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Influence of Pore Structure in Coke on the CO and NO
Formation during Coke Combustion
Synopsis :

Two types of coke samples, being different in pore structure, were prepared as follows :

a) Pulverized coke was moulded to the desired rectangular shape after mixed with inorganic binder.
This sample maintained the almost same pore structure as the packed column of pulverized particles.

b) The sample cut from lumpy coke was held in the stream of CO,/N, mixed gas at 1 200°C until car—

bon in coke was consumed to the required amount.

surface of the tubular pores.

The former aggregate sample was most effective for decreasing the NO formation.
samples, NO formation was reduced with increasing the porosity of the sample.
pores with fine incombustible particles was not desirable.

Innumerable small hollows were made on the wall

As to the latter
The blockage of the outer
Absorption of KOH showed the good effect

on the elimination of NO when the combustion temperature rose.
The analytical results of the conversion ratio of organic nitrogen to NO indicated that most of nitrogen

oxides were formed inside of the outer surface in the case of porous samples, namely in pores.

High CO/

O, atmosphere was considered to be produced there and to be brought to the decrease of NO formation.
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Table 1. Preparation of coke sample and its property.
Chemical composition (2,) |Apparent Porosity Surface*s
Sample Preparation density s—|area
c N | Ca| K | Na | (g/cm?) | Total |—100y [(m*/g)
A-1 | Not treated 85.5|1.01|0.10| 0.07 | 0.04 1.06 45.9 26.8 0.65
B | a-g|Heatedat I200°Cfor Jg7 40075 — | — | — | 105 | 464 | 24.5 | 171
= - -
7 | A-3| Gasified to 7.5% of C | g4 glggo| — | — | — 1.02 | 48.0 | 290.3 | 7.4l
I consumption
§D§ A-4 | Gasified to 309, ~=*2 |81.1|0.67 | — — — 0.77 60.7 42.8 17.19
8o -
§ g" A-5 | Dipped in KOH solution| 81.5 | 0.96 | 0.13 | 2.39 | 0.46 1.12 43.2 26.9 1.11
=
8 g A-6 | Dipped in lime milk 81.7 (1 0.97 | 2.51 | 0.11 | 0.27 1.11 43.5 31.6 —
3 E A_7 | Coated with refractory . . . . - o . .__ _
powder
o Bounded with refractory
2 § B-1 cement 66.1 | 0.78 [ 0.51 | 0.11 | 0.07 1.04 48.8 42.3 —
5 0} 0 0
g| B-g | Bounded with inorganic| 57 4 1 91 | 0.11 | 0.09|0.10| 1.06 | 50.7 | 38.7 —
- binder
*1 Moulded to rectangular shape from pulverized coke
*2  Gasified at 1200°C in the stream of 2095 CO,-80% N, mixed gas
#3  ““Aron Ceramic”’ (Product of Toagosei Chemical)
*4  Porosity of open pores less than 100z in dia. measured by mercury porosimetry
*¥5 Measured by B.E.T. method
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Fig. 1. Size distribution of pores in the samples
(by mercury porosimetry) .
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(a) Conventional metallurgical coke
(b) 309 gasified coke

Photo. 1. Scanning electron micrograph of
CO,-gasified coke.
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(a) Conventional metallurgical coke
(b) Moulded sample of pulverized coke
B : Binder (refractory powder)
(c) Coke sample coated with refractory powder

Photo. 2. Microstructure of pores in coke sample.
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Dark gray small particles : Ca(QOH),
(b) Scanning clectron micrograph of the surface
Whitc particles : Ca(OH),
Photo. 4. Precipitation of Ca(OH), on the coke
surface.
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Fig. 2. Schematic diagram of experiment?).
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Fig. 3. Change in coke temperature and waste
gas composition during combustion,
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Table 2. Results of the combustion test of coke samples.

*2 *3 | Waste gas Formation rate | NO-conversion
Sample*t Temperature |Consumption| composition(%) (mol/cm?2-s) ratio (%)
mpie of sample |of sample co o co NO wd %5
(°C) (mm/min) 2 N 2 7 No,1 | ¥ No,z
x10-4 x10-§ x10-8
A-1| Not treated 963 0.05 2.89 | 77.6 | 292 | 2.56 | 26.8 | 23.8
A-2 . 1200°C-Ar 967 0.05 2.64 46.4 8.71 1.54 24.5 20.3
A-3 | 7.59, gasified 966 0.05 2.57 40.3 8.49 1.33 19.3 17.1
A-4 | 309, gasified 985 0.045 2.42 26.5 8.00 0.88 15.4 16.1
A-5 | KOH adsorbed _ 962 0.045 2.68 54.8 8.69 1.78 20.4 15.1
A-6 | Ca(OH), precipitated 972 0.04 2.29 70.5 7.45 2.29 30.7 25.9
A-7 | Coated 985 0.045 2.47 69.1 8.34 2.33 27.9 24.2
B-1 | Moulded(refractory 964 0.04 236 | 29.1 | 7.86 | 0.96 | 12.3 | 8.9
cement)
B2 | Moulded (inorganic 948 0.04 2.23 | 28.1 | 7.38 | 0.93 | 12.6 | 9.3
binder)
*¥1  Described in Table 1
*1  Temperature when the consumption of sample is 0.5mm in thickness
#3  Decrease in thickness of sample in 1 min
*t  Calcurated from waste gas composition
#5  Calcurated from gas composition profile in boundary layer
50 O TWIREBAT 5. ShixdpEEs EAL, CO o
Not treated (A-1) 3 - - < 0 =it R
\ ‘.’ 330/.:;sified coke(A-d4) EFRNERT I B 7D THDBY . DAL DE TR
Saob X v KOH -adsorbed coke(A-5) D — 2 AL KELD, FHEIZ Table 2 WiRT X
< T % x Coated coke (A-7) . . N SN N . -
2 | \"™x, & Moulded sample(8-1) 51, HAEBRKEL LB ERL L TCE D, KILE
3 ki ks NO HIBIHREOKRE L LA b2 T H
3 5.
$20
: 2) k= — 7 A DRI
d10 CO, FAIT, fEAH DM & > TEHHD Cilt
z EABEA LI Lk p, Table 2 wiRd X5 ETFL
% 3 3 5 8 Tw5b., i, REEENL- o CREEN DI

Time after ignition (min)

Fig. 4. Change in NO-conversion ratio during
combustion.

Fig. 4 @in L., F4,0.5mm DEINME LA &L &
DOFRFHEE, HEr Ak E NO RO HE L &k
—¥ LT Table 2 &RL%.

1) A= —27 R
#AERBKEVZE, CO, R4 (CoREE) EE
BL e ), REHRERSE 22> T\% (Table 2). &
EDEL B DX, [KonEz T Table 1 iRl X
5 a—7 AhDCRENMETT5DTHY, ABHE
EoEANRKE VO, RREEYL ) o CREER
mMLTwBZEE, GHBREVDERABATKCET
PREEEDEN B EELBRS.

NO ##32, Fig. 4 wiRd X 5 KisiEoERic s b

L FAIE SN XLs (Table 2, Fig. 3-(a)).

NO #E#faski3 Table 2 WiRT X oK, BE=2—27 A
DENL Tl oTEY, 77V ¥ — 1 BGHEELYE
T35 301 NOMFIRLKEWZ LoD EED
i, e NO BEdEIRHRER BV &N ed
TERPELNI LAY, ARBCRRELEAEHLEE
Da—27 ADEELEDLLEWVD, HBEELTRUTT
BHTh oD bT NOEBEERIT WHTUB L ELV.
Z OFERIIBEHRY o NO Mgl 0¥ ¥ cixiiT
x0T, 33 FITEREBRICL.
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DEE
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ML D, NO FBEL LB EE L & & O Fils
B A AR A AR A SR D Fe

CO, s Xt CO EAfcouLTit, NO Mc) 2
MKE 30% HA{LNB 2 — 7 2, = — 7 AEK

Not treated (A-1)
o 30% gasified coke(A-
¥ KOH-adsorbed coks(

& Moulded sample (B-1)

CO2 ,CO (vol%)
o

4
Distance from coke surface (mm)

Fig. 5. CO; and CO concentration profiles
around the burning coke.

(b)Moulding of

o pulverized coke
R A

L "® Not treated(a-1)

/N
SO ¥ / -\e/(A-ﬂ
Ax/ '\

() Gasification

300H atedin \
| ¥ (A=),
™0 o) °
N 0]
200 o X, i Mou(Be_ql)sarhg{z

75% gasified
(A-2)

(d) Attachment of

(C)Coating with
) . KOH,Ca(OH)

£

Q

a refractory powder|-
A

(o]

z

Coated coke(A-7) ) ¢ Ca(OH), (A-~6)

| ® KOH m—s)“-&g\
100+ * B K:'i\

' i 1 A L ye
% 2 [ 6 0 2 4 6
Distance from coke surface (mm)

Fig. 6. NO-concentration profile around the
burning coke.
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#h, KOH =2 -7 A% BED 2 — 27 AL HKLT,
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CO BT HEENRRD bR B, L DERZIFEF I/
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EVBE D TWAE, Thicx LT Ca(OH), 43
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fok & NO DI, Bt = — 7 AEKHEEED CO/
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7 ADSIE L E L LEBRCS VT, NORBENK
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EhbEID ETRRBIDOTWS LHEINS,

30

Coated coke (A-7
‘_'"‘v- ------------- Y) — =

-
251 R
Not treated(a-1)

1200°C -Ar treated coke
(A~

20
ced co\«ea(A-3) °

\(}
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Tggastied(a-3)|

1~

- ————V——— - ——
KOH-adsorbed coke(A-5)
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Fig. 7. Profile of NO-conversion ratio within
boundary layer around the burning coke.
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NO formation (Schematic diagram).
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