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SUMMARY

The new and different mathematical modelling concerning mass balances of parallel flowing
preheater cyclone system is based on four different components, which are CaCOs, CaO,
MgCOs (or MgO) and other oxides. Calcination proportion and amounts that take place
within bottom cyclone groups and rotary kiln as well as the carbonation proportion and
amount that take place in the cyclone group right over the bottom cyclone are included in this
mathematical model. Besides, modifications that occur in solid and gas masses as a result of
these reactions happening in the rotary kiln and preheater cyclone are expressed.
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1. INTRODUCTION

Raw material and gas flows in parallel flowing preheater cyclone are as follows. Preheater
gases are equally distributed into two parallel cyclone groups at the exit of the rotary kiln.
While preheater gases keep going equally up in the parallel cyclone groups, 100% of the raw
material is fed by Number 1 cyclone. All the raw material passes rapidly all the way through
each cyclone and reaches from one side of the preheater to the other side of it and after being
calcined in the bottom cyclone, it is fed to the kiln. The basic property of this system is the
rapid flow of raw material all through both of the parallel gas flows. Therefore, only half of
the existing gas has contact with the entire raw material (Figure 1).

Since raw material and hot gas are completely mixed in parallel flowing preheater cyclones,
gas exit temperature remains lower than other recognized systems. Kiln exit gases enter in the
preheater cyclone with a temperature of 1000-1200°C. The temperature of chimney gases
flown out of the preheater cyclone is under 300°C. The control of allocation of kiln gases
through preheater cyclones is managed by dampers. The position of the damper system
managed by two analysers showing CO and O, amounts. This gas analyser is placed after
bottom cyclones and normally displays 1% O, for kiln gases and 2% O, for bottom cyclone
gases. Practically CO quantity is accepted as zero [1,2].

2. MATHEMATICAL MODELLING OF MASS BALANCES

There are separate mass equation calculation methods for different cement production systems
(wet, semi-wet, dry etc.). Since wet and semi-wet cement production systems are out of use
anymore, here we will basically focus on the dry system. Valuable studies in this field are
carried out by [3].

When cement production system are taken as a whole and mass equation clinker production
taken as the basis, calculation can be made through six different oxide equations of the
calcium oxide, iron oxide, magnesium oxide and non-volatile oxides (nvo) as well as oxygen
balances [4-11]. In the mathematical model to be explained here the raw material is assumed
to be composed of four components such as; CaCO3(X), CaO(Y), MgCO;(V) or MgO(w) and
other oxides as (Z) [12,13,14].
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Figure 1. Gas and solid flow scheme in a cement factory with parallel preheater cyclone

Therefore, in the preheater cyclone stages of solid and gas masses, it is possible to calculate
the quantities and composition at the entry and the exit. In the cement factory there are three
basic units to be taken into account in the calculation of mass equality. In the cooling unit of
these units no modification is observed in the solid and gas masses. However in the revolving
kiln unit modification in solid and gas masses occur in the form of remaining calcination of
the raw material behind the preheater cyclones and fuel combustion.
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2.1 Combustion Equations and Chimney Gas Calculation

In the preheater cyclones gas masses emerge out of combustion and raw material calcination.
Here equations regarding combustion are presented [12,13,14].
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Apart from combustion gases, CO, that come out of raw material calcination and raw material
moisture as well as raw material crystal water vapour take place in the chimney gas. In this
situation;

Total CO; in the chimney gas:

Co, = CO alp halt

, = 2,y+100 X0+84 Vo (3)
Total amount of water vapour in the chimney gas:

> H,0=H,0,y+ A* Xs + Fw+ KKw (4)
Total amount of chimney gas:

BG = CO, +CO+0, + 50, + Y_H,0 (5)

2.2. Calculating MgCO3, CaCO3 and total CO, mole quantities in raw material

When the calculation is made, it is assumed that MgO exists totally in the form of MgCO; and
that ignition loss occurs completely as a result of degradation of carbonates and vaporization
of crystal water and respectively the mole quantities of MgCQO;, CaCOs3 and total CO; in the
dry raw material is calculated as follows.

Quantity of MgCOj; moles:
M = M8 6
S 40 ©)
Quantity of CaCO3 moles:
Total amount of carbonate in the raw material — (84*MCM)
CCM = (7)
100
Total quantity of CO, moles:
TCM = MCM + CCM (8)
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2.3. Mass equation at the preheater cyclone unit

Raw material in the preheater cyclone unit is partly calcined [15]. CO, that comes out in
calcination make up combustion gases and leaking air gas flows while raw material and
chimney powder establish solid flows (Figure 2 and Table 1).

F(n) FA  CO)nt+l) BT@®t+l) BGM(n+l)
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Figure 2. Schematic display of solid and gas masses that enter in and go out of the
preheater cyclone unit.

Table 1. Entering and outgoing masses in the preheater cyclone

Entering masses Outgoing masses
With raw material [F(n)] With raw material [F(n+1)]
With chimney powder [BT(n)] With chimney powder [(BT(n+1)]
With chimney gas [BG(n)] With chimney gas [BG(n+1)]
CO, emerging out of calcination CO, emerging out of calcination
[COx(n)] [COx(nt+1)]
With air leakage (false air) [FA] With air leakage (false air) [FA]

2.4. Solid and gas mass equations at entry to preheater cyclones and cyclone
stages
When establishing solid and gas mass equations following assumptions were taken into
consideration [12,13,14]:
a-) Total amount of non-volatile oxides in clinkers is 1.0.
b-) Fuel ash combusted in the rotary kiln is entirely absorbed by the clinker
c-) Chimney powders that come out of the kiln through being dragged with the kiln gases are
completely the same with clinker chemical analysis.
d-) At the entry stage the MgO in raw material is completely in the form of MgCOs.
e-) MgCOj in the raw material is totally calcined in the (m-2)™ cyclone
f-) R, amount of CaCOs is totally calcined in the (m-l)th cyclone
g-) R; amount of CaCOj is totally calcined in the (m-2)" cyclone
h-) P, amount of CaO and MgO in the whole amount of MgO in the chimney gas gets
recarbonated at (m-3)™ cyclone
1-) P; amount of CaCOj; gets recarbonated at (m-4)th cyclone
Due to the fact that the total percentages of the chemical analysis of the raw material is not
equal to 1.0, correction factor given below must be used.
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1

UF =100 84 ©)
g*CaO,F+470*Mg0,F+Si02,F+A1203,F+F8203,F
Consequently:
U —(Y* Ash * U
Fe 00,k —( K 00,Y) (10)
UF *Uoo, r

In the entry to cement factory with parallel flowing preheater cyclone as well as in the
cyclone stages, CaCO3(X) and CaO(Y) equations are established as follows (Figure 3). By
considering m=9 for four stages, m=10 for five stages and m=11 for six stages (m-2)
equations can be written from n=1 to m-2.
F*CaO,r*UF
= (11)
56

056* n(n) * X(n) —056*[1-n(n+D]* X(n+ 1)+ n(n) *Y(n) —[1- (n+ D] *Y(n+1) =056* Xo (12)
(m-1)" equation;

0

056*n(m—-D)* X(m—-1)+nm—-1)*Y(m—1)=056*[ Xo+ X(m)]+ Y(m) (13)
From n=1 to (m-5), (m-5) equations can be written as shown below;
nn)*Y(n)—[1-n(n+D]*Y(n+1)=Yo (14)
I

n order to be able to calculate the mass equations at the parallel flowing preheater cyclone
stages, it is necessary to establish equations twice as many as the number of parallel cyclones.

The last four equations are;

(1= P)*n(m=35)*Y(m-5)—Y(m—4)+ (1= P)*[1- n(m—3)]*Y(m—3) = 02 (15)
(1= P2)* n(m—4)*Y(m—4)—Y(m—3) +(1- P2) *[1— n(m—2)]*Y(m—2) = 0 (16)
—0,56* Ri*{n(m—3)* X(m—3)+[1 - n(m—1)]* X(m—1)} — n(m—3) * Y(m—3) + -
Y(m—2)—[1-n(m-1)]*Y(m-1)=0 {17
—0,56* Re* n(m—2)* X(m—2) — n(m—2)* X(m—2)+ Y(m—1)=0,56r2* X(m) + Y(m) (18)

MgCOs(V) and MgO(W) equations are arranged as follows;

84
VOZE*UF*F*MgO,F (19)
From (n=1) to (m-2);
nm)*Vm)y—[l-nn+D]*V(n+1)—Vo=0 (20)
Other equations are;

84

77(m—3)*V(m—3)—4—0[1—77(m—2)]*W(m—2)—Vo:O (21)
nm-2)*Wm-2)—[1-nm-D]*Wm—-1)-Vo=0 (22)
nm—-0)*W(m—-1)-UF* F* MgO,r— BT(1)*W(m)=0 (23)
V=Vo+[1-n()]*V () (24)
W(m) = MgO,«
Similarly other equations concerning other oxides (SiO,, Al,Os, Fe,03) are written as follows;
Zo=F—(Xo+Yo+Vo) (25)
From (n=1) to (m-2);
nm)y*Zn)—-[1-nn+D]*Z(n+1)—Zo=0 (26)
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Figure 3. Variables used in modelling for gas and solid masses at a parallel flowing
preheater cyclone ,cement factory (four stages)
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Other equation is;
nim—-10)*Z(m—-1)—BT(1)*Z(m)—Zo=0 (27)
Z=Zo+[1-n()]*Z() (28)

At the entry and cyclone stages the quantity of raw material and the chimney powder are
calculated as follows:
F)=X+Y+Z+V (29)

BT(1) =A percentage of the clinker within the gas outlet of the rotary kiln
BTQ)=[1-nm-D]*[X(m-1)+Y(m-1)+Z(m—1)+ W(m-1)] (30)

From N=1 to (m-2);
Fn+1)=nn)*[X(n)+Yn)+Z(n)+V(n)] (31)
BT(n+2)=[l-nm—-1-n)]*[X(m—1-n)+Y(m—1-n)+Z(m—-1-n)+V(m—-1-n)] (32)

From n=(m-1) to m;
Fn)y=nn-D[Xn-D+Y(n-D+Z(n-D)+W((n-1)] (33)
At the entry and cyclone stages the other oxides (Si0,, Al,Os, Fe;O3) in raw the material are
calculated one by one as follows:

[1+ BT(1)]*SiO2k—Y * Ash * 5i02,

SiO2. r(m) = Fom) (34)
, [14+ BT(2)]* SiO2,k — Y * Ash * SiO>,
SiO2,r(m—1) = (35)
F(m-1)
[14+ BT()]* Al205,k— Y * Ash * Al>Os,,
Al0s, r(m) = (36)
£ (m)
[1+ BT(2)]* ALOs,k — Y * Ash* ALOs,»
AlO3, r(m—1) = (37)
F(m-1)
[1+ BT(1)]* Fe203,k— Y * Ash* Fe20s,
Fex0s,r(m) = (38)
£ (m)
[1+ BT(2)]* Fe203,k — Y * Ash* Fe20s,y
FexO3, r(m—1) = (39)
F(m-1)
A molar amount of CaO and CO; during at the and of calcination process in the rotary kiln
CaO0,ca(l) =0,56*n(m—1)* X(m—1) (40)
COx.ca(l) = % (41)

CaO and CO; that emerge out of the calcination in the (m-l)th cyclone

Ca0,a(2) = 0,56 *[n(m—2)* X (m —2) + BT(1)* X (m) — X (m —1)] (42)
CO2.ca(2) = %6’(2) (43)

Ca0O, MgO and CO, that emerge out of the calcination in the (m-2)th cyclone

Ca0,(3) = 0,56 * {n(m —3)* X (m—3) —[1—n(m —1)]* X(m 1) - X(m —2)} (44)
40
MgO =7 ii(m=3)*V (m~3) (45)
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CCZO, Cal(3) n MgO

CO ,ca 3 = 46

nel3) =5 40 (46)
CaO and MgO recarbonated in the (m-3)" cyclone and CO, preserved through recarbonation:
Ca0, rar(l) = P2*{ip(m —4)* ¥ (m — 4) +[1 - p(m — 2)]* ¥ (m - 2)} (47)
MgO, rear = [l—ﬂ(m —2)]*W(m —2) (48)

CaO, rcar(l) MgO, rear

CO , pre 1 = + 49

2,p ( ) 56 40 ( )
CaO recarbonated in the (m-4)™ cyclone and CO, preserved through recarbonation:
CaO,rcar(2) = P1 * {[1 —n(m=51*Y(m-5)+[1-n(m-3)]*Y(m - 3)} (50)
COZ, pl‘e(2) = %gar(z) (51)

Visible calcination proportion in the (m-1)" cyclone:
100

—*Y(m-1)
56
X(m-1)+—*Y(m—-1
(m=D)+- ~*¥(m=1)
Visible calcination proportion in the (m-2)™" cyclone:
) s Ylm=2)

re(2) = 100 (53)

X(m—2)+¥*Y(m—2)
In this situation CO;, quantities in the chimney gas at cyclone stages are calculated as follows:
CO; (1) = combusted +CO .cal (1) .oovvvivniiiiiiiiiii e, (Rpr exit)
CO:1(2) = %2(1) +CO2ca(2) (m-1)" cyclone exit
CO22(2) = %2(1) +CO2ca(3) (m-2)" cyclone exit
CO21(3) =CO21(2) = CO2 pre(l) e (m-3)" cyclone exit
CO2(3)=CO2(2) = CO2pe(2) oo (m-4)" cyclone exit

In other cyclones chimney gas remains constant and no modification takes place in its
components.

3. CONCLUSIONS AND DISCUSSION

An appropriate computer program for this mathematical modelling has been prepared for the
cement factory with parallel flowing preheater cyclone. Through entering data in the program
regarding normal quality coal, high quality coal (with high specific heat value] and fuel-oils;
gas and solid flows in cyclone stages as well as their quantity and compositions at entry to the
cyclone and the cyclone stages can be achieved. Achieving these consequences makes it
possible to make more comfortable and realist energy equations at each cyclone stage and
cement production unit. It is possible to see the calcination proportions at rotary kiln and
bottom cyclone group as well as recarbonation quantities at the cyclone group right over the
bottom cyclone along with the negative and positive effects of these proportions over energy
equations. It is supposed that discussing the consequences of this program here in this article
will highly expand the volume of this article. Therefore, this issue will be taken in another
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study. In order to calculate the chemical analysis of the raw material at the entry and cyclone
stages as well as clinker’s chemical analysis, it is either required to calculate the raw material
analysis by taking the clinker’s chemical analysis as the basis and by going backwards or by
taking chemical analysis of entry raw material as the basis and going forwards. In order to
maintain desired quality of clinker we recommend that you take the clinker analysis as the
basis that will facilitate appropriate raw material ratio preparation.

Symbols:

Ash: Fuel ash (%)

BG: Chimney gases

BT: Chimney powder

FA: Leaking air entering the system through entry-exit impermeablity (Kmol)
Fw: Humidity ratio in the raw material (Kmol)

KK: Combustion efficiency (%)

KKw: Crystal water amount in the raw material (kmol)
P: Cyclone stage recarbonation ratio (%)

R: Cyclone stage and rotary klin calcination ratio (%)
Rpr: Rotary kiln

Xs: Proportional humidity of the air (gr/Kmol.air)

A: Excess air coefficient (%)

n (n): Cyclone efficiency (%)

Subscripts:

cal: (CaO, MgO, and CO,) what comes out of calcination
F: Raw material

K: Clinker

rcar: recarbonation (CaO and MgO

re: preserved (CO;)

rg: Visible (calcination ratio)

Y: Fuel
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SEMENT ISTEHSALININ ENERJIQONAOTLI TEXNOLOGIYASI
OHMOD KOLIiP, DOHMOD FEVZi SAVAS, MOHMOT BAHAT

Sement istehsalinda ilk defe olaraq miixtelif komponentlorin: CaCO,, CaO, MgCO, (vo ya
MgO) vo diger oksidlerin kiitlo nisbetlorinin seg¢ilmasinin riyazi modellosdirilmasi
islenilmisdir. Modellosdirilmade sobada reaksiya naticesinde emale golon berk cisim ve qaz
hallarmin kiitlesinde emale goelon doyisikliklor nezera alinir. Kiitle nisbetlerinin optimal
secilmasi istehsalin enerjiye gqonast rejimini tomin edir.

SHEPI'OCBEPEHAIOIIASA TEXHOJIOI'UA ITPOU3BOACTBA IEMEHTA
AXMET KOJIAII, AXMET ®EB3U CABAILl, MEXMET BAXAT

BrniepBrie pazpaboTaHo MaTeMaTH4yeckoe MOJAEIHPOBAHHE MOAOO0pa MAacCOBBIX IMPOMOPIHIA
pasmuunbix kKommoHeHToB: CaCO3, CaO, MgCO3 (mmum MgO) u Apyrux OKHCIIOB TpH
NPOM3BOJICTBE LIEMEHTa. MoOJeNnUpOBaHUE YYWUTHIBAET M3MEHEHHs B Maccax B TBEPABIX U
ra30BBIX COCTOSHHSAX, HPOHMCXOMAIINE B pE3yNbTare peaknuidi B OO0KHUIOBOW IIEYH.
OntuManbHbIi OAOOP MACCOBBIX MPOMOPIHMI 00YCIaBIMBAET SHEProcOEPETaAONINA PEXUM
HPOU3BOJICTBA.
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