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57 ABSTRACT 

Pre-heating Apparatus for pre-heating pulverous raw 
material (e.g. cement raw meal) prior to its introduc 
tion into a rotary kiln for burning is disclosed. In con 
struction the pre-heating apparatus includes four 
strings of treating units, each unit including separation 
and heat exchange zones, wherein the units of each 
string are disposed in series superimposed relationship 
in communication with the kiln and wherein the four 
strings are arranged symmetrically with respect to de 
termined planes oriented with respect to the kiln axis 
and kiln outlet. 

6 Claims, 4 Drawing Figures 
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PRE-HEATING APPARATUS IN ROTARY KHLN 
PLANT 

BACKGROUND OF THE INVENTION 

This invention relates generally to apparatus for pre 
heating pulverous material, such as cement raw meal, 
prior to its introduction into a rotary kiln for burning. 
More particularly this invention relates to pre-heating 
apparatus of the type which includes at least one string 
of series connected treating units in each of which pre 
heating is accomplished by heat exchange between the 
pulverous material and the smoke gases from the kiln. 
Each treating unit of this type of pre-heating apparatus 
commonly includes a riser pipe through which smoke 
gas from the kiln flows and into which the pulverous 
material is introduced. This riser pipe defines a cham 
ber in which heat exchange between the gas and pull 
verous material takes place. Such treating units also 
commonly include a separator, such as a single or twin 
cyclone separator, in which the pulverous material is 
separated from the kiln smoke gases after the heat ex 
change has occurred. 

In a plant utilizing this kind of pre-heating apparatus, 
as for example, those commonly found in the cement 
industry, the hot gases from the rotary kiln are drawn 
by means of a fan successively through the individual 
treating units which are arranged in superimposed steps 
or stages. As far as the lowermost stage is concerned, 
i.e., the stage first passed by the smoke gases from the 
rotary kiln, the cyclone outlet pipe in that stage is com 
monly passed directly to the rotary kiln. In other stages 
of the apparatus, the outlet pipes of the respective cy 
clone separators commonly open into the riser pipe 
leading to the cyclone separator of the preceeding 
stage in the direction of flow of the smoke gases. Each 
riser pipe is provided with means for feeding it with the 
cement raw meal which, on its way through the treating 
units located at the various stages, is successively 
brought into contact with hotter and hotter smoke gas 
and is thereby heated to a high temperature. In each in 
dividual stage therefore the pulverous raw material is 
subjected to a separate pre-heating treatment. 

in known plants utilizing the above described type of 
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pre-heating apparatus, effective pre-heating of the raw 45 
meal (sometimes followed by a partial calcination or 
expulsion of CO) is carried out, it will be recognized, 
in such a manner that the heat content of the fuel fed 
to the rotary kiln is utilized in an economically advanta 
geous manner. 
The early pre-heating apparatus of this kind generally 

consisted of but a single string of treating units. The 
modern day tendency in the cement industry and in 
other industries is, however, to use continually larger 
capacity plants and larger rotary kilns, which means 
that the capacity of the corresponding raw meal pre 
heaters must likewise be increased. One known way to 
meet this requirement for increased capacity is to pro 
vide the kiln with two parallel strings of treating units 
of the type described. This invention meets the require 
ment for increased capacity by providing a specially 
constructed pre-heating apparatus which has several 
other advantages over known pre-heaters of the type 
described. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a pre 
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2 
heating apparatus having four strings of treating units 
arranged symmetrically both with respect to a vertical 
plane through the kiln axis and with respect to another 
vertical plane, perpendicular to the former adjacent to 
or in front of the smoke gas outlet of the kiln is pro 
vided. Structurally, a pre-heating apparatus according 
to this invention is very compact, provides a very suit 
able riser pipe arrangement and lends itself to low ma 
terial consumption for building up the necessary sup 
porting structures. 
Furthermore, a pre-heating apparatus constructed 

according to this invention ensures that the flow paths 
for the pulverous material and for the smoke gases are 
the same in each string, both media being equally dis 
tributed to the four strings. Moreover, the presence of 
the four strings affords a high degree of reliability for 
the total kiln plant, because in the case of failure or in 
spection of one or more strings, it is possible to con 
tinue operation with reduced production by working 
with a reduced number of strings without stopping the 
kiln. 

Preferably each string includes four treating units 
and the four riser pipes belonging to the lowermost 
units preferably unite into a common shaft or conduit 
into which the rotary kiln opens. To achieve this, the 
four riser pipes may advantageously unite in pairs into 
two common intermediate riser pipes, and the two 
common riser pipes thus produced may unite down 
wards into the common conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. is a perspective view of a pre-heating appara 
tus constructed according to this invention. 
FIG. 2 is a side elevation view of the pre-heating ap 

paratus shown in FIG. 1; 
FIG. 3 is a cross-sectional view taken along the line 

3-3 of FIG. 2; and 
FIG. 4 is a cross-sectional view taken along the line 

4-4 of FIG. 2. 

DETALED DESCRIPTION OF THE INVENTION 

With reference to FIG. 1, the pre-heating apparatus 
shown includes four strings each of which includes four 
treating units which are disposed in series communicat 
ing relationship with respect to each other. As will be 
come apparent as the description proceeds the treating 
units of each string are also disposed in superimposed 
relationship with respect to each other and each treat 
ing unit includes basically a riser pipe defining a heat 
exchange chamber and a communicating single or twin 
cyclone separator. Pulverous material, such as cement 
raw meal, is thus subjected to four stages or steps of 
treatment as it passes through the riser pipe and cy 
clone separator of each treating unit in a given string. 
The treating stages to which the pulverous material is 
subjected in each string are counted in the direction of 
transport of material to the kiln. Thus the first stage is 
uppermost, i.e., it is located most remotely to the kiln. 
In the Figures the relationship of the individual compo 
nents of the pre-heating apparatus to the individual 
stages or steps of treatment is indicated by the addition 
of a letter index following the particular reference nu 
meral used. Thus, the four stages of treatment are de 
noted by the letters A to D, commencing from above. 

Located at the first stage are four twin cyclones 1A, 
2A, 3A and 4A with corresponding communicating 
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riser pipes 5A, 6A, 7A and 8A. These riser pipes lead 
from the top of four single cyclones 9B, 10B, 11B and 
12B in the second stage which also includes corre 
sponding communicating riser pipes 3B, 4B, 15B and 
6B leading, in turn, from the tops of four single cy 

clones 7C, 18C, 19C and 20G in the third stage. To 
the cyclones in the third stage belong communicating 
riser pipes 21C, 22C, 23C and 24C leading, in turn, 
from the top of two twin cyclones 25D and 26D in the 
fourth stage. The treating units in the fourth stage also 
includes riser pipes 27D and 28D each of which in 
cludes two branches 27, 28 which, in turn, lead into 
one section of one of the twin cyclones 25D, 26D of the 
treating unit in the fourth stage. As shown best in FIG. 
2 riser pipes 27), 28D lead directly into a common 
shaft 29 opening into the rotary kiln 20. 
As will be best seen in FIGS. 3 and 4, the four strings 

of the pre-heating apparatus are arranged symmetri 
cally both with respect to a vertical plane through the 
kiln axis and with respect to another vertical plane at 
right angles to the former located in front of or adja 
cent to the smoke gas outlet of the kiln. 

In normal operation the hot gases from the rotary 
kiln 30 are drawn, by means of a fan (not shown), suc 
cessively through the individual treating stages of the 
apparatus in equal quantities through the individual 
strings. Thus, one quarter of the smoke gas proceeds 
along the path from the rotary kiln 30 defined by shaft 
29, riser pipe 27D, one of the twin cyclones 25D, riser 
pipe 21C, cyclone 17C, riser pipe 13B, cyclone 9B, 
riser pipe 5A and both twin cyclones A at which point 
the smoke gas is removed by suction through the cen 
tral outlets 1' via a pipe system (not shown). In analo 
gous manner one-quarter of the smoke gas from the 
kiln passes through each of the remaining strings in the 
pre-heater. The flow paths through the four strings are 
of equal and uniform length, and the cross-sectional 
area along the four flow paths varies equally. Thus the 
gas flow advantageously is distributed exactly equally 
to the four flow paths defined by the four strings. 
The pulverous raw meal is fed to the individual 

strings at the uppermost treating stage through feed 
pipes 3, 32, 33 and 34. The raw meal then passes, via 
gate valves 35, 36, 37 and 38 which act to prevent the 
smoke gases from entering the feed pipes while permit 
ting passage of the raw meal, into the riser pipes 5A, 
6A, 7A and 8A. In its further conveyance the raw meal 
flows suspended in the smoke gases through the riser 
pipes 5A, 6A, 7A and 8A. During passage through 
these riser pipes, heat exchange between the raw meal 
and the gas occurs heating the raw meal and cooling 
the smoke gas. From the first stage riser pipes 5A, 6A, 
7A and 8A the smoke gases and the raw meal sus 
pended therein pass into the twin cyclones A, 2A, 3A 
and 4A in the first treating stage. In these cyclones, and 
in the cyclones at other treating stages, centrifugal 
force and gravity cooperate in a conventional manner 
to separate smoke gas and raw meal from each other. 

The raw meal leaves the first stage cyclones through 
raw meal outlet pipes 39, 40, 4 and 42 via built-in gate 
valves 43, 44, 45 and 46 which act to prevent the 
smoke gases from moving rearward through outlet 
pipes 39, 40, 4 and 42 into the cyclones A, 2A, 3A 
and 4A, but to permit passage of raw meal into the sec 
ond stage riser pipes 13B, 4B, 15B and 6B where re 
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4. 
newed heat exchange takes place in the same manner 
as in the first stage riser pipes. 
From the second stage riser pipes the raw pulverous 

material passes into the second stage cyclones 9B, 10B, 
A1B and 2B where smoke gas and raw meal are again 
separated in the same manner as in the first stage cy 
clones. From the second stage cyclones the raw mate 
rial passes through raw meal outlet pipes 47, 48, 49 and 
50 via gate valves 51, 52,53 and 54 where the raw meal 
is fed into the third stage riser pipes 21C, 22C, 23C and 
24C for further heat exchange with still hotter gases. In 
the third stage cyclones 17C, 18C, 19C and 20O gases 
and raw meal are again separated as in the first and sec 
ond stage cyclones. The separated raw meal then 
passes through raw meal outlet pipes 55, 56, 57 and 58 
via gate valves 59, 60, 61 and 62 into the shaft or con 
duit 29, from which the raw meal, suspended in heat 
exchange relationship with the smoke gases passes 
through the fourth stage riser pipes 27D and 28D for 
further heating by ever hotter gases and into the twin 
cyclones 25D and 26D of the fourth treating stage for 
separation. From the fourth stage cyclones separated 
raw meal passes through raw meal outlet pipes 63, 64, 
65 and 66 which unite, in pairs, into intermediate outlet 
pipes 67 and 68 which, in turn, lead directly into shaft 
29. 
The inlet pipes 31, 32, 33, and 34 for introducing raw 

meal into the first stage riser pipes are provided with 
distributing devices (not shown) which serve to aid uni 
form mixing of the raw meal in the smoke gas flow. 
With a pre-heater constructed according to this in 

vention, the raw meal on its way through the individual 
cyclones and, more particularly, through their respec 
tive riser pipes, is brought successively into intimate 
contact with smoke gas of continually higher tempera 
ture and is thereby ultimately brought up to a high final 
temperature. The uniformly distributed pipe connec 
tions 55, 56, 57 and 58 to the shaft 29 ensure a favor 
able, uniform distribution of the pre-heated raw meal 
which is introduced into the fourth stage twin cyclones 
25D and 26D. The intermediate outlet pipes 67 and 68 
likewise open symmetrically into the shaft 29 within 
which they continue as channels serving to feed the raw 
meal into the rotary kiln 30. 

Similarly to the smoke gases the raw meal flows along 
four identical paths, and, provided that the amount of 
raw meal fed to the rotary kiln 30 is distributed equally 
per unit of time between the four feed pipes 31, 32,33 
and 34, the quantity and temperature of the meal deliv 
ered to the kiln from each string will be the same. 

claim: 
1. Apparatus for pre-heating pulverous raw material 

used for producing cement or the like in a rotary kiln 
having a gas outlet end comprising: 

a. four strings of raw meal treating units, each includ 
ing a heat exchange zone in which the pulverous 
material and kiln smoke gases are brought into heat 
exchange relationship, and a separation zone in 
which the pulverous material entrained in a smoke 
gas stream from the kiln is separated from the gas, 
each string separately communicating with a single 
through-going substantially vertical smoke gas con 
duit connected to the gas outlet end of the kiln 
such that they are disposed independently of the 
three other strings in a manner which permits inde 
pendent operation of one or more strings when one 
or more strings is entirely inoperable from the out 
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let of the kiln, each string including a plurality of 
said treating units arranged in series superimposed 
communicating relationship with respect to each 
other with said strings being interconnected at the 
lower portions by material outlet pipes to said sin 
gle through-going conduit, said strings being ar 
ranged substantially vertically and symetrically 
with respect to a first plane extending vertically 
through the kiln axis and with respect to a second 
plane disposed in perpendicular relationship to said 
first plane adjacent the kiln outlet such that the gas 
flow and the raw material flow in each string is 
along independent and substantially similar paths; 

b. supply means for delivering the pulverous material 
into each string via the treating unit thereof most 
remotely located relative to the kiln outlet; and 

c. means for moving the hot kiln gases through the 
treating units of each string in a direction counter 
current to the direction of flow of pulverous mate 
rial therethrough. 
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6 
2. Apparatus according to claim 1 wherein each 

string includes four of said treating units. 
3. Apparatus according to claim 1 wherein the treat 

ing units of each string located nearest the kiln are dis 
posed in communicating relationship with respect to 
the single substantially vertical conduit which is dis 
posed in direct communicating relationship to the kiln. 

4. Apparatus according to claim. 3 wherein the treat 
ing units of each string located nearest the kiln commu 
nicate in pairs with an intermediate conduit which is 
disposed in communicating relationship with respect to 
said common conduit. 

5. Apparatus according to claim 4 wherein each 
string of treating units comprises four stages of left and 
right cyclones in staggered relationship to one another. 

6. Apparatus according to claim 5 wherein the upper 
treating unit of each string includes a twin cyclone sep 
a ratOr. 
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