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A Study of the Reduction of NOx in the Waste Gas from Sinter Plant

Gyoichi SuzUKI, Ryo ANDO, Hideyuki Y OSHIKOSHI,

Yojiro YAMAOKA, and Seishiro NAGAOKA

Synopsis:

The thermal NO, formed in sintering process has been calculated by a simulation model. The result
shows that the amount of thermal NOy in waste gas was about 1/1 000 of which from the actual sintering

process. To assure of this result experimentally, the sintering test has been carried out exchanging the

portion of nitrogen in air to argon, and it was confirmed that NOy in waste gas originated mainly from the
nitrogen in coke. It was also proved that the nitrogen in ore was converted to NOy, however, the propor-
tion of it was about 10% on total nitrogen in sinter mixture, so that the denitration of coke are necessary

for the reduction of NOy from sinter plant.

For the purpose of denitration of coke, the high temperature reheating of coke was available and the
ratio of denitration was increased with rising temperature. For example, the nitrogen in coke decreased
from 0.9%, to about 0.2% by a reheating at | 800°C for 1 hr. With sintering test using this low nitrogen
coke, the amount of NOy formed could be diminished to about 309%.
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Fig. 1. Temperature dependency of NO equili-

brium concentration on N,+ Q,=2NO.
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Table 1. Conversion of various nitrogenous compounds in fuel to NOx (by TACHIBANA®)).

Reporter Conversion ratio (%) Remarks
Suaw, THOMAS 40~.50 Addition of methyl-cianide, pyridne to CO, combustion temp.
(BCURA) 590~870°C
Argonne National Combustion of coal through fluidized-bed, combustion temp.
Laboratory about 25 about 800°C
An electric power N . .
company at U.S.A. 12~21 Practical boiler
BarTok (ERE) 60~80 Addition of NH,;, (CM),, CH,;, NH; to CH,
ERE 40~60 Addition of nitrogenous compounds to oil. Oil with different N
(0.2~0.59%, N) content. Combustion through 50 HP boiler
MARTIN 32;51“3tio 1.2 Addition of nitrogenous compounds to oil. Combustion through
(0_2~0_5%N small furnace -
30 Addition of quinoline to heavy oil. Combustion through small

SEMA, et al.

(air ratio 1.10) furnace

Combustion of mix
of heavy oil and{ 32

Changing the mixing ratio of heavy oil and coal

coal o

Y AMADA 8 Addition of pyridine to oil

ERE 30 Heavy oil combustion through boiler for electric power
50 Coal combustion through boiler for electric power
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Fig. 2. An example of calculated and measured

gas temperature curve in experimental
sintering pot.
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Fig. 3. Schematic illustration of thermocouple for
measuring gas temperature in sintering gas
temperature in sintering bed.
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Fig. 4. An example of measured NO and corres-
pondingly calculated thermal NO and gas
temperature in experimental sintering pot.
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Table 2. The estimation of thermal NO generation in sintering process by mathematical model.

Maximum NO Generated NO
Method (ppm) (Nm3/t-mix) Items of NO
Measurement 400 0.171 Fuel NO, Thermal NO
Calculation by ZeLpovicr’s eq. 0.43 0.137x10-3 Thermal NO
Calculation by Gurick’s eq- 0.25 0.079x 10-3 Thermal NO
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Table 3. The experimental conditions and results of sintering tests
for measuring fuel NO and thermal NO.

Tt | St g2 | oot ot [ 2%, [Coke 2080 s of N0 | G| cberion
1 Qe gé’;ﬁg Normal coke 0.940 4.4 Fuel NO 0.177 26.8
2 Air Normal coke 0.940 4.4 Fuel NO 0 0.171 25.3
C e G| | e B0 s | v
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Fig. 5. Apparatus for heating coke breeze by joule
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Fig. 6. Relation between nitrogen in coke and
retention time by Tammann furnace hea-
ting: (Atmosphere : Pgo=0.35atm,
Py,=0.65 atm)
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Fig. 7. The change of nitrogen in coke with heat

treatment. (Retention time : 60 min, at-
mosphere : Peo=0.35atm, Py,=0.65atm)
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Fig. 8. Relation between nitrogen in coke and

generated NO, conversion ratio in sinte-
ring.
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. Table 4. Nitrogen in each raw mix and mixture

ratio.
Ni . Nitrogen
itrogen | Mixture to total
(d. b.) ratio nitrogen in
0, 0,
[%] [%] raw mix[%]
Ore (Goldsworthy) 0.01 58.7 12.43
Lime stone tr 9.6 ~0
Return fines tr 27.3 ~0
Coke 0.94 4.4 87.57
Sinter tr — —
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FZOHEBEEREY Fig. 9 wRLA, 2R L, SRIOEER
SHER&EE Fig. 8 OEA LRI D/, Fig. 8 LFig.
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thermal NOg |3 CTE R & AL & D7.
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* nixture ratio is same to Table 4
*% 4 495 coke and the rest is sinter containing trace nitrogen

Fig. 9. Difference of NO formed in sintering and
in combustion of coke.
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A, BRDRIRIC LS BFMEs X g2 oRE
T, IBEREL S OHTMME OB Y LE L+ 5,
R ADEBMB T X O RAET B L E 2 D A
2ZOFEWETH T 5, B O OMEREI ST
LEHTOLEMNDSS. anica— 7 A LIS o Rk b
BRICED NO: HERAOHE L LETSH Y, Lkt
& NOx BHEHEHT & U THHER R I ORISR & 4 8F
TTLCHEDERELE2 5.

Appendix

B EF

BEARORNEF vic X s i 2 v~y 2 v igBL
TR TSR LD ETET Sh-BEB SR
%E'Q‘E)IG)~13)~

AP EVTL, ThEDWES b &ic LTS
RO € 7 Ve /ER L.

BREOBI Z (LEB» S FRAMEZIE), W0 &%
NENMESIZR L U, B OB BT 5 5 s
HEREZEE L.

dig/dZ={—hy-Qs (ty—t) —K*-Cy-t,

+{(1—p8)-4H, - R*— AH¥, - R¥,

—Hyo- R¥0}/(G-Cp) e (A= 1)
dG/dZ =K% «ooooiiiiiiiiiiiiiiiiii i (A-2)
d(Co,/pg) /dZ= {— R¥— (R%,/2)

—R¥,/2) —K*-(Co,/0g)} /G -+ (A-3)
d(Cco,/pe) /dZ={R¥*+ R¥—K*- (Cco,/pg)} /G

. e (A= 4)
d(Cu,0/pg) /dZ={R ,— K*- (Cu,0/pg)} /G

d(Cno/pg) /dZ={R¥o— R¥0,—K*- (Cxo/pg)} /G
e (A= 6)

4(Cno,/pg) /dZ={R %o, ~ K*- (Cno,/ pg)} /G
ceeeee e (A7)

d(Cn,/pg) /dZ={— R¥o/2) —K*- (Cy,/p4)} /G

dts/df= {h,@;(tg—ts) + K+-Cy- ¢
+B-4H.;- R¥—AH;- R¥—4H, R¥%}

JHCs+Sm(ts pspt e (A= 9)
dpsp/dfi= —K* «eerieeeeiiiiiiii (A-10)
dr./df= — (Mofpc) - (ro*/4m -7.2) ooveeeeenn (A-11)
drifd@= — (Mi/p1) - (r1* /47 -712) e (A-12)
dWs/df= — R¥%/psp +orevnvemenenannnnian. (A-13)

[YRC3u3: 3

BB (A-14) TRHOINDH, H 25 LOEE
BIRGDERDHICEHESL L, BERiEEO LS DR WEE
FIRERIEE, WA ODEIIKGDES L Bl R i8R

LREZE LI RBEBEE LI ONS. ThZFhak
DL IITEDbES.

Ro={ha(tg—t)/AH} (W' /W) ..o (A-14)
E;*‘iﬁiﬁéi[%'ﬂi ts'=tw, W'=Wc
RIS TIT o' =ts, W'=W,

GRS TR AL Do D D 3 — & 2R

R¥=n r*=dr.12-k%-Copong oo (A-15)
3 — 7 2R FORIER JCEE E 5
KE=1/{(L/R) + (1/RP)} orveriveeeriininn (A-16)
(LEREEREER
k;=3.918 X 109-1/7; -exp (—44 000/ Re,)
........................ (A-17)
HAGRENIEABERR b ol
&+ (Sh) =2.040.75 (Re) 2. (Sc)1/3 -orv.... (A-18)
AR RIZEMREL by DHESER
&+ (N2) =2.04-0.75 (Re) V2 (PY 13 e (A-19)
FEHE BRI D 72 ) DR KB4 HER 16 s frezn
R¥=n;-r;*
=47 1101 (Céo,— Cooyt) / {1 /ks +714(r1,—71)
/ri-Ds) + (r1/r)2-Kf (ky-R-t5)} oeee (A-20)

WO/ - BRERG E LTRBALIC X TRES

NIERE ST ((A-2D)R) 272,

fm (ts) = "2Hmo‘ (ts_tm,)/(tmz_tml)z‘“ (A—Zl)

(A-21) ic 3517 5 IS RUBRIGIREE, WRbE TIRE, A
POIEIRSAMBIC X B HIE, RER, srvonT .S
A MADERRICH > 5, ThEh, t,=1200°C, t,,
=umm,mm=wmmm%gtbt.%®MK,%
TEEOEIEEA I X DI, 5, BEEORILEES Lo
WFEOEILD EBEHTE CHIE L 1.

BUEEEVE, &7 02 2ZHEDOZdh e 0 Bhic 353 547
Wigkta 5 2 727%, Runge-Kutta-Gill iz X b , TD
X DELRBHFEET, ThooRuy Rt
BURWG$ B LR Lo Zihds X 050 o4 E)iEix
ThEh 4Z=0.3cm, 40=0.1min & L7-. EF R
BFFHE T IBM-360 T4 5.

' H 5
@; : RBALARETY /2 ) OEEFRL (cm?/ cmd (bed))
Co,s Ccoys Cu,0, Cniys Cnos Cno, © Sk O, CO,,
H,0, N;, NO, NO, i ( mol/N cm3)

Céo, : HMERGFHiRE  ( mol/Ncrm?)

Co, Cs: WA, WFOHEE (keal/ kg-°C)

dy: FRITFE  (cm)

Dy : # AYKEIAR¥  (cm/ min)

Ds : CO; FIPIERIFREL  (cm?/ min)

Smts)  BEHER RS (kcal/ kg-°C)
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G: #AEBEE (kg/cm? min)
H,, : ERofig, BIG#  (kcal/ ke)
dpc + 23— & ARREEEL  (kcal/ mol)
4AH; : TIRFESRBRGE  (keal/ mol)
AH, : K5y O7EFEWEL  (kcal/ mol)
AdHyo, 4Hno, : NO, NO, D4 i K G 8
(kcal/ mol)
hy: H AR FHEET &R (keal/ cm?- min-°C)
K* : BEKRRY b 02— 7 2 DMREE, RIKEOH
3 X OERO& R G EE OF, 0.012R¥+0.044RY
+0.018R% (mol/ min- cm3(bed))
K;: i ROFHEER
ki o i ROERKGEEER
kop o i RO EEER
ko MR SEERIC BT B BRI E
ko 7 AEEANMABBEE (cm/ min)
ko k¥ 00— 5 ZPREER S O EEE R, MR ERK
( cm/ min)
ki 2 BIRGS R RE TS (cm/ min)
neyny : R RFRYS 720 00— & ARTEL ARG
Fi (1/ cm?(bed))
R: 7 zEkk  (kcal/ mol)
R*: BHEAIKERY DO — 7 ARGERE
( mol/ min- cm3(bed))
R* : [RBARIAR Y 72 0 O KA 5 i BUG R E
( mol/ min - cm3(bed))
RE : [BRMEARRY 72 D DK ORCEREE
( mol/ min- cm3(bed)) -

70— b 2FEEE  (mol/ min)

r¥: TGRE S RS EE  (mol/ min).

re: 3— 2 ARTFEE (om)

1 BRGSO SR (cm)
RKESERARTEE (cm)

Re: L4 7 WZE (=Gdp/p) (—)
Sh:vv—y N (=kdp/G) (=)

Seiva s N (=pfogDp) (2)

te: #H2IEE  (°K)

b B TRE CK)

tmybmy t 4 A OERBARIRIE, “TIEE (°K)
te : BERIBE (CK)

M, M. a—2 2, HRADHTE ( kg /g-atom)
W, : [RR&KE  (kg/ kg (dry solid))

W, : 47k#  (kg/ kg (dry solid))

B : 30— o AREBROH ZAI~OFS  (5)

e : BERE ()

6 :85RI  (min)

Z : R LT H~OENERE (cm)

p o HAKE  (kg/cm: min)

pc 12— U ARTRHETEE (kg/cm?)

o1 : ARFHFRMEE (kg/cm?)

pr 2 HABE (kg/Ncm?)

psp : BrSEE  (kg/cm?(bed))
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