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Outlook of Kinetic Studies on the Combustion of Pulverized Coal in a

Blast Furnace
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Fig. 1.. Schematic illustration
of pulverized coal combustion.

SER A1 A8 HER TFE 444 A 10 A (Received on Jan. 8, 1992 ; Accepted on Apr. 10, 1992) (fKEEES)
* B K EM TN #dE T8 (Institute for Advanced Materials Processing, Tohoku University, 2-1-1 Katahira

Aoba-ku Sendai 980)

*2 (RR) S BURPT SRR oI ST B K T8 (Iron & Steel Research Laboratories, Kobe Steel, Ltd.)

Key words : coal ; combustion ; devolatilization ; char ; combustion furnace ; reaction rate ; one-dimensional model ;

k -& model ; packed bed ; powder.



1282 & & W %78 4 (1992) ¥ 8 &

ERRFIFBREC Lo THRNLILLTEY, BHRO
SRS CHEREGORIINTAEBROEEEOI
Qit1.3~1.8 DflICZR»TWD., I HiTAEME, &
RSCIE O FRAF T C IR KRS DIFEFEHLST L G 3R A7 i 1=
ELBRERENEOT, HFAOEEWEROKED
RMRIFEHTHY, KERMERETZ-D0ELER
Fr—DEREBEZDMENH L. HEOWIIRIES
DER DO E L TR KELEE LA, LIz
HoT, REIZL XAPFAEICHRIREBICMET S &
QODEIRKRELS LD, FALHEVAOERBESICLY
REB LTV, R FIIF/ILERECRILL, X
b3 5. FERCEEL, ZILELT 5. FRK(LAFRRIC
WMLTOEDEERTREND B SOk ZHHRE S
nTna?,

dv/dtz k(vm_v> ..................................... (l)
vsz(l._vC)vo ...................................... (2)
k= Aexp(— E/RT) »+reereerreererorsensennicnniiene (3)

v: B 1 T TR SN MBS OE v, v,
v,: B OBRATALLE, =0 TF v —IHRETS
HERS OB, TESHIC L AHBRD OEREES

80 82 84 86 88 20 92
Carbon content % dmmf

dmmf : dry mineral matter free basis

Fig. 2. Variation of the factor @ with carbon
content®,
Table 1. Coal types and the sources of the data
shown in Fig. 3.
VM (%d. a. f.)
Badzioch and Hawksley (1970)"
BH;-BHg : Coal “E” - “K” (Highly swelling 17.7-35.3
BH,-BH bituminous coals) . .
1 111 BH7-BHyg : Coal “A”-“D” (Weakly swelling 36.1-42.0
bituminous coals . :
BHy; : Coal “L” (Semi-anthracite) 11.5
Shapatina, et al. (1960)'®
SP;-SP3| Moscow district brown coal 50.2
(Three different stages of devolatilization)
Van Krevelen, et al. (1951)*%
VKj : Brown coal 51.0
VK;-VK VK3 : Bituminous coal, low rank 39.5
1 41 VKj : Bituminous coal, high rank 18.8
VK, : Semi-anthracite 14.2
Kobayashi, Howard and Sarofim® 40.7
KH Pittsburgh seam bituminous coal and Mon- 36.2
tana lignite .
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Fig. 3. Pseudo-first order rate constants obtain-

ed by different investigators®. .
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Fig. 4. Comparison of weight losses calculated by
the two competing reactions scheme for volatiliza-
tion of bituminous coal with experimental results.
a; = 0.3, E; =25 kcal/mole, By =2X10%"", g =
1.0, E, =40 kecal/mole, B,=1.3X10"s™! for egs.
(4) and (5)°.
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Fig. 5. Experimental data for “as received” coal and analytical curve-fitting for various
cracking fractions ¢ using the kinetic data in Fig. 6 at residence time {=70 ms. All values
are plotted with the initial DAF coal mass fraction, fco, as the abscissa. (a) Volatile
yields and soot, (b) Gas-Char temperature T,, (¢) CO and H, mole fraction in dry gas and
(d) CO, mole fraction in dry gas ; at the bottom is the empirically determined cracking
fraction £ =0.8 [1—exp (—17.5 fco). Input gas temperature T,=1970+30 K ®.
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CO(g)+ Cj—’C(CO) ................................ (36)
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.......................................... (37)
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Primary flow ————>

T ] 4 G
| Ver
Gys —| Qo Q

[ Qrf

L3
o
Gy —— IR [~ Gg
P, G, —| / =G,
Q)

A : Effective sectional area of reactor
Gy : Mass velocity of gas

G, : Mass velocity of particles

Gygs : Mass velocity of secondary stream
Gy, : Mass velocity of recirculating flow
h : Enthalpy

Q) : Heat transfered by conduction between gas

and particles j
Qe : Rate of heat loss by convection
Q. : Rate of heat loss by radiation

be— Ax —»

Qs : Rate of radiative heat transfer in reactor

);R*,-j : Rate of pyrolysis and oxidation of coal/-
char j

%R* i : Rate of reaction of gas species ¢

T, : Wall temperature

Y : Mass fraction

a., a4, a, : Mass of coal, char and moisture
Subscript g, s, gs, gr : Gas, solid, secondary flow
and recirculating flow

Fig. 9. Volume element for one-dimensional combustion model®.

d(Gy)
dx
DB E, B, KSoFIARIEEERL, ji3Es
RKdHWVIZF v —ORERHHZRT.
H ARG k OWEINE (C, H, N, S, 0)

A = AZiZjRij* + AGg,'l" AGgr ........ (43)

d(G
A—Lﬁ?l=A&&Rm*+m%ﬁ¢+M@%*
.......................................... (44)
HEHP j ORFOERFRDOK
d(G,y,;
A——(——yi=—AZ,~R,~,‘* ........................... (45)
dx
HADL Y & V¥—I{E
d(Gzhy)
A dx
= Ah,,G,, + Ah, G, + A [2,Q— Q.
+ zizj Rij* hgi; t+ &\:RU* Ahij] ........... (46)
WFoLy s VY-
d( Gsys'hs‘)
A—_-df— = A[ Qrf]— Qrswj - Qa_ﬁ
— Rj*hgij_ ERj*Ahj:] ...................... (47)
HRDBEEEA
d(ag) _ ch*
de n;V (48)
F v — OHEELEAL
d(achj) _ Rchj* .
d(e,;) R.,;* :
dx n;V (50)

10 T T T T T T 0
2 Total Total Particle Burnout Data
S o le} . -120
s 08 CO, Gas Analysis
g 3 Ash Tracer
;5 O TiTracer a0 ':'é
B 0.6 b
= o
&
% -160 5
s 04 K]
= o
§ o —so =
E 0.2 Endof Tuyere 8\3\8
© Ash —
100
0 Char \ 1 1 I

1] 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Axial Distance from Burner (m)

W=100 kg/h, AR=2.0, TS=1200°C, L= —0.583 m
Fig. 10. Comparison between the calculated and
the observed data for coal combustion®®.
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—a_.__._] ...................... (51)
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IN— = S I A & A R SR I s oy —
F—H580.2m FTHCHELIZLD 1.35m OHET
HERREIEECHERBRT A, COBBTERYEF v — 254
L, HBILOKRTTS 1.35m DNETERKERD, #
DB X DA T 555, BUSHEAE s aRbE
KEREVHEERESLETHS.

3:2 RHBRBBOERT IalL—-Ya>

W ROBREET O A ZER AT TH D, HARENT
HICHRE SN k-e EFNVICHEEKO EBY 2 & NI BRIE
BOGSHEE % Mz CHUEMHT§ 5 FiErFRA o Tw
BEDTINO) . wht R MR OBE, HE, {LFE,
EEE, TALVF—ICHTARERERDL I L 41
B3 2 ms hiElTH5r6n%.

o 1 2 ) o9
‘—a_x—(ﬂu(b) +—a—(rpv¢) —5—-(r ax)
o
_LT aT(TF ¢) S¢+Sd ................. (52)

EXRH AP ORI HAR I L HEstE Ly —
AWHE A END Suid Table 230 TR L 7. S, 3
BROBEESIE I ED Y —ABTH 5.

MR RN 3T _RCEETH S L LT(53)~(55) T
5.2 51 % Lagrange OEBV A #@EH L /2.

dU.
dtp = Gp(U— up) ................................... (53)
av, sz
7 G (V— g (54)
aw, V.W
=G,(W—w,) + L (55)
di Tp
VARD
Table 2. Turbulent diffusion coefficient I's and

source term S >6.

Conservation ¢ Iy Sp

Mass 1 0 0
Axial o, aU\, 1 a(, V) aP
momentum U sy ox (”'ff ox ) + T or (”'jj "ot ) “ox
Radial -2 Uy 1 & vy 14
momentum Vo oy “or (#e// or ) r or ('u”ff r;) Zuey i’
PWE 9P
P T or
Kinetic Ldf .
energy ko G—pe
Dissipation € M C, G~ Cap¢)
rate e
el
Stagnation Lelf _
enthalpy h "o, HI-E1+(1—§) QR+ (1—£) QR.
Mass m; Ly R;
fraction Im
AUz (aViz (V)2 ELAY 2 ({ Wyl
G=ﬂe//[2 ’<$> +(7) +(7) ‘ +(_—ax ) + T—a;(—;H

+ 5+ 5]

Mo = 1+ C, 08/ €

G = —3_. ,UthRep _ Dp ’ U— u, I Py
’ 4 'oprz o My
KFORBPICKITTERESBOLELER TS0

(52)K. 2 54 H N L KEHITFH O R (S EBhE % & /-8
EHHALTYS., CORELEHTTFHMEO0, BEERESE
(2k/3)°° O H I AFMMICEISLHEETEZ LA T
5.

BB RALTF DIZBRIZ O W TRBEFEO F 2 & oxdifkzs
Zh, BRBEER D X UMPEE, fbokif, BREES R L OREHE
BAERLTOGEAfTEHRSATVAS,

dT,
m,Cp— = Ah (T, — T,) + £,Q,+ £.Q. + Q,

?odi

ZIT, €, §RHERSBIUTF v — OB (Q,,
Q) DHF~DHEETH%.

ChoDORITED EZFERTICB LR FOES
2, EEOZL, NF - FABOEEE, RIcHkBI
BOGI ) BALFEOREEE k-2 HEXET VO
HRIH S, & LTHAANRS.

k-e EFMICKBEMEMEE L Fig. 1127 L Fig. 12%®
VR L7z, RSN OREES B L OBEH O MSHRER 7
% v % Z & CCRL (Canadian Combustion Research
Laboratory) TOEHIEEL X —HLTw5, HFREA
OCHZIER (swirl) 25258552 V&I

0.2 0.3 0.4
T

0.1

DISTANCE FROM THE AXIS (m)~—»

400 800 1200 1600 400 BOO 1200 1600 400 800 1200
AXIAL DISTANCE GAS TEMPERATURE (K)——
FROM BURNER ——1.3m 2.2m 5.05m—

@® CCRL DATA ABOVE AXIS, O CCRL DATA BELOW AXIS.

;_l_ (b)
® CCRL DATA coal'D'

100
T T T
[ ]

RADIATION FLUX (kW/m?%)
60
T

20

1 " [ N 1 Il 1 1 )
1.0 2.0 3.0 3.0 5.0
AXIAL _DISTANCE FROM BURNER (m)

‘Fig. 11. Comparison of predictions from k-¢
model with data. Temperature profiles at three
downstream locations : (a) coal ‘D’ ; wall radiation
heat transfer, (b) coal ‘D’?",
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Fig. 12. Gas flow patterns and typical trajectories
of 55 #m coal particles for flames (a) with, and (b),
without primary swirl. ---zero-axial-velocity con-
tour, — recirculation zone boundary, --- particle
trajectory. The location of burnout for the 10 tm,
25 ¢#m and 55 #m coal particles is indicated by the

Fig. 13. Schematic view of combustion zone with
the injection of pulverized coal®®.
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BRI BT A MR OBREEE 2000°C ¥R HEE
BOL—ZA%xA412200m/s lEE ) 2 ¥~ FTIK
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LI KB RIREE L 2% D &P RZ 5T B, L
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L CO, BTEEa—-— 2 RLIFTIETAHAILTH
A, #S53iE Fig. 13 R T LI T4 THh 5
L— 2772 A NE T CHERAZEDOKTEY « » MIKRZEH

(o]

4 — PCI(Wp =0.05kg/Nm3)
b — — — All coke

32 P=0.19MPa

[ Tp =1273K

~24 2773
? 2
> 16 12273 =
1773
8
1273

o0 0.
Tuyere nose

Fig. 14. Comparison of the distribution of process
variables in PCI and all coke operation®?.
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Fig. 15. Predicted and measured gas compositions
with Hunter Valley No. 1 coal with two upstream
injection locations®® from tuyere nose (a 0.625m, b
1.05 m).
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No coal injection
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Fig. 16. Predicted gas temperatures along tuyere

axis®®,

height (m)

0.5

raceway boundary
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With coal injection (50 g/Nm®, replacement ratio of coal 16% )

Fig. 17. Effect of the coal injection on the tem-
perature distribution*?.
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With coal injection (50 g/Nm® replacement ratio of coal 16% )
Fig. 18. Molar fraction and temperature distribu-
tion on the tuyere axis*®.
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Fig. 19. Experimental apparatus*.
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Fig. 20. Change of pressure drop with powder
injection*?. ' :
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Fig. 23. Comparison between observed and com-
puted distributions of powder hold-up in a two
dimensional nonuniform packed bed*?.
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