . HNCO AT A% I NHs (Z0 i S5 208,
57 % 1.5 &, BlzI1E, 100 CTiX 150 ppm @ HNCO Z s L= &k &
% NH3 1% 50 ppm DA Td 5 (SV40,000 h'l) . il )7, NHs 2 {454 5 8554121%, 100 C
IZBWThH, 150 ppm @ NHs ™M S D. FiE X 50 ppm @ NHs %, %E 13 150
ppm ® NHs %z NOx {#{LICH WA Z E N TX 5729, NOx i LMERBICITR & 720
HELDHHLOEEBEZOND. LLENnb, SBlOy 2 —yv g VEHETIE, NOx
EEOZEIIHRKNT 10 ppm FRETH Y, NOx OEFLMEREICIE NH3 EBEDOZEIZ E DK
XRETHB N2 -T2, T, 100 CHTEOKIRIZE T 5D SCR fitliid NH3-SCR
FOSTEMEDMEN 7= 912, NHs s &EI2xd 5 NOx b O REEE MR 2 & B RIK & &
265, 728, HNCO O ENHEC)IZ NH ~0 3 % @it (SV40,000 ht
ZMECI 200 ‘CLAE) TiE, HNCO fi#aked, NHs UGS, (X F U NOx &
BB B5.

FIBETE ME DA T AE B R LRI PE T A R HEHH BN L5 L S BER B 0
X KIETEME O E W SCR it kKb BTV 5 . AR M o b X B 25
ELTHIE S TR Y 06-8 ) Jrv e, ABFSE TR O a7z 21 FUISAREERE I L v &
BIhhbHEEZOND.
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Fig. 5-11 Simulated NOx-concentration with NHs and HNCO supplied as NOx
reductants at SV40,000 h1.
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Fig. 5-12 Simulated NOx-concentration with NHs and HNCO supplied as NOx
reductants at SV100,000 h.
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5.4 fEER

AWFGE CHUS L7 HNCO DI/ 3 il i BB -CmI SO B~ 2 50 H &, Tl
DAL F R DY 2 2 b—a >V 7 MZ#EH L, HNCO DMK RN L5
NHs; AR EDO RIS U 21T 72

SAHD HNCO DA Sy i SO FE 5, AWFSE CHUAS U 72 Ml & BEEIFIE O &
AW, HNCO 226D NH3 Ak A RS o 72/ R, &5 D ONIK RIS FE T
ZRWESEAICBW T, IRE (100~500 °C), SV (10,000~300,000 h'l) #iH
Ti, HNCO OIIKDZFRET & D NHs AFRITIF E A EA LR LRSSz,
B E, FEP T AFEMK TIE, KAICBWTHNCO & LTH# &5 HNCO
IZZFDIFEE A EMASIRET 2 Z & 72 <, HNCO @ % % SCR fiiciii N9 5 Z & 23
kol

fili > HNCO DA i SIS EEN S, AL CHUS L 7B & BEAEF St O %
T, HNCO 75 D NHs Ak x g - 728558, 300 CLL EDEIRSEM T, SV
IZE 57, 1ZIEEREDO HNCO 28 NH3 IS b Z ERmEni-. — 5T, s
POV MEIREE S (100 “CAIT) 38 K UM T oo 4 A B REE A3 4 Vi SV S 1E T i,
NH:; AR NEFL TR, filxiE, 120 C, SV40,000 h'l 5k Tk NHs AR I
50%FEEETIK T L7z, 2D L D R TRFEND O NHs ARk Z BFE S 255121,
AT L BEAEMZE DO ZEMBEE TH Y, JRFENDO NHs ElkiE THlT 28561, A
ZE T B L2 HNCO OIIKGIRIIGER ZH WD BERNBRKEI N ENZD.

NOx DEITLHNC, NHs 2 #4284 & HNCO 2 #4586 D NOx b= %
teiigd % Z & ¢, HNCO DK R e D Z [ OAF HE)S NOx HHbRIC M IFT 8%
RAED 72458, 100 CfHroKiEE T, HNCO f#tiamid NHy s o L <
NH; BENKEIETFT2H00, SCR il NHs-SCR KIEMENMEWN =912,
NOx A LMREIC RIET I/ NS W ENbhotz. L LA S, A RIEE M
O BT EERFREE L CHFESNTEY, dTVEESE, ARBFZECE S 7= 2 fi il
BIRIC L W EE LB LE 2 LA,
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BEE S

AWFZE T, AR L OMREEIC 1 5 HNCO DOHN/K 23 S ik BE &3 o Bt % B
#& L7z, HNCO @bﬂ7k/\ﬁq=}iﬁfﬁf“@n+(ﬁﬂ (B3 B BEAEAFZE BN IR S H D B D
D, EERIMHEH SN 5 HNCO OfiESe, HNCO Ol iER L OVERIEE 2B\ T
WENVETH -T2, 2 TR TIEL, HNCO ¥BAZEEOHEZE, HNCO O & =it
5 EORESE, B X OB EDIR PTFE Bl 12 X > THERR S M7= it s b S & 75:1%
L, HNCO DOIKDSKSEEFH AT o72. Zhuc kv fEons, KEEC
F 5, SRR KOG HNCO ORISR ISIERE DS, HNCO @ﬂﬂ7k/\ﬁ¢}i}7‘|:
T A s LT,

F7m, RHFETEONT-HANIRESE SCR ¥ AT LZEBIT 5 NHy AR ES NOx ¥
ERICRIETHELZRTEST D2 L2, HFONTIAbFROCHEERM LA, Tllko
O VRS R 2 Lb—a v Y 7 MM Lz,
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6.1 HNCO A LEwE O

ARFFETIE, &7 XBOBSRIC X 0 AR L7- HNCO %, -78 “CICAMABH L
THRIREETHIFE L, Z ik HNCO 2R "B b5nsd N A (Gl :
99.99995%) % i S5 Z & T, HNCO/Ng H A &R /AEIHT-. BESHT
HNCO/Ny # 21250\, BESEE (PTR-MS) 2V THEEARY ML & TG
L, ZOfE R L7-. HNCO O, S LI-EE&ALT MLOLE SR
IZx%f9°% HNCO O 5MEONBEB S i, #ifE 99.56% Th-7-. F7=, FT-IR
DAY by, HNCO LA FTHIR CEHAIFTREZ2 RMiIZIZ & A EF1E L 72
W2 E DR ST

AHERE OREFIT, W 99.5%D HNCO/Ny A %, FliIfi I L ERESE 5
L&AREL L, HNCO (SBT3 EBREASIC LIAT, TFMMmHEEHA L TN,
7o, AUWETHLNS HNCON, H A%, AHEHEHC HNCO B % FHlY 5 5
DIGEHF AL LTHMND Z ENTE D720, AT FTIR 12X 5 HNCO J2 /5
FIFEOBITECHA L7=23, o FHIUFEEo HNCO FHIEE 2 Bi% T 25672 &
IZHENDEFEZBNS.
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6.2 HNCO O E&FH T iEDOREES

AW ClrE, HNCO DMK RS SR E 2 53 2 72912, RISH O AT AJRED
EloaEEFN T Z L, HBEOPEH T A& T Ao ks &[RRI HNCO
TEEE 2 B 5 2 & A2 &FEIC, FTIIR 12X %5 HNCO O E BT iEORELEICE
DRLATZ.

FT-IR |2 L % HNCO O E &N & 7= > TiZ, BEEnJE D HNCO OARFFIL A~
7 MNVERGTHILENS L. AF%ETIE, HNCO BAMEBEIZLVELND
HNCO/Ny %7 A %2 H T, HNCO OFRMIL AR MV ARG LT, 2, BEfENF
DI, RIEDGOT T XNVBEGIRIZEZVEON S HNCO W RIX, ZO3RAE
J5EE E, HNCO LA OB DIBANAFEETH YV, FT-IR TO HNCO R
WD 12O DEHERARY MV OBRHITIIARME 2720 Th 5. 4 S H7= HNCO
FEIE, Befbfilitic X HNCO Z 522l L TH 55 CO DIEFE 23|I L CTHE L,
HNCO OFEHEA 7 N L& RS LT,

FT-IR (2 L 5 %545 77 Ao HNCO IR E OFHANZ 7= - Tix, HNCO DAk
i SO TR FE B HRIRE LS 3473 D Al REME N B 2 B I D IRFE R A ksy & LT, CO, COg,
NO, NO, NHj, N2O, IO H0 OFRANKILA L7 R EBNIZEHEI L, HNCO
DIRINRUL AT "L & FUH U0 & LT, 2267-2268 cm! 2R T 252 &L &
L7z, ZRUC kv ES 7=, HNCO i & HNCO O AR A7 kLD 2267-2268
cm’t O ORI OB R, B2l 2EMTH D 2 &R SN,
COREBRERVNSZ Eicky, FTIR CrHUIS L DWIEE NS HNCO JBE 2 E
THZENAREE Mo Tz,

728, HNCO BEITTHIROA Vo7 F— b Fa—7 THEHllE2E L7, AiHoO
Rk 2 UV CEHII L 72 HNCO/Ng 7 AH D HNCO R E, T =—7 &2 Wil
fEE S IWVHE (Efe%k 0.99) 23450, FT-IR IZ X 5 HNCO 3 D 3224 M & il
R,

PLE, AW TIE HNCO ORI RS SEE 2 5Hll T 2 7= DI B L 70 5, 2k
Sy HAH (CO, COz, NO, NOsz, NH;, N2O, HoO0 FEHAH ; &40 AEEILFE 3-2
#Z[) ToO HNCO BEOEEFHIGIELRRE Lz, £/, FHULFIEIC FTIR # £
ML= LT, 5% T AFTo HNCO I b IR L 9 RN GO &
ZEz2onb. Jei A Ao HNCO B EEEHANIE, Post Euro6 T % HIE *H50'E O 4
IZRTF N7 E, ZO=—XFEEV o205 5. 5%, FTIR 2 AW -HEH A 2
T® HNCO FHUlOERLIZmT T, P AHFICE EN LMD T A L DTz
WET 7= FHI O SEBL N RE & 72 5.
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6.3 SAHE L O T HNCO DN A5 iR B s B & i o B s

AT, AR L O 31T 5 HNCO DA 53 fif B B B4 2 Bis L 7=,
HNCO DMK G IS E EROBAFIZ STz > TE, RIGHEDIKVy PTFE B 1T &
> TR S 7z, HNCO/H2O/Ng 77 A O B % il ) 7] 58 72 i 18 SO SEE 22 VY, A4
JECHENL L7 HNCO ¥4 34E F L OGH k2RI L7z,

ZATO HNCO OMASEISE, T4 —EB Nz P OPe T AFE KD XL 9
72 HoO #2725 HNCO JRE XV & 1000 f5REEE RV & 9 25T, HoO IREEITIK B 72
VW HNCO BEEO# IR & 2T 2 N TE 2. Bb=&HTo HNCO Dl
KR DIEVE L = % /L 31T 111 [kd/moll, #EEER 1% 3.2X 105 [I/s] TH-7-. &
145 5 72 OGRS I ZBEEMFE L 0 b/h &<, K TO HNCO DOAIK RIS,
EREZ LN TWELDO LD HEITLICS WHER TH -T2, Z ORI, BEENIZE T
[FFRFICE & TW KA CORS (Bl 20, &EEE £ o HNCO DAk 5y i
FOR72 L) Bl S niz=o &E 2 i, BUS U7 S EE EE O K/BEFRIZOWT
bEYRFERLE N D,

fitii-c > HNCO DMK RGNS, FISAERY T 5 NHs Ofilille - ~DWe g )3
HNCO DKoy EE I B A2 RIF 372D, NHs O W35 % % 8 "] fE 72
Langmuir-Hinshelwood A& =% W CTRUGEEE 2 R BL L 72, EBRIC XL W, HNCO,
H:0, NH; DGk ZFnZF 0.4, 1.0, 0.7 EHRE L, FIRE, K4 ABRESME
IZBIT DRUGEEN S, FOGEEEHE L OWE e E2Rkpi-. Znicky, &
FE, HARE (HNCO, Hz0, NHj) (ZxfL T, fillft T HNCO MKy R s
JEERBTDZENAEL 2o Tz,

AW TE LN, KB LU T HNCO DMK R e E 2 & ik 4y
it S EHUT 3.4 DFK 3-6 IRTIED THD.

ARFFRIE, KA E WV I bR 7R BT, HNCO MK R BeE B E 5
Z FEBRWNREE LR LIZFE CTH D AR, SOSEHE EEOEEED R
BEEMFZEORES Z B O LI EERMETH Y, FMiEEZHA L Tnd. £7-,
BUS U 72 AR R BOS EBUX, PERB BRI ER GO DY I 2 L— 3 YRR
HHTL2ZLbAEETHY, TEMMELALTNDILENZD.

filit Ec> HNCO MK RS EFHANZ DWW, R M7 SCR il ¢H 5
Cu-ZSM5 fitllit st & U, ZOUSHEEEHZ TG Lz, 2z kv, &7 SCR
filt ¢ > HNCO MK RS S HE BB L E 720, PER S ERIEE G O 728
DY 2b—a VERIONATLZENAREL o7, £72, FREROMBEBIZICEK
WL, FAEREICOWTh, AR F1EZZEIC HNCO MK 55 i s E FE 5K
EZEBRMICEETE2b0EEZILND.
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6.4 FIIS2S HNCO 725 O NHs AR T 3 52

AWFFE T, HNCO B2k )i & HNCO-SCR Ktz & HNCO DAN/K 43 i S i 0 Bl i
JREEFR L, EIGERE 2 VT, 26 ORIFIGS, Cu-ZSMS5 fillf Tt HNCO
DINIK 3 RSN M N E T 5 B % A L 7.

HNCO B2t &2y HNCO 705D NHs A M IET B2 H/ET 570,
Cu-ZSM5 il - F% & U 7= fitid pOGEEE 2 VT, R E 2 F9E L 5, HNCO
F 721X NH;s & H0, Og &2 & Teilkt A Z fil it~ G U 72 B8 > NHs R 2 bh#g L7z,
Z OFER, LR 170 CLLEDOSM:TIi%, HNCO #3325 & NHs fhia i & <
NH;EERBBea—H Lz, Z0Z b, 170 CLLETIE, HNCO Ik 45fiE
FOSIZ L0 28N NHs 2O L TWA H D EE Z2 5, HNCO ok )&, HNCO
DMK LR, BECTX DT EBNZ EBH LN E o7, 72d, 170 CLL
T OB TIX, HNCO fEAHRFC NHs IR MK T L7228, AU 2 ORIk T ofil
PIEMEDME <, HNCO OMAKSfRIZ LD NHs A ME R4 57-HTH Y, 170 ‘CLL
TORERTEH HNCO B{LENIZIFE A ERE RN E VR 5.

F£7-, HNCO E&fbfie EBREE & [FEE, HNCO-SCR )72y HNCO 75 o NHs AR
IZ I THELEPTHET D720, Cu-ZSM5 fliEA 5% & U 7= it SIS 2 VN C, il
IREAZZLEE T, HNCO %721 NHs & Ho0, Os, NO % & deilBl i 2 & fil i ~HE#E
L72F80D NHs JREALEL7-. ZofE R, AR 2 200 CLLEDOSIETIEX, HNCO
AR & NHs iG55 & © NHy IRE BB h—E L. 2o &b, 200 C
UL ETiE, HNCO 3K fEIC L0 282 NHs Il TnbdbotExbHh,
HNCO-SCR i, HNCO OHKF RIS, A TE 51 8B LS
mETRoTz. 728, 200 CLLF ORI, HNCO #H#aHF 2 NHs £k 2ME T35
2%, ZAUE HNCO OMAKZREISEE DK FIZL D HDTH Y, 200 ‘CLAT DA
#CTH HNCO-SCR JSiFiF L A ERE RN E VR D.

UL EXY, HNCO f&fbf)is & HNCO-SCR B, 170 ‘CLA FD HNCO DL &EN
NH; (2R L 72O 72iB IR C, 170 ‘CLLE 500 CET HNCO 4572 NHs 1257
iR HIREE T, Cu-ZSMS5 filli T HNCO DMK R sz kb NHs £ R L
T NFEAE B L RIFSRWIENHL Lo, LTz T, R L, To—E ooy
HEH T A LIS [E L AT DRRFHI WA T UITIE, ZNOOEIK)G% KM S5 E
T AN T NN ERH LN/ 2o T,
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6.5 HNCO DOINKGZIER G XD NHs Ao BFES Y

AWFZE TR LR, JEE SCR v AT AICEIT 5 NHs A& NOx 4t
ICRIETERSEEBLZRET 2720, BoNTALFHSEE TSR EZ, ROl
OV FERIGEY I 2L —3 a2 Y7 MIEM LT,

£7, KAHDO HNCO DONI/K 3R S8 EEIT, AL CHUS L 78 & BEEMFSE
DEZFWT, KT HNCO 7260 NHy Ak # g L=, ZofEE, &b 50
IR PR SOGIREE B4 % W =35/ B8 W T, 1RE N 100~500 °C, SV 238 10,000~
300,000 h'l D& TIE, ZAHTHD HNCO DMK & D NHs AR ITIE & A
EBLHIIRNWT ERRE T,

WAz, fii> HNCO DMK i SO E E 5, AWF9E CHUS L 7248 & BEfEMFIE
D Z FAWT, fillftco HNCO 750 NHs kA i L=, ZofEE, &6 50
IR R SOGIREE B4 2 W =35 A1 28T, 300 CULED &R TIE, SVICk
59, 1FIE 100% D NHs ARERE2RTZ ENRREINTZ. —FH T, AR cHELNT-
HNCO DMKy il S s B e 5w W T2 35A0 20, ABETE ME O ARV MR Ik s 2O
RS C O H AR RFE AR SV SRR IV TIE, NHs AEMREME T AL, Bz
I 120 °C, SV40,000 h'1 5504 Cix NHs BRI 50%RREE TR T L7z, 2L oD%
ZMETIL, REFENS O NHs AERKICBWT, HNCO OIKS RS2 EETH 2 &2
HETH Y, KFETH S HNCO ONKS RS E 2 AW D BERIVR ST,

%12, NOx i tAl & LT NHs #8648 L7284 &, HNCO %At L7254 @ NOx
LR 2 i3 % 2 & ¢, HNCO DMK RS DB B OH D NOx L3RI K IF

WL A L=, HNCO G EBROLGAITIE, NHs ff#aFEBR L By, [KiREkT
A9 % NHa #EE MKV (100 °C, SV 40,000 h't Tixk HNCO 150 ppm a8 fil
BECART D NHs 1Z 50 ppm DA TH D) 728, NHsREIZIIREREZRZH D H D
D, FEHFETDH NOx IBEOEITR KT 10 ppm FETH Y, NOx F{bMREIZIZ NH;
BEIFLEORERETIALNR -T2, 2, 100 CHTOKIRIZEIT 5 SCR fif
fi:> NH3-SCR FSTEMEDMEUN = 912, NHs a1k % NOx I LPERE DL )
BNZ ERFEREZEZHND.

PLEXY, KFETH HNCO ORI £ D NHs AERIXIZ E A RN &R
IRENTZ. FEA L, BOHEIEEOFRFHIBWTIE, S TO HNCO DNk iR &
FEE LR &, NHy EREO TR NOx BHERICIT L A L EER MITS W2
EMBHALMNE ENT. £, iz 5 HNCO OMKS RGN X 5 NHs ARk
DN TIE, 100 CRHEDOKIER TR T 5o Z emaniz. =770, AR I
—va VEHRE T, 2@ NHs A& OIK T2 NOx #Hbic LIE T8I/ NS ho 7.

BURTIE, SCR it NHs-SCR SSIEMEDMEW 28012, (KIRER T HNCO Ji/kK
IREOR DEEOFMEIZ L0 A U 5 NHs AR E O#EW DS NOx ¥ LIERRIC KT 35228
TSN ERphoTo. L L7 o, ARG O BT EE R E & LTt
ZEENTEY, TRk, AR CHE LN IEAER R IC L B D L& 2
H5iL5.
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6.6 SEROEY

&

AHFZ2 T, HNCO 43 E ok, HNCO OEEEHNFEOREE, B X ORN
DR PTFE Bl 12 L » TR S - itiB RO EE 2 /555 L, HNCO DOhik s fiE
SO EFH 21T o 72, ZHICE W&o, FEEICBIT 5, KB KO co
HNCO DK RS EE S, HNCO OIKS R SR E 2 BE Lz, &5
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