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Development of Environmentally Friendly High-efficiency Radiant Tube
Burner for Annealing Furnace
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Abstract:

It is widely known that the adoption of regenerative burners to reduce CO, emissions in industrial furnaces using
gas fuel, but it is difficult to introduce expensive regenerative burners in many burners in annealing furnaces of cold-
rolling line in a steel works. Therefore, JFE Steel developed a top-class ultra-low NOx radiant tube (RT) burner in
Japan and improved the waste heat recovery efficiency by utilizing it in the annealing furnace, and achieved a further
CO, reduction (energy saving) operation. In this paper, we will introduce the ultra-low NOx technology of the newly

developed radiant tube burner.
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Fig.1 Outline of continuous annealing line
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Fig. 2 Schema of conventional and new developed RT burner

FoEy LT, UFD2E»EIToNn5, 1 DHIDHEE
AEy VEORBEGROERYE ¢ 77 5 R MY PRI
& (NOx JREE) HHloNESE, 2 2 HIE, MTEHRNICmE
HENTVLBIREHRAT ZOTEHRATH 3 CO, DY TH
%5

— RN IFERR R B =% (CO, HIED 121, HEH 2
BrBOMIL, ZATPEUCHET 3 SR s, %
O, B3IRT &1, FXOTRREY EiyCwly,
BBERS CAL 2 KA TRED LR L, #Re L TH—<v
NOx LIS 2 2 ¢ h b, P72 NOy #iilln3d 5 Tz
[ATPBRE IR H > 70 2 2T, BB 2857 L
BILET R (CO,HIR) ZHHT b7z, K NOx R
PR e PR L, SOR2ETRDDICEBATRAREY
LRSI ETHLBURO NOy 2R T3 2 8—F 2 27 4
(K 2b) OERFULDHETH 72,

3. Y7V MFa—TN—FIHlFBIE NOx
LR DEE

Y7 YT a— 73, NERE R 150 mm~
9180 mm FEDOMFEIRTH D, EFAMIC W2 THRIR
THb, PUNERTRIESE 21D NRIREDS LD )T
<, ZOREED 6 NOy b INEETH -7z,

IR, 97> bF a—73=F DK NOy HREDZE %
2 FZ2C, SR LICREFIRR R T O 7 b Fa—

Conventional Ultra low NOx

) burner burner
&
| Agreement volue Energy saving

Oo i Raise the

= Low NOx ! temperature of
— i preheated air
= :

% ! ]

% Conventipnal Improvement

300 1590°C

Preheated air temp. (C)
Gl [
energy energy

3 ENOXLICKBAEIRDEZH
Fig.3 Concept of energy saving by reducing NOx

TR=FOMEMNFIZ OV THIAT 2,

peske, BIBKFTRIZE T 2 TH B CHARBE e L THWS
ST FFa—T—=FTlE, NOgfHlZ, 160 ppm (11%
O, HHAE) FERETHERS L C\ove, BYIABEICHE T 2 FRER
AT A & D A O NOy MR 2 T L
120 ppm FEDRFUETH -7 (B 4),

ABAFETIE, HOHEA 2 BEERIAGER N 2 W Ol
PRDS 7> FFa—7 83— FOE NOy BAFE 2 2B L
72

N—F DB R 2HET 27201213, FEEAEIN 28k L,
BRIER RO TEICHAT 2 e B ETH 5, — RIS,
TR TRRE S BT 5 i 2 NOg i b HR$ 295, 4l
PR LIc N —F 2 Huviug, FEZEKGRE 2 BUKD> & KIE
W BT (320°C—590°C), HEA A NOy flie LR S €31
BEES B 22D TE 2, odB, AR AA—F1F, 590CT
BABES ¥ TH EU -« K[E 72 ¥ ¥ 72 & U NOx o FEH PRl
P L WHAROMEGNZEE T 2, EANTEY 7L vofi
NOx HHRETH %,

4. FARBEFESITENOX LA HZXL

SEFRELII YT b Fa—TA—FOHRTTOHEE
13, HEEAEIR 2 BUIR 24% 0 2 512 M2 § % 48% 12 5E D
720 ZOKE, FEZESIRE S L OARIEE BRI & —
<V NOy F550 % #81& NOy /S — F OFHIBATEIC & ) BLR
NOy fEFHY % T KIS € 2 BB - 72,

& NOx (LD BAAMFREHIL T O BY TH 5, —fRNIC
BUBKFTRIAE 77 2 2 RE S 2 BB, FE4:9 2 NOy 1213, AR
HICMEBTEET A2 72758203 NOHKD
7 2—T )V NOy ¥, BRABEHICKAIRED 5 ¢ 3z 2 Dk
BRSBTS 2 — <V NOy O 2 FiD H B, 72— TV
NOy 13, BREIHIRTH 2 7c 0 —F DB TTE R 225 2
YTRIKS TS TERVEY, 22T, N—FLATTE

Two stage combustion

‘T'wo stage combustion | 254
+ External EGR 1!

2nd

=i = E
m——— o

Two stage combustion |5t

2nd

<New developed burner>
ls;\ 2&1(]

—~ 200 b

E 1s0f = =2,
g g —— =
= 160 |- Conventional burner T o stagc c:)mbustion

S 140 b = Self EGR flow

2 =Ultra low NOx

= 120 foee -

= Limit of conventional burngr

= 100 | )

& 80 /

Z \ 1 1

60 . .
2000 2005 2010 2015

1980 1985

4 BEUE RT /S—F 12513 B NOCIEREHTOES
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Fig. 6 Explanation of NOx reduction by rich-lean flame
combustion
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Fig. 7 Explanation of NOx reduction by low oxygen
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Self EGR flow: Low O, concentration + Flame temperature reduction = Ultra low NOx
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Fig. 8 Parameters in self EGR burner geometry
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Fig. 9 Numerical analysis result of combustion in radiant tube
burner
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Table 1 Recuperator spec

[Newly adopted]  [Conventional]
Recuperator type Compact Corrugated
Heat transfer area S 2.46 m’ 1.29 m’
Volume V 0.0118 m’ 0.036 m’
S/V 207 355

Exhaust gas

375 mm
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Fig. 10 Compact recuperator (3D cut view)
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Fig. 11 Achievement of energy-saving and NOx by applying
the developed RT burner
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