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Temperature Distribution and NO, Emission Profile in the Sinter Beds Visualized

by in-situ Measurement Techniques
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Abstract

All the chemical reactions in the sintering process of the steel industry proceed in a packed bed
along with the combustion of coke particles. Although detailed information is desired for pursuing
the higher productivity and the lower environmental load of the process, it is difficult to monitor
the inside of packed bed during combustion. This report shows experimentally determined
temperature distribution and NO, emission profile during combustion in the packed bed. The in-
situ temperature measurement was performed by scanning a sheathed thermocouple in the sinter
bed. The information on the temperature variation during sintering showed a clear correlation
between the quality of the sinter and the sinter heat pattern for each layer. The time-course profile
of NO, emission was also determined by analyzing the results of in-situ gas measurement during
packed bed combustion. Both the emission of NO and the conversion rate were found to be higher
in the lower-temperature region in the combustion layer, corresponding to the beginning of coke
combustion. The presented in-situ measurement techniques enabled unprecedented detailed
discussions with the data on the temperature and gas composition inside the sinter bed during
sintering.
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Schematic of the pot test equipment for in situ temperature
measurement

VF, REEE A A I L 7o

213 BREEE

RIFFETIL, BERERENE CEED % LT AHIICER L 2
MBOHREMNEZIT, TOTF—=FEMBIT52 L1255 T,
PERE TN E DIREE A & 7 DR L2 8L L 720 DUF
T, ZOBMOFIIOVTRT EE LIS, BoNf
B HWIZEBO—EEHAT 5o

X 312, BEEmMBOMEORHEILEZ KT, LT
HaNEBAEF 2 BB S0 0, BB ORTORE %
HWEL, BREEEDS T HIANEBET20125bE T, ER
FTHAEZ T HAINE BB S H 72, RBET OO A4k
FZIRE R MIE L2 HHIEKEL 2295 5,

1 DHOEMIZ, ZOMOFSOMWEIZEIUTILEEZT
B2 Th D, HAKAOFTILT0CHET—EL LT
WA EIIMOIETLREI D SN T WD, HKEBEDOER
IZOWTh, BIBESETHLIZS LTI, T80
F5ERE LT 57280, £ 0T OB LBER L0 f B~ D
BTN S v, 2 OB OB, HIE DR 53 HEE % 5
5720 ThHAhH, BENZBESCLHHLECTLLE, B
LRI %72 ) THAR CE H I 2, L) mHEE CRABE
WOMEENEST AN TELI LD, BENTE
HIEDLIETHRONEENERERTR 4 187, PREE
MO EREDITERLIER, 2HROE— 70t
NTWLIEDGHL, MEENTWLE—-TD—D—D
B3, PRBER I TOEIITHIG L TV 5,

D EDK3 L4 DFEFR,S, BEGIEAE, 2 L CilLE
L) 3RTTDTEROMHBEBR O N0 COT—5 %,
MATLAB % AT 3 RIC 7 T 7 THiHE L 72458 0B 5 T
b, ZOFE, T—FHEIX10s& 2mm &L, T—F N
FAEL 2 WEINZOWTE, B0 T — 205 Ok
ERLI. M52 R5E, BSOS THIANEREEDEE
LT IZoNT, BRBEOHT R TRl fREF S LD IRERH S

H A& # 8 & W #4135 (2019)

o

top surface = 0 mm)
N N =y —_
o a o a
o o o o

50 r

(mm

lon
W oW
a o
S o

400

Positi

450 '
0 300

600 900 1200 1500 1800
Sintering time (s)

3 BB TOREMBEDORREZEIL
Time variation of the thermocouple-tip position during
sintering

1400

1200

1000

800 |

Temperature (°C)
(2]
8

N
o
S

N
o
o

o

0 300 600 900 1200 1500 1800
Sintering time (s)

4 AIEREDIEZEL
Time variation of the monitored temperature during sintering

0

50 1200

100 | 41000 —~

150 £

N

— 800 o
Ezoo 3
> 600 g
8250 %
[~

300 | 400 9

350 200

400 0

45

0
0 200 400 600 800 1000 1200 1400 1600 1800
Sintering time (s)

5 BREBADEEDHOIEZEL
Time variation of the temperature distribution

B oTWB I ENIT5 FIZ BEEEOTHZ /2 &,
PRSPPI B L TE—ZREb R ko T b,
N, ERPBHONTWREAEAEHTLHDTH
Hr, ZDX ), KAEFEICL-T, BREEORE



PBHERBA D in situ BIEIC & 2 REDT, REEBHOREIL

120
EE- 5 mm

4 100

)
&\O«SO - (5) E3+ 5 mm
- o
S0 | l =
360 = 'BOZ NN+ 7 mm
%’50 - | § & §\ 1 60 % EZm+ 8 mm
90 | \\\z i mnﬂ % 2
) N T ¥V 140 £ wz
2 30 H Z Z Z ‘ bl wz+ 10 mm
820 2 Z é é 120 g =+16 mm
10t ¢ =
7 = = = .
0 LN === 0 —-holding
time (s
&S SES ©
LR R A LA
A N Vv o) o) DS
R N VR g
& P P

6 BEBICHITZ110CUENDEEFRFHEEY vy
2 —HEREDORE N & DR

Average holding time of temperature above 1100°C, and

the grain size distribution after the shutter test for each

portion of the sinter

FHENIRT LT, @22/ 5 GEE T 73 A ORI 2L 2 8l
ETHIEDNTE

BoNT =9 2ERT LI LT, SOOI ER
THZLDWREE D, ZZTIIKEOMRT, MR
HHE L REZELE OBRICOWTORBINT Bo BEREHLD
FLRATE L BERE BUS ORI B IR AR S 7R & o [
WIEBWAHBI 2 S 5 Z E B O N TV 5202, — 121,
ERIC IR SN SR WIT Y, B i AIER DS
Hhbo ZZT, W5h5H, FAEOEA1100C LA IR
ENHEHZFTE L, IS 2B 508 oflEks R
L ZOMREER6 IR, Z2TIE, 5ADH0HE
Smm _FOBERSELOENE AR OFRE L LGz 17572,
EED 126mm £ TOESIZOWTIE, 1100C LA EIC R
FEINTBEMDPEL R AI22oNT, 5250 H Smm _EOf
FOREDREFEFS>TVWADIIHL, ZNE)TED 128 ~
436mm OFFTIZOVTIE, B PRERRER & A & D BILR
W3NS ol —HT, & FED 376 ~ 436mm (2D
T, 5»50VH 16mm L0 XD BRT 0K S WEEESLO L
EPEEF o720 TOLHIZ, BEAERBNIMOIREZL % 3
WCHRDZEDTEDL LI o5 %, BRSO ME L
BekE BN OIREZ(L & ORRE X0 RIS 5 2 &
MUREL e o720 FREOREIEE, FRORIT MR E KSR
e AL LR RO ERT LI LT, FNENDNEHEDT,
JBIEHEOEDREICK L, ENZTOREE T D H
EE(LT A LD REL BB EEZ BN,

22 BHEBAD A XIS & B EBEEEHDORIRIEY
221 5=

B @Y, HAENTIERK 1 &) R
FHLPFA SN TEY, TOHEDLDITHASINL T4

WE— L ZRUCHES BT ADR A TH Bo HLFER

EY 7 OERERL NO, OPFHEIZFFICEZ W LHIb
T3, —FEGHEAR T ENS NO, D) B
35% 3 BEE TR SR SN T2, BRSSO ME % 5
HHIELEETH LY, ZORMEIME ) BB AN & I
TAHIELIFFICEETHY, H <L) NO, HEH &R
M) 7-WFZER S0 D ST 5,

ks TAED SHEH SN AHET APIc & TR 5 NO, s
T 572012, % OBEKFTICHET A B AR E S,
FIH SN TS, iR 2 5 L 723 OWNET
NH, ZMFHE L, HE7 APDONO, & UG EEDH T ETN,~
ERITHEL T D, —HT, ZbZHBEELHEAS NO,
FRERZERWI EFHWIC, AROEHEO®EESR, a—
o ADHHLE DRSS 7 D Th, ERILETW5,

SR DEHESMFOMEN Lo T, Bk TR No, #Eh
EHIRAIRE SN 52, SHUIIEEICEES O IfZET
%o

ZOFERD 1oL LT, BN T OIEE 172 R
BEWHRETON L EERE OB D NO, FEAIEE
KBRS TED, PRBEREE?, PRELORLF£E29,
PRBEIRE O SR P20, #RRE & B 2L oI X -
T¥, NO, DFEAEDHFPRKELELT LI LD HON
TWb, Bk TRTIE, FBOFGOVTILAY, KR
WA TRIBFFZZALT B0 Z—F &L BT 2AL T 5
2oz, e AR RA TR, wo, ¥2T, Eh
ZZIINO, BTV 2D0%EIET LI LN TERV, L7z
AoT, NO, HHEEHIRO 720 DRk D ZNZENh, £ D
A2 BIF B NO, FEIHIC E N2 HS LT b2 b
WATES, e EO LI L TR 2> TV AR
N A DRy (s

Z 2T, NO, HEEFIRIC I 723 s 2 e § 5 2
ERHMIZ, BERSEPNETORRBEIZTE ) NO, ZeLEZEB D
BALZHED T D, RS Tl Bk TRETLCAA S
Ba—27 A% WREE LTHOTEBREZIT, — ka5
ZMETONO, FEEZ IOV Tl 21T - 728 B & Wi
953,

222 £

FEER OIS E LT IR T FEMI R FEBR S & W
FZOWTIE, BEROF L2 ZIIAE 72w, R A1
EHER A L L, BERIE L Ca—27 A% 38wt% 72T
Mz 726 AVZza—27 2D LR ER 1 ITRT . JKGD
X JISM 8812, C, H, N DX JIS M 8819, S D=t
JIS M 8813 IZfiE» CENFIRE L7z O D=L, DiED
SR FWTEE L7,

7 VZHEEBR OB % 7R3 N 100mm, J&/E 440mm
OMBRERBEELZFIHL, T A7 — IV OWE % NEBE K
Z5ED, HIRO R 2 HEREE A L7z, SRR E O
BITEZBI S 7z)% (RE2S 120mm) 206, RN E

B A& # g B W %4135 (2019)



JERERA O in situBIE IS & 2 REDT, WREEBHOREIL

1 I—JZDMERHOIFER
Ultimate and proximate analysis results of coke
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Schematic of in situ gas measurement during combustion
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