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INTRODUCT ICN

Ir the world cement industry, oil is mainly used as fuel for the new
Technique of precalcining. In recent years, under the hitting of the
oil crisis, many countries have been investigzating the conversion

from oil to coul as a substitute fuel.

In 1975, on the basis of successful investigation of oil fired in
precalcining process, we considered the actual conditions that coal
is used ma’nly in our cement industry and began investigating the
use of coal as a substitute fuel in the precalcining process. Since

1978, a kiln line of industrial scale has been >perating.

The success in investigatiing coal fired precalcining can net enly
utilize the coal resources everywhere in China to develon cement in-
dustry, but also decrease the reliance on the oil fuel. It is advan-
tageous for exranding the precalcining technique and for using the
limited o0il resources in suitable places, such es getrochemical in-
dustry. This is a matter to kill several birds with one stone. Cone -
sequently, the new technique of coal fired precalcining has a great-

significance in the world.

According to the experierce in the Practical oroduction, the output .
guality and heat consumption of oil fired precalcining are similer
to those of coal fired precalcining. There are no grest differencee

in total economical efficiency.

Since pulverised coal has a lower burning rate and higher fire point,
its ignition in the precalciner is more complicated than oil. And

“he demand for technological control is so high that the fly ash
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will be prevented from cohering on the wall of furnace and incomp-

lete combustion of coel fram causing vreheater super temperature,

There are no differences between coal fired and oil fired precal-
cining processes but the fuel. The techrology is almost the same,
Therefore, the extent of NOyx produced is similar. In the convention-
al kilns, the total fuels burn at high temperature and produce mors
Nox. The exhaust gases from suspension preheater, for example, con-
tain approx. 800 to 1000 PPM lox. However in the precalcining pro-
cess as more than 50% of overall fuel burns in the precalciner at

a relatively lew temperature ( 900%:), there is little generation

of NCX. And the Nox:produced in tne kiln is partly reduced 5y car-

bon monooxide.

The Nox concentration measured bty Japan is cnir 10C PPM which is

under the allowing range of 250 PPM,

The choice of techniczl flousheet :

1. The choice of firing processes

There are several firing processes which can use pulverised coal
as fuel. The coal must be distributed uniformly in the precalcirner

and burnt in a stable condition at aporox. 9C0%%.

(1) Pulverised coal prefires first and then mixes with raw meel and
goes on burning in a precalciner-—this crocess cf combustion and

heat transfer has more advantages:

a). The pulverised coal is directly fed into the furnace to turn

and a burner is unnecessary.




b). The pulverised coal prefires first and then comtinues to burn.

The combustion is stable.

c). The pulverised coal iransfers heat to the raw meal while it
burns. The loss of heat is less and the efficiency of tkermal trans-

mition is higher.

d). The temperature distribution in the furrace is uniform and the
Lemperature is easy to be controlled. This is advantageous for de-
cerbonizing calicium carbonate.

I3

Tor this kind of process, all the fly ash zets Into kiln feed. There-

fore the content of ccal azsh should rot Te %00 high

Slliniee

(2) Coal burns alone in a burner and produces hot ges entering a
precalciner and then heat transfer occurs between materizls and
gas. In this process, the coal combustion is steble andieasy to be
controlled. When low grade coel coniaining high ach content is used
as fuel, this process is adoplable, because it is necessary to
remove most or part of the ash which exceeds the amount reéiured

by trimming. But it has the following limitations:

a) The plants, flowsheet and production control are complicated. The

loss of heat is high and uneconomical.

b) high gas temperature is reqiured and the temperature is 4iffi-
cult to be even in the furnasce. The tempersture of hot gas is hizher
at the inlet and too low at the outlet. This affects the decarborizs -
tion degree of calcium carbonate. The furnace is not sufliciently

and rationelliy uvsed. If adopting several inlets for hot zas to enter
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the furnace, the much uniform temperature distribution can be ob-
tained in the precalciner. But difficulties in operation Increase as
the gas ratio at all inlets needs to be edjusted. Consequentl;, this
process is suitable when using low grade coal as fuel and requir-

ing ash discharge. Otherwise it is not ideal.
(3) The "black-meal " process

This process is only utilized for refuse or lcw grade coual which
contains volatile matter below 10%, ash abcve 503 and calorific

value less than 3000 Kcal/ys,

Cwing to the high ash, the low grade ccal zan tasicallr reclace

clay component in the raw meal, and it is not easy %o take fire, If
the pulverised coal passes through ?hree swage cyclones together
with the raw meal to be preheated, it is geod for the low grade coal
to burn completely. As the volatile matter contained in ithe ccal
may be burnt at 400 to 500°C, the calorific of this part can not

be concentrated in the furnace. As a result, the temperature of

exhaust gas discharged from the preneater rises.

In order to avoid the pulverised coal to burn before it enters the
furnace, the following process can be adopted in which the pulverised
coal mixes with the raw meal from the third stage cyclone and enter
the furnace together. Thus the puiverised coal is at the situation
of a high dust concentration when it enters the furnace. It is of

no advantage for the ‘coal to contact with the combustion air. This

makes the coal difficult to light and affecis the combustisn velo—




city. If the dispersivity is not gocd and the cocbtustion is unstable,
the fire is easy to extinguisE;Therefore, this is nct an ideal pro-

cess either,

In summation, the coﬁbustion process should be decided according to
concfeteiconditions. ﬁnder the general conditions, the process in

which pulyerised coal prefires first in the furnace and then

mixes with raw meal and goes on burning and transfering heat to

the meal is more raticnal.
2. The factecr of coal cuality

Fuel quality is an important factor in adopting what kind of f{low-

sheet for the coal fired precaleinine,

(1) . General soft coael — vclatile matier more than 20%, ash de-

low 30%, net calorific velue above 5000 keal/kz.

Soft coal contains higher content of voiatile matter. It has close
relation to the coal {ire temperature. The higher content of volatile
ratter, the easier ignition. The soft ccal containing volatile mat-
ter over 20% can ignite at about 600°C, and the temperature of fur-
nace can be maintained at approx. 850°C, And the combustion is stable.
The pulverised coal can ignite when it is fed into the furnace direct-~
1y by mechanism and blown over by furnace gas.(air also can be used

to blow the coal into the furnace).

The coal containirg less than 20% volatile matter needis higher igni-
tion temperature. In order to overccme this disadvantageous factor,

besides the coal should be ground finer, intimate mixing pulverised
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coal with air should be enhanced and a orimary air is used to con-
vey the coal to the furnace. When the coal fire is svecially diffi-
cult, screwed plates also can be installed at the outlet of prima-
ry air and secondary air so that the coal and air thoroughly mixed.

This is good for coal to fire.

(2). Refuse or low grade ccal — volatile matter aporox. 10%, net

qalarific value below 3000 keal/kg, ash over 50%.

This kind of refuse or low grade coal canno. be used as fuel in
rctary kilns, but can be used in urecalciners. The coal is difficult
to catch fire and the combusilon is unstable. In addition, nigh ssh
centent will affect the clinker quelity as it eniirely enters ine

raw meal.

To cope with the above mentioned difficulties, three measures are

adopted as follows:

a) . According to the amount of ash which is allcwed by mix design,

the refuse and raw meal mix to become black raw meal.

b). A portion of refuse is prepared to be black raw meal, an ordi-
nary soft coal is injectod to the precalciner to help refuse ignite

and adjust the temperature.

c). A fluidised burner is installed which produces high tempera-
ture gasses to supply the precalciner., The ash is discharged to be
used as admixture or trimmings. This process has a litile higher

heat consumption .




In the coal firad precalcining, both kiln and precaleciner are required
to burn pulveriséd coal. The process in which the coal is concentri-
cally supplied to the kiln and precalciner in a pulverised coal shop

is more suitable,

When the low grade coal is used in the precaliciner, the pulve>- sed
coal must be prepared respectively owing tc different kind of coal

used by kiln and precalciner.

Technical conditions of coal fired precaiciner.

1. The oxygen concentration in gasses

As iV Is nore diffiecult for vulverises ceczl ‘o fire as comiered i
0il -~ higher ignition pcint, lower cumbustion velocity and the
vresence of ashes, some advantageous conditions must ‘e created for
a stable burning of ccal in the precalciner. The larrer areas osul.-
verised coal and oxygen contact, the faster reaction they have.
Sesides the mixing between them should be enhanced, the oxyge:n con~’
centration and the fineness of coal are very important. The more
molecules of oxygen the gasses contain, the more chai.ces th= coal
and oxygen contact. In the furnace there is not only a large quan-
tity of raw meal powder, but also fired exhaust gasses. The oxygen
concentration is lower, the furnace structure should ensure that
the place where the pulverigsed coal fed in has a higher oxygen con-
centration so that the coal is ignited easily. The coal in this place
is ignited first to ensure stable combustion in the furnace. There-

fore coal firad precalciner had better possess a special struciure
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to cause the coal to light in fresh air.

Moreover, the exit gas from the precalciner should maintain a liltle
higher excess air efficiency (about 1.25) so that the basically com-

plete combustion of rulverised coal can te abtained in the furnace

2. Fineness of coal

The fineness of coal shows a significart role for comtustion. The
firing temperature of the coal decreases as its fineness increases.
it is also connected with volatile matier. The less volatile matter
&

the coal contains, the more finer its fineness is required. In owr

country, a vlanit uses the coal containz volatile matier approx. 25%,

1Y

its fineness is conirolled at 10 to 15% residue on 22 =micron siev

S
(Y]

In another rlani, the coal con*ains a2prrox. 13% volatile matter, the
fineness is required to be controlled below 6%. The conarse coal,
which is uneasy to catch fire and has a luwer ccmbusiion velociiy,
will not effect combustion stability of precalciner only the inccm-
vleted burned coarse p;rticles in the furnace will be drawn from the
precalcinef together with the gasses and enter the preheater. 4
portion is collected by the preneater and then enters the kiln to-
gether with the raw meal ard goes on burning. The other poriion con-
tinues to burn in the fourth and third stage cyclones, This will
cause a super-temperature in the preheater and result in increusing
exit gas temperature and heat comsumption., Meanwhile, it is possible
that super-temperature of preheater would cause the material sticky
and result in coating and blocking. Conseguently, fineness of coal

is one of the necessary conditions to ensure the normal operztion




of coal fired precaleining process. When using gemeral soft coal as

fuel, the fineness of coal should be strictly controlled below 15%.
3. The required time for coal combustion in the furnace

The size of a precalciner depernds on the required retention time

of the material and fuel combustion and should permit tnat the ma-
terial can reach the required degrese of precalcining and the fuel
can basically burn out. The required time for decarbcnizing reaction
of caleium carbonate in raw meal is cconnected with the temperature
and separated pressure of C02. According to Vosteen's experience
calculation, when the temperature is aprrox. 20C°C and the sepera-

ted pressure of CC_ is 0.2 atm., it needs 2 tc 3 seconds Lo accem-

2
plish to 85% degree of precalciiaing. lowever, laboratory tests have
shown that it only needs 0.8 seconds to accomplish to 35% degree of
precaleining since the raw meal i{s preheated more than 6CCPC firsi
and then enters the precalciner and decartonisation is effected un-~
der the conditions of suspension and minus pressure and constant

temperature. As coal combustion is affected by many factors, sc far

there have not been any practical formular for calculating the re-

quired combustion time. Nk/"’
\
Fig. 1 demonstrates the relation- it
ship found between the combustion 40 oL =/38
time of coal particles and the “
carbon burn-out in percentage. As | \\\“--__ .

0 o7 al @3 e& eor
shown in Fig.l when burning in the / ’

precalciner, carbon cannot ascomp-
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lish in 0.4 seconds owing to high concentration of dust, lower am-
bient temperature (900°C) and worse firing conditions. The tests of
the precalciner in our laboratory have indicated that pulverised
coal suspending in the furnace for 0.3 seconds still cannot burn out
at 900°C and 25% volatile matter and 9% fineness. As seen, the de-
carbonizing reaction of calcium carbonate needs less time than that
of coal combustion. It is aot a problem for the reguired calcination
rate if the coal basically burns out. In industrial preceleciner, the
retention time needs 1.5 to 2 seconds for the coal to basically
burn out, when the furnace temperature is 850 to 9C0°C, cozl cone

tains 253 vclatile matter and the fineness is below 15%.
L. Temoerature ccnirel

The vrecalcirer temperature is closely connecied wiith each parameter
cf orcduction control and an izportant techiclogical cendiiion for

coal fired orecalciner.

The grounds of temrerature control nct only permits stable combus-
tion and accamplish the required calcination rate of material, but
also avoid coating growing in the furnace and surer-temperature in

the preheater.

In the furnace the material is heated to the precalcining tempera-
ture and goes on decarbonizing. The higher calcination rate the ma-
terial has, the more the kiln outout increases. When the size of the
precalciner is given, the ;etention time of the material in the fur-

nace is basically decided. The way which raise calcination rate of
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material is only to increase furnace temperature. Bt the furnace
tempereture cannot be too high, otherwise it will cause operating dif-
ficulties. Because of a lower fusion point of ash (1000 to llOOOC),
if the furnace temperature is higher than 1000°C, the fly ash would
fuse and adhere to the furnace wall to form coating. This will
seriously affect the furnace operation. I* is impossible for the
temperature of each part of the furnace to be absolutely uniform,
thereby, the furnace temperature should be gernerally controlled at
850 to 900°C  so that it does not surpass 1000°C. If the furnace
temperature is too high, the hot gas takes away more hest, the whole
preﬁeater system will have higher temperature and the material be-—
came stirky, and coating and bicexing will also te easy to ferm. AL
the same time, it is uucconomical for a preheater system to have

too high temperature of exhaust gas.

Experience in actus! overation has shown thet the above-mentioned
value of lemperature is more economical and rational which cen ensure

the caleinution rate of kiln feed to be controlled at 35 to 90%.

The type and operation of coal fired precalciner

1. Serveral sorts of existing coal fired precalciners in our country

(1) . Fluld-cyclonic type of precalciner

In this kind of precalciner (Fig. 2), the material and fuel are
blown up by the secondary air from the clinker cooler and then turn
uvpwards with the gases.




The kiln exit gas entering

the middle portion of prew - | ‘:ﬁ -
calciner in tangent direc- } I
tion blows over the mater-

ial fed inmto it first and e meal

then makes the inner fur- 5614? "
Aol
nace gas swirl. This has 7o I
advantage of mixing mater-
izl with fuel,
As the kiln exit gas en- \7‘ (
|
| .
ters the furnace in the laagnagg'on//ﬁowv
Tid .

waste, the gas of  Thctiam

narv 15 the secondary air --fi%i_——"~--—

P %«4&-{«&&?% 7
- /04c¢zéﬁaélﬁ,' .

mainly coming from cooler

at 600 to 700°C which contains higher concentraticn cf cxygen which
is good for the ceal to ignite. After the catchirg fire, the coal
mixed with material and then with swirling kiln exit gas. The coal

transfers heat over its comtustion. In the *urnace the temperature

distribution is uniform.

Generally, the gas velocity of inner furnace is 5 to 8 M/s. The
blowing velocity at the furnace tase must be over 20 M/s, in order
to ensure the material against dropping through the base of fur-
nace. According to the different kinds of coal, the pulverised

coal may be fed into the furnace by mechanic or blowing method.

(2) . A furnace with prefiring-mixing chamber
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In this sort of precal-
ciner (Fig. 3), the se-

condary air at 600 tc

700°C coming from cool-
er is introduvced into a
prefiring-mixing cham-
ber in tangent direc -

2ion. The gas here con- L\\\

tain higher content of Y

oxygen and is good for ‘ '

DA 2
the coal to light. Ak s F

Owirg to the less vo- e St Fens
lume of chamber, it is easy for the chamter to take superhigh tem-
perature and cause coating ard blocking if all the pulverised coal

is fed into it.

In case where a suitable temperature :is controllgd, the teaperature
of precalcining chamber is so low that the calcination rate of raw,
meal cannot be sufficient for the required level, Consequently, on-
ly a rartion of the coal is fed into prefiring mixing chamber to
ignite first, and then mixes with the material and enters the pre-
calcining chamber. The other portion of the coal is directly fed
into the base of the vrecalcining chamber and mixed with the mater-
ial from prefiring-mixdng chamber, The coal transfers heat to the

raw meal as it burns.

¥iln exit gas is introduced through the tase of the precalcining




chamber, Thus, the precalcining chamber can te located at the kiln
back end housing for the convenient technolegical arrangement. Ge-

nerally, the gas velocity of inner precalcirer is 5 to & m/s.

Because the precalciner has a prefiring-mixing chaember and the reten-
tion time of the material in the precalciner is longer, it is adven-
tageous for increasing the calculation rate of calcium carbonate.

But the resistance of precalcining system is cerresvondingly higher.

(3). A precalciner with a burner (Fig. 4)

kawf———

\ T
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The pulverised coal prefires in the burner and then enters the fur-
nace ard meet with the material and continues to transfer heat over
its combustion, Both primary and secondary air i'or the burner is
vented from clinker cooler. The entire coal is blowmn to the prefiring

chamber to burn. Adjustable screw impeller are fixed in both primary

and secondary injection pir.3. According to different sorts of coal
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the number and angles of screw impeller are sc regulated that the

coal and the air are enhanced to mix and have advantageous for ig-

niting.

The kiln exit gas enters the precalciner in the base. The furnace
can be also located at the kiln back end housing for the convenient
technological arrangement. The inner furnace velocity is 5 to 6 m/s.
Low grade coal containing less volatile matier is suitable for this
kind of furnace. The similar burners are also used for shaft-type

preheater with precalcinings in our country.

(4). A furnace with a waste chamber (Fig. 5)

This precalciner uses il sl —-
refuse or low grade coal as

fuel and can remove

more ash out of the \
prccess. \ & __‘__ ,(,z.’/T
/ \(‘b%
A stable combustion of ~N)
. e Iyl
the low grade coal can \ ( | Aéluuf';
. 7
I .’/v -,)N -~
be achieved when it t Il
‘- A, :/ T o TVl e .
turns gingly in a bur- R e et
ner. | \—?‘%"/ L R Femitan o, Vil e

Since a boiling furnace is more suitable for buriing of low grade
coal, go it can be used as a waste chamber. The combustion air used
in the boiling furnace is partly vented from clinker cooler, others

taken from ambient atmosphere. Thus, the heat utilization of cooler
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The kiln exit gas enters the precalciner from the bottom, thereby

the precalciner also can be located at the kiln back end housing. .

All the four iypes of precalciners mentioned above have the oil ig-

nition installed near the coal ignition,
2. The operation of the coal fired preczlciner
(1). Precalciner ignition

At the beginning of cperation, oil must be used to ignite since the

coal ignition is not so easy.

When the temperature of kiln exit gas -ises to 20CCC 5 tenperaiure

in the range of 600°C can be obtained in the furnace and the oil
fires immediately while it is injected. If the furnace temperature

is lower than 600°C, first ignitingz the oil burner, after that ad?ing
the pulverised coal and then the cil and ccal turn at the same time,
The oil is rrovided until the desired temperature 900°C is obtained.
After 3 to 5 minutes, raw meal can be fed to the system and the rro-

cess is running normally.

During the whole igniting process, a control chould be reguired %o
avoid super temperature, because the furnace temnerature changes

rapidly while the mixing burnirg with coal and oil.

Every ignition needs about 50 to 60 kg oil when soft coal is used
as fuel. During the operating process, when an irregularly scheduled

shutdown takes place it is all right to add the coal dirrctly with-
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out any need to inject o0il for ignitiorn, so far the furnace tempera-

ture is remained over 650°€. The lower vclatile matter tte coal con-
tains, the more oil the ignition needs. After untimely shutdown, oil

is needed to igrnite again.
(2). The temperature control of the furnace

For the stability of production, besices the control of t » kiln it-
self, the operation of the precaicining preheater syvstem also must
be stable., The key for a stable calcinaticn rate of the kiln feed

is to control the furnace temperature. In our cocuntry, automatic
terperature adjusters called DIL typre adjuster and speed coniroller
are used to control the temreratire autcmatically wilh the changes
of the furnace temperature tc aijust the soeed of ithe screw feeder.
It occupies proportional-plus-integral-clus-differential acticn..
This set of installation can efficiently stabilize the furnace ten-

perature.

In order tc control the temperature automaztically, rational set
points of temperatire must be choosen. The temperature of the section
where the ccal is ignited cannot represent the irue temperature of
inner furnace. The middle portion of the furnece is just a place
where the coal transfers heat over its cosbustion, The temperature
distribution is evener too. It is a suitable place as a set point

of temperature.

Sometimes, more coarse coal dust cannot burn until it reaches the
’

outlet when the fineness or amount of the feeding coal i: unsuitable,




This causes the outlet to have higher temperature. In that cecse, ra-

ther lower temperature should e controlled in the midile furnace by
decreasing the amount of the feeding ccal. Cn the contrary, when ihe
coal is easy to fire, it burns very quickly in the middle part of the ?
furnace and nearly buras out at the cutlst., The outlet temperature

c relatively lower. Thus, a slight higher i. perature shculd ve con-

(RO

troled by increasing coal fecd rate,

Owing to the reason mentioned above, besides the temperature coint
at the middle part of the furnace, the cutlet temperature zoint is
also needed to be controlled. Therefore a multiparameter adjusiing

system snould be used.
(3) . Notice:

Although automatic temperature adjusters are used for precalciners,
the conditions of rzw materials and fuels are often changeful. Cnera-

tors should govern timely. Besldes helming the furnace operaticn,

they must know per hour's calcination ra e of czlcium carbonate,

(O

coal composition, fineness, kiln operating ani temperature change
of every part of the preheater. They must have a head for figures
and be always ready to adjust the operation ani the temperature ccn-

trol to ensure the stable ovroduction.

Conclusion: -,

s

1. Coal fired precalcining is a successful technique. It is feasible
to repalce oil by pulverised coal burning in the furnace and tae

similar economical effects can be achieved.
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2. Coal fired precalciner can use not only general soft coal, but

also low grade coal or refuse as fuel. This has opened up a rew
way to save energy source and make full use of fuel rescurces all

over the country to produce cement.

3. Different wuality of ccal can be used by different technical

process tc guarantee the normal overation of ccal fired vrecalcirer.







