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Abstract— The preheating of cement raw meals is drastically improved by suspending them with the hot kiln gas
in a multistage cyclone preheater. Furthermore, the heat Igad of a rotary kiln is cut down to such an extent that more
than a half of the calcination is achieved in the preheater by employing a newly devised equipment, known as the Mit-
subishi fluidized calciner, which works as a part of the preheater proper. In this work a total of 51 input parameters in-
cluding 22 program variables are scrupulously chosen to describe the system by setting up complete material and
energy balance equations for each system component in operation under steady state conditions. Five important vari-
ables, such as raw meal feed rate, coal feed rate to the fluidized calciner, cyclone efficiencies, radiation losses, and dust

circulation rate from the riser duct are chosen to check the impacts of their variations upon the preheater performance.
It is found that the calculated results explain reasonably well of the actually observed preheater behaviors. It is als

possible that the predicted results can be used as the guide for more energy efficient preheater operations.

1. M = W ZE cAul E (Portland cemtent)?] o2 4
zE ), Alple AzA] gagHel £434L shaft

off x| chauld absiel shial AlwlEFe 1824 kiln o 2%e] Azsle] 187737 Ronsonol £]3}e]



356 g -

3] A & (rotary kiln) 7} el & 54, wb A4 F4
+ 71 71457 ¢l SP(suspension preheater) %4,
NSP(new suspension preheater)db4 502 Hbx=]
of st 3l kilnless kiln, plasma furnace 5%
Ardx 1],

AlRlE Feie] Fu AAle 43y Ak
AR FI L ez W5 A7l leg gokd 9l
o}, £4%AHL ZA dli(calcination)st 237+
(clinker)iF3-22 g 4~ gledl d4ne diite
Shae] 489, adjuz od g Far)t dejuhe
of|d~| (preheater)ell el 34 ofliz] Aol uf-$-
29 3},

£ dFolA NSP 949 il 2o & Asl
Exde A X3 73_”%@ 3 MFC(MitsubiShi
fluidized calciner)s 2&3

of gk FAatefo] 2l g Hl-‘?ﬂl ol & ?5H 43@ 7t
o] qlzbEol FHel vlAlE

ol
2 Sl 9

2-1. 0|2 ujAH

Deussner[2]& Ato|Z2S Y& dAxdr|z A7t
sl HdF58S AP, 2 % Vogel[3], Franken-
berger[4], Vosteen[5] 5°] SPellAe] Aol ozt
o| 28 AU}, dse} 7ha Alolof] Yol dA S
2 Vosteend] o| 2o 2 HEl Alo]ZEol4 Reld
Azl 7hrol 25 A= FA1E ¢ J5E 4A A
o}, SPoll thEk o] E3h= 1960} Fub§-E 19704
o) Fa7r] B2 EUol|lM o] Fojxor] 1 & 1980

dehell Sole} Elikjaer[6], Rosemann{7] 5°| NSP
Ao AAFAoll tfE GdF-F Al
Satterfield[8], Narsimhan[9] 5-¢] d+2zng ¥
g, CaC0,9 kg2 = RS 57t 250 =i
u)zbsle] olofujet elAldzle] ZAfel YAt =&
kS Fol) YA sl 52 FAHE & F Urh
CaC0,9 342t ghedel el wslsie] 43
CaC0,9} 25t 1718t shellAl oF 890°CelcH10].

o

<>§‘~

oAl F23) CaCOse dhad of A 72<l
CaOz #islste] o|opghZ 732; Tz Hahe slate
5 zaAglA se[1], ez H34elA g

CaCO; stades o ssocolﬂ} MgCO;“_ ]y
24 Fig. 2004 & 4 5ol ofile sliogsr) &
A+ o wAE BEge] Aol 7401 Brill[8]

Ststas M25P M4z 19879 8

ol elelo] arejge,

2-2. o7

AD71E A5 E A7) shaikge] dE Yo
7l d8e o, oldr|E ZaE AA 44wl
el B42E Fig 1ot 2eh axlel Aol3

MFColl A& g2 72 wlgo] Uoj ‘44
7k IRk FEb )
vh, 2ub: A s MgCOH O}’—i- 47
o}, 3uk d4niolld] f-olslE B3R (dust)] A ERARS]
3Hrecarbonation)
k. 45k 2l MFC : CaCO,¢ 3h4 9 Aele] ofx

3-1, ub

A= A3 4e] 57} 5]o] shale, dlAF, H34 55
23 F4& #Helw CaO, Si0,, ALO;, Fe,0s,
MgO, Na,O, K,0 59 4807 o]Fold 9} ]
£ 4%F Ca0, MgO+ 77 CaCO;, MgCO,2
Aot w2 YEFols PAFE, Aol 2.6&51
o] <) 01:1 213

o
ofolob 1 obg o 4 glort wg

O|0

P

Fan
O Feeder ‘raw meal
lﬁ_.___..‘
!,
2
i 4'
' .
fuel MFC/ Cyclone
[ VS fuel
Riser ——
duct Rotary Kiln i
secondary air ]

Cooler l
clinker

Fig. 1. Schematic diagram of the cement plant.
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nation. EEEE b 450, 100CE 2o H 9o,
Table 1. Calcination temperature of MgCO,,
Temp.(°C) 265 295 315 325 340 380 405 445 468 510
10MgO | 9MgO | 8MgO | 7MgO | 6MgO | 5MgO | 9MgO | 9MgO [ 7MgO
Formula {MgCO
T g7 |aco, |8co, | 70, | 6CO, | 5C0, | 4CO, | 7CO, | 5CO, | CO, MgO
Table 2. Input parameters with the nomenclatures.
Parameter Unit Nomenclature Remark
feed rate of raw meal ton/hr RAWMEAL 150
contents in raw meal except ignition loss
Si0, content % SIR 21.08
Al;,03 content % AIR 5.44
Fe,05 content % FIR 3.62
CaO content % CIR 65.80
MgO content % RMIR 2.74
contact-water in raw meal (west base) % WB 0.172
temperature of raw meal °C T¢ 82
feed rate of coal to MFC ton/day COALMFC 87
feed rate of coal to kiln ton/day COALKIL 192
secondary air from cooler to MFC Nm3/min SECAIR 250
coal feeding air to MFC Nm3/min COALAIR 20
fluidization air to MFC Nm3/min FLUAIR 180
contents in coal (wet base)
ash content % ASH 13.69
C content % CIC 70.72
H content % HIC 4.60
O content % OIC 7.06
N content % RNIC 1.23
S content % SIC 0.61
H,0 content % HOH 2.09
contact water in coal (wet base) % HHO 0.64
high calorific value of coal kcal/kg HHH 6604
specific heat of coal kcal/kg Cp 0.28
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Table 2. continued

Parameter Unit Nomenclature Remark

temperatures of air to MFC

secondary air °C TZFC 600
coal feeding air °C TC 50
fluidization air °C TF 35

contents in coal ash

SiO, content %o SIA 42.31
Al,04 content % AlA 29.29
Fe,0; content % FIA 6.22
CaO content % ClA 12.61
MgO content % RMIA 2.27
humidity of air (dry-air base) kg/kg-air HUA 0.004
false air intake with feed kgisec ACFGWR 1.50
leakage air at stage number J kg/sec ACBLJ 1.15,1.20,1.00
1.50,1.00
radiation loss at stage number J kcal/sec ACRA) 28,81.2,87.6
125.14,64.16
48.38
dust from kiln to preheater kg/sec ACBDFK 0
temperature of kiln outlet gas °C TZFK 1500
cyclone efficiency at stage number J Y ) 0.95,0.77
0.79,0.79
dust formed at riser duct kg /kg-clinker BDFR 0.65
MgCO,+ Fig. 28t ¢ siA|=ql Faljulgog ofef od54E 2AE] H8 Fedd gHdsEE s
Ael wgeEst 4P, MgCOSl wese o 4u gEs 7o 24 o &5 227 Y
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Table 3. Program variables.
Variable Unit Nomenclature Remark
material from stage number J kg/kg-clinker BM())
content K in material from stage number J " BMK()) K=A,B,0,
D.EX,F
exit gas from stage number ] ” BG(])
content L in gas from stage number J " BGL(J) L=IP\II ,Z,CO,
dust from stage number J " BD(J)
content K in dust from stage number J ” BDK(])
false air intake with raw meal ” BF(0)
leakage air at stage number J 4 BL())
radiation loss at stage number J kcal/kg-clinker RA()
heat loss due to reaction at stage number J " RE())
coal to MFC kg/kg-clinker BMC
secondary air from cooler to MFC ” BGFC
coal feeding air to MFC i BGC
fluidization air to MFC " BGF
gas from kiln to preheater ” BGFK
content L in gas from kiln to preheater ” BGLFK
temperature of stage number J °C TZ(J)
degree of calcination at preheater % XA
degree of calcination at stage number 4 ’ XA4
degree of calcination at MFC ” XAM
dust formed at riser duct kg/kg-clinker BDFR
cyclone efficiency at stage number J Y\

* If prefix B is interchanged with Q the nomenclature with prefix Q represents the sensible heat (K cal/kg-clinker) of the

nomenclature with prefix B.
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(8), 0:(g), CO,(g), H.O(g)= Fig. 4oll4] 25%o] 7#7%
N, Z, CO, H& #73l9 37]& 795%2 Ny(g)et
212-%9 0, (g)= % E37|al RE B8,
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g},

BM(J-1)+BD(J+1)=BM(J)+ BD{J)+BR(J) (6)
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Fig. 3. Flow chart of materials in preheater.
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Fig. 4. Nomenclature symbols for the com-
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(a) of solid material, (b) of gas
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Fig. 5. Flow chart of energy in preheater.
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Table 5. Temperature of stage and wasted heat.
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Table 4. Tetal heat supplied.

Total heat supplied

e sensible heat of gas and dust supplied from kiln to
preheater
* heat of fuel and air supplied to MFC

A

Used heat Wasted heat

eradiation loss

esensible heat of prehea-
ter exit gas and dust

o(—) sensible heat of raw

eheat of reaction

esensible heat of material
supplied from preheater
to kiln

meal and leakage air

=QGFK+QDFK+QM (4) +QL(5)
(20)
. QG(6)+QD(6)+R(6)
=QGFC+QDFC+QMC+QGF
+QGC+ DRAT - QM (3) (21)
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Stage number 1 2 3
Temperature (°C) 370 552 747
Cyclone efficiency 0.95 0.77 0.79

4 5(riser duct) 6(MFC) Wasted heat
850 979 850 (kcal/kg- clinker)
0.79 - . 198.1

* Temperature of stage means the temperature of outlet gas and dust at each stage.
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Fig. 6. Effect of leakage air at each stage.
(a) on preheater exit gas temperature
(b) on wasted heat

Table 6. Heat of reaction and calorific value used for preheating.

(a) at preheater including riser duct

Stage number 1 2

4 5(riser 6 re-

duct) (MFC) eater
reaction heat 4.6 25.0 -56.0 45.2 149.0 142.5 310.3
(kcal/kg-clinker) (1.5%) (8%) (-18%) (14.6%) (48%) (45.9%) (100%)
preheating value 160.0 90.1 124.2 16.7 -168.8 16.8 239.0
(kcal/kg-clinker) (66.9%) (37.3%) (52%) (7%) (-70.6%) (7%) (100%)
total 164.6 115.1 68.2 61.9 -19.8 159.3 549.3
(kcal/kg-clinker) (30.0) (20.9) (12.4) (11.3) (-3.6) (29.0) (100)

(b) at preheater except riser duct
Stage number 1 2 3 4 6 preheater
(MFC)

reaction heat 4.6 25.0 -56.0 45.2 1425 161.3
(kcal/kg-clinker) (2.8%) (15.5%) (-34.7%) (28%) (88.4%) (100%)
preheating value 160.0 90.1 124.2 16.7 16.8 407.8
(kcal/kg-clinker) (39.2%) (22.1%) (30.5%) (4.1%) 4.1%) (100%)
total 164.6 115.1 68.2 61.9 159.3 569.1
(kcal/kg-clinker) (28.9) (20.2) (12.0) (10.9) (28.0) (100)
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Fig. 7. Effect of radiation losses.
(a) on preheater exit gas temperature
(b) on wasted heat
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