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Heating-up Performance of the Coal Rapid Heating Process with Gas Flow Heating Tower

Yuichi MATSUDA, Masahiko YOKoMIzo, Masaki SASAKI and Makoto MATSUURA

Synopsis : Specifically, the method using a rapid heating is effective from the standpoints of reducing equipment cost and aiming at a simple process.

The national project, “SCOPE21”, is believed to be rendered highly practicable through the process of drying and classifying by the fluidized

bed prior to the rapid heating .

This paper clarifies, by the conduct of a pilot-plant test, the basic heating characteristics of the rapid heating tower, which is the principal

one of the processes involved in the SCOPE21 process.

By the results of temperature measurement of coarse coal and fine coal in the rapid heater, the effectiveness of the simulation model of the

rapid heating process were verified, and temperatures were inferred for each particle size, using this model. As a result, we have been able to

attain the target coal-heating rate of higher value than 2000°C per minute and also the target of temperature uniformity of coal particles to

less than 50°C, thereby obtaining a good prospect for achieving the expected heating performance.

Regarding the behaviors of coal particles within the sectional heater in the pilot plant, from the good dispersion of coal particles inside the

tower, we have ascertained that biased distribution of coal particles charged into the heater become approximately uniform at the top of the

tower 25 m in height.

Cracking of coal particles within the rapid heater and other basic engineering data for the design of commercial plant have been gathered

and tasks sorted out.

Key words: coke; SCOPE21; non-caking coal; rapid heating; computer simulation; pilot plant.
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Table 1. Pilot plant test object.
No. Object of This Study Target Value and Item

Confirmation of heating-up
1 | properties of the middle size Rapid
Heating Tower of >700mm dia.

Heating-up Speed :
Outlet Temp. & Hot Gas Flow

: Coarse coal 280°C=370°C, 10,000Nm*h
: Fine coal

2 2660 “C/min

230°C=380°C, 12,500Nm%h

2 Evaluation of temperature variation
at the RHT outlet

Gas temp in a horizontal section < 30°C
Coal particle temp distribution

< 50C

Creation of design basis for the
Commercial size RHT

Verification of RHT simulator on the basis of the
comparison results between pilot plant data and
simulation results

Accumulation of basic engineering data and machine

design data
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Fig. 2. Typical size distribution curve of coarse and fine
coals.
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Table 2. Rapid heating test conditions.

Test Condition

Inlet Gas Inlet Coal
Temp. Flow Rate Temp. Feed Rate
Heating Test [1C] [Nm3/h} [TC] [kg/h]
10,000 - 5,600
Coarse Coal 380 ~ 460 ~16,000 250 ~ 270 ~ 6,000
) 1,500
Fine Coal 400 ~ 435 12,500 200 ~ 255 = 2.600
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Fig. 3. Imaginary sectional view of the coal feeding part in
the cases of coarse and fine coal heating.
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(b) Fine coal heating test
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Fig. 5. Effects of feed coal types and distribution plate on the uniformity of sectional gas temperature’s profile.

Table 3. Hot coal temperatures on the basis of the heat balance calculation.

Coal Feed Inlet Outlet (S-4) Enthalpy | Heat Loss Gaﬁ?a'
Coal and Temp | Enthalpy | Temp | Enthalpy | Chanee (um | atOutet
Gas Flow [Cl [kJ/h] [l [kJ/h] [kJ/h] [l
Gas | 13000 [Nm3/h] | 460 | 8.16x10° | 399 | 7.03x10° | -1.13x10° s
Coarse A 0 5 0.08x10 15
Coal | 6000 [kg/h] 268 | 2.13x10° | 384 | 3.18x10° | 1.05x10
Gas | 12500 [Nm3/h] | 429 | 7.24x10° | 393 | 6.61x10° | -0.64x10° .
Fine 5 = S 0.09x10 0.5
Coal | 2500 [kg/h] 246 | 0.81x10° | 3925 | 1.37x10° | 0.55x10
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pressure loss with gas-solid flow conditions.

SROINBE DB R IMEFE

HoTm, R TEAE100 um DR T & B E )
HWENELIE NI,

3:-4-3 GRATRED OBMZERE®

Table 6 IZFRRIFRE D OEUZERE, Up [kI/m*hK])DEt
HERLTR L7z, O Upid, RAE®T4600k)/m’h K,
2O EE A S BTERTIZAI800kI/m* hK TH 5, —F, ™
BIRD Upid, R AE% TI1900k/m* hK, Z O E#H 55
THR T3 150kI/m* hK Tdh -7z, {HL , Fig. 7DMH}IR
DESHEBEELICRON D L5, HAREIZHFEL
KF2» L BBE NS 20, BES EABITONTMEL
ENBZRFOREWD LR TR KE< kb0, #
ABRKTOANEERREIT B IZHD T3, FlxE, KN
FORMEEERITIRA B RO (S2) 44 Btk &
ORI 50%, ZOHDSHELMNETH20% TH -7, %
DREERIET 5 LHRR & MR R OMIZZEIT S, ERHR
Bk, MERKTO UplXEMRICIkA 5 2 & 2R TE /2,
M, UpldRRICTEE L2, ZOBE, HRKIZDWT
BRTF R v 7 ZEUMHERERE2KRD 227,

Up=AQ/(RTX ATImx Ac)

ZZT, AQ I ARKITFDOBEEA [KI/kgh], RT . KT
HeR[h], ATIm @ SABCFIGIRE (K], Ac - KFREMH
[m¥kg]TH %,
3-4-4 XIRIEIEDEL®

[MEMEDO A, HOMOEZEE; AP, (Fig. IOPI L
P3DE) &, ARNTIEER; AP, BEEEK; AP, Il
D8k, AP,, FLERK; AP,DAEHT, Table 7ITHIKIR &
PO K D T NEAGAER TOMBUE LD TR & 5HHE L D IR
L7z,

AP, I BFEE =AP,+AP+AP,+AP,

#5512 Table 70D AP

i—a

AP 2R SN B LI,

Table 4. Heat loss from the rapid heating tower surface.

Based on a Heat Balance Surface Temp Measurement
Hot Gas Heat Unit Heat Calculation | Surface I:Jg;tt
Flow Inlet Outlet AT Loss Loss Condition Temp Loss
rate Temp Temp
Nm®h °C C C kJ/h kJ/m?/h At. Temp C kJ/m?th
. 1 30C av. 43
400 ~ 396 ~ 7 x10% Wind:2 m/s ’
13000 440 436 4~7 12x10* 850~ 2000 . 0.6 s4-55 950
Table 5. Collection efficiency of the hot coal collector.
ltem | HotGas | Coal Dust Weight o & Plydro | Collector
Measuring Flow Feed 3 (Inlet Outllegt) Efficiency
Condition [Nm¥h] | [kg/h] | [9/Nm7] [kg/h] [k‘g hi [%]
Inlet 16.23 212
Coarse Coal 13000 6000 105 98.0
Outlet 17.3 225
Inlet 48.6 607
Fine Coal 12500 2330 70 91.0
Outlet 59.8 747
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Table 6. Heat transfer coefficient of coal particles.

Feed Coal . Temp Heat Trans.
e Heat-up Retention o
(Av. Surface Inlet Conditior Zone AQ Ti RT Deff. Coefficient
Area of Coal et tondition Fone (/] ”"[e};] ATlm | Up=AQ/RT/ ATIn/Fe/Ac
Particle) - ] [k3/m/h/K]
Gas ; Tg:460.0C, Inlet
< 4264 .
Coarse Coal 0g:13000 Nu'/h 2 426430 0. 09/3600 154 4600
(A=4 ni/kg) Coal ; Tc:268.5°C ~
; ) RN 5876 65/36 .
Fe:6017 kg/h S2°84 587600 1. 65/3600 63 840
Fine Coal Gas ; Tg:431. 1°C, fnlet 1900
2 . ~ 4 2 82
(4=6 0 ni/kg) Qg: 12490 Nm*/h S2 460000 | 0.07/3600 (3800) *1
10 A =50% | Coal ; Tc:255.0C, o~ . _ 150
eltective ’ 70000 94/ )
*¥20 Ao =20% Fc:2573 kg/h 52 54 000 L. 24/3600 8.5 (770)%2

Table 7. Differential pressure between inlet and outlet of the rapid heating tower.

ltem Actual Data Calculation

APy,
Gas Coal |Av.Gas| Gas R [
Coal Flow | Feed | Temp | Velocity is'“‘ ﬁ:m ﬁppﬁ spp' ﬁPPb QPP” APy

o INm¥h] | [kg/h] cl [m/s) [kPa] | [kPa] | [kPa] | [kPa] | [kPa] | [kPa]
12000 5700 401 17.7 4.12 2.7 0.48 | 0.12 | 0.16 | 2.02 1.49
13000 6000 426 19.8 3.85 2.81 0. 54 0.13 0.20 1.93 1.37

Coarse

14000 6000 438 21.7 3.52 2.83 0.58 | 0.15 | 0.24 1.86 | 1.25
16000 5700 414 24.0 3.70 2.97 0.63 0.19 0.30 1.85 1.25
Fine 16000 5700 397 18.3 2.22 2.20 0.21 | 0.11 | 0.18 | 1.T1 1.01
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Photo a-1 (X25) Coarse coal sample
-- many cracks caused by the rapid heating

Photo b-1 (X25) Fine coal sample
-- few cracks caused by the rapid heating
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Photo a-2 (X500) Coarse coal sample
--no change on the exinite

Fig. 10. Microscopic examination re-
sults of the rapid heating
coals.

Photo b-2 (X500) Fine coal sample
--no change on the exinite
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