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SUMMARY

The diesel vehicle i1s relatively superior to gasoline vehicle on the fuel

consumption, durability and combustion efficiency. However, exhaust
emissions from diesel vehicles are known to be harmful to human health and
environment.

An experimental study of the diesel fuel reformation by a plasmatron and
diesel engine exhaust cleaning by means of plasma chemical pretreatment of
fuel is described. Plasma chemical reformation of fuel was carried by a DC
arc plasmatron that was fabricated to increase an ability of the gas
activation. Some portion of the fuel was activated in an arc discharge and
turned into the hydrogen-rich synthesis gas. The yield of reformation for the
diesel fuel showed 80 % ~ 100 % when the small quantities of fuel (flow
rate up to about 6 cc/min) were reformed. The regulation for an emission
from the diesel vehicle is getting more stringent, the research in the field of
the in—cylinder processing technologies (pretreatment) becomes more important
issue as well as the catalyst after-treatment. The used high durability
plasmatron has the characteristics of low contamination level, low anode
erosion rate, low plasma temperature, and effective activation of the process
gas. The developed fuel reformation system with the plasmatron was
connected to the air feeding inlet sleeve of the diesel engine Kookje
3T90LT-AC (Korea) in order to study the reduction of NOx content in the
engine’'s emission.

Tubular reformation chamber was connected to the engine through the heat
exchanger DOVER B10Hx20/1P-SC-S. Its cooling jacket was connected in
series with the cooling system of the plasmatron. At the exit of this device

gas temperature did not exceed ~40 °C at plasmatron power up to 1.5 kW
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which seemed quite acceptable. Gas composition was studied here using
RBR-Ecom KD gas analyzer. The design of the DC arc plasmatron applied
for the plasma chemical fuel reformation was improved boosting the degree of
fuel-air mixture activation that provided the completeness of the partial fuel
oxidation reaction up to 100%. Nitrogen was found to be the most effective
gas for the synthesis gas production by a plasmatron. The preliminary
experiments of introducing the reformation products into a diesel engine
resulted in ~25% NOx cut in the exhaust gas flow. A simulation experiment
with the pure hydrogen addition to the inlet of a diesel engine showed that
both components of the synthesis gas H. and CO fed into the engine play
significant role in cutting NOx content in the engine’s emission.

The selective catalytic reduction (SCR) with propylene and decane as
reductants in the presence of excess air over (Fe, Co-Pt)/ZSM-5 catalyst
was conducted to remove NOx from Diesel exhaust gases. The SO: effect
and deactivation test over above catalyst were also executed.

ZSM-5 supported Co, Pt, Fe mixed oxide catalyst showed about 80% of
conversion in the presence of NO. However, the activity was decreased when
the catalyst was washcoated onto the ceramic monolith. We found that the
deNOx activity over the catalyst was strongly depended on the amount of
reductant. Therefore, the amount reductant and how to feed the reductant into
the system should be considered as important factors to remove NOX.

In order to develop the high removal NOx activity at low temperature and
maintain the stable activity at the real exhaust gases condition, metallosilicate
and Pt/ZSM-5 catalysts have been used. In case of metallosilicate catalyst,
the deNOx activity was low at the oxidation atmospheric condition. When the
Pt was ion-exchanged with ZSM-5, the H-form of ZSM-5 catalyst showed
high deNOx activity. The effect of reductant type on deNOx activity
exhibited that the olefin system provided more higher activity than octane

system.
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The methane conversion observed in the presence of NO and excess O over
alumina supported Pt catalyst. In order to improve the activity and durability,
the Co metal ion was added. The result showed that the Co-Pt catalyst gave

high activity, and the light off and complete oxidation occurred.
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y U Emission standard (g/kwh)
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1998 ~2003 5.4 0.14 54 0.07
1994 6.8 0.96 6.8 0.96 Japan
Japan
1997 ~2000 6.8 0.25 6.8 0.25 13
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AT+ B—>A T+ B*>A T+ B+ Excitation (2-24)
At +e+B—>A+B Recombination (2-25)
AT+BC>AtT+B+C Dissociation (2-26)
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A+ BC—>C+ AB Chemical Reaction (2-27)

VOLTAGE, V
1
DARK DISCHARGE | GLOW DISCHARGE | ARC DISCHARGE
i '
i TOWNSEND REGIME I :
1
! CORONA g !
i
- }
Vg : h
i i
1 i
i
: GLOW-TO-ARC
i,

“"TRANS:T!ON
|

J SATURATION
REGIME

BACKGROUND IONIZATION
! 1 { ) i i i Lo i . i 1

10710 1078 10~ 1074 1072 i 100 10,000
CURRENT I, AMPS

[Z9 2-5] At DC ¥AA AF-A¢ SA[21]

AN

C FRtel A A= AAZREH T8 oY=
£ dol TAEAY dFE o=setd AR/ A¢e St wet AT
w2438 7tttk §3] 71t DEoA = A= mHoA e Held Holu |
N A7)el HEAQd FFoR Qg ZEY Wil doju=d FHA<
7179 A7l #9171 587129 <A 59 (Breakdown) dEE E4 33T

ey
—
o
=
=
wn
[}
=
o,
of
12
r'O
=
1G,
_] {

2

Aol A& Frhstel Eflel ol28 M<to]l V7t HW H7IW AaAnyst o
ottt 7 AEE Dark Discharge < 9 o]z}

AAy] 29a JA4 fee s wo B
EdelA Hd714 Adgyrt dojuyd wHde =25 Bd d9er dojdrh
o] GAelM = AFgtol T8l 71X T4 9171 7h=9] Excitationo] #43]
dojupa BHASS w2 & 5 JA Hrh EXelA FAZEA Ed&5% Q0 A
o7} dojuba A4 S 2F(Normal Glow) F-3to] Z=Estd o] FitA = HF
grol AA Wststol e A4 A dAstt. A77F FAlolA GREZBA S 7Htl
w5 FHolA Fohz=nt Hf FEo] A3 Fkete mE s GHelAM &



3l o] gHo M= AR o] JlA xvF BF a2t #3 JKE 1
(Thermal Arc) geolz} 8t o] o= Eet=rrt d% FFdeA o]

A}, o)L, 7o &b Ao )

<

4. Sct=0F 2 0|2

(1) Townsend "7 o]&

[2¥ 2-Bl= CHOZRY HF7F 943 S7kstel dAua4 Eo o|=A ¥
= AE HAFEd, ook e w43 dAFel F7l= dAAH (Electron
Avalanche)[22,23]¢] @Al o]gt Flolt} A7l gt A7 Fe g3t F73
7HEEE FAVIAEASE FEste] dEAl7] L =
Aty F=ote] delA7IE= HAgo]l A A54 <l Chain ¥F8ol olste] dojit
[2% 2-7]3 o] AAAbel7h BAagto = AFe [29 2-6]19 73 CES 2

o] Aoz 343 F7slH o] F-3HS Townsend & ol2t hr,
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X

A+e +E —> A+ 2e

e

X

A+e +E —>A"+ 2e

A+e +E, —>A+2e

AN

(28 2-6] AAAFE] (Electron Avalanche)

ARz

=EEE

ul o
= )=

28

e

7] A €]

o
ol

T

Townsend

o] #o] ~E g ¥ (Streamer)

]

I Townsend

)
R

o] ¥

nr

ojn

A

o] th22,23]. ©] o] & W=

& [2" 2-7]9 (a)ok 2ol AAALEf] S oA

CR

gl

-
R

elof] ofsf Ay

A

I A RRAbE ]

9|

w9 7

o7/ Atk 27F AAALY

=
=

7t AR

AR Aol e

=
T

A7k G5svl olel )

o

W

7}

=
-

ee 3

el

B

i
o

g
o
ﬂ
ey
o

oF

|
—~

1A A ARALE =

9]

(st 2ol A%

=
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A ZAH A GIE

Anode
Cathode
(c)

Anode
Cathode
(b)

(a)

Cathode

Electron Avalanche T
Townsend

1

T

Az

ol FE-He ddAnast dojub 10° A A= v AAFI}

il

o
o)
X7
I

A =

S

e
=

= Dark Discharge©l

1

24 Agdg. Z22uE AF7 3o

=y
=y

1|

ol

J

&
)

o],

P J
AF kol obF we «

14

1

=]

o} mi}

o o}

=5

s}

)

sl
o

ﬁo

, A=t

e

(2-49)

3} o] Fojzit},

[e)

j=4

o

R
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Z 4 (Breakdown Voltage)
3000d+1. 35V

Fol ol st
VB=

O]

A=l o



E = —BI; = 3000 + —L~35d EV/m (2-50)

A mE ke AL BRI FRA AAL AV A 250 el Fof
A Az AAe AZlnd FEE Lot w g,

(2) =29 ¥

2% WHA(Glow Discharge)® WAL Zgt=nl7l 4S8 Y= A4 23 A
oty o] ¥l& U= AL AAY duAe HEVF =& A TEA 7HAEA
= A7 wEeltH2l] [2¥ 2-8]= A DC AY =% "W (Normal

Glow Discharge)?| 7HAl9 99 I8 S HoFT,

CATHOD

HITTORF}DARK SPACE

CROOKES

ASTON DARK SPACE FI?RADAY DARK SPACE e oARE SPACE
i
CATHODE : ANODE
NEGATIVE GLOW
CATHODE GLOW ANODE GLOW

POSITIVE COLUMN

(2™ 2-8] A< DC A4 2% %A (Normal Gloe Discharge)A 7FA 3 9[21]

FE2F YA g8 oste] A S5l FAE HAAUE vtEE & =
A 7142} S53F0] Excitation %=+ Ionizationo] Lojiu} o]0 AAF L o]

Foleol Arke &ol wEstel T3} Folee FEol dstel WAt WE

olg} F-&t}. o] Positive Column¥t F=3}o] Alolol&= S3sl stxddo] Fo] &)
3t o] ZFo Aol AJAIE U735 Anode Fall)zl et
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Ao} AR7} Z

E=
in

ojn
)
o
T
or
e

jang

o
My

~

0

o) AN Aol Aoj}

B
B

[

1
T

ofubAl Hvt [19 2-9]

o)
=

ol

] BojEth

5|

w

[2%] 2-9]°) A

A (Normal Glow

ks

o
=295

dr

A57E 27

-
T

Discharge) 9% FGoll 4]

e

=
=

)

o wet

Bzril A3

13
=

A5 571

ol u] 3k},
o G

)

Hol A

-
it

3L
=

-
A

el A

Jr

2=
[}

o

W
H
i)
;0#

nE
e
)
o
B

—

A
o

ol

BH

4 (Abnormal Glow Discharge) < &o]jm, o] & q

7S
il

ks

Eatt

GH 771& o] %

NES

il

T
|

3

X

in

ojn

HA ol A

]

gt

ol A]

=

Aol w5

DC 225

=)

H

(3) o=

7FA1 71 o= W (Are Discharge)

=
[}

Foll A AFgke] 1-10 A == Hlxl

A 9Fs

oz el

i

HH

Aol dojupAr 2

H

g, oo

&t7]= A

i 37 ©]

obz el §FAAIL YA, oba

bt
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sl 2H 10 V olete] &=57at7F dojdth
[Z" 2-6]°M = = Sxo
1)), A ob=2(JK)9 3 9oz Yoty 2 29-ota HolddgL gFo=
FHe| Azl olste] ofr|H =], o] AARES FEF WA AFLETF
=W HA) =0 A HEdezA dojdn 189 A= Power Supply
Aok smol dujdie] osto] AAE =, [J72 of2 F9olE ARE
A2 okl oot o] dolMe] HAFFHE 1-50 A Aol HAFrt S7hes
= ke FAaFy. dFghe] 2050 AREAA oA WHe uWE a2 oA

2 Aelst], o FAN AT/ F4F 9 AGE O FEAY A9 UAA

9
[
ok
2
rlo
fuld
fr
o
o
iV
N
o
2

2
’.5
2
fo
_|Cl
iV

<E 2-3> A< DC FE2§ WA mtgprg EAZH[21]

Otetoie g2 gt BEFO g =2 gt
Neutral gas pressure (Torr) +6=3 0.5 760
Electrode voltage (V) 100 1000 50000
Electrode current (A) 107 0.5 20
Number density (electrons/m?®) 10" 5x10" 6x10'®
Electron kinetic parameter (eV) 1 2 5
Power leve (W) 107 200 250000
Plasma volume (liter) 107° 0.1 100
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VOLTAGE V CURRENT DENSITY, |
] J
NORMAL X
GLOW - NORMAL _LABNORMN]
' GLOW GLOW
| ABNORMAL - -
I GLOW | i
113 I . |
\ 1 } | H
1 t |
‘ ! H I
1 |
: Tol,_F
| F'
| , / G
0 /
F' F G ]
éE
i | | | P 1 1 | 1 | o
1070 03 10! I 107® 10-3 o't

CURRENT I, AMPS

CURRENT I, AMPS

o

[29 2-9] A% DC 225 BAA A7 gdrzre A4y AL =[21]

<E 24> AY ARE AL o= WA} udk 12 ofawde zetuy
S 3x21]
Itetol e XMe ot3 2 02
Equilibrium state Kinetic LocalHThc.armaI
Equilibrium
Electron density (electrons/m3) 10%-107' 10%-10%°
Gas pressure (Pa), p 0.1-10° 10%-107
Electron temperaure (eV), Te 0.2-2.0 0.1-1.0
Gas temperaure (eV), Tg 0.025-0.5 Tg=Te
Arc current (A), | 1-50 50-10*
E/p (V/m=Torr) =5 )
IE (kW/cm) <1.0 > 1.0
Typical cathode emission Termal emission, Field emission,
Mg o3 ek o2
Luminous intensity S =54
Transparency £ =54
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eI
gA)e] A7 A ol9ol
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A A @O To/Tgs~10" AL
7} e gHol ok ey

<

B
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A7E Sl
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o
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)
il

]
b

0

d

%
o

ol &
2ol 90°

[2” 3-1]o Rol& wis}

[e)

o

4

et

AT A= o]
gt2utER
F ootz Sg=utERY Jje

3T

o}z EejzuiEEel 7]

1)

(2) AF otz

e

hin
=

X

n

—

O

olo
o

—

XV

e
fite)

=
[

ol gl AAGgol )

(anode
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2~ =
TT2

IS

o o L
=7

o
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(erosion rate)

ol

|

#2 20 NAE BT

Y 54

3
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= —1-

Holl B3 7] A (Ar)
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Ey=utERY] AdoRE $4 90V, 350A &9 Inveter DC TIG &3 7]
= AREEY o] AdeFA = oA JHAE A7 Ay sy AT 2o
itk o] Ao AFadS (29 3-4]d d9aES (27 350 Bdnh At

B AFols AR

<
o
<
kI

9AR 1 =77k Fob] AACE AS b

o

stk 20kHzel et wol =2t PAMNE 1A Ao FFolrh

Ry2
= — [}

Power Supply current
on the model resistor 0.7 Ohm

0 | Ll | ! | ! | |

000 002 004 006 008 010 02

Time, ms

[2¥ 3-4] DC power supply®] HFEA
20 -l [ | P k

Arc Voltage, V
>

1 Arccurrent-40 A
_|_Anode hole 2.5 mm
Air - 20 nl/min
1 Ar-2 nl/‘min

0 — . . . .
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Time, ms

[29 3-5] DC power supplyd] A543

24



(D) "A2fF 3 F5FEA

B oAJoa AFRE Diesel A8 SAF AFolon 1 AES CHN-1000
Elemental Analyzer(LECO Co., U.S.A)% SC-432DR Sulfur Analyzer(LECO
Co., US.A), ¥d =S Parr 1261 Calorimeter(Parr Co., U.S.A.)E AF&3te] 4
stttk <3 3-1>A & F %ol AR ¥ Dieseld 4 FEFS 13.3% Ao

It 0 2 Diesele] L%+ 300~450°CE Hi1E o] 9]

<E 31> AHgE O 4R

e

RE1ez] F/o]: E_/H 7534_

A (wt. %) gtk
C H N S (Kcal/kg)
85.25 13.30 0.11 0.03 10,900

o
2

dAS T 402 F-u9] 7pstel Ao AFEo] i FFAE Fsteo] MA w
719 =&2 olFHo YA/Fr] TFEo] HAS AHo HFHE FFHIUTH
==L Spraying System Co.o] 2-A v A4 3}(atomizing) &S A=

FEe hguae) 4y 3 oAl Hgat A AHste] AgsE A Y

of ola) AR EF AHe] 2% G, AA Gl weh Gk Aok
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ul A A A 3lo] AFREE 71A Y 4HE regulatorE AFEElY] AT 25-A)

wZoE o] ¥yhol= A FFo JElE 2435 pneumatic =Y A7 2

i

o] 1 F25 913 cylinder 71A & FFdlof st} AAE x4As= ZEE I

]

d

AC)

o
]

|

g

|=]
Z1ell= 28 71A19] hEe B o Al w3 AP
<
T

fasd
X
2
5
[0
o
32
=l
b
N
19
i

[Z2f 3-6]oll Heol= o] Alagle ugtd T3dAt =&, E33H aga
MAAHE FAHJAL F AW Apolo] Fep=ntEES M Xkt o] Alz=Elo
A Adw/E7 ERVIAE Ed=ntEEd AEAAA Y HGHRA o F
SH == grEo A

gy FEgzEel A wkee] mE FEErEE YR St g8 w

o
5 AASAT. A9 o wWE FFY FWHEs =Y fste] S
AC-S15A (chamber volume V=500 cc, working pressure P< 10 atm)7} =
of WE AAHAY. old AlAHlM FHo vEstE Ao mI2HEH £E
He AS #0T 7 oM EFHHE Alefst =5 Ev=vtERC A4
shdvh. [ 3-7]oll 7iFe Al=gle] i Holal [I19 3-8]dl= Edt=vtE
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(2% 3-6] A% AE S=nER AR A2

relef valve |» —. waler i
e walor ouf

damping @ |
chamber o =
I o2l o | & | et
5/&0/7? i purg mecior| & —=
fuel z
F :
/'\ fo andlysis
| 8 e
2
Ve
fudl / ardon
K oower spuce. =—
T COmpressed ar

—=

[0 3-7] AAHE Bxh 22 AgE A=A Azsde] Ae



dB/NEe HHL Wd7|He dEE ASHO daBEAdS AATFoEA
TAHEA WEs AR F AL, w77 AAREE 4T
A NAHACO)SE A Jduh d8rt 2389 £g714 9 gehurse gS3

2ol ojyitt,

CioHgs + 18502 + 68.8Ny — 12C0O + 13H.O + 68.8N2 + ~1000 kJ (3-2)
CioHos + 602 + 22.3Ne — 13Hz + 12CO + 22.3Nz + ~1000 k]J (3-3)

714 (3-2)¢] BHEO erAAE o] ST, (3-3)9 MFEo ok arste] &
gt FAE X NAAE BASE S (3-3)9 whgo] st o))
A 25%e . H]Zo] 0.8 g/me ol Fust 212
ccl HAAR 18] FAE 170 goll slgdeh. dr1sel 21.0 vol.%7F EA st
Ans 1EEE (3-3)0kSo] Fad T e 283 molelth o] 634 ne

of sigstiL, vhgoll AHde 719 #%, Qarst dEFE, Qrel W= vt 2

L FH
ki
P>
10
Q
o
Ll
ne
o
Bl
39,
v}

Qar [n2/min.] = 3Qr [cc/min.] (3-4)
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N 7h=e] BEALe Ut ZEvelEag X (HP 5890A), RBR-Ecom KD gas
analyzer, GASTEC Detector tube(Carbon Monoxide CO, 1- 50% range) % °ll
SERET A

Ao Bebzvk ARADIA H5e thed e oY A Ao ool

UERA AT

H, 5% (%)

b g . MAZEOl ToE g
P TE T TR 234 5

Edzrtes 12 dUAY HAAE AASHH o AAe o2 A FRY F
&, & Ionization, Dissociation, Excitation, Attachment ol ¢]slo] HF-8-Ao] &
o Zd 3} o] 22 AN Y. A2 M= SuE AL A Fur HSEHET) =
o ZHujutgoA = FHujo] FHAAMT ¥hgo] doUA R Fetzule ol

AA Bt BE AAl A wgo]l dojyr] wiiol wg-7]17F Compactd A o]

L
4z
)
X
oo
i
2
3o,
-
[\
=

Q) Set=rtEES] A3 48 49

DAL~ Aot & w7 7bAs F A LAEE BE Ws)
Zetzrte R s At HE7~2 Dover BIOHx20/1P-SC-S Hm$7]

£ 3t 40 °C olstz WA F

H

ASF7NAANA AL 478 499 A
Cummins <17 (2= 3TOLT)e] &7 FH7ol AZAske] <Axlel H7hstdth
azxlo =z HE o ul7]|7F~+ RBR-Ecom KD

th R e w7 e 1.82 24 1,000rpmS 74 -$

o}
o ddE e F 20-30% A AAA VLR § AaAtEEe] wiEdge

Q
Q
wn
=
=R
<
N
(@]
=
i
>~
>,
ofo
of
ol
2
M
X,
ol
ol
32
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[Z2¥ 3-9] AX2 tAddxd 3TIOLT-AC

exhaust exhaust :
, F &y i3 3 18 - Toair
Diesel Resonator
: o § 7 RN Ny exhauster
Engine
Plasmatron .
LI N
—{ Pump

—
Gas | ‘ ._exhauster

\\

Dust N
Analyzer —"“ ] ( Wa" Py
’l’ To air

RS

Anal .
b | PTFE Filter

[ 3-10] Set=vER] o3 dAG =2 Az 2ddZAKe
2) EC=vtER A& 93wy T AR =Ho A%

FelrlEES A7 Tl 483 W, 94 P A4 2AsaT 3
==
h

Aol e [27 3-9]d Bt dzxle 72 nf
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injection A (W7 2367 co)= AFEstth 9 EZe A= Sibata
LD-6 dust analyzer®}t 5 ym ZEE A}-83 RBR-Ecom
A AL dF 7HE AHOlA FEERuERS] S

w) o] ojsbe] 43t

)
Q

>t

3.

At

o A

(1) v

Zu|qA S flste] AEH HolF42 Fe, Co, Ptlo @A+ ZSM-5 2%
(SiOy/AlO3 =H1]: 23, 50)3 y—alumina$ltt. % v= Dry Impreg nation(712] 3]

H) ez AN FHE Ful= XRD, SEMS E3te 54& 243
L
=

S2ulg RgHe) ZSM-59 sl BAsE TAWEe o

1) DI (Dry Impregnation)® "ol &3le] &% ZSM-5| ©HA = 374

Iron(Ill) Chloride[FeCls] A F+A=Z a#&54%F 7
e ZSM-5 29l #d3le F 110°CE 24 52
Z 2A7F B T2 F 400°CE 3AIZF FAIAIA 24 s AT

Co-Pt/ZSM5 Zwj+= Pt salt [HoPtCls - 6H20l¢F Cobalt(IDNitrate [Co(NO3)z -
6H20] ZSM-5 #A| 3%(Co : Pt = 27% : 03%, Co : Pt = 24% : 06%, Co : Pt = 21% :
09%)&qs WHEaL ZSM-5 Fulloll 33 F 110°CE 2417 &< 238k 124]

Eites

o

b A 3 400°CE 2A17F BoF 52 & 400°CRE 3A1F F-AA1A &
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[Z2¥ 3-11] Dry Impregnation®l] &]3F F2ZwjA]x =l

2) DI(Dry Impregnation)®] ¢]3}¢] Honeycomboll © A3+ & A

Dry Impregnation#] =¥ o 2 7= Fe/ZSM-5, Co/Pt/ZSM-5 ZwlE 7|4}
21, Si02, DI Water &<} & whEo] £33k 5 Stirrerol Al shF &< W yHA]
ZAt}h. wHb & Cordierite Honeycombell & 3t} Drying ovenol A 110°C, 2
AZE & 110°C, 2A1ZF A 400°C, 2417 &= 400°C 3A1F A A FH

ol =

Honeycomb

[2¥ 3-12] Honeycomb =w| A% =9
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[29 3-13] &=vjur$-7]8 =v] 9% Honeycomb

(2) Ew) g3

SjAl R ke AE S FmeluATled ol @A [2™ 3-15]
O~

R AT ASH AL Telav/Fugase B Axde wdzt of
Azgol s BAZEAE AEaeltl B84 28 QAN NON,, Oy/N; 7h2
2 wa) Waod FFol W 700 em’ Hue] EFEAE FUe AR

7HEE EAZEAE FEo AR Fgpzut g7l E AXAY, o] A2 He=ut
715 AAA g Su) vkgr]E AR o]Fsidt. Aot NO9 w&=
1000 ppmolil AHAFTEE 2 E 8.0% = =43 A T
71 dgo] #d HAo®E WA 23 mme Pyrex 3
I o] e Wi FAld AT 74 17 mme Pyrex FEl@oE FAHSI
74 23 mm & Fe 8 Meshet 9174 17 mm @ HF
o] 78] Mesh®Z A=& FAAT BaA AL Fohzvt wrg7loA AL &
gtzuts HAA 7] ol o] ¥bE (3-D)F doA EF7IEF NOZF NO= 4ts)

i+ sAld ©3leas g o] 2 Light Hydrocarbon, Oxygenated Hydro

2
fo
?

H
N

_|Ij_‘
s

oo

NO + &3}44 + O, — NO; + Light Hydrocarbon,
Oxygenated Hydrocarbon, ¥+-34 &}t]zt (3-5)
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AL Zgzu vkg7] Sde] Zuiuk3r]= WA 23 mmel Pyrex f#l@o
2 AR 1.0 g9 EWE 50 g9 -40 mesh Silica Sand®} 4] o] &3
%5 Glass Fiber 2 A A &}4]t}.

A FEehzep w79 FHulwkgrE A7 7FEAA Ul Rl X Eke] 0~
600°C Atololl A W32 s £dE F J=EF dRon EAZFZ=S F22 1.0
N ¢ /o] 3t

A Fepznk g7 o HujRkg7] EFol A EAZEAS] AR NDIR W
2ol #4715 AFE3te] NO, NO;, N:O, CO, O; 555 A3ttt

W77k et SR A we Aol wzlsknd ZFsel Y& NO

el wEs) N2 BA9h w7 7kne) 250 gent i £2 u, 4L ¥
Bzvt wgold M NOB NOE ZoH 0 43477 AsjHE ABdot =
283 2 BEFa B AAAL Bed Aow wuHa geus], Wt
Fat AL Bepxvh WA ofd gL .

%
o] fr3f RS YA E Pk ol d 3
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N e——Fe/ZSM-5
— < Co/P/ZSM-5

Reactor

[29] 3-14] A=

[2¥ 3-15] A=

i 1
NOIHe X >
I : [ -
HC/He +—— | M|et
— M=
y— 5

OfHe  p—— L
S02/He = M =

o I'I
A - | {|OH
He - [ Fg
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