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Effect of Heat Supply on the CO and NO Formation in the

Sintering Process of Iron Ores

Yukihiro HIDA, Minoru SASAKI,

Synopsis :

i

Kaoru 116, and Tuneo ENOKIDO

Combustion of coke particles in the fixed bed with mixed small alumina balls was investigated. NO

decreased and CO was actively formed with increasing the heat supply.

When exothermic material

was used instead of the alumina ball NO decreased remarkably.

According to the results of sintering pot tests, it was showed that the retardation effect for NO for-
mation by increasing the heat supply with increasing the coke content in the raw mix and the fuel gas
amount for ignition was smaller than that by using an ore containing less amount of combined water

and an exothermic material.
0.249% /kcal/kg-raw mix.
operation investigated after these sintering tests.

The NO conversion ratio in the former case was 0.07 and in the latter
These values were almost similar to those obtained from the sintering machine

As a result of investigations on NO reduction in the sintering bed, the degree of NO reduction with

CO in the bulk gas and coke particles was indicated to be smaller than 5-15%.

The main effect for

retardation of NO formation by the heat supply was proved to depend on the increase of CO/O,

around the burning coke particles.
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Fig. 1. Experimental apparatus for combustion
of coke particle and reduction of NO in the fixed
bed.

Table 1. Experimental conditions of coke combu-
stion by the fixed bed method*.

Coke size

Coke content**
Preheating temp.
Gas velocity
0,% of inlet gas
Height of bed

0.84~1.0,1.0~2.0,2.4~2.8 mm
0.026~0.1 g/cm?-bed

800, 900, 1000, 1200°C

40, 60cm/s (at N.T.P.)

9.5, 20.0, 30.5%

50 mm

* Mixture of coke particles and Zmm¢ alumina balls
(or 1~2mm ore particles).
#*  0.07 g/cm3-bed is equivalent to 4% coke in raw mix
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Fig. 2. Schematic diagram of experimental
apparatus for sintering pot test.

Table 2. Example of raw mix composition for
sintering pot test. (49 coke content*),

Raw mix
(2) (b)
= %a.r%locar-goa 22 % ‘ltg %
— iodoce \
-2 g Goldsworthy 17 0
g9 Hamersley 15 0
b0 ‘é‘ Return 30 30
8 Lime stone 10 10
‘§ (% Coke 4 4
R T.Fe 52.8 | 52.9
£ ‘;Lg FeO 1.9 | 2.2
58| Cw 0.72 | 1.21

¥  Coke content was varied in the range from 3.5 to 6.0%.

FERERER LT, FEREHE» SO E T ok ¥,
H—RF OBMBERR TH Shi ekt & CO, NO 4
BOBRY, RTABCOHERTE L0 E >R TS
fedie O BE, »AWE, = -7 ANROHE O
TR~

2.2 BEARR
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LI FERETABY BV, RIGEPRIBCHRE Lt
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3. RBRRBIUEER
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Fig. 3. Examples of change in waste gas
composition and NO conversion ratio during
coke combustion by the fixed bed method.
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Fig. 4. Effect of preheatiﬁg temperature and
particle size of coke 6n NO conversion ratio during
coke combustion by the fixed method.
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Fig. 5. Effect of coke content in raw mix on NO
conversion ratio (by the fixed bed method).
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Fig. 6. Relation between O, concentration of
inlet gas and NO convertion ratio (by the fixed
bed method).

i AFD O, BEHXTHB &b, KWK Ti
—EBofRSEoMmMEEL bR, O, BEOEEL
Fig. 6 w7 -REc, B—NFoBELHE L.
£33 CO/CO, 12, bz O, BEY 9.5 hb
20.0% T L 1.30 26 1.44 2i>T NO Rk
ETLTWS, 2 CO ok, B—RFoEE -
AL, BREREDFRCIb DEELZLR 5. O,
WE LA X5 NOGHRMEOETESL, B—RF 0L
HLrRERLTHS.
 RTABOBE I, B—HNTo0L XL hicgiesas
EELBFUNDD. HhO = — 7 AREES FD—>
THEH, 22— 2 APYSNDIETAY L >T b EEsE
T LN TESL. BERERO—D2ThE~ IR 5 A
MEEFIL, 134 300°C 2 BHEEE L, FeO, % Fe,O,
CEEET % & 27 500 keal /kmol-Fe,0, o8 34 4
5. xZT Fig. 1- (2) OFETABRET, 711
FTEHREL~2mm O~ 75 2 4 FGEACRL TEREYIT
fe. TR AERTIE, FRECER L 2 -2 ARFE
Lig\hwX ok, BEABEXTARETHEZT L. HEE
% Table 3773,

~ 7 F A A VEEEEAT S EBRRSEE 12 1520
°Cris b; 7N FEROFED 990°C s LT
UB LB ), NOBBRIIAZ EFLTL S,

Table 3. Experimental results of coke combustion by the fixed bed method.

Material mixed with coke] Combustion time (S)

CO/CO, of waste gas(—)

NO conversion ratio(%)

2mm ¢ alumina ball 93 }
I~2 mm magnetite ore - 104 ’
I~2 mm hematite-ore 90

1.44 27.0
0.60 22 .4
0.47 27.5

* Experimental conditions are the same as shown in Fig. 3
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7 FEROESEE LT CO/CO, /XL b D
2, BELE CO M@k RIET2DTH
b, = 7R A VEREOHRIEPHEED EF I T
WhH X, EELTBLBADORECIZIDEEXLD
hs.

PED X 5 i shmofing, KTAB TS NO#
He kXD BEOHHZ EHVHRTEI. Lrba—7
AFEBES LU A O, BEEF O NO H%)
Bir, B—RTERERABE THOL. LisoT, B
— R FOHBRIFETABC S —IGERARTEDL LEXD
nB, BT TERERE LT i,

a— 7 ARRE FAFEOEE L OWTUL, ThEh
Bit® Fig. 4 & Fig. 5 wRIh T3, =2—7 AN
BAVINIIE Y, ERiEAGEV G E NO EREE
TLTRY, ZHRTEEROBE KT OFHE LITHOFER
THBH. ZOBEHACOWTHEY A GRS &, K
DX OB,

2 — 7 2RE% 0.8~1.0mm 75 2.4~2.8mm &
T5E, e ETFHREE 800°C 0 L & ORBERFRENT,
BTt T4s, $#HET 90s Linh, PR OFTHERFET
s Lte. —7, CO/CO, ik, /Mg ERE Ly, F
Zhifpgs 800°Ctxrhth 1.3 £0.7THoic. DX
SN = — 7 AT, BALEREY) ORBE= -7 A
EoK UTREBERED LA B oo, CO LpiaiEsE
i, NOmHahsbDtEL LS.

FAVE AR LicBawiy, BAGRERY ) OBREE
2 — 7 ABHHA LCEREBEERET L, CO+C.0
B L CO/CO, A E SR L TV, LAB2T,
= o NO sy, BREEREH ErioT CO  Apse
EEhaiwiknd, 2—7ABfBIhsHARO
CO 235 <, 0, HNMELfoddIT, BBE= — 7 AFBECR W
ThE CO/0, FREGMHEREINICEDLEEL LIS
feds, =— 7 ATBRE LR, =—7 ARGEHENCL
DEHFEBE ORI A D B\ T 2 — 7 AL DB E R,
B & BRBENAER L TREEESFL DD
<, REEHoOF Ah CO BERERDEL b RO,
BEZETTS. £OFACIDOTRE X THIL TE
D -7 AMTFEFLTE, a7 Asho CO RED
By, O BEETT S LB DT, #AGH
FETLCEEERU L 5BREi=— 2 A28 H o CO/
O, ¥EDBHLWIHEKCRED D LV 5 -

PEDX 5K, FRTARBDORECKSVTH NO 24
Haxhnb i, 2—272FE0 CO/O /W& F
HONELTHD, FHO NO M1 v HIFTA
B LThbtoEBTEs & V25 =— 7 ARE,

# AW OWT, B—RT LR TARBTHRI BT
SEBHEITZCET D 2 — 2 ADBRBEFERANRIL>T
WhTeh EELZ BbRS. Sy AR, EHAERER, B
ETlta — 7 ARRPHT ATEZ X O THED B Z &2k
Wik, BETIREBTORFERBOEE YW 51, =
— 7 AR, HAWERLETEDLBZERZH LA TH
%.

¥, 33— 7 ARFINECRE, HAWEIEVIZ
E, VVa—va¥- e ARG (CO,+C—2CO) i3
FLC, BHEGHD CO 2 X ATHEW D 5 - PEREE
HAD NO BBILHTONFCIO>TEEEIND LD
HENSH DY, BECRFEST CO DEFEIRFL
TELMERD DN, TRLEDWTIRAEORD DI
NO oBT~DOFEL LTEETS.
3.2 EEER CONO AFIChKIZFTHIEREDORE

2— 7 ARTFOELIBEATHEHERTEY, 2 -7
A DB X OTEELERT 5. ¥4, CO, NO 4
Bied LTEEokE ko — 7 ADEXKRBRE R, WA
O E R S XD TR, B—RTFREEXRD X
5ie—EDBETEKTAI Lidis\. BE/EBAO 2 —
7 AREEDER O IO TRESHHE IR D &I
HoNTHD., F 2T, C0, NO x4 5EENK
X EHE BB O\ TR, BERESMERTRFRTT O
FBERE Y OEBBEREE VI Lo T h e B E R A
WA EMTESLY, ChblRFILVWRiEESBEELT
BHDTHD. APFRTRUTIRENS X5, BEFD
e A TTRE /ST B oW TRRE LT

3-2-1 kI XIORBOEE

Table 1 ®FE¥ (a) H{EALT, Bk, RESEM4E
NO 48 oGy AIEESY, Table 41 RT. &
D R H B\ L EKRIE Lo T, BRI O
UBb o0, NORBELARME Eh TS,

NO 4l ok HREC T 570D, Bt A B &
NO RO BRI 2 T8, —fl& LT, Table

Table 4. Effect of fuel gas amount for ignition
and heating on sintering time and NO formation.

Town gas (I/min) | Sintering [NO conve-
Test time rson ratio

Ignition* | Heating** (' min) (%)
(a) 14.8 0 16.0 30.0
(b) 7 14.8 20.5 25.9
(c) 4 11.3 21.0 25.8
(d) 18.7 4 18.5 25.5
(e) 20.0 4 20.5 24.0

% Ignition time : 2min X
** Subsequent heating the bed surface after ignition : 3 min
#*%% Raw mix (a) shown in Table 2. was used.
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Fig. 7. Change in waste gas composition and NO
conversion ratio in the sintering pot test.
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Fig. 8. Relation between coke content and NO
conversion ratio in the sintering pot test.
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3:222 2—-7ARAEHSGORE

Table 1 DR (a), (b) ©WOWT, =2—7 2EE
EHEw 4% 2»66% TTELILED NO EHRY,
Fig. 8 R+,

a2 — 2 ABEFHRTE, iR CO, CO iz =
— 7 ABIIFIEHAILTREL b, NO o2l 0
HEA R Hh, NOEREE L Fig. 8 X siekE &
TLTWS., B (a), (b) offirounTi, #o
e AKDETHRT 3.

BEAESBMEREY - o NO RERBIT, = — 7 AF
FElE L NOEBEROKTHRESL o & X EEE (b)
T, 2—2 A% 4% b 6% wRBHENLTS,
NO R gz 0.2050/kg 58> 0.1811/kg &, # 12%
BAT BT Elv. CoORBRIE, FHkDD OBERSHRE
BRICKT L EEEZ -7 2 L@ E=2— 7 A0PRHETH
D, KEERO XS LERIENECBETIE DI
PO LEbhA.

3:2:3 B O

FeO §B5EDORNcD 5 BB ORBFE %, fE OBE
RHRLVE S lmm LIy L, B (a) &
O — Immga 20% & Anhz THEERE T Ok,
FRAFERIOLFEAK & NO BEBRROBAFRY, —#E LT
Table 5 iz773.

e Achod CO, % L 08 CO BRIk X Te3 30
Hhiigns, FEktd FeO §HEVRS VI E NO B
ERE T LT, Table SiwiRd 2 & SIBBRIIT/P XL i
DTS, ZOEBROE TR, R0 = — 7 AREEE
BRREFARCRE L, RBESOFEHIT NO Mg

Table 5. Effect of exothermic material on NO
conversion in the sintering pot test.

] Chemical composition NO
?n’;(:é?g]rflc (%) conversion
T.Fe FeO ratio (%)
(A) 64.3 20.7 24.6
(B) 71.3 23.2 21.6
(QG) 69.3 21.8 18.3
(D) 69.5 29.8 17.8
(E) 74.4 58.8 15.3
Not mixed —_— e ’ 25.8

* 2095 of —Ilmm ores in raw mix (a) in Table 2 were
exchanged for exothermic material
**  Exothermic material (E) contains mettalic iron of 3.6%
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Fig. 9. Effect of heat supply on NO conversion
ratio in the sintering pot test.
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Fig. 10. Reduction of NO with CO in bulk gas
and coke particles in the fixed bed of 500 mm in
height.
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