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Development of a Low NOx Burner with Honeycomb Catalyst
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Abstract

A catalytic burner was studied which can be used as a heater operated in medium temperature.

Noble metal catalysts (Pd/NiO)

were used, which were supported on alumina washcoated

honeycomb. The maximum heat-resisting temperature of the catalyst is about 900°C., Combus-
tion efficiency of the catalytic burner reached more than 99.5 9% at the excess air ratio above
1.25.NOx emissions were lower than 1.0 ppm at all operation conditions. The operation condi-
tion for a stable catalytic combustion was obtained. It was dependent on the catalyst thickness.
The 30 mm thick catalyst showed the widest stable catalytic combustion region. Stable catalytic
combustion region of 30 mm thick catalyst was the operation condition of excess air ratio 1.25

- 1.75 and heat flux 7 - 14 kcal/h.-cm?
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Fig. 1 Schematic diagram of experiment equipment
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Fig. 2 Effects of the excess air on the solid temper-
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flux 7.2 kcal/h - cm?

gko] Z7)5lA Ho] ZojgmozRE T2 A
2sl e duke] Frlsle] EFejEel TEETL Sl
A4rt ALEHE L5 stz woA7] wWifoletx
AzEch, g, FolE el Hun &5 HA
A Boelt FAESE FeiF T HelA
7 %07 olFdrh olAL FuFl Solvke

Edrlel ko] B4 FulE YT E BAAAE
g AAAAY W Eola

Zols doldel LEETE Adoz Fu3
JFede FAs Asde] HAn LEel =Y
Fo] EolE 27 Eold MM Asgs Ha
exo Y7 Bolae PF Fold vrhbe A

& o) ol ohg e ol EhF YT
Fol GAslE AoE puAL Fobd dold
o PLEAL FojE wolde darts $HE
Sool 98 4 Uglent o AsE cheEolA 7]
Zde

Fig. 3¢ dagel 3439 £xod SAE 49

ﬂQ‘._‘
24
olN
3L
>
3:}“;,
_%
e
;":
_L.
3
.EL



ANOx¥ U7 Feiuiviel Au 825

1200
1000
O 800
L
] L
=]
'@ 600
[
g- r —
Heat fi
12 400 (kc:ﬁ.:n)‘(?)
L ® 72
m o
200 + A 144
& 180
0 | 1 1 L i " |
10 20 30
Dstanoe of catalyst(mm)
Fig. 3 Effects of heat flux on the solid temperature

clistribution of the catalyst layer at excess air
ratio 1.25

&= Y72 HE of 5mmel AFNA e o
zepe) Wstol] BAgle]l Al 2L HAA e}
Ui ik, o] R edazke] 7.2 keal/h - cmPell A
18.0 kcal/h - c?74%] Z7lsled s EofEo o)

ol oAl EZTIS] Eofubgo] Ae) strs)
W Foleba hrhech,
Fig. 4= 3 z7o) w2 Zojz o7& 27

O

o £25 AT Aok FoF 7 TR
7} F7)w) 1.25004 2 F& A Foll e
F71wulzk Fobetel wheh M43 A o)A
2he) F7inlst Frskd £R71Fel FohsHAl sl of

e

[e3

el Zrlwlst sl EelZo
A9 Huexs Frlsla o HAe FWE
Zog o|lE3ly] wFolch FoivjuiE B4 s
712 olgstna & we EFulEe FF 22F 7}
4 A FAsE Aol FElsich olal HE
A w, FA3} dskoAe abgHA FelAL
Mo W4 shgE 2o} FIE 2A e Aol
o o1
5

1000
o Inlet surface temp.
800 -
i
Tq_; 600 |-
2 ‘
o i - B
aé. 400 © <" Outlet surface temp.
et Heat
= 1 (kcgs:n,cur::?)
® 72
200 - m e
72
i 108
0 L [ : | L I L
0.5 1.0 1.5. '240 25
Excess air ratio

Fig. 4 Effects of excess air on inlet and outlet sur-
face temperature of the catalyst

1200
1000 |+
O 800 -
LI
9 -
3
® 600
[]
a L
g 400 — [ ] excess air ratio 1.25, gas temp.
- * excess air ratio 1.25. solid temp.
i ] exoess air ratio 2.0, gas temp.
200 + excess air ratio 2.0, solid temp.
0 i " | . | L H
0 10 20 20
Distance of catalyst(mm)

Fig. 5 Solid and gas temperature distribution of the
catalyst layer at heat flux 10.8 kcal/h - cm?

g A oldted E3VI(Ota) e 2R A
A "ok webd Feledelss ke
ol 3w 2E7F 7had 25 Hoh o] Fof
Fig. 51 »}EM vho} ol FvjFe] QoA
s EErb shxe] EEMEG w3, o Aole
E)% g7l 7R 2 ol Fellw A3 Fof
et ol A £V FoiFY YelA

Jhl ofy &

S EefgelA aAlE A2 spde] Azps]Y)



826 A &4 Ak A AT
) o] e, 1200 —— ;

g, ZeiF FFolME Z1Ae 2ES} 2AE T !
S ek ol A b ole E7le wg 1000 - |
o] Zvjze| oJF HZola A9 sl FF ¥ F
ol de Fagel ST @ BAel Ast ge 5 80
2 sel@eh, ool Z1ed 9 elde o T
sobe EAel A A% AE olzd AAT 4§ el

(73
o ek Eolzeld FojEeiel Hx £xs 8 R
(7]

7hme] Ha 2E o Aol oF 30C ol Wielc}, = 400 | .

2ol Fuja Eale] 4N T A2 WH h o
A7 W, Eepie} SAzAe] webd Eejelx 200 |- n
o sjelo] wiAA ek Fig 6 Fohuie) 23}
Ao Eojels HEln Fojae SEETE 2 N

3 37 0 10 20 30
el . Distance o catalyst (mm)

gho] ~ 5 r ZEglx

s 0.7]H] 1.0~1.6014 ASAA A& 5243 Fig. 6 Temperature distribution of two patterns of
Holl Al Folinbgel sbddeh a2ed, F710] catalytic combustion when an igniter is used
1.6~2.004 AsA1R vl oS Wolld] T for starting catalytic combustion.
o] iule] ulexlyw Uzl ZojE Zoiof4 heat flux : 10.8 kcal/h - cm?,  catalyst thick-
Aol oal AL, ow) FujE Faol: ness : 30 mm
stode] HAH F7¥lE 2.00142F F7}4}7

= blow-outo] ulAlslgd

Wapalol o] 37wl webd Fujeisel shul
of Zelale AL Aol FolF Tuio] A
stdonife FojFore ddzke] a2y Wi
ofet, el FrIulzb 1.60]3k AFole FoiF
Ezu:]oﬂ H g §}od o g Hel ZojZo ol Hoggf

olejgt Az ¥E FAAE o F3hel Fujiy
 AHAAE Al FohFeld AT Foh
%ol dojbes AR Frmz mysicl B
% 4 ek

Fig. 72 o3 Wel4 DﬂE«I Txo e
EA4¢ Aztelet, gk ZelF YJTFEFEH 10
mmeo] el 4] Zof k3o «lEH 95%0°14 Arsta
et H FolF oA FHelEwie 25 &

ZF =45 10mme| oA HnE WE}LH
T FHog A4E AAE FaPr} AL Dﬂ%ﬂl
YT2HE 0-10mmeof ghE 5

o .
ko] Eni &

- 1000
- 800
e
9 -600 g
; conversion E
5 g
x4 o
Excess air 80 & 400 g
ratio c —
60 .Q
® 1.0 14
1.0 n oz 40 9 200
5 CHa A 15 2 § |
0.0 o Jo
0 10 15 20 25 30
Dlstance of catalyst (mm)

Fig. 7 Methane concentration and conversion, gas
temperature distribution within the catalyst
layer at heat flux 10.8 kcal/h - cm?

Fig. 8-& 17} obE wlell ZuhE: el
Aol daaels FA3 Ao, (a)v F9E
%7 15mm, (b) = Fvi&57 30mm, (c)& Z-oj

% 57 60mmol A 77 & Aol
B8 A%l gleld Fuld o Fol 4 Fuluh
SEER JFEHE 0~10

Zo) %
slEkel whgol A mHE AL



ZANOx¥ 3l Zofeju)y i 827

10.0 10.0
L
8.0 100 8.0 § 100
conversi;n
80 80
=60 - ~ 6.0 —_
§ § §5 é Excess air
§ 60 g :E 60 g ratio
O 40 ® © a0 z - 10
40 QE) 40 E - 1
18 8
2.0 20
" . icHe 20 20
0. 0 0 0.0 o .
10 20 30 0 10 20 0 40 50 60
Dlstanoe of catalyst (mm) Distance of catalyst (rmm Dlstance of mtatyst (mm)
(a) Catalyst thickness 15 mm (b) 30 mm (¢) 60 mm

Fig. 8 Methane concentration and conversion vs catalyst thickness at heat flux of 10.8 kcal/h - cm?

HeiF:a gloh o & Adel AEF Foi:  wiAle] ANOx wuz @80 sh5sdich

AAR HoUE AT wE Zoje] S0}

2 4 10 mm o] Ao] Fojof 3}= 7L o] o] &b}, 3.3
Zojus} daslzA Fulslol @ 28

wl
2
Y
v
Z
TF

= BA dsgeld FHo Fovgt F

Eg0] 100%] AsIok Bk, Sohelsl dLE oA 54 o) Fold TNl o de i
2 i3 3TolN dastad ZAske] A o) AAA ek Ho) oAb HAxaA Fobekal

o2x Zxe] bk, Fig 9% Zejuwuel o FuF oM dwkatast $3)sol Fejadiart A
L2EBEE I Aok Z£512] 23l AXA Heb, w3k o g88ko] M3}
el g7 LooJHE ALEFo] 85~90%0 Al BLE FelFold wAse el Y Aol

ot 2 Bt Fotetd A4E gL FA4% 5 Follast AEEA L3k 9, dse] He
7hste ol FrlW] 1250 dellAlE dadgol Al FoAEA Hu FeiZeld AR E¥VE
99.5% ol ol Hch, Fellujuie HAE sids dhdol AsixE Ashst WA

daE o] 99.5% oldeg fAslzE 3o F7

Wl 5 1.25 o)Abo 2 AAsfof st}
Fig. 102 Zojuj23e w35 NOxE 34

g 7 bolct, NOx9 wjiake =% 1 0ppm o] 3} 100 |-

ofch, & Agel A&3 NOxAZ7]e 4= s g

b +1ppmel H¢ 1% W Fefwde] NOx 3 or

F3e 7o gle ez Blnh ¥ A Ag 2 ol et

g Foiu{vola] ZEAez NOx7b wi&sz o & ® o

£ o3e A4, A5 Fel Aol dm £, § a0t m e

Azrbas] £E7b 1000C olstelo}s Thermal 2 .-

NOx7} wralsbal eb7] wl ol e}, E 20
dold 4w vhet ol Fujdat 3)uhel Lol ©

oj8jo] olislre) €55 Thermal NOx7}b wha) T o "

Al g $e £22 fAske el sbesieh Excess air ratio

whefa) v ol 40 o];—l;]ﬁ} EXL thoksl o £ 7)o Fig. 9 Effects of the excess air on the combustion
= QL :
N efficiency of the catalytic burner at various
. . N
Agsted NOx a2 tHez #AT + 9l heat fluxes and the catalyst thickness of 30

. & 479 %‘“Hﬂid—c 129 3d4L ¥y mm



828 44
10.0
80— Heat Flux(kcal/h.cn?)
- —@— 62
= 80l - 89
g_ ) —A— 134
a L
3
> 40—
20—
00 @ l L
1.0 20 30

Excess air ratio /et
Fig. 10 NOx Emissions

Folu g ANs] Helde Feidast A
A ghn dAHU Fuldast o FolAE $HEA
% E#stedol ek, Fig 11£ o3 7x $Hz
Aol Fulels Joie 23T Aol (e
ZeoiZel S77 15mm, (b 30mm, O+ 60
mmell w3t} 747t 24 A 7ol o),

WA FulE W) FhEed (2A)e Hn LEE
243 Fig llo] S&4°2 EA3Uc) ol A
© AYel gt ol WILEE Do el
Mol 7h5d doie ek dol Ws

F

P

shujie] A4+ E LS 99.5% of Aol
ol oleh aieba] obgd Eefols e Hm £
£7F 900C olMol=, FAlol dA4FEo] 99.5%
o) o] H& oojo] Heh,

Fig. 11e] 4 &2 el o] oA
el rt 7b5d ol s 4
ZuEol Hu L% 900C o|ulolx, o
99.5% o] Arolu] <dz} blow-oute] H
=t FuiE A Sdlde 9oz
AlE ¥y dAzoz Agsok At

Fig 11(a), (b) ()—:Z:~ ME vlndg =, i3
ufj o &= oio:!o] uly = 7

—?; & 7325} 30
mme] 7ol Eefold o] o WA vielydo,
60 mme] 7ol Fejdd doge] 23] FolE

Ut ol AL FuFHFA 60 mmol e Fof &

o Hz LE7b Frbetsl wEolch,

g 4)

* 70"‘6‘%

2

(kcaifh.cm2)
g £

2

Heat Flux

8
T

Excess Air Raio

(a) Catalyst thickness 15 mm

%0,

g 8

8

Heat Flux(kcal/h.cm2)

=]
T

8

Excess Air Ratio

(b) 30 mm

g

2"

g

Heat Flux(kcalth.cm2

g
T

Excess Air Ratio
(c) 60 mm

Fig. 11 Variation of catalytic combustion region with
various catalytic thickness

Folus bl Fojd4 o] 7153 4

ojof gtet, Eolda godo] Heojof 4k W

2k (turn down ratio) g WA 2AY £ 9.,171] o,
Fol 3

Fig. 114 viehd Ao o3&,



ANOxd 37 Zojuj]e sur 829

30mme) 4% slA H3s Aoz weiElc &
ofEe FAE 0mmE AAEY w), FAZHl Zn)
A&7} o] FoR = A 2L ZU)v] 1.25-1.75,

od 42k 7-14kcal/h + cm?o) o},

4. HE
ZolulE AEetr] Sleted dekE sz @
Zojods EAel tiate] At Fele shY
7 (400cells/in®) o] Pd/NiOE =A§ AL 243}
ot FolF el =&, d4£E5A o Foidd
& G Yol dHste] AYdA o5 22 A3E o

(1) Fo)ZoljAle] 2xv QT F2olAM FA39
F7hste] el =®g F, T FolA 443
% +xo A 37t FotesE
F Zog ofdreh Hu e A F7l¢let
& FrtgFE F7hec
(2) 51‘- H‘Hﬁvl Hapao #}e) F71H] 1.0-1.6¢
% WollA Fefcisrt WA, #He) F
714} 16 2 0ol X FulF E7 313_0*]*1 shegad
47b Ak, Fhe) 7)) 2.0 o] 4elix= blow

(3) F4% »HoﬂxH Az e FolFe T
o Frlelgke FASA EFeiF YFEFE 0-10
mm3z| el 4 95% o} d47t o] FoiAl e,

o o] %

(4) Foieiie] damg-e 3ol Z7lvl 1.0004
85-90%°]l . Fo) F\u| 1.250]AkellA] 99.5% ol
Abo] 5ol gk ) shgdiel,

(5) ZFvieirle] NOx =f &3
o4 1.0ppme]dtE NOxe| wj&ake] A

(6) ALFTEL 99.5% olAtola EFviE Hu&
900°C ollelm FAjel]l d3h} blow-outol
Al Zujelis 3L &3t kA

il
REN > w
zeolods dode Fol3 Folo] wet Pebx

vl

(18

A

pis

L

LEO ©
}e BE

o3

o o

T

.

2
P

W, FujFe] 30mmel ¢
4 ek

6) & FolE olgstod Foiwjuis AAY o,
el Fefd4rt sbed A Frl¢E
1.25-1.75, 4% 7-1¢kcal/h - cm?, 223 Fo)
FAE 30 mm= vebxkel,

g e Eo

ANEH

(1) EFMC, 1979, “MERESEMOZIK, ™ ®E
ek, #584 56269, pp. 422~431.

(2) M-&4 9, 1994, “FofdLE 0|43 NOx
3 rlxEedle]l sl F, " Energy R&D, Vol
16, No. 4, pp. 77~90.

(3) S.K. Agarwal et al, 1992, "Fundamental Study
of NOx Control in Catalytic Combustion,” NTIS
Report PB94-112323,

(4) FHELE - 1991, “BilBEIC BT 2 NOXK
o B meE T B, $33%, #£5¥, pp.
328~334.

(5) Ravi Prasad et al, 1984, “Catalytic Combus-
tion,” Catal. Rev. -Sci. Eng., 26(1), pp. 1~58.
6) A 9, 1992, “Fd 4 7l&d”

Energy R&D, Vol. 14, No. 3, pp. 160~182,

(7) Marc D. Rumminger ef al, 1996, “Numerical
Analysis of a Catalytic Radiant Burner : Effect
of Catalyst on Flame Stabilization,” Abstracts of
3rd Int. Workshop on Catalytic Combustion,
Amsterdam.

(8) AFRMC M “ERIMEEGH BERE -
-DBIEE L RN, T¥m#e, Vol 24, No. 4,
pp. 23~31.

(9) olAE 9], 1995 “7tH(Az)FAHA A F
ofujuye] el vixjAek a3t A103] o] -k
7|g924F=EA, pp. 203~218,



